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INTRODUCTION

This manual was written specifically for the Electro-
home model GO7-CBO0, and the Wells Gardner
19K4600 series monitor. These are the two most
common color monitors used inside of the Bally/
Midway video games.

The information presented should give the repairman
a thorough understanding of the operation of the
monitor. Hopefully, the techniques given will also
carry over to the other monitors for efficient trouble-
shooting.

Contents of this manual has been divided into six
categories. The first section prepares the technician
to begin to repair the monitor. Topics on safety are
dealt with. This is a major concern for yourself and
others. Then, there is a list of suggested service
equipment. These are a few of the testing devices
which will assist you to isolate a problem down to
the component level.

The general troubleshooting sub-section is very
practical in giving a monitor’s symptom, then by
making known in what part of a circuit to check.
Sometimes, this may list the specific part which is
defective.

Section two goes into detail on the power supply.
Many times a monitor may not be receiving the AC
line voltage, or if it is the B+ DC voltage is too low or
high. The monitor’s B+ supply is also handled in the
“NO RASTER” and “H.V.L.” circuit description.

The third section describes how the picture tube is
illuminated, and mentions problems with the screen’s
brightness. Raster Scan tells how the electron beams
are deflected on the front of the CRT. This section
sets a good foundation for the next category.

In section number four, the two deflection circuits are
covered. This would be the vertical and horizontal
stages. The high voltage section input is taken from
the horizontal output signal. High voitage is provided
by the monitor to the picture tube in order to light
the screen. (obtain a raster.)

Color problems are explained in section five. Such
as a missing or having a dominate color on the
screen. Degaussing and purity set-up enables the
picture to have no color blotches upon it. White
balance allows the color blend (tint or hues) to be
correctly viewed. Convergence eliminates having
separate colored fringes beside any of the images
on the screen,

The last section has the schematic and parts list for
both monitors. A number of technical service tips are
also given to help you fix the monitor, so the games
down time is at the very least.



I. Getting Started
Safety

The safety tips given will provide the repairman with
an adequate amount of information to begin trouble-
shooting the monitor. Learn and practice the safety
procedures until it's known backwards and forwards
before repairing the monitor.

The monitor has a much greater voltage potential,
than the logic boards. Some voltages range up to
twenty-five thousand volts, so by all means be careful.

In some cases, the technician may want to let the
distributor, or have a television man, handie the
repairs. For those who repair monitors, here are some
helpful hints.

Before servicing the monitor, remove all jewelry such
as rings, watch, etc. Many of these items are made
from a conductive material.

While the monitor is on, work only with one hand
inside the monitor. Keep the other hand inside your
pocket. If the monitor is on, avoid handling or resting
your hand on the metal chassis, chassis is ground.

‘Current always travels fastest through the lowest
resistance path. So, avoid touching high voltage areas
especially while the monitor is on. These areas would
be such as the high voltage lead going to the CRT’s
second anode, or the flyback {high voltage trans-
former) area. Avoid also the wires and terminals at the
deflection yoke. The horizontal output section, partic-
ularly the transistor, carries a great amount of current.

The neckboard on the back of the CRT has a lot of
high voltage points. Many traces are for screen and
focus grids on the tube. The voltage is between four
hundred and five thousand volts. The collectors of the
color outputs has about two hundred volts.

Familiarize yourself with the manufacturer’s schematic
and follow all safety precautions listed. Use exact
replacement parts when one is called for and never
underrate a component. If replacing parts such as
electrolytic capacitors and diodes, double check
polarity before soldering into board. On transistors,
observe their leads for correct insertion.

Repair the monitor and keep the unit as neat as
possible. Don't leave frayed wires, or wires laying up
against power resistors. These resistors dissipate a
lot of heat. Avoid dressing the wires close to a
transformer. When soldering, use the correct temper-
ature iron for the job. A messy repair could resultin a
more costly one later down the road.

When removal of the monitor is necessary, watch for
possible sharp edges and burrs on the metal chassis.
You may want to wear protective gloves, when carry-
ing the monitor.

Use aisolation transformer, when the monitor is taken
out of the game cabinet and powered up.

For work bench, make sure the top is non-conductive,
such as wood.

In regards to CRT's, follow the instructions given in
the manufacturer's monitor service manual.

Test Equipment

SUGGESTED MONITOR
SERVICE EQUIPMENT

1) Volt ohm meter

2) Oscilloscope

3) High voltage probe

4) R.G.B. signal service generator

5) Degaussing coil

6) Isolation transformer

7) Mirror

8) Frequency counter (Optional)



General Troubleshooting

This section of the manual will acquaint you with the
monitor and could just help you repair it if you feel
adventurous enough to give it a try. If you have any
knowledge of electronics, especially the use of a
voltmeter, the repairs you can make are astonishing.
Just keep in mind that ELECTRICITY CAN BE VERY
DANGEROUS, SO BE CAREFUL!!

1. Find the symptom that matches the problems your
monitor has in the “SYSTEM—DIAGNOSIS” sub-
section. The diagnosis tells the circuit or area the
problem may be in and possibly even the actual
component causing it.

2. Once you have the circuit that is causing the
trouble, read the “TROUBLESHOOTING” sub-
section to learn the procedure for finding the
bad part.

3. Next, go to the schematic section and find the
schematic that matches your monitor. It may be
helpful to read the “DIFFERENCES BETWEEN

MONITORS” subsection if you are unsure of which
monitor. you have. Use the schematic to see what
parts are in the offending circuit.

That really is all there is to it. Just remember that there
are some bizarre or rare symptoms not covered, or
that a monitor may have two or more different prob-
lems that only a genius, the experienced, or an
experienced genius can figure out. But be patient,
follow safety precautions, and remember that there
is also literature available from the monitor com-
panies through your distributor or from Midway
Manufacturing Company on request. (There is a toll
free number on the back side of the front cover of
this manual.)

Symptom Diagnosis

1. Insufficient width or heighth:

A. Horizontal line (due to VERTICAL CIR-
CUIT DEFECT).
O Bad yoke.
O Bad vertical output section.
O Open fusible resistor in vertical section.
O Bad height control.
O Bad flyback.

B. Vertical line (due to HORIZONTAL CIR-
CUIT DEFECT).
O Bad yoke.

O Open width coil.
O Open part in horizontal output section.

2. Picture spread out too far or crushed in certain
areas:
A. Horizontal or vertical output transistor.
B. Bad Component in output circuitry.

C. \Vertical linearity or damper control needs
adjustment.

3. Line too close with black spacing:
A. Problem in vertical section causing poor
linearity.
4. Poor focus and convergence:
A. Bad high voltage transformer (“flyback”) or
control.
B. Focus voltage wire not connected to neck-
board terminal.

5. Colors missing; check:

Interface color transistors.

Color output transistors.

Cracked printed circuit board (neck Board).
Color circuits.

Video input jack.

Defective picture tube.

TMOO®>»

6. Picture not bright enough:

A. Weak emission from picture tube.
7. Silvery effect in white areas; check:

A. Beam current transistors.

B. Weak picture tube emission.

8. Too much brightness with retrace lines; check:
A. Beam limiter transistors.
B. Brightness and/or color blanking control
set too high.

9. Increasing brightness causes an increase in size
and poor focus.

A. Weak high voltage rectifier or regulation
(high voltage unit).
B. Bad component in monitor's power supply.

10. Small picture and/or poor focus:
A. Low B+ voltage (power supply trouble).



1.

12,

13.

14,

15.

16.

17.

18.

Vertical rolling:

A. \Vertical oscillator in the IC, vertical sync.
transistor, or circuit.

B. No sync from logic board.

C. Three pin sync. jack is loose or plugged in
wrong.

Horizontal line across center:

A. Vertical output circuit is dead (see symp-
tom No. 1. A)).

B. Vertical oscillator is not putting out the right
wave form.

Picture bends:

A. Horizontal sync needs adjusting.

B. Magnetic or electromagnetic interference.

Flashing picture, visable retrace lines:

A. Broken neck board.

B. Internal short circuit in the picture tube
(arcing).

Unsymmetrical picture or sides of picture:

A. Defective yoke.

No brightness, power supply operating — No
high voltage for the picture tube; check:

A. Horizontal oscillator.

B. Horizontal amplifier and output.

C. Flyback transformer (high voltage unit).

No brightness, high voitage present; check:

A. Heater voltage to the tube at the neck
board.

B. Screen-grid voltage for the tube.
C. Focus voltage.
D. Grid to cathode picture tube bias.

No high voltage; check:

For AC input to the “flyback”.
Horizontal deflection stages.
Flyback transformer. '
Yoke.

Power supply.

moow>»

19.

20.

21.

22,

23.

24,

No horizontal and vertical hold; check:

A. Sync transistors and circuit.

B. Wires and jack from logic board to the
monitor.

Wavey picture — (power supply defect); check:

A. Transistors, diodes, electrolytic capacitors
in the power supply.

Moving bars in picture:

A. Ground connector off between monitor
and logic boards.

B. Defect in the power supply (see wavy
picture symptom).

Washed out picture (see picture not bright

enough):

A. Check video signal at the cathode pins with
an oscilloscope. If there is about 80 volts
peak to peak, the picture tube has weak
emission.

Monitor won't turn on:

A. Problem in the power supply: Check fuse,
transistors, open fusible resistor.

B. Shorted horizontal output transistor.
C. Defective high voltage disabling circuit.
D

Crack(s) somewhere on main chassis
board.

Can’t adjust purity or convergence:

A. Use a degausser to demagnetize the picture
tube carefully following your degausser’s
instructions.

Picture tube defective.

Nearby equipment is electromagnetically
interferring.

D. The poles of the earth are pulling off the
purity — see "A” above.

E. Poor focus or width of picture.

F. Make sure you have the correct CRT num-
ber for that brand of monitor.

O

Guide To Schematic Symbols

THERMISTOR
(POLARITY DOESN'T MATTER)

IRON CORE TRANSFORMER
(SUCH AS A FLYBACK)
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Troubleshooting

Troubleshooting monitors requires experience, pati-
ence, and luck. The first step is to match the
symptom the monitor displays to the diagnosis next
to it in the "SYMPTOM-DIAGNOSIS” subsection.
This will pinpoint the circuit the problem is probabty
in, and often the parts to check. Next, the circuit
should be visually inspected to see if there are any
parts broken, burned, or if something is there that
shouldn’t be, like a loose screw, etc. Some parts go
bad before others and should be checked first. In
fact, following is the general order in which parts
usually go bad:

1. Semiconductors (like transistors, diodes, and
integrated circuits).

Fusible resistors.

Electrolytic capacitors.

Resistors.

Capacitors and coils.

Always remember thata monitor can bite like a snake.
Even when it is turned off, capacitors hold voltage
and will discharge it to you should you be touching
chassis ground. The picture tube or CRT, itself, is a
giant capacitor, so avoid the flyback anode plug hole.
With the monitor on, the power supply circuit and/or
the flyback, which puts out at teast 23,000 volts, CAN
BE KILLERS! Avoid handling power transistors
(usually output transistors) or ICs, yoke terminals,
and other high power components when the monitor
is on.

WARNING: That picture tube is a bomb!
When it breaks, first itimplodes, then
it explodes. Large pieces of glass
have been known to fly in excess of
20 feet in all directions. DO NOT
carry it by the long, thin neck. Dis-
charge its voltage to ground by
shorting the anode hole to ground.
Use a plastic handled screwdriver,
connect one end of a wire with an
alligator clip at each end to chassis
ground and the other end to the
metal shaft of the screwdriver. Using
ONE HAND ONLY (put the other in
your pocket) and touching ONLY
the plastic handle of the screwdriver
(DO NOT TOUCH THE METAL
SHAFT) stick the blade of the screw-
driver into the anode hole.

IMPORTANT! The side brackets of
the monitor are chassis ground as is
the aquadag, the picture tube’s dark
conductive coating. BUT, on the
ZENITH MONITOR there are metalic
mounting parts which ARE NOT
chassis ground. Discharging the
CRT to these will damage the
monitor!

RN

Be prepared for a fairly loud pop and
a flash. The longer the monitor has
been turned off, the smaller the pop
and dimmer the flash. But BE CARE-
FUL, picture tubes will hold a very
healthy charge for at least a week if
not ionger. Even after you've dis-
charged it once, it may still carry a
residual charge. It's better to be too
careful than dead, which is why
electronic equipment always carries
stickers referring servicing to quali-
fied personnel. Handle the side with
the viewing screen against your
chest when changing it. ALWAYS
wear safety goggles when handling
the picture tube.

To maintain the safety and performance of the
monitor, always use exact replacement parts. For
instance, the wrong components in the power sup-
ply can cause a fire, or the wrong color transistor
may give a funny color to the picture. Service your
monitor on a nonconductive firm table like wood,
NOT METAL, and take off all of your jewelry just in
case. With all this in mind, you are ready to begin
troubleshooting.

Observe the picture carefully. Try to vary the
appropriate control that would most likely affect your
particular symptom. For example, if there is poor
brightness or no picture, try turning up the bright-
ness or contrast control. If the controls have no effect
at all, chances are there is trouble with the contro!
itself, the circuit it controls, or a nearby circuit that
may be upsetting voltages. Go to the list of symptoms
and determine with the schematic where the bad
circuit is.

CAUTION:

Keep in mind that capacitors hold a
charge as can the picture tube (for at
least a week and usually longer), and
could shock you.

First, check for obvious visual defects such as broken
or frayed wires, solder where it is not supposed to be,
missing components, burned components, or cracked
printed circuit boards. If everything looks good up to
this point, make sure that diodes, electrolytic capaci-
tors, and transistors have their leads connected in the
right polarity as shown on the schematic and the
circuit board.

Turn on the power and measure the voltages at the
leads of the active devices such as tubes, transistors,
or integrated circuits. Any voltage that does not
come within at least 10% to 15% of the voltage
specified on the schematic indicates either a prob-
lem with that device or a component connected with
it in the circuit. The next step is to use the ohmmeter
to narrow down the field of possible offenders.



To test a transistor, one lead of the ohmmeter is
placed on the base; and the other lead placed just on
the emitter, then on the collector. A normal transistor
will read either high resistance (infinite), or little
resistance (400 to 900 ohms), depending on the
polarity of this type transistor. Then the leads should
be switched, one remaining on the base, and the
other switched from the emitter to the collector. Now
the opposite condition should result: the resistance
should be infinite if it was lower when the other tead
was on the base. Consistantly infinite readings
indicate an open, and ashort is demonstrated by 0-30
ohms on most of these test readings. Finally, place
one lead on the collector, then the other on the
emitter. No matter which lead is used, there should
be infinite resistance. Any lower reading, such as 50
ohms (which is typica! on a bad transistor), indicates
a short.

This all sounds pretty confusing, but a little experi-
ence on a good transistor will make you an expert in
no time. Usually, the lowest ohmmeter setting is used
for testing transistors. Once in a great while a
transistor may check out good on this test, but may
actually be “leaky” or break down only on higher
voltages. If in doubt, change it. Itis also wise to check
the transistor out of the circuit just in case some
component in the circuit is affecting the ohmmeter
reading.

A diode is tested like a transistor except it only has
two leads. Again, there should be high resistance one

way and little resistance the other. [f it tests bad, take
one lead out of the circuit in case some component is
messing up the ohmmeter reading.

NOTE: DO NOT leave soldering equipment on the
leads too long since all semiconductors,
especially integrated circuits, are easily

destroyed by heat.

Without special equipment, integrated circuits are
checked by verifying the proper DC voltage on the
pins and the correct AC wave form using an
oscilliscope. BE CAREFUL: Shorting their pins can
easily destroy them.

Resistors are checked with an ohmeter and should
usually be within ten percent of the value stated on
them and on the schematic. You may have to
desolder one lead from the printed circuit board. If
you wreck the foil on the board, carefully solder a
small wire over the break to reconnect the conduc-
tive foil.

Capacitors are tricky. Their resistance goes up when
checked with an ohmmeter which shows a charging
action. As they suck up current from the meter, the
voltage goes up and so does the resistance. If you are
sure a particular circuit is giving you a problem and
everything else checks out O.K., Electrolytic capaci-
tors are prime suspects. Substitute a new one and
keep your fingers crossed.

Differences Between Monitors

The easiest way to identify the brand of monitor you
are working with, assuming you can't find the brand
name written on it anywhere, is to see if there aretwo
circuit boards rising up from the chassis toward the
picture tube neck. In other words, they stand up, or
are perpendicular to the chassis, with a black plastic
bracket holding them in place. This is adescription of
a Wells Gardner monitor. They use separate boards
for main chunks of circuitry. Therefore, you have a
“power board” (the power supply), an “interface
board” (the interface section), and a “horizontal/
vertical board” (for the deflection circuitry). Still,
there are a few parts on the chassis, but most can be
found on the board. An Electrohome monitor has no

separate boards, except for the neck board, and just
has a flat chassis.

Another good way to determine which monitor you
have is to check the transistor call out numbers that
are printed on the chassis next to the part. For
instance, on the neck board, one of the color output
transistors is TR401. If you look through the
schematics or the parts lists, you will find TR401 in
the Wells Gardner literature. On the other hand, the
neck board transistor may say X101. X101 can be
found in the Electrohome literature. So, all Wells
Gardner transistor call outs begin with TR, and
Electrohome transistor call outs start with an “X".



NOTES

This space is provided for personal notes.



I1. Power Supply Section

Power Supply and Degaussing Circuit

Both Electrohome and Wells Gardner monitors use a
power supply with a regulator circuit. Wells Gardner
has a half-wave line power supply, whereas Electro-
home has a full-wave bridge. Full wave means that
both halves of the AC input wave (positive and
negative) are used.

The DC voltage on both monitors leaving the power
supply and arriving to the input of the regulator cir-
cuit is about one hundred forty/fifty volts DC. This
could be easily checked on the monitors. On Wells
Gardner, the test point would be on the collector of
the power regulator transistor TR502. Electrohome
also measures the collector of the power transistor
X04, 25C1106. The collector of both transistors
is the case.

Fuse F901 should be checked on Electrohome, if no
voltage is present. Its value is one and a quarter amp.
The B+ adjust controls (VR501 on Wells Gardner and
R909 on Electrohome) has been preset at the factory
and should not necessarily be altered.

The test point for the monitors B+ is at the emitter
of the power regulator transistor. Wells Gardner
should measure one hundred twenty-seven VDC,
and Electrohome will check normally at one hundred
twenty VDC. A B+ voltage too high or low or none at
all, indicates a problem somewhere other than the
adjustment of the B+ pot.

The regulator circuit uses a series or “pass”’ transis-
tor which acts as a variable resistor in series with the
load. The pass transistor’s base is controlled by other
components in the regulator circuit.

On Electrohome X902, the error amp samples the B+
line (B1). As B1 begins to increase, the increased volt-
age at the base of X902 also begins to increase the
forward bias of X902. The collector of X902, forward
bias X901, and the base current of X04 will all
decrease, maintaining the B+ voltage around one
hundred twenty VDC.

Going in the other direction with By decreasing,
decreases the base voltage of X902. X902 forward
bias is less; therefore, the collector of X902, the for-
ward bias of X901 and the base current of X04
increases as needed. The Wells Gardner monitor
operates in the same manner.

Let’s look at the Audio/Power board on Wells Gardner.
The transistor TR551 is not used. This device is to be
used in conjunction with an audio circuit. Individuals
can get this easily mistaken as part of the regulator
circuit.

Resistors R501 on Wells Gardner, and Electrohome
RO1, shunts some of the output current around the
pass transistor. This provides less power (heat) to be
dissipated in the device.

Wells Gardner monitor (model K4600 series) is
equipped with a three amp line fuse, F601. Electro-
home has a three amp line fuse (F202), and an amp
and a quarter fuse (F901). Usually when one of these
fuses is open, possibly a power transistor may be
defective (power regulator or horizontal output
transistor). Check and replace if needed.

1. Monitor does not power up

First check and make sure the AC line voltage is
present to monitor. If so, look for open fuses on the
monitor PC. board. Suspect also the transistors,
and current limiting resistors. Burnt foils or poor
solder connection may be found on the RC. board.
Keep in mind, in case of an open fuse, the power
regulator and horizontal output transistor may be
shorted. This may save time by not having to
change the fuse a second time.

2. Low B+ voltage
The monitor may not come on at all with a low
enough B+. Other indications of low B+ would be
a smaller than normal picture. This is with the
sides, top and bottom of the picture not being
completely filled out. There may be somewhat of a
picture, but is probably wavy.

It could be the picture is full and looks good, but is
wavy or exhibits hum bars.

The problem could be in the logic boards power
supply. To detect, listen for a noticeable hum in the
speaker. If so, the game logic power supply is
probably at fault.

The problem being in the monitor would be in the
power supply. Suspected components are the
transistors, diodes, and electrolytic capacitors.

3. High B+ voltage

A high B+ could activate the monitor’s protection
circuit. When the circuit is on, there is no load on
the regulator. The B+ will not regulate without a
load. The monitor is in a shut down condition, but
remember there is still power going to its circuits.
Refer to the H.V.L. (protection circuit) in regards to
a high B+ problem.

The flyback transformer acts also as a secondary
power supply. This transformer receives a large alter-
nating current from the horizontal output circuit. The
flyback then steps up the voltage through a number
of windings in the transformer. Diodes are used to get
the needed DC voltage. This leaves less strain upon
the actual power supply.

The higher voltages go to the CRT’s grids (screen and
focus), and second anode. The color transistors on
the neckboard require about two hundred volts from
the flyback circuit. The vertical deflection circuit is
powered up also. CRT filament voltage is taken
straight from a winding in the transformer. The AC volt-
age to the filament is about 6.3 volts.



Finishing up the power supply is the degaussing
circuit. This circuit is connected to, but separate from
the power supply. The power supply is not dependent
upon the degaussing circuit in order to operate. The
AC input voltage is paralleled to the degaussing
circuit input.

The degausser’s purpose is to demagnetize the
shadow mask in the CRT, when powered up. The
shadow mask is made of metal and has slotted holes
thru it. The CRT’s electron beam when scanning the
front of the tube passes thru the slots of the mask.
Each beam from its color gun strikes its own color
phosphor. If part of the shadow mask is magnetized,
the beam instead of striking its own color phosphor,
will strike one of the other two.

The monitor can be easily magnetized by turning the
games direction. Another way could be from the
earth’s rotation or an electromagnetic device inter-
fering nearby. To correct, simply degauss the unit.

The degaussing circuit’'s output is connected to a
thick coil and is mounted around the bell of the
picture tube. When the coil is activated, an electro-
magnetic field is induced and neutralizes any mag-
netization developed on the tube.

The degaussing circuit is automatic. When the moni-
tor is first turned on, the degaussing circuit is on for a
few seconds. A thermistor is connected in series
between the AC input voltage and the degaussing
circuit. Until the thermistor heats up to a certain
temperature, the coil is on. The device is positive tem-
perature co-efficient. The resistance of the thermistor
increases with temperature.

Sometimes an automatic degausser is not strong or
close enough to counteract the magnetic field. In this
case a manual degaussing is needed to demagnetize
the monitor. To degauss manually use an external
degaussing coil.

No Raster (Lit Screen)

Under a no raster condition (meaning no lit screen),
there are two major factors to check in the monitor.
Knowing whether either one, both or none of the
factors are present, begins to isolate the problem.
Check to see if the monitor has the following:

1. Filament (or heater) lit inside the neck of the picture
tube. To check, look through the glass neck of the
tube located by the neckboard. The filament when
lit will light up as an orange glow.

2. High voltage to the second anode plug of the pic-
ture tube. To measure the voltage a high voltage
‘probe would be needed. The voltage on both moni-
tor’s second anode will be about twenty-five kilo-
volts. (25,000 volts)

[REAR VIEW]

Anode cap

/g
&
i

Figure 2-1
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If both the filament and high voltage are missing from
the picture tube (also known as the CRT, CATHODE
RAY TUBE), then measure the monitors B+ voitage.
The test point would be at the emitter of the power
regulator transistor. Electrohome’s transistor is
labeled as X04 on the schematic and on Wells
Gardner, the part is marked as TR502. Each of these
transistors is styled in a TO3 package and normally
has a part number of 28C1106 on its case.

The power regulator transistor is located on a metal
bracket to allow heat transfer off the device. This
keeps the temperature in a range that will prevent
overheating and destroying the transistor. There is
also one other power transistor on the monitor. This
is the horizontal output. It is mounted also on a
bracket. These two transistors are not interchange-
able with each other.

Looking from the back of the monitor onto the main
PC. board, find the AC line cord. The monitor's AC
cord should be towards the back left side of the
board. The metal bracket on the left side of the main
PC. board holds the power regulator transistor. The
horizontal output transistor is located at the extreme
right side of the board.

Measure the emitter of the power regulator transistor.
The B+ voltage on Electrohome should measure
120 VDC, Welis Gardner 127 VDC.

A monitor with no raster, no filament, or high voltage
will have a B+ voltage of four different possibilities.
The voltage will either be normal, zero, higher than
normal, or too low.
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1. Low B+ voltage
Low B+ voltage usually shows up as a different
condition than no filament or high voltage. Refer
to the power supply section where this problem is
handled. Look in the table of contents under B+
voltage low.

2. No B+ voltage
In case of the B+ being zero, halve the problem,
by seeing whether the monitor is receiving its
115 VAC at the monitor’s line cord.

Game Logic
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Power
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Figure 2-3 |
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Figure 2-3
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i Well, let's take the first half, no AC voltage to the

Output

rransistes Monitor. Check the line fuse which is between the

isolation transformer and the monitor. This fuse is
located in the bottom of the game cabinet. Next, make
sure the wiring from transformer to the fuse and
monitor is good. Verify the 115 VAC to the input of the
isolation transformer and 115 VAC on its secondary
winding is present.

Missing 115 VAC to input of the isolation transformer
could mean no power to the main power transformer.
Loss of input to main transformer would result in
no coin or play of the game. A problem in the monitor
allows game play and sounds from logic, but
no picture.

Check for bad wire with AC voltage to main trans-
former and loss of voltage to primary of isolation. If
the primary of the isolation has 115 VAC present,
and the secondary is zero volts AC, here is an open
transformer, either in the primary or secondary
winding.

AC voltage to the input with no B+ at the regulator
transistor—suspect the fuse or fuses in the monitor.
The fuses are located on the monitor's main PC.
board.

Electrohome has two fuses. The line fuse F902 which
is rated at three amps. Another fuse to the power
regulator circuit is F901 and is rated at one and a
quarter amps. The Wells Gardner monitor has only
one fuse marked F601 rated at three amps. This is
the line fuse.

With one of these fuses open in either unit, replace
the fuse. But, before powering up again, check the
two power transistors; one may be shorted. If the tran-
sistors are removed to test, when replacing make
sure the clear mica insulator is placed between the
transistor and the metal bracket. When checking a
fuse use an ohmmeter, sometimes the fuse looks
good, but is open.
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Wells Gardner Power Supply and Regulator

The monitor receiving the AC voltage and with the
fuses not open, check for the DC voltage to the input
of the regulator circuit. The voltage should be near
145 to 148 VDC. This could be tested on the Wells
Gardner at the collector of the power regulator tran-
sistor, same as on Electrohome. The case of this tran-
sistor is the collector. Usually with no B+, the DC
voltage here would be absent. If so, check for an
open current limiting resistor, foil traces or poor
solder connection.
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3. B+ voltage too high

In case of no filament or high voltage and the B+
measures higher than normal, refer to H.V.L.
(protection circuit) section. When the B+ reaches
138.5 VDC or more on Electrohome or around
145 VDC on Wells Gardner, the high voltage limiter
circuit is activated. This protection circuit being on
prevents the horizontal oscillator from operating.
Since no signal is fed into the flyback transformer,
no filament or high voltage is obtained.

Normal B+ voltage

Here everything seems to be working properly and
the B+ checks good. The high voltage and filament
is at the CRT, yet there is no raster (lit screen).

First try turning up the brightness control. On Electro-
home use the screen control. Wells Gardner has a
black level control (VR201) located on the interface
board. To bring up the brightness on Wells Gardner
rotate this control clockwise. Increase the brightness
on the monitor.

With the front of screen still dark, measure the voltage
at pin 7 of the CRT socket. The voltage is normally
between four hundred fifty and five hundred volts DC
(depending upon where the screen control is set). If
the voltage measures zero or very low, turn off the
monitor. Remove the neckboard from off the picture
tube and examine it for a bad connection. Look for
either a bad trace, poor solder joint or possible crack
in the board.

With the neckboard disconnected from the tube,
situate the board so it's free from shorting to the
chassis or anything else. Power up the monitor. Check
the voltage once again at pin seven; if the voltage
returns to normal the picture tube may be defective. If
the voltage is still low or zero, further troubleshooting
is needed.
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The Wells Gardner screen control (VR406) wiper
should measure about four hundred seventy-five volts
DC. The voltage supplied to the control arrives to the
neckboard by a wire from the main monitor PC. board.
Connector J401 pin three brings on eight hundred-
ninety volts DC to the neckboard. A series resistor
(R419) is connected between pin three of J401 and
the screen control. Missing the 890 volts to pin three
would lead one to check the diode (X607) on the main
board, the flyback, or a poor connection.

Electrohome has the screen control mounted on the
main monitor board bracket. It is a black assembly
located by the flyback transformer. The assembly has
two white adjustment controls. Top control is for the
focus, bottom adjusts the screen.

The assembly itself has four connections. The input
voltage from the flyback feeds into the assembly at
one point. This voltage is well up in the several
thousands. Then another connection is held to
ground. Two outputs (which are the wipers of the
focus and the screen control) are the last connecting
points. :

The assembly device is a variable voltage divider. No
input voltage to the assembly would be either a
problem with the wiring or the flyback transformer
itself. If the voltage is present, but no output—a new
control assembly may be needed.
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5. No raster or filament has high voltage

The three cathodes inside the CRT emits electrons
as the cathodes are heated up by the filaments
(also called heaters). There is one filament for each
cathode. In the picture tube, there are three
filaments altogether. The filaments are connected
in parallel with each other. If only one or two
filaments light up, the tube is bad. If none of the
filaments light and the filament voltage reaches the
heater pins on the neckboard—either the socket is
not making a good connection to the CRT pins or
the filament is open.

To check the filament voltage on the neckboard,
measure pins nine and ten of the CRT socket.
These should be the two top pins of the tube. This
is an AC voltage and should measure around four
to six volts. Voltage present indicates no con-
tinuity between the heater pins on the socket to
the filament.

Unplug the monitor, and disconnect the neckboard
from the tube. With an ohmmeter, check for an
open filament by measuring pins nine and ten
of the CRT. Replace the tube, if the filaments
test open.

Absence of the six volts AC to pins nine and ten—work
back towards its supply. On the Wells Gardner
neckboard a one ohm resistor (R422) is in series with
the filament voltage on the neckboard. Electrohome’s
filament voltage goes directly (via wires) to pins nine
and ten of the CRT socket.

So, on Electrohome trace back to pins four and five
of the flyback transformer. Here the voltage should
measure about six volts AC. If not, unplug the moni-
tor and disconnect the neckboard from the tube.
Measure for continuity across the flyback pins four
and five. If open, replace.

On Wells Gardner, filament voltage gets to the neck-
board by connector J402, pins one and three. With
no voltage at these pins, unplug monitor and J402
from the neckboard. Check for continuity at these
two pins of the connector J402. An open winding
indicates a necessary flyback replacement.
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6. No raster or high voltage, has filament
Since both the filament and high voltage is taken
off the flyback windings, missing one of these two
voltages tells us the input signal is good to the
flyback. However, that particular section of the
transformer may be bad to prevent high voltage.

The high voltage lead which connects to the pic-
ture tube comes directly off the flyback. The Sec-
ondary windings of the transformer for filament
and high voltage are separate from each other. The
focus and screen voltage comes off the same
winding as where the high voltage is taken from.
Test whether these voltages are present (focus
measures with a high voltage probe). If not, sus-
pect the transformer. With voltages present, unplug
power to monitor and discharge high voltage from
second anode of CRT to ground.

Disconnect second anode cap from CRT, and
place the cap by itself, so it won’t short to anything.
Be cautious, this voltage is normally about 25,000
volts DC. Power up the monitor. If you hear it
snap, crackling, arcing, or hissing, turn off the
monitor. The high voltage is present, but the CRT
is defective. If no arcing sounds can be heard
when the monitor is powered up, measure with a
high voltage probe the second anode cap. High
voltage present suspect CRT—missing can possi-
bly be a defective flyback transformer.

High voltage limiter
(protection) circuit

The H.V.L. circuit, also known more commonly as the
high voltage limiter, is a protection circuit. Federal
regulations require all manufacturers to provide a
way to protect individuals from receiving X-radiation,
which can be emitted from the monitor by excessive
high voitage.

Normally, as the B+ rises, in turn, so does the high
voltage. To prevent excessive high voltage, a protec-
tion circuit is added to the monitor which samples the
B+ voltage. The protection circuit acts as a triggering
circuit, so that when the B+ reaches a certain
increased amount, the H.V.L. is activated, thus allow-
ing no high voltage to the picture tube.

This symptom was mentioned earlier as no raster, no
filament, or high voltage and finding that the B+
measured too high. ¢

An activated H.V.L. circuit (higher than normal B+)
can be caused basically by one of three areas: the
power regulator, protection, or horizontal circuits. To
narrow down the problem, turn off the monitor and
disconnect the triggering device. On Electrohome this
would be the collector of X701. Wells Gardner is the
collector of the transistor TR353.

After the collector lead has been disconnected from
the rest of the board circuitry, power up the monitor.
At this point, the screen will show one of two condi-
tions: a raster (lit screen) or no raster. If a no raster
condition is seen, verify the no raster by turning up
the brightness control.

Obtaining a raster, measure the B+ at the emitter of
the power regulator transistor (Electrohome X04, Wells
Gardner TR502.) Normal B+ voltage on Electrohome
monitor is 120 VDC. Wells Gardner is 127 VDC.

Normal B+ with a raster—the problem will be in the
protection circuit. B+ still high with raster indicates
the problem is in the power regulator circuit. No
raster condition—the problem will be definitely in the
horizontal section.

Refer to chart for breakdown of condition and sus-
pected components.

CONDITION ELECTROHOME WELLS GARDNER FUNCTION
Raster, B+ High D905, X902 X501, TR501 Regulator
X901, X04 TR502 Circuit
Raster, B+ Normal X701, D-701 TR353, TR354 Protection
Circuit
No Raster IC501 TR351 Horizontal
Oscillator
No Raster X501, T501 TR352, T602 Horizontal
Driver
No Raster X01, T502 TR601, T701 Horizontal
Circuit

Remember to reconnect disabled triggering component when finished. (collector of X701 or TR353)




II1. Lighting the Screen
CRT Construction and Operation

The picture tube or CRT is an output device. In other
words, the end result of the circuits working inside
the monitor is displayed on the screen. If the video
information and sync signais are good feeding to the
monitor’s input, then the display should be normal
(providing the monitor and wiring is good.)

The physical structure of the CRT is a large glass
envelop which is under a vacuum (inside, when made,
the air has been removed.} If air enters into the tube,
the heater will not light. Never carry the CRT by its
neck. This is the most fragile part. Being that no air is
inside the tube, if broken, the air outside could rush
inside of the CRT and cause an implosion.

Elements inside the picture tube consist of the
heaters. The heaters or filaments are used to heat up
the cathodes. As the cathodes heat up, they begin to
boil off electrons. The cathodes also is where the
video information is brought onto the tube to be
displayed. An open cathode can cause the screen to
be missing a color. Same as with an open filament. A
shorted cathode would normally give the screen a
dominate color with retrace lines.

The next grid approaching towards the front of the
screen is the control grid. Very little can be said about
this grid. It is connected to ground and is to control
the amount of electrons being drawn to the front of
the screen.

Moving on, gives us the next two grids. These are the
first anodes: accelerator or velocity grids. They are
more commonly known as the screen or G2 grid and
is used to draw or attract the electron beams to the
front of the screen. Whereas, the focus voltage on
the grid narrows the beams to give a sharp, focused
picture.

The electrons are first boiled off the cathodes by the
heaters. Then, the more positive voltage potential at
the screen grid attracts the beam of electrons down
the center of the neck towards the front of the screen.
The focus makes the beams as fine as possible for
good picture definition.

Finally, the electron beams arrive into the area of the
bell of the CRT. As it approaches closer to the front of
the tube, the beams come up to the shadow mask.
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The shadow mask is a large metal sheet which is par-
alleled to the inside front of the tube. Tiny slots in the
mask allows the electron beams to pass through to
strike the screen.

The mask is made and positioned inside the tube, so
that the electrons strikes its proper color phosphor. If
the mask is loosen and shifted, the screen will exhib-
ited a very bad purity problem, which cannot be
corrected, except by tube replacement.

After the shadow mask is the front of the tube. Here
on the glass, color phosphors are struck by the
electron beams and colored light is illuminated on
the screen.

There is a conductive coating on the inside of the bell
of the tube. This coated material is connected to the
second anode. The second anode is where the high
voltage is brought onto the CRT. Final destination of
the electron is when it has reached the second anode.

The outside of the tube is coated and connected to
ground. The inside has a high voltage potential. Both
sides are separated from each other by glass (an
insulator). Because of this, the CRT acts as a very
large capacitor.

If ever the high voltage anode lead is to be removed,
discharge the second anode to ground, while the
monitor is off. Use a jumper lead connected to the
metal blade of a screwdriver. Attach the other end of
the jumper lead to ground (chassis). Holding the insu-
lated handle, place the metal blade of the screwdriver
under the rubber cup to the second anode lead. A
loud pop may be heard. Disconnect the high voltage
lead from the tube.

Normally, as long as the proper voltages are present
to the tube, the electron beams reach the front of the
screen. This should light the front of the CRT. If a dark
screen is obtained, try turning up the brightness. Still
no lit screen and proper voltages are present—then it
may be a defective CRT.



Brightness Problems

Brightness too high

1. Screen or black level control adjusted up too high.
A. Electrohome—R11 screen control
B. Wells Gardner—VR201 black level control

2. Possible crack or open connection on neckboard.

3. Three color screens controls on neckboard set
too high.
A. Electrohome controls (R113, R114, R115)
B. Wells Gardner (VR403, 404, 405)

4. Low DC voltage to collectors of color output tran-
sistors on neckboard:

A.Electronhome voltage on collectors of X101,
X102, and X103 should be about 160 to 170
volts DC.

B. Wells Gardner measures normally around 95
to 115 volts DC (TR401, 402, 403).

5. On Electrohome monitor, check for shorted diode,
D503 (located near the flyback transformer).

6. Beam limiter or blanking transistor leaky or
shorted.
A. Electrohome—X303, X304
B. Wells Gardner—TR201, TR202

7. Defective CRT (internal short)

Brightness too low
1. Screen or black level control adjusted too low.
A. Electrohome—R11, screen control
B. Wells Gardner—VR201, black level control
(located on interface board).

2.G2, screen grid bias voltage too low.

A. Check pin 7 of CRT socket for approximately
450-500 volts DC. If the voltage cannot be
adjusted to this range, troubleshoot screen
control circuitry.

Weak Emission Cures
For weak emission there are four possible ways to
correct the problem. Whether or not which step will
restore the monitor depends upon the condition of
the picture tube itself.

Weak emission usually shows up as a washed out
picture. The color is not quite as vivid as it could be.
One of the colors may be weak or missing. The pic-
ture tube looks blurry or out of focus. These condi-
tions can be exhibiting a possible problem of weak
emission.

Checking the AC color signals at the collectors of the
video output transistors should be about eighty volts
peak-to-peak. This could be checked with an oscillo-
scope. With the proper amplitude of signal it may be
that the CRT has weak emission.

1. Turn the horizontal sync off frequency, and adjust
the brightness and the three color screens (located
on the neckboard) all the way up. Let the monitor
run like this for about fifteen to twenty minutes.
Then, go back and readjust the controls to the nor-
mal positions. Sometimes this will clear up the
weak emission. If not, try the other solutions listed.

2. The only sure way to have a sharp crisp picture is
to replace the CRT. Some technicians may use a
CRT brightener, or rejuvenate the tube. This may
resolve the weak emission, yet brighteners and
CRT restoring can shorten the life of the CRT. The
last resort would be a new picture tube.

3. Heater voltage to CRT low.
A. Dim picture, check for four to five volts AC to
heater pins on the CRT socket (pins 9 and 10).

Raster Scan

In the last section, we have seen how the electron
beams are brought to the front of the screen. The CRT
itself, must be good and the proper voltages need to
be present to bias the tube. Then, the front of the tube
should light up.

The word “RASTER” means basically to rake. lts defi-
nition in regards to picture tubes is the pattern of illu-
minated horizontal scanning lines formed, when no
signal is applied. This is why without any of the logic
" board signals connected to a raster scan monitor, a
blank white screen can be obtained.

The X-Y monitor has a different way of putting up the
picture, than a raster screen monitor. The X-Y system
requires that both the X and Y signals are present to
the monitor inputs in order to get a picture. Then, of
course the Z amplifier (brightness) signal determines
the amount of intensity each line drawn on the screen
should be.

Well, let’s get back to the raster scan monitor. Without
the horizontal and vertical deflection circuitry inside

16

the monitor, the electron beams would hit or strike
only the center portion of the screen. This will display
a white dot in the middle of the screen. The beams are
attracted to the front of the screen, but they're at a
standstill. Being then, not able to view the picture,
makes the game rather difficult to play.

The horizontal deflection scans the beams from the
CRTs left to right side, while the vertical deflection
moves the beams from the top to bottom of the
screen.

Loss of vertical deflection causes the picture to col-
lapse from top to bottom. The screen exhibits a thin
line going down the middle of the tube. It's displayed
from one side to the other, through the longest dis-
tance of the CRT.

Horizontal collapse causes the two sides to pull into
the middle of the screen. Here the thin line appears,
going through the shortest distance of the tube.



No Vertical Deflection

No Horizontal Deflection
Figure 3-1

On the neck of the CRT, close to the bell is where the
yoke assembly is located. It has two separate coils of
copper windings and is an electro magnetic device.
One coil is for the vertical and the other is for the
horizonal deflection. The horizontal and vertical out-
put circuits feed into the deflection yoke.

Vertical deflection moves the electron beams from top
to bottom on the screen, while the horizontal is scan-
ning from left to right. When the beams reach the right
side of the screen, horizontal blanking occurs and
the beams are returned to the left side. Vertical
blanking happens when the beams are returned
from the bottom to the top of the screen. This pro-
cedure is repeated over and over again, when the
monitor is on.

The time of blanking is also referred to as retrace.
During blanking, a pulse arrives from either the verti-
cal or horizontal circuit to the blanking transistor. The
transistor cuts off and prevents any video information
to be displayed on the screen.

Blanking cancels all retrace lines from appearing on
the tube. Retrace lines are a few thin diagonal lines
showing across the screen. For further information
on this topic, refer to the section on blanking and
beam limiter.

The horizontal signal entering its yoke winding
deflects the beams from the left side of the screen to
the right. Scanning is when the beams are moved
from the left to right. During a scan of a horizontal
line, the video information is displayed upon the
screen. As the beams reach the right side, they'’re cut
off and brought back to the left side of the screen.
The horizontal deflection scans the beams from left
to right, while the vertical moves the beams from top
to bottom. In the time it takes to move the beams from
top to bottom, there are 262% horizontal lines
scanned on the screen. Because of this, the horizon-
tal frequency is much faster than the vertical.

The process of interlace scanning is by scanning the
odd number of lines first, then the even lines on the
picture tube. There are a total of 525 lines, when one
cycle of odd and even lines has been completed.
There are 262" of odd and 26212 of even lines on the
screen.

The odd lines are referred to as a field, and so are the
even. Two fields (one of odd and one even) are called
a frame. A frame has a total of 525 lines.

The frequency of the vertical circuit is a bit less than
sixty cps (cycles per second). It takes one sixtieth
(1/60) of a second to scan one field. However, one
complete frame takes one thirtieth (1/30) of a second.
So actually, there are thirty complete frames or
pictures per second.

Since we know how many frames per second there
are, by taking the number of lines per second, deter-
mines the frequency of the horizontal oscillator. Five
hundred and twenty-five lines times thirty frames are
equal to fifteen thousand, seven hundred and fifty.
This is the frequency of the horizontal oscillator.

Since the monitor's oscillators are set at the same
frequency as the logic board’s sync signals, the
logic color circuits output (RGB VIDEO) is displayed
correctly on the monitor. -

Blanking and Beam Limiter

At this point it would be good to mention briefly the
purpose of the bianking and beam limiter circuit. The
blanking circuit blanks or turns off the electron beams
inside the CRT during horizontal and vertical retrace
time. As the beams are moving from left to right across
the screen, this is called trace or scanning time. When
scanning, the electron beams are on, allowing the
video information to be viewed on the screen. Retrace
or blanking is the time when the beams move from a
right to left direction. No video is wanted at this time,
so the beams in the CRT are cut off.

The blanking circuit consists usually of a transistor
circuit, which receives a horizontal and vertical sam-
pling pulse from their respected circuits. This blank-
ing transistor is connected directly with the color
video output transistors on the neckboard. There are
three transistors, one to drive the red, another for
green and one also to drive the blue color guns
(cathodes) in the CRT.
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During blanking time, either the horizontal or vertical
pulse is coupled to the blanking transistor. Then, its
output turns or cuts off the video output transistors,
therefore; the beams at retrace time are not viewed.

The beam limiter also is connected to the video out-
put transistors. Without the beam limiter circuit as the
picture changes from a dark to light, or light to dark
screen the beam current inside the CRT would
change. The wide change of beam current will cause
the picture to bloom out and have a blurry focus.

The beam limiter keeps the beam current within a
given operating range to prevent this from happening.
If the cathodes are made more positive, then less beam
current flows and the brightness is decreased. The
beam limiter samples the second anode current, then
the CRT beam is increased or decreased as needed.



NOTES

This space is provided for personal notes.
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IV. Deflection Circuitry
Sync Signals

The sync signals from the logic boards are needed to
synchronize the video information from the logic
boards to the monitor’s vertical and horizontal oscilla-
tor for correct picture stability. The two signals are
referred to as the vertical and horizontal.

The vertical frequency is running at approximately
sixty hertz (cps, cycies per second). While the hori-
zontal is at a much faster rate (about fifteen thousand
seven hundred and fifty cps (15,750).

At the point where the incoming vertical sync signal
meets the monitor’s vertical oscillator, the frequencies
have to be at the same rate in order to have a stable
picture. Being that either signal is faster or slower
than the other causes the picture to roll up or down.

A vertical hold control is provided on the monitor to
change the oscillator’s frequency if needed to stop
the picture from rolling. With the picture still rolling,
isolate whether the probiem is in the monitor or logic
boards.

Here again, the horizontal incoming sync signal
needs to be at the same rate as the oscillator. If not,
possible drifting of the picture across the screen may
occur. The picture may be tearing or breaking up and
causes the display to go into diagonal lines.

The horizontal hold or frequency adjustment on the
monitor changes the frequency of the oscillator for
stability. Not being able to correct the sync back to
normal, isolate whether the logic or monitor is at fault.

A raster scan monitors vertical and horizontal oscilla-
tors are free running, meaning that no incoming sync
signals are needed to the oscillator in order for it to
operate. An oscillator circuit has a loop in which the
output is connected to the input. This is known as
feedback. An amplifier whose input is dependent
upon its output is called an oscillator.

The two connectors arriving from the logic boards
connect to the monitor’s interface (input section) is a
six and a three pin connector. On the six pin connector,

the first three pins contain the color video information
(red, green, and blue). Pin four is for ground.

Both monitors are capable of receiving either positive
or negative going sync. If the sync signals from the
I hgic is positive going, then pin five would be used for
the vertical incoming sync signal and pin six for
horizontal.

The Bally/Midway games generate from the logic
boards a negative going sync. Inputs to the monitor
for the negative sync is on the three pin jack. The six
pin video connector and the three pin sync connec-
tor should plug in right beside each other on the inter-
face section of the monitor.

On Electrohome, the incoming sync signals are
amplified and inverted through the monitors sync
interface transistors. These transistors correspond
with the schematic’s X301, X302, X305, and X306.
Two of the four are used for the vertical (X302, X306),
and two also for the horizontal (X301, X305). The
logic’s incoming sync signals are then coupled from
the transistors to the sync IC, IC501. Inside the IC
package contains sections of the vertical and hori-
zontal oscillator circuit.

Wells Gardner monitor uses a diode network on the
interface board to add together the sync signals. The
combined sync signal then arrives to the horizontal/
vertical board where the signal is applied to the base
of the sync amp (TR308). Following the sync amp, the
signal goes to the vertical and horizontal oscillators.
To separate the horizontal from the vertical sync sig-
nal a low and high pass filter is used. A low pass filter
before the vertical oscillator blocks high frequency
signals and passes the low. The vertical sync being
only about sixty cps, the signal passes to the oscillator.
Before the horizontal oscillator circuit a high pass fil-
ter is used to pass the highs and rejects all low
frequencies.

Vertical Circuit

The vertical circuitry can be divided into four groups.
The vertical oscillator, driver, amplifier, and output
stages are needed to provide picture stability and
vertical deflection. .

One purpose of the oscillator is for vertical picture
stability. The second is to produce the proper wave-
form to drive the output section for vertical deflection.

The oscillator is free running, meaning that no input
signals are needed to trigger the oscillator on. This is
why no signals from the logic boards have to be con-
nected to the monitor, in order to receive a raster.
Frequency of the oscillator runs a little lower than sixty
cps. When the oscillator is at the same frequency as
the vertical sync signal, the picture will be synchro-
nized (or stable).

Unstable vertical sync displayed on the screen has the
picture rolling upward or downward. To correct, adjust
the vertical hold control located on the monitor. With
the picture still rolling, isolate whether the wiring, logic
or monitor is at fault.

The waveform produced to drive the output stage is a
sawtooth (ramp waveform). Its rise time should be linear.
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This allows the horizontal scanning lines to be evenly
spaced from the top of the screen to the bottom.

A buffer is placed between the oscillator and the
output. This is the purpose of the driver. Sometimes,
the driver acts as another stage of amplification. Next,
the vertical amp gives the signal a boost.

Controls in the vertical circuit consist of the vertical
hold, linearity, and height. The Wells Gardner monitor
vertical circuit omits the linearity adjustment.

The hold control adjusts the oscillators frequency to
that of the vertical sync from the logic boards. This
prevents the picture from rolling up or down.

A linearity control if used, makes the ramp waveform
linear. A non-linear picture causes the characters or
images on one side of the screen to be larger or wider
than those on the other side.

The height or size adjustment changes the amplitude
of the vertical signal. To increase or decrease the size
of the picture from top to bottom, this is the control to
adjust.



Electrohomes IC 501

Let’s discuss briefly about the integrated circuit, IC
501. Inside the IC contains many tiny circuits for the
horizontal and vertical section of the monitor.

The horizontal side of the IC is powered up at pin
eleven. Pin eleven is connected to a B plus feed resis-
tor (R509). The B plus is also referred to as B1 on this
monitor.

As the horizontal oscillator begins to run, the neces-
sary drive signal is generated and sent to the input of
the flyback transformer. At this time, the secondary
windings are induced, supplying other voltages to dif-
ferent areas of the monitor.

The test point (B2) from off the flyback delivers the
twelve volts DC to pin six of IC 501. This voltage pro-
vides the VCC (supply voltage) to the vertical half of
the chip.

In the chip, the vertical oscillator and amp makes up
one half of the chip. The other half of the IC holds part
of the horizontal circuit.

Components outside of the chip off of pin seven,
determines the frequency of the oscillator. Normally
runs a tad lower than sixty cps. Off of pin five, capaci-
tor (C402) affects the screen’s linearity.

From pin five, the vertical waveform is sent on to an
amplifier for more amplification. The output is pin two
of the IC. Here should be a linear ramp waveform
about 1.4 volts peak to peak. This waveform is sent on
to drive the vertical output transistors (X401, X402).

The vertical output section purpose is to amplify the
waveform and to drive the vertical windings in the
deflection yoke. A linear waveform is sent from pin two
of IC 501 to the output transistors, (X401, X402). When
one of these transistors is on, the top half (from top
to middle) of the screen is deflected. While that tran-
sistor is off, the other is on controlling the electron
beams from the middle half of screen to the bottom.

A fusible resistor (FR401) supplies power to the out-
put transistors (X401, X402). With an open FR401,
loss of vertical deflection will result. Here a thin white
line will run down the middle of the screen. The line
will be going across the longest distance of the CRT.
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If FR401 is open, check the output transistors, diode
(D401) and possibly capacitor (C412). With one of
the output transistors bad, replace the pair.

Other vertical collapse problems may be caused from
the wiring to the yoke. Possibly the yoke itself. Capaci-
tor (C411) is in series with the yoke and the side pin
transformer. These components could bring a loss of
vertical deflection.

How about the vertical height control? This either
increases or decreases the amplitude of the signal
feeding the output transistors. A bad control may be
good suspect to consider.

Finally, the vertical signal is looped back into IC 501
at pin three. If the chip is not producing a waveform to
the outputs, no vertical deflection will resuit.

With no waveform at pin two, check the VCC voltage
at pin six of the chip. If present, suspect the IC or a
component off of pin two (in the circuit) loading down
the waveform.

No VCC, troubleshoot back towards the flyback
transformer. This is where the voltage is derived. The
IC may be loading down the VCC. Resistor (R522)
from off the flyback, if open, looses the VCC to the
chip.

Wells Gardner monitors utilize a vertical-horizontal
board. This is a small additional plug in pc board. It
connects directly to the main monitor board.

The plug-in boards are interchangeable with all
K-4600 series monitors. By swapping with another
good board, you can isolate whether the problem is
here or not. This makes troubleshooting the vertical
circuit more convenient.

Both monitors need to produce a vertical waveform
which is at the same frequency as the logic vertical
sync. Secondly, to provide the proper drive signal to
the yoke for beam deflection.

The vertical circuit in the Wells Gardner is designed
with transistors, whereas, the Electrohome uses both
an IC and transistors. Here the stages of the circuitry
is different between the monitors, but the purpose of
the circuit is the same.



Horizontal Circuit— General Description

The horizontal circuit is much like the vertical in that
the oscillator is free running. No input signals are
needed to the oscillator in order to operate.

The frequency of the horizontal is much faster than
the vertical. Frequency of the oscillator is at about
15,750 cps.

Its purpose is to operate at the same rate as the
logic’s horizontal sync signal. This is needed for pic-
ture stability. Secondly, generates the proper wave-
form for horizontal deflection, and to drive the flyback
transformer for obtaining the high voltage.

After the oscillator is the driver. The driver circuit acts
as a buffer between the oscillator and the output
stage. Usually the circuit is a transistor followed by a
transformer. lts circuit also is a stage of amplification.
The horizontal drive signal is coupled through the
transformer to the base of the horizontal output
transistor.

The horizontal signal off the output transistor is con-
nected to a parallel circuit. This circuit is made up of
the flyback transformer and the yoke circuit. The yoke
is in series with the width and linearity coil, and also a
few capacitors.

If an open exists in the series yoke circuit, then hori-
zontal collapse results. This leaves the screen with a
thin line going down the middle. The line is displayed
across the screen being the short distance of the CRT.

Electrohome’s Horizontal Section

The second half of IC 501 is part of the horizontal
circuitry. This portion is powered up by pin eleven.
(12VDC).

There are three stages for the horizontal inside the IC.
These stages are the phase detector, horizontal
oscillator, and waveformer.

APC Circuit

The phase detector also known as the apc circuit
(automatic phase control), works with the horizontal
oscillator, but vet is independent of it. Meaning that,
the apc causes the oscillator to change frequency as
needed. However, a defective apc circuit will not pre-
vent the oscillator from running.

The purpose of the apc circuit is to keep the oscilla-
tor in synchronization with the logic’s horizontal sync
signal. When this is done, a stable picture is displayed.

The circuit works by comparing the incoming sync
signal to the horizontal sampling pulse. This pulse is
taken anywhere after the oscillator’s output.

A comparison or control network is a dual diode sys-
tem (as used in Wells Gardner), or the circuit is con-
tained in a chip (as in Electrohome).

The two signals coming into the apc circuit are
checked for a phase difference. A difference between
the two would cause the output of apc circuit to swing
either to a higher or lower voltage. The voltage deter-
mines whether the oscillator’s frequency should be
faster or to slow down.

A defective apc circuit may display a number of
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symptoms. The picture may jitter, weave, or have
unstable sync.

Horizontal Oscillator

Following the apc circuit is the horizontal oscillator.
The oscillator is inside the chip, connecting to pins
twelve and thirteen. Outside of the IC, on pin twelve, is
connected the frequency determining components.
The horizontal frequency runs approximately at
15,750 cps.

From the oscillator, the signal is shaped and prepared
for the horizontal driver circuit. The signal leaves at
pin ten of the chip and arrives to the input of the hori-
zontal driver transistor.

The driver amplifies the signal and also acts as a
buffer between the oscillator and the horizontal
output. Signal from the driver transistor is coupled
through a driver transformer (T501) to the horizontal
output transistor (X01).

The horizontal output transistor circuit amplifies its
input signal tremendously, so that the output is about
900 voits peak to peak. This large AC signal feeds
into the flyback and also the horizontal deflection
yoke. High voltage is then generated off the flyback,
and the yoke scans the beams across the screen.

Protection Circuit
A protection circuit is used to limit extreme high volt-
age which could emit x-ray emission.

The base of X701 (transistor) is connected in line with
the B+ (120 VDC). When the B+ voltage begins to
increase, so does the high voltage. As the voltage
increases, the zener diode (D701) begins to avalanche.
A larger base bias voltage begins to appear at X701.
Soon as the base reaches .7VDC, the transistor con-
ducts shorting the collector to ground.

The collector of X701 is connected to pin eleven of
the IC, which is the chips VCC supply. At this time, the
horizontal oscillator is defeated, preventing any high
voltage. The B+ will measure too high with the protec-
tion circuit on.

Troubleshooting

If the monitor has a raster, this means the oscillator is
operating. Yet with the picture tearing horizontally, the
oscillator is running at the wrong frequency. First,
adjust the horizontal hold or frequency control. Get-
ting the picture to tear to the right and left means the
oscillator is good. The control not causing the picture
to tear both ways may be caused by the oscillator
circuit.

With the oscillator being completely dead (no output),
no drive signal is produced. If the drive signal is
absent, then the flyback transformer receives no
input. Obviously, having no input allows no output.

All oscillators have a frequency determining network.
This network is also called a feedback path. The
monitor’s frequency determining components are
contained in the feedback circuit. Making up the cir-
cuit are specific values of capacitors, coils, and
resistors. This gives the feedback path a certain time
constant.



Oscillator Has No Output

Check the waveform coming off the oscillator. With
the oscillator not running, find whether the supply
voltage is present to the oscillator transistor or IC. If
not, trace back to its supply.

Being that the voltage is present, there may be a bad
connection on the board or a defective component.
Possibilities would be an open in the series feedback
loop. Check also for a shorted component in parallel
with the loop and ground (like a capacitor). A shorted
or leaky driver or output may load down and prevent
the oscillator from running.

As long as there is a picture, the oscillator transistor
is good. However, an incorrect frequency of the oscil-
lator will cause the picture to tear to the right or left.
The problem would be in the area of the frequency
determining components.

Drivers

Problems with the driver circuit may result in no high
voltage. This is because the horizontal output stage is
not receiving the drive signal.

1. Check for an open or shorted driver transistor or
transformer.

2. An open B+ resistor to the transformer or no sup-
ply to the stage will prevent the circuit from working.

3. Possibly a shorted or leaky capacitor connected
from ground to the driver’'s output may be loading
down the supply voltage.

Horizontal Output Circuit

There is a large variety of problems the horizontal out-
put section may cause. This is because its output
feeds into the yoke for deflection. Secondly, into the
flyback to obtain other needed voltages for the
monitor.
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A shorted horizontal output transistor, damper diode,
or the flyback transformer may cause the monitor’s
fuse to open immediately. Possibly a component
(such as a capacitor), off the transformer may be
leaky or shorted.

Other horizontal problems may be displayed as poor
focus, low high voltage, dim brightness, blooming, or
a narrow picture. These are only a few to be mentioned.

A leaky horizontal output transistor or damper diode
causes the screen to have a narrow width. The width
also is affected by the monitor’s B plus voltage.

A low B plus supply will cause the high voltage and
all other voltages to be low. With low high voltage, the
picture may bloom or be out of focus. Before jumping
into a specific circuit make sure the monitor's B plus
is in tolerance.

The horizontal output transistor operates the sweep
of the right side of the screen, whereas the damper
controls the left. A problem which is only on one side
of the screen, suspect the component associated with
that side.

The horizontal output transistor in the Wells Gardner
monitor can be checked out of circuit with an ohm-
meter. Use the back-to-back ratio method.

Electrohome’s output transistor (X04) is a special NPN
package. It has a damper diode built inside of the
case. To check, the emitter collector junction should
read like a diode. Also the base to collector will check
as a diode. The last junction is the base to emitter.
Here back-to-back, it should measure between forty
and fifty ohms both ways.



High Voltage Section

The high voltage at the picture tube’s second anode
plug serves as two functions. First, the voltage poten-
tial at the second anode attracts the electrons to the
front of the CRT. This is needed to light up the screen.
The second purpose is to allow the necessary cur-
rent return path to ground.

Normal high voltage is between 22.5 KV (kilovolts)
and 25.5 KV. To measure, a high voltage probe is
needed.

In case of a lower than normal high voltage, the pic-
ture may show the symptom of blooming. As the high
voltage decreases, the entire picture will enlarge in
size. Sometimes the screen expands to a point where
the picture gets dimmer and finally blanks out. Usu-
ally, turning the brightness control up makes the
blooming condition worse. Refer to the symptom diag-
nosis in the General Troubleshooting section for
causes of blooming.

Grid Bias Voltages

As in examining the flyback circuit, other voltages are
needed for proper biasing of the CRT. This would con-
sist of the focus and screen (G2) voltages.

The focus voltage is normally about twenty percent
(20%) of the high voltage. Whereas the screen is
between four and five hundred volts DC. The control
grid in both monitors is kept at ground potential. The
cathodes (electron guns) on Wells Gardner is biased
at about one hundred volts D.C., Electrohome is
approximately one hundred and sixty.

On the cathodes as the DC voltage decreases, the
screen begins to light up brighter. An extreme bright
screen which cannot be darkened by the brightness
control to a black background may be caused by a
low supply voltage to the cathodes. A dominate sin-
gle color on the screen can be from a shorted output
transistor or a shorted cathode inside the tube.

Finally, the last element inside the tube receiving volt-
age is the heater or filament. lts purpose is to boil off
the electrons from the cathodes. There are three heat-
ers (one for each color). Remember they're con-
nected in parallel with each other.

An external heater voltage is taken from a winding of
the flyback transformer and is approximately six point
three volts AC (6.3). The heater voltage can be meas-
ured at pins nine and ten of the CRT socket located
on the neckboard.

in order to get the necessary voltages from the flyback
transformer, the horizontal drive signal must be pres-
ent at its primary winding. The horizontal output tran-
sistor provides the AC drive signal which is about nine
hundred volts peak to peak.

An open circuit in the horizontal section, between the
horizontal oscillator and the flyback will cause no drive
and thus no voltages from off the flyback. A problem
here would result in no filament and high voltage and
the B+ measures too high.

The Electrohome’s flyback circuit also provides other
voltages to specific stages in the monitor.

On the schematic, iook to the right of the flyback
transformer (T502). A plus twelve volts is taken off the
diode (D508). This twelve volts powers up the vertical
side of the chip, IC501. Before the supply voltage
reaches pin six of the IC, the twelve volts also
branches off and feeds the sync and color interface
transistors.

The sync interface transistors correspond to the
schematic’'s components X301, X302, X305, X306.
Whereas, the color transistors are labeled X101
through X106 on the main monitor pc board. The
blanking and beam limiter (X303, X304) also requires
this twelve volts DC.

A reference point (BH) off of diode (D503) supplies
the neckboard with a hundred and eight volts DC. This
source goes to the color video output transistors
(X101, X102, X103).

The Wells Gardner monitor’s flyback generates both a
thirty and fifteen volt DC supply. The vertical section
requires the two supplies in order to operate. On the
interface pc Board, only the fifteen volts supply is
used to the color and CRT cut-off transistors.

The neckboard receives a variety of DC voltages. Fif-
teen volts to bias the base emitter junctions of the
color output transistors (TR401, 402, 403). A hundred
and sixty volts to the collectors of the output tran-
sistors. Eight hundred and ninety for the screen bias
(G2), and about twenty percent of the high voltage is
provided to the focus grid.

In essence, the flyback is in one aspect a secondary
power supply. This leaves less strain upon the main
power supply. Remember, that in order to receive any
of the output voltages, the drive signal must be pres-
ent at the input.

Troubleshooting

Troubleshooting the high voltage section is the same
concept as in checking the input and outputs of a
transformer. If none of the output voltages are present,
suspect an absence of the horizontal drive signal at
the input. This could be a loss of drive beginning from
the oscillator and through the driver circuit, or a loss
to the horizontal output stage to the input of the fly-
back. If the primary winding is open, no B+ will be
reaching the horizontal output transistor.

With some output voltages present and a few missing,
check the components in common with the circuit,
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that is associated with the missing voltage sources.
Check for open windings, poor solder connections,
open resistors and diodes.

Missing a certain voltage will be an open or break in
the winding or anywhere to its designated output. If
the output (load) itself is shorted, it may load down
the source voltage very low or to zero.

The high voltage and focus voltage is to be measured
with a high voltage probe. All other DC voltages can
be checked by a standard VOM. (volt-ohm-millimeter)



NOTES

This space is provided for personal notes.
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V. Color Problems

in the case of a video game having a color problem,
the first step would be to isolate whether the boards
or monitor is at fault. An RGB color service generator
may be used to produce the proper color and sync
signals to test the monitor. If a generator is not
accessible, then the logic boards can be substituted
from another identical game. ‘

If the boards are not available, take a known working
game which uses either the Electrohome (GO7-CBO)
nineteen inch or (GO7-FBO) thirteen inch, or on the
Wells Gardner (19K4600 or 13K4700 series) monitor.
Substitute the working game (the one that uses a
monitor listed above) and connect the video and sync
cables to the suspected bad monitor. If the known
working game is displayed properly, then it can be
assured that the monitor is good. Here the logic
boards are probably at fault.

What can be done now is to hook up the video cables
from the logic boards which are suspected as bad.
Connect the cables to the known good monitor in the
other game. If the symptom shows up, then the wiring
from or the logic boards themselves are defective.

1. Weak Color
If the problem doesn't exist in the logic boards,
check color signals with an oscilloscope at the pic-
ture tube cathodes. With the color signals about
80VP-P the CRT has weak emission.

With the signal’s amplitude being a lot lower than
80VP-P, then check the color interface transistors
and bias voltages on the color output transistors.
The output transistors are the three located on the
neckboard.

In case of weak emission there are four possibilities
to remedy the problem. First, by turning the horizon-
tal sync off frequency, and bringing up the brightness
and the three color screens all the way up for about
fifteen or twenty minutes. This will sometimes boost
up the color guns.

Replacement of the CRT will definitely take care of the
problem. Though some technicians may try a picture
tube brightener of rejuvenation, this may prolong the
life of the CRT.

2. Missing a color
Knowing that the monitor is at fault, the problem
will be in one of three areas. This is the color
interface, color output section (on the neckboard),
or the picture tube.

There are two types of a missing color. Either the
color information is absent or the color missing
upsets the screen’s white balance.

1. Missing color information is a problem between
the input of the monitor, through the base of the
color output transistor on the neckboard.

The color information displays the characters
and images on the screen. If the overall color of
the screen looks normal, but certain parts of
the picture (such as characters or letters) is
missing, or the parts are of a different hue, then
the information is missing. The problem would
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lie on the monitor between input and base of
color output transistor.

2. The other way a color is missing is that the white
balance is not producing a grayish white raster.

improper white balance can be determined by
turning up the color screen controls on the
neckboard, one at a time. Each screen control
when turned up, increases the gain and bright-
ens the screen that particular color.

If the red was missing, the white balance will be
a shaded cyan colored screen. With blue
missing, the screen will have a yellow tint.
Absence of green gives a magenta colored
overcast on the screen.

For an improper white balance, suspect on the
monitor a problem with the neckboard, the
socket, or the picture tube. White balance set
up procedure is outlined in detail; check table
of contents.

First, with a color missing make sure all three fila-
ments are lit inside the neck of the tube. This can be
checked visually by looking inside the rear neck of
the CRT. With the three filaments lit, at least up to this
point, the tube is good. However, a filament not light-
ing and being that they are in parallel, the CRT needs
to be replaced. (If one filament lights, they all should).

Knowing the filaments are good, the color guns
(cathodes) can be tested. Each color gun can be
turned on or saturated to light up the color on the
screen. To do this little trick, it is highly suggested to
make all hookups on the neckboard, while the power
to the monitor is off. A jumper wire with an alligator
clip at each end is preferred.

On the neckboard there are three color output
transistors, one for'each color, (red, blue, green). Just
a reminder, when adding a jumper wire to neckboard,
remove all power first. Double check wire hookup
before applying power.

When the collector of each color output transistor is
connected to its emitter, the front of the screen goes
to that particular color. At this time, the color gun
inside the CRT is saturated. If the screen does light
up the missing color, the CRT is good. Suspect the
color output transistor to be bad (open base to
collector). The color not appearing on the screen
when the transistor is shorted (emitter to collector),
check for an open between collector and cathode.

Further testing will find an open between the collector
and cathode pin on neckboard. Last of all is either a
poor connection in CRT socket, or an open cathode.

Let's go back to problem #1, white balance is fine, but
the picture has color information missing. The prob-
lem lies anywhere between the color input to the
monitor through the base of the color output transistor.
Most likely an interface transistor is defective. There
are two transistors for each color, and a total of six al-
together. Don’t forget a possible open connection in
this area.



3. Dominate Color

A dominate color symptom would be where the
screen has a particular color overcast upon the
entire picture. For a missing color, we made the
screen put up a color by shorting the emitter to
the collector of the color output transistor on the
neckboard. Here we might suspect the transistor
for that color to be leaky or shorted.

Measure the collector voltage of the color output
transistor which pertains to the dominate color.
The voltage on Electrohome should be about 160
to 170 volts DC. Wells Gardner measures in the
area of 95 to 115 volts DC. If the collector meas-
ures very low as compared to the other two color
output transistors, check the transistor.

The voltage at the collectors also splits off and
goes to the color cathodes inside the picture tube.
Before the voltage reaches the cathodes, a series
resistor is connected between each of the three

collectors and cathodes. These three resistors are
referred to as the cathode resistors.

Now with the suspected transistor good and the
collector voltage being low the CRT may be at fault.
To find out, lift one end of the cathode resistor from
the neckboard. Power up monitor and measure the
collector once again; if the low voltage returns to
normal suspect the CRT as possibly being bad.

With the voltages on the color output transistors
within the voltage tolerance, take a look at the color
interface transistors. These are the six transistors
before the color outputs. Remember there are two
for each color.

Any dominate color caused from the monitor will
be either in the color interface section, video out-
puts (transistors on the neckboard) or maybe the
picture tube. Always make sure the problem has
been ruled out of not being in the logic boards
or wiring to the monitor.

Degaussing

Picture tube purity allows the electron beams from
each color gun to strike its own proper color phos-
phor dot on the screen of the CRT (Cathode Ray
Tube). So when each color field is viewed on the
screen, only that particular color is seen and none
other. A magnetic field can offset the purity of the pic-

ture tube. This purity offset will give the screen a dis-
coloring in the picture. Most of the time, magnetization
of either the shadow mask (inside the CRT), or the
metal chassis brackets cause the purity to be off. An
external degaussing coil often is used to eliminate
any magnetization.

Degaussing Procedure

Degauss the monitor while the game is on. Plug the
degaussing coil into a 120 volt AC outlet. Holding the
coil several feet (four to six) from in front of the
monitor, turn the coil on. With the coil facing parallel
to the game, begin moving the coil in a circular direc-
tion, as you’re moving slowly towards the monitor. As
the coil reaches close to the front of the CRT (six to
twelve inches), move the coil over the top and sides of
the screen. Do not hold the degausser near the back
of the monitor while the coil is on. Also, avoid touching
or letting the coil lay on the top of the CRT. This could
permanently damage some of the magnetic compo-
nents located on the neck of the tube, or magnetize
the shadow mask.

Finally, as the sides and top of the monitor are de-
gaussed, don't stop here! If the coil is turned off too
close 'to the CRT, it will set up a magnetic field. So,
continue to rotate the coil in a circular motion and
begin to walk away from the monitor. When you’re
back about six to seven feet away, turn the coil per-
pendicular to the game and turn off the coil. Degauss-
ing the monitor is now completed--Anytime there is a
purity problem before going through the set-up pro-
cedure, degauss the monitor first. This may be all that
is needed.

Purity Set Up

If after degaussing the monitor, the screen is still
discolored in areas, follow through the set up. Elec-
trohome suggests using a red field, Wells Gardner
mentions a green field for purity adjustments. The red
phosphors in the CRT require more brightness than
green and blue to light up the red field.

Before aligning the purity, it may be easier to set up
without a video signal arriving to the monitor from the
logic boards. Disconnect the six pin video cable off
the monitor. Turn down the blue and green screen
controls on the neckboard. Bring up the red screen
untit the screen on the CRT is a good looking red
field. Here no color blotches of green or blue should
appear on the edges of the screen. If so, degauss the
monitor. This may be all that is needed.

With correcting the problem, follow the procedure on
white balance set up. With the purity still being off, try
rotating the purity rings slightly on the neck of the
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tube. The purity rings are located on the sleeve as-
sembly mounted between the deflection yoke and the
neckboard. There are three pairs of rings on the
sleeve. The pair of rings nearest the yoke is for purity.
If the slight adjustment does not clear up the problem,
follow the outline given by the manufacturers,

For reoccurring purity problems check the following:
1. Nearby electrical interference or magnet.

2. Loosen deflection yoke slid away from or towards
bell of picture tube on neck.

3. Purity clears up, but after awhile it is off again.
Game may need to be repositioned. Because of
the direction of the game, the earth’s poles are
pulling off the purity.

4. Loose shadow mask causes an extreme purity
problem.



COLOR PURITY AND VERTICAL Temporary Wedge
CENTERING ADJUSTMENT—WELLS GARDNER

For best results, it is recommended that the purity
adjustment be made in the final monitor location. If
the monitor will be moved, perform this adjustment
with it facing west or east. The monitor must have
been operating 15 minutes prior to this procedure and

the faceplate of the CRT must be at room temperature. Figure 5

The monitor is equipped with an automatic degauss-

ing circuit. However, if the CRT shadow mask has Mechamcal

become excessively magnetized, it may be necessary Comer b e
to degauss it with manual coil. Do not switch the coil — e
OFF while the raster shows any effect from the coil. Grexn Beam (-2 mm

Purity Magnets are used for Color Purity and V Cen-
tering Adjustment.

Figure 6

Purity Adjustment procedure is as follows.
1. Remove R-G-B signal from monitor.

2. Turn Green Cut-off Control (VR404) on the Neck
Board fully CCW.
Turn Red and Blue Cut-off Control (VR405) fully
CW.

3. Pull the Deflection Yoke backward so that the
Magenta belt will appear. (See Fig. 4)

4. Move the two Purity Magnets and bring the 4.pole Magnets and the Movement of Beams
Magenta belt to the mechanical center of the Figure 7
screen (See Fig. 5). The vertical center position
should be set VRS to —5/64" (—2 mm) as shown
in Fig. 6. i
Insert service tip “N” on Neck circuit board to
“S" on Vert./Horiz. circuit board (See Fig. 13). To
check, use the Green raster at low intensity. Be
sure to return the service tips to their original Figure 8
positions for the next check.

6-Pole Magnets and the Movement of Seams

5. Push the Deflection Yoke forward gradually and
fix it at the place where the Magenta screen
becomes uniform throughout.

VR406 Screen

vR302
v Sze N\ VR4a03 Red Curon

6. Turn Cut-off Control, and Drive Control and con-

firm that each color is uniform. )
. . . . . VR3S = VR0 Blue Cut O R-Drve
7. If the color is not uniform, re-adjust it moving W) e \\
Purity Magnets slightly. -~ o
8. Move a pair of Purity Magnéts at the same time VERTIHORIZ BOARD MTIO) NEGK BOARD[HEIAT]
(do not change the angle of the pair), and adjust )
the vert. center to center of screen. Figure 12

9. Obtain the three colors and confirm whether
white uniformity is balanced.

e — . ANODE CONTACT

10. Insert the temporary wedge as shown in Fig. 5
and adjust the angle of Deflection Yoke.

L
?;,,;/%

Magenta — A
Belt <

L /,':/
9

Figure 4 Figure 13

L6 POLE CONVERGENCE MAGNETS
L CONVERGENCE
4 POLE CONVERGENCE MAGNETS ) A GNET ASS y
PURITY CENTERING MAGNETS
DEFLECTION YOKE

RUBBER WEDGES

PICTURE TUBE NECK COMPONENTS LOCATION

27



Electrohome
Service Set-Up Procedure

NOTE: All monitors are equipped with automatic
degaussing coils which effectively demagnetize the
picture tube each time the monitor is turned on. The
degaussing coils will operate any time the set is
turned on after having been off for at least five
minutes.

The degaussing effect is confined to the picture tube
since the coils are mounted on the ferrous tube
shield. Should any part of the chassis or cabinet
become magnetized, it will be necessary to degauss
the affected area by means of a manual degaussing
coil. Move the coil slowly around the CRT face area,
then slowly withdraw for a distance of six feet before
disconnecting the coil from the AC power supply.
Normally little, if any adjustment should be necessary.
However, when a picture tube, yoke or similar compo-
nent is replaced, preliminary static convergence
should be done before attempting purity adjustment,
and so on.

Set up should be done in a north/south direction.
Horizontal and vertical centering taps should be set
to the centre position if a major component has
been changed.

1.0 Purity

1.1 Loosen yoke retaining clamp (Fig. 2), remove
adhesive material fixing wedges to CRT. Remove
wedges completely and clean off dried adhe-
sive from picture tube and wedges.

1.2 A small quantity of “nail polish” has been used
to lock the purity convergence rings in place.
This seal must be broken with a sharp tipped in-
strument before any adjustments are attempted.
Some models also use a locking ring at either
end of the purity and convergence rings. This
must be loosened before adjustments are made.
It goes without saying that upon completion of
all adjustments, the lock must be reset and/or a
dab of paint or nail polish must be reapplied to

edge of rings to prevent movement.

1.3 Connect an appropriate signal source, e.g..
Electrohome RGB generator producing a white

field plus individual red, green and blue fields.

1.4 Bring the long and short purity tab protrusions
in line with each other to obtain near-zero mag-
netic field (Fig. 4). (in some cases bring the flat
and indented tabs together to obtain zero field.)
Protrusions can then be vertical, horizontal or at

any convenient angle to start.

1.5 Turn off the green and blue fields and adjust set-

up controls to produce a red field. (See Fig. 3)

1.6 Pull the deflection yoke back so that a red band

appears in the centre of the screen.

1.7 Spread the tabs apart as little as necessary and
rotate both rings together to center the red band
horizontally on the face of the CRT (approxi-

mate). (See Fig. 5)

Slide the yoke towards the bell of the picture
tube slowly to obtain a uniform red field (pure in

1.8
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1.9

1.10
1.1

1.12

color) across the entire tube face. Juggle back
and forth slightly as necessary. Lightly tighten
yoke retaining clamp.

Momentarily switch on a cross-hatch signal and
rotate yoke to level the pattern on the face
of CRT.

Return generator to regain red raster.

Turn off red field and check for pure field for
each of the green and blue fields. Reposition
yoke if necessary to obtain optimum purity on
all fields.

Tighteh yoke retaining clamp to prevent yoke
shift or rotation. (Do not install wedges at this
time.)

YOKE CLAMP SCREW
FRONT PURITY MAGNETS
4-POLE CONVERGENCE MAGNETS
REAR f POLE CONVERGENCE MAGNETS
LOCKING RING ON 26 INCH MODELS
B~ Tl
s I
CRY YOKE
—=— {1t
LOCKING RING ON SOME MODELS
Figure 2
CRT SOCKET P.C.B.
O | seve curorr vr
saeen orive | [ O | sreen cutorr vk
RED DRIVE I]] [ | e cutore vr
BE CAREFUL OF "B’ AND 8 BOOST VOLTAGES PRESENT ON P.C.8.
Figure 3
[REAR VIEW]
Long and short Short and long
protrusions protrusions
Let the protrusions come in line.
Figure 4
[FRONT VIEW] Red
Centre
Bring the gresn band to the centre. Flgure 5




White Balance

White balance gives the raster a grayish white screen
with the video cable disconnected. Properly adjusted
makes the colors on the screen their correct hue
(shade of color).

The adjustments for white balance are located on the
neckboard. Here there are three controls next to each
other. These are the red, blue and green screen
controls. Two other controls together on the neckboard
are for adjusting the highlights. This adjustment can
be accomplished with no signal connected. First, set
the two drive controls (these are the controls for set-
ting the highlights) to their mechanical center. Turn
the G2 screen control and three color screen controls
(also referred to as cut-offs) to minimum (fully counter
clockwise).

Slowly turn up the G2 screen control until the first
faint color appears, notice which color it is, back off
the G2 control to the edge of visibility. Next, bring up
the other two color cut-offs to match the appearing
faint color. Adjust the two cut-offs so a faint greyish
screen is obtained. After this is completed, turn down
the G2 screen control just until the raster diminishes
into black. Turn off monitor, reconnect video cable and
power up. The colors of the game should now look as
best as possible.

The two drives adjust the highlights of the images.
These controls change the color tint of the white
images or letters to a purer white.

Wells-Gardner

BLACK AND WHITE TRACKING
(With R/G.B. inputs grounded)

1. Set Black Level Control (VR201) to mid point.

2. Set Red and Blue Drive Controls (VR401 &
VR402) to their mechanical center.

3. Set the G2 Screen Control (VR406) and the 3
Cut-off Controls (VR403, VR404, & VR405) to
miniumum (CCW).

4. Slowly turn up G2 screen control until the first
faint color appears.

5. Slowly turn up the other two color cut-off con-
trols in turn to match the first.

6. Remove ground from R/G/B inputs. Adjust Red
and Blue Drive Controls (VR401 & VR402) for
white screen.
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Electrohome

White Balance (Grey Scale Tracking)
Refer to figure 3. Do the following in subdued light:

Note this adjustment can be accomplished with no
signal connected; e.g.: input connector open or if a
signal generator is connected, switch off all 3 inputs
at the generator.

Set red and green drive controls to their mechanical
center and turn the common G2 screen control and 3
cut-off controls to minimum (fully counterclockwise).

Slowly turn up G2 screen control until the first faint
color appears, then back off to edge of visibility. Do
not touch the associated cut-off control—it should
stay fully CCW for the remaining set-up.

Slowly turn up the other two cut-off controls in turn to

‘match the first. This should result in the faintest grey.

Turn on the signal generator with all 3 inputs on. (A
crosshatch pattern would be appropriate.)

Adjust the red and green drive controls for “neutral
white”’ on high white picture areas. Generally these
controls will be left at mech. centre.

Note: When monitor is re-connected with the game
the screen control (G2) may require a slight adjust-
ment to obtain proper black level. (The black portion
of picture just extinguished.)

CRT SOCKET P.C.B.

O
ﬂ] BLUE CUTOFF VR
GREEN DRIVE [I] M | sreen cutore e
RED DRIVE l]] [ | reo cutorr ve
BE CAREFUL OF 'B’ AND 'B BOOST VOLTAGES PRESENT ON P.C.8.

Figure 3




Convergence

So far, we have discussed how purity is needed to
give pure color screens. Now we need to discuss a
little bit on the topic of Convergence. )

A Triad in the CRT is referred to one set of red, green,
and blue phosphor dots. There are many groups of
triads on the screen, but only the color dots in each
set of the particular triad must the electron beams
strike. If the electron beams strike the color phosphor
outside of its color triad, then the lines and images at
that particular part of the screen will be misconverged.
Misconvergence leaves a trailing edge of color (red,
blue, or green), alongside of an image in that area of
where the convergence is off. The static convergence
deals mainly with the center portion of the screen.
The dynamic handles the outer edges of the CRT.

The deflection systems (horizontal and vertical) has
least effect on the screen in the center. The static con-
vergence is the process of aiming the three electron
beams at the center of the screen.

During the time of converging a monitor, it is much
easier done when a cross-hatch or dot-pattern is gen-
erated on the screen. In the game’s self test mode, a
cross-hatch pattern can be locked up on the screen.
Working on the monitor on a bench a RGB service
generator can be used. Once the pattern is dispiayed,
the correction adjustments can then be made for
proper convergence.

There are two kinds of color picture tubes; a delta and
an in-line. These names are given from the configura-
tion of the electron guns. The Electrchome G07-CBO
and Wells Gardner K4600 series utilizes the in-line
CRT, in-line meaning the three color guns are in-line
with each other (in a horizontal plane). The way the
guns are set-up in an in-line tube makes setting up
convergence rather simple.

In order to converge the monitor the purity should be
completed first. Secondly, the static convergence, and
then finally the dynamic convergence.

For static convergence, refer to the set-up procedures
on the particular monitor being used. Find the figure
which shows the convergence magnet rings on the
neck of the tube. Remember the pair of rings nearest
the bell of the tube is for purity. The middle pair con-
verges the red and blue together.

There are two rings per pair. One ring will converge
the red and blue horizontal lines. The other ring con-
verges the vertical lines of the red and blue. To con-
verge the green onto the red and blue, the last set of
rings closest to the neckboard is used. Again, one
ring will converge the green onto the red and blue
horizontally, the other vertically. It may be needed to
go back and touch up the red and blue rings.

The static convergence is only for adjusting the cen-
ter portion of the screen. The dynamic convergence
is for the outer edges of the CRT. This is done after
purity, white balance and the static convergence is
completed. With the rubber wedges being out from
between the CRT and yoke, slightly loosen the yoke
fastening screw. Tilting the yoke up or down and left
or right, causes the cross hatch pattern on the top,
bottom, and sides to separate the colors of red, blue,
and green. Position the yoke so the outer edges con-
verge properly, then tighten the fastening screw on
the yoke. If the entire yoke is turned on the neck of
the tube, the screen will be on a slant. Replace the
rubber wedges.

Normally, convergence is only needed during a CRT
replacement. The following pages list the manufactur-
er's set-up procedures regarding convergence.

Wells-Gardner

STATIC CONVERGENCE ADJUSTMENT

A recently developed Deflection Yoke and Electron
Guns construction has been used on this equipment
in combination with In-Line Guns and Black Stripe
Screen to make a barrel-type magnetic-field distribu-
tion for vertical deflection and a pin-cushion-type
magnetic field for horizontal deflection with which a
self-converging system can be obtained. This type is
different from conventional unity-magnetic field distri-
bution type deflection yoke. 4-Pole Magnets and
6-Pole Magnets are employed for static convergence
instead of a Convergence Yoke.

1. A cross hatch signal should be connected to the
monitor.

2. A pair of 4-Pole Convergence Magnets are pro-
vided and adjusted to converge the blue and red
beams. When the Pole opens to the left and right
45° symmetrically, the magnetic field maximizes.
Red and blue beams move to the left and right
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oppositely (See Figs. 7-a and 7-b). Variation of
the angle between the tabs adjusts the conver-
gence of red and blue vertical lines.

When both 4-Pole Convergence Magnet Tabs are
rotated as a pair, the convergence of the red and
blue horizontal lines is adjusted.

3. A pair of 6-Pole Convergence Magnets are also

provided and adjusted to converge the magenta
(red + blue) to green beams.

When the Pole opens to the left and right 30°
symmetrically, the magnetic field is maximized.
Red and blue beams both move to the left and
right (See Figs. 8-c and 8-d).

Variation of the opening angle adjusts the conver-
gence of magenta to green vertical lines. When
both 6-Pole Convergence Magnet Tabs are ro-
tated as a pair the convergence of magenta to
green horizontal lines is adjusted.



PRECISE ADJUSTMENT OF DYNAMIC
CONVERGENCE (See Figs. 10 and 11)

1. Feed a cross hatch signal to the monitor.

2. Insert the temporary wedge and fix Deflection
Yoke so as to obtain the best circumference con-
vergence (See Figs. 10 and 11).
NOTE: R
The temporary wedges may need to be moved &~
during adjustments.

4. Insert three rubber wedges to the position as
shown in Fig. 9 to obtain the best circumference
convergence.

NOTE:
1) Tilting the angle of the yoke up and down adjusts

the crossover of both vertical and horizontal red ™~ @ ~
Neck

and blue lines. See Fig. 10 (a) and (b).

2) Tilting the angle of the yoke sideways adjusts the Deflection Yoke
paraliel convergence of both horizontal and verti-
cal lines at the edges of the screen. See Fig. 11-a
and b.

3) Use three rubber wedges (thick and thin rubber
wedges are used for a purpose).

4) The angle of each rubber wedge is shown in
Fig. 9.

5) After three rubber wedges have been inserted,
pull out the temporary wedge.

Figure 9

6) Fix the rubber wedges with chloroprene rubber
adhesive.

Upper RGB

\
el
]

RGEB Under BGR

(b)
a
CRT Screen fa) Insert Rubber Wedge CRT Screen
from Upper Side

Figure 10

(a) b)
CRT Screen Insert Rubber Wedge CRT Screen
from Left Side

Figure 11
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insert Rubber Wedge
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Insert Rubber Wedge
from Lower Side
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VR3O re VR403 Red Cut Of

VR301 VRA404 Green Cut Off
V Hold VR401
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VR402
B-Drive
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VERT./HORIZ. BO MT/QJ NECK BOARD[MS/QG]

Figure 12
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Electrohome

Static and Dynamic Convergence

NOTE: Static convergence is achieved by four
magnets located on the neck, nearest the base
of the picture tube, Fig. 2. The middle pair of
magnetic rings are adjusted to converge the
blue and red crosshatch lines. The rear pair of
convergence rings (closest to the base of the
picture tube) are adjusted to converge the
magenta (blue/red) to the green crosshatch
lines. Dynamic convergence is achieved by tilt-
ing the deflection yoke up-down and left-right.

Ensure that the controls misadjusted during
purity setup (screen, cut-off, etc.) are set to give
white balance. See 3.0 below

Switch generator to the crosshatch pattern.

Adjust convergence around the edges of the
picture tube by tilting the yoke up-down and left-
right, and temporarily install one wedge at the
top of the yoke or in a more optimum position.
{Figs. 8, 9, 10)

Turn off green input and turn on the red and
blue input.

Rotate the 4-pole (middle) pair of magnets as a
unit to minimize separation of the red and blue
crosshatch lines around the center of the
screen (Fig. 6). Variation of the angle between
the tabs adjusts convergence of red and blue.
(Tilt yoke as required to converge red and blue
at the edges as in 2.3 above.)

Turn on green input to obtain magenta (red/blue)
and green crosshatch lines. Rotate the 6-pole
(rear) pair of magnets as a unit to minimize
separation of the magenta and green lines (Fig.
7). Vary angle between the two tabs and further
rotate as a unit to finalize.

When convergence of 3 colors is optimized
(static in center and dynamic around edges)
apply stripe of paint or nail polish to conver-
gence magnet rings to prevent movement. If
applicable, tighten locking ring carefully.

Remove temporary wedge from yoke. Tilt yoke
in up-down and left-right direction for best cir-
cumference convergence and install 3 wedges.
(It is best to use 3 new wedges since they have
adhesive backing. Simply pull off tape, slide
wedge in place and press outer flap down firmly.
For more permanency apply small quantity of
silastic or similar material at junction of wedges
and picture tube. Do not disturb while material
is setting. (Order wedges by part number
39-1233-01).
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[FRONT VIEW]

Lat the red and blue lines come in line by
wrning two 4-polas magnets.

Figure 6
[FRONT VIEW]
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NOTES

This space is provided for personal notes.
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REPLACEMENT PARTS LIST—ELECTRCHCME 19" MONITOR

Compaonents identified by the A symbol in the PARTS LIST and on the Schematic have special characteristics
important to safety.

DO NOT degrade the safety of the set through improper servicing.

Abbreviations for Resistors and Capacitors

Resistor Capacitor
CR . Carbon Resistor C Cap. Ceramic Capacitor
Comp. R Composition Resistor M Cap. Mylar Capacitor
OMR . Oxide Metal Film Resistor £ Cap. Electrolytic Capacitor
VR . Variable Resistor BP E Cap. Bi-Polar (or Non-Polar)
MF R Metal Film Resistor Electrolytic Capacitor
CMFR Coating Metal Film Resistor MM Cap. Metalized Mylar Capacitor
UNFR : Nonflammable Resistor PP Cap. Polypropylene Capacitor
FR . Fusible Resistor MPP Cap. Metalized PP Capacitor
PS Cap. Polystyrol Capacitor
Tan. Cap. Tantal Capacitor

NOTE: When ordering replacement parts please specify the part number as shown in this iist including part name, and

model number. Complete information will help expedite the order.

Use of substitute replacement parts which do not have the same safety characteristics as specified, may create shock,
fire or other hazards. For maximum reliability and performance, all parts should be repiaced by those having identical
specifications.

SERVICE REPLACEMENT PARTS LIST

Purity Shield Ass'y. Parts List

Symbot Description Part Number Symbol Description Part Number
Main PC.B. Ass'y SU-1133A DPegaussing Coil 21-1007-30
CRT Socket PC.B. Ass'y SU-3032A D911,
Purity Shield Ass'y 07-220083-03 D912 Rectifier i Amp 600V (2) 28-22-27
. , Pin Terminal (2) 34-708-01
Outsids of the P.C.B. Assy Pin Terminal Housing 34-709-01
Symbaol Description Part Number Purity Shield (2 pcs.) 35-3847-01
‘ Picture Tube 19" 17-7198-03 Purity Shield (2 pcs.) 35-3847-02
FAN ADefiection Yoke A20779-D=21-141-01  C911 Capacitor 100nF 10% 400V 48-171544-62
PC Magnet A75034-B=29-32-01 R921 Resistor, Wirewound 3302, 4W 42-113301-03
A AFlyback Transf. A29951-B Fire Retardant Term. Strip 4 Lug ~ 34-492-09
A AHVR A46600-A
ROS UNF Resistor 2200,25W K~ QRF258K-221 CRT Socket P.C.B. Ass'y (SU-3032A) Parts List
Co4 C Capacitor 150pF, AC1.5KVY QCZ0101-005
X01 Si. Transistor 28D870 Resistors
X02 Si. Transistor 2SC1106A Symbol Description Part Number
SC Screw #8-% 31-610818-06 R3105 \ R 200 QVZ3234-022
sC Screw % x % Pix Tube Mtg. (4)  31-601418-12 R3106 v R 200 QVZ3234-022
WA Pyramidal Lock Washer (4) 33-255-01 R3113 \' R 5K QVZ3234-053
Nut Retainer, Pix Tube Mtg. (4) 33-494-01 R3114 Y R 5K QVZ3234-053
Clip—PC.B. Support 33-629-02 R3115 Vv R 5K QVZ3234-053
Standoff 33-670-010R-02 R3116 OM R 10KQ2W J QRG029J-103
Wire Terminal (Gnd. Strap) 34-228-03 R3117 OM R 10KQ2wW J QRG029J-103
Terminal Lug (Gnd.) 34-33-04 R3118 OM R 10K22WJ QRGO029J-103
Groundstrap Assy. 34-574-02 R3119 Comp. R 3.3KQ/HWK QRZ0039-332
Grounding Spring 35-212-03 R3120 Comp. R 3.3KQUBW K QRZ0039-332
Wire Hook (Gnd. Strap) 35-3053-02 R3121 Comp. R 3.3KQ¥WK QRZ0039-332
Purity Shield Holddown Clamp  35-2348-01 Capacitors
Support Brkt. RH 35-3890-01 Symbol Description Part Number
Support Brkt. LH 35-3890-02 3107 E  Cap. 10uF 250V A QEWS3EA-106_
Chassis Base 38-449-02 c3108 C  Cap. 1000pF DC1400VP  QCZ9001-102f
Yoke Wedge (3) 39-1233-01

£23
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CRT Socket PC.B. Ass'y (SU-3032A) Parts List (Cont.)

Colis
Symboi
L3101
Semi-
sonductors
Symbot
X3101
X3102
X3103

Miscellansous
Symbol
A

Description
Peaking Coil

Description

Si. Transistor
Si. Transistor
Si. Transistor

Description
ACRT Socket

fMain PCB Ass’y (SU-1133A) Parts List

Resistors
Symboi
R1406
R1408
R1410
R1414
R1415
R1421
R1422
AFR1401
AR1503
R1504
R1509
R1512
R1514
R1515
R1522
R1523
R1528
R1534
VR1501
AR1703
AR1704
AR1901
R1902
R1903
R1904
R1905
AQ1908
AR1909
R1910
AFR1901

Capacitors
Symbot
C1301
C1402
Cc1407
C1411
C1412
C1508
AC1512
AC1513
ACi514
C1515
C1520
Cci523
C1524
AC1531
AC1532
C1904
C1905

P Y .

\ R 2004
\' R 20002
CMF R 6.821WJ

OM R 33Ke1wWJ
OM R 27K21WJ
OM R 12K22WJ
\ R 10K
IF R 8802WK
ACMF R 11.8KQUW+1%
v R 5KQ
OM R 10KQ2wWJ
OM R 82Ke2WJ
OM R 820022WJ
CMF R 8221WJ
CMF R 4.701WJ
OM R 6822WJ
OM R 39001WJ
ZN R
ZN R

ACMF R 390%W+1%
ACMF R 7.68KQUW+1%
APosistor

UNF R 2Q7WK

CMF R 4.7023WJ

OM R 10KQ2wWJ
OM R 18K21WJ
ACMF R 47QU%W+1%
\ R 2K@

ACMF R 2.74KQUW+1%
AF R 2200Q%W K

Description

BPE Cap. 3.3uF 50V A

Tan Cap. 2.2uF 16V K

E Cap.47uF6.3VA

E  Cap. 100uF 160V A

E Cap.3.3uF 160V A

PP Cap. 5600uF 50V J
APP Cap. 2000pF DC1500V J
APP Cap. 2000pF DC1500V J
APP Cap. 2000pF DC1500V J

PP Cap. 0.53uF DC1200V J

BPE Cap. 3.3uF 50V A

E  Cap. 1uF 160V A

M Cap. 0.1uF 200V K
APP  Cap. 2000pF DC1500V J
APP  Cap. 1500pF DC1500V J

£  Cap.

E  Cap. 10uF 250V A

Part Number
QQLO43K-101

Part Number
28C1514VC
2SC1514VC
28C1514VC

Part Number
A76068

Part Number
QVZ3230-002
QVZ3230-002
QRX019J-6R8
QRGO0194-332
QRG019J-272
QRGO026J-1232
QVZ3230-014
QRH024K-680M
QRV142F-1182
QVvVZ3230-053
QRG026J-103Z
QRG026J-822Z
QRGO026J-821Z
QRX019J-8R2
QRX019J-4R7
QRG026J-680Z
QRG019J-391
ERZ-C05ZK471
ERZ-C05ZK271
QRV122F-3902
QRV142F-7681
A75414
QRF076K-2R0
QRX039J-4R7
QRG026J-103Z
QRGO019J-183
QRV122F-470Z
QVP5A0B-023E
QRV142F-2741
QRH124K-221M

Part Number
QEN61HA-3352
QEE51CK-225B
QEW51JA-475
QEW52CA-107
QEW52CA-335
QFP31HJ-562
QFZ0082-202
QFZ0082-202
QFZ0082-202
QFZ0067-534
QEN61HA-335Z
QEW62CA-105Z
QFM720K-104M
QFZ0082-202
QFZ0082-152
QEY0034-001
QEW52EA-106

Main PCB Ass’y (SU-1133A) Parts List (Cont.)

Colls
Symbol
L1502
L1503
L1504

Transformers
Symbol
T1501
T1503

Semi-
conductors

Symbol
IC1501
X1101
X1102
X1103
X1104
X1105
X1106
X1301
X1302
X1303
X1304
X1305
X1401
X1402
X1501
X1901
X1902
D1101
D1102
D1103
D1301
D1401
D1402
D1503
D1504
D1505
D1506
D1507
D1508
AD1701
AD1901
AD1902
AD1903
AD1904
AD1905

Miscellaneous

Symbol
/AF1901
AF1902

Description
Linarity. Coil
Width Coil
Heater Choke

Description
Hor. Drive Transf.
Side Pin Transtf.

Description
IC
Si. Transistor
Si. Transistor
Si. Transistor
Si. Transistor
Si. Transistor
Si. Transistor
Si. Transistor
Si. Transistor
Si. Transistor
Si. Transistor
Si. Transistor
Si. Transistor
Si. Transistor
Si. Transistor
Si. Transistor
Si. Transistor
Si. Diode
Si. Diode
Si. Diode
Si. Diode
Si. Diode
Zener Diode
Si. Diode
Si. Diode
Zener Diode
Si. Diode
Si. Diode
Si. Diode
A\Zener Diode
ASi. Diode
ASi. Diode
ASi. Diode
ASi. Diode
AZener Diode

Description
AFuse 1.25A
AUL Fuse 3A

Part Number
A39835
C30380-A
C30445-A

Part Number
A46022-BM
C39050-A

Part Number
HA11244
2SC1685(R)
2SA673(C)
2SC1685(R)
2SAB73(C)
2SC1685(R)
2SA673(C)
2SC1685(R)
2SC1685(R)
2SA673(C) y
2SC1685(R) ’
25C1685(R)
28D478

2SD478
2SC2610BK
25C2688 (K.L.M.)
2SC1890A (E.F)
WOBA

WOBA

WOBA

1SZ473H
18Z473H
RD10F(C)

HF-1

VO9E

RD11E(B)

WO6A

18881

1SZ473H
RD20EV2
1S1887A
1S1887A
1S1887A
1S1887A
RD6.8EV3

Part Number
QMF53U1-1R25S
QMF66U1-3R0S
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Schematic.Notes
Unless otherwise specified
Resistance:. (2} (K=K, M—=MSQ), 1/4 (W) carbon resistor
Capacitance: 1 or higher— (pF), less than 1— (yF)
working voitage — 50 (V)
ceramic capacitor
Inductance: (v H)
Electrolytic Cap: Capacitance Value (¢ F)/working voltage (V),
NP - non-polar (or bipolar) electrolytic cap.
Refer to the parts list for additional component information.

® indicates test point connection
h indicates chassis ground unless otherwise specified
Hz  indicates cycles per second

For safety purposes (and continuing reliability)

A replace all components marked with safety syrnbol with
identical type.
NOTE: FR — fusible resistor (—g23=

Parts identification on circuit boards:

e.g. SUT126A (R107 = R1107)
SU3030A (R113 = R3113)
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VERT/HOR BOARD (MT/QJ)

Ref. No. Part No. Description Ref. No. Part No. Description
RESISTORS CAPACITORS (CONT.)
R301 203X6500-628 820 Ohm, % 5%, 1/8W Carbon €313 203X0025-087 47 uF, 50V Electrolytic
R302 203X6500-902 12k Ohm, + 5%, 1/8W Carbon C315 203X0015-082 10 uF, 25V Electrolytic
R303 203X6500-927 15k Ohm, % 5%, 1/8W Carbon c316 203X1100-220 3300 uF, 50V, + 10% Mylar
R304 203X6500-886 10k Ohm, * 5%, 1/8W Carbon ca17 202X8000-616 100 pF, 50V, + 10% Ceramic
R305 203X6501-241 330k Ohm, = 5%, 1/8W Carbon c3s1 202X7000-281 1500 pF, 50V, = 10% Ceramic
R306 203X6500-645 1k Ohm, = 5%, 1/8W Carbon C3s2 202X7000-247 1000 pF, 50V, + 10% Ceramic
R307 203X6500-689 1.5k Ohm, + 5%, 1/8W Carbon C353 203X1100-573 0.022 UF, 50V, = 10% Mylar
R309 203X6500-724 2.2k Ohm, * 5%, 1/8W Carbon C355 203X1100-858 0.1 uF, 50V, = 10% Mylar
R310 203X6501-285 470k Ohm, = 5%, 1/8W Carbon C356 203X0015-105 4.7 uF, 25V Electrolytic
R311 203X6501-065 56k Ohm, = 5%, 1/8W Carbon c3s57 203X1201-013 0.015uF, 200V + 10% PP
R312 203X6501-126 100k Ohm, = 5%, 1/8W Carbon C358 203X1201-034 0.018 uF, 200V, + 10% PP
R313 203X6001-326 10k Ohm, + 5%, 1/8W Carbon C359 203X0040-013 4.7 uF, 160V Electrolytic
R314 203X6501-044 47k Ohm, = 5%, 1/8W Carbon €360 202X7000-482 0.01 uF, 50V, + 10% Ceramic
R315 203X6500-628 820 Ohm, + 5%, 1/8W Carbon C361 203X1100-509 0.015 uF 50V, + 10% Mylar
R316 203X6500-420 120 Ohm, + 5%, 1/8W Carbon c362 203X0025-058 10 uF, 50V Electrolytic
R317 203X6206-441 2.2 0hm, = 5%, 1/2W Carbon €363 203X1205-487 0.01 uF, 630V, + 10% PP
R319 203X6500-169 100 Ohm, + 5%, 1/8W Carbon C364 202X7000-482 0.01 uF, 50V, + 10% Ceramic
R320 203X6500-927 15k Ohm, + 5%, 1/8W Carbon
R321 203X6700-509 560 Ohm, *+ 5%, 1/2W Carbon
R322 203X9100-121 22 Ohm, + 5%, 2W M.O. SEMICONDUCTORS
R323 203X6500-689 1.5K Ohm, +5%, 1/8W Carbon
R324 203X6500-988 27k Ohm, *+ 5%, 1/8W Carbon TR301 200X4082-614 Transistor, 25A826Q
R325 203X6500-326 47 Ohm, = 5%, 1/8W Carbon TR302 200X3174-006 Transistor, 25C1740Q
R328 203X6500-628 820 Ohm, = 5%, 1/8W Carbon TR303 200X3174-006 Transistor, 25A1740Q
R330 203X6500-886 10k Ohm, + 5%, 1/8W Carbon TR304 200X3174-006 Transistor, 25C1740Q
R331 203X6501-209 220k Ohm, = 5%, 1/8W Carbon TR305 200X4049-081 Transistor, 25A490YLBGLI
R351 203X6500-724 2.2k Ohm, = 5%, 1/8W Carbon TR306 200X3162-538 Transistor, 25C1625YLBGLI
352 203X6500-927 15k Ohm, * 5%, 1/8W Carbon TR307 200X3174-014 Transistor, 25C1740R
R353 263X6500-944 18k Ohm, + 5%, 1/8W Carbon TR308 200X3174-006 Transistor, 25C1740Q
R354 203X6500-783 3.9k Ohm, * 5%, 1/8W Carbon TR351 200X4085-415 Transistor, 25A854Q
R355 203X6500-902 12k Ohm, + 5%, 1/8W Carbon TR352 200X3172-208 Transistor, 25C1722BKS
R356 203X6500-561 470 Ohm, + 5%, 1/8W Carbon TR353 200X3174-006 Transistor, 25C1740Q
R357 203X6500-724 2.2k Ohm, * 5%, 1/8W Carbon TR354 200X4082-614 Transistor, 25A826Q
R358 203X6500-666 1.2k Ohm, + 5%, 1/8W Carbon X301 201X2010-144 Diode, (S) 1S2473-T72
R359 203X6501-088 68k Ohm, = 5%, 1/8W Carbon X302 201X2010-144 Diode, (SI) 1S2473-T72
R360 203X5500-471 27 Ohm, = 5%, 1/4W Comp. X303 200X8000-026 Diode, (GE), IN6OTVGL
A361 203X6000-998 1.2k Ohm, * 5%, 1/8W Carbon X304 200X8010-165 Diode (S) ISS81
R363 203X6500-666 1.2k Ohm, * 5%, 1/8W Carbon X305 201X2010-165 Diode (S} 1SS81
R364 203X9014-988 47k Ohm, + 5%, 1W M.O. X306 201X2010-165 Diode (Sl) ISS81
F365 203X6700-989 56k Ohm, = 5%, 1/2W Carbon X307 200X8010-102 Diode (SI) MA26W
R366 203X6001-148 3.3k Ohm, + 5%, 1/8W Carbon X308 200X8010-094 Diode (S) 152473
R367 340X2222-734 2.2k Ohm, = 5%, 1/2W Carbon X351 201X2010-144 Diode (SI) 1S2473-T72
R368 203X6500-785 3.9k Ohm, = 5%, 1/8W Carbon X352 201X2010-144 Diode (SI) 1S2473-T72
A369 203X6500-762 3.3k Ohm, % 5%, 1/4W Carbon X353 201X2010-144 Diode (SI) 1S2473-T72
R370 302X6100-961 1k Ohm, + 5%, 1/4W Carbon X354 201X2010-144 Diode (S) 1S2473-T72
R371 203X6104-751 2.7k Ohm, * 5%, 1/4W Carbon X355 200X8220-851 Diode (Zener) RD10EBI
VR301 204X2122-093 Varistor, 250K Ohm, Vert. Hold X366 200X8100-130 Diode (HS) RU-1 0.3 US
VR302 204X2114-065 Varistor, 20K Ohm, Vert. Size
VR351 204X2114-059 Varistor, 50K Ohm, Hor. Hold
MISCELLANEOUS
CAPACITORS J301 204X9300-958 Socket, 6 Pin
C301 203X1100-928 0.15 uF, 50V, = 10% Mylar 4302 204x9300-958 Socket, 6 Pin
C302 203X1100-573 0.022 uF, 50V, = 10% Mylar P301 204X9601-195 Plug, 6 Pin
C304 203X1100-858 0.1 uF, 50V, * 10% Mylar P302 204X9601-195 Plug. 6 Pin
C306 203X0025-026 2.2 uF, 50V, Electrolytic TH301 201X0000-534 Thermistor
€307 203X1100-628 0.15 uF, 50V, + 10% Mylar
€309 203X1100-858 0.1 uF, 50V, = 10% Mylar
C310 203X0010-011 22 uF, 16V Electrolytic TRANSFORMERS & COILS
c3n 203X0020-099 1000 uF, 35V Electrolytic
cg‘.z 202X7000-469 0.0082 uF, 50V, wz,'/: Ceramic L351 201X5200-091 Coil, Horiz. Osc.
POWER BOARD (MV)
C503 203X0010-011 22 uF, 16V Electrolytic
RESISTORS Cs51 203X0005-046 220 uF, 10V Electrolytic
R501 204X1725-052 180 Ohm, + 10%, 15W WW
A502 203X6000-608 100 Ohm, = 5%, 1/8W Carbon SEMICONDUCTORS
R503 203X6000-960 1k Ohm, * 5%, 1/8W Carbon
R504 203X6000-879 560 Ohm, + 5%, 1/8W Carbon TR501 200X3174-006 Transistor, 25C1740Q
R505 203X9014-965 39k Ohm, + 5%, 1W M.O. A% TR502 200X3145-404 Transistor, 25C1454
R506 203X6500-842 6.8k Ohm, + 5%, 1/8W Carbon TRS51 200X3172-305 Transistor, 25C1723
R551 203X6500-420 120 Ohm, = 5%, 1/8W Carbon X501 201X2230-042 Diode, (SI) Zener EQBO1-06V
VR501 204X2050-001 Varistor Vert. Adj. X502 201X2010-144 Diode, (SI) IS2473-T72
CAPACITORS MISCELLANEOUS
C501 203X0040-020 10 uF, 160V Electrolytic J501 204X9300-958 Socket, 6 Pin
C502 202X7000-281 1500 pF, 50V, * 10% Ceramic P501 204X9601-195 Plug, 6 Pin
TH501 201X0000-618 Thermistor

Ref. No.

R401
R402
R403
R404
R405
R406
R407
R408
R409
R410
R411
R412
R413
R414
R415
R416
R417
R418
R419
R422
R423
VR401
VR402
VR403
VR404
VR405
VR406

C401
C402

NECK BOARD (MS/QG)

Part No. Description Ref. No. Part No. Description
RESISTORS

0,
203X6500.709 1.8k Ohm 2 8% 1/8W Carbon C403 202X7000-247 1000 pF, 50V, 10% Ceramic
203X6500-709 1.8k Ohm % 5% 1/8W Carbon

0 C404 202X7110-019 1500 pF, 2kV = 10% Ceramic
203X6500-709 1.8k Ohm = 5% 1/8W Carbon

o C405 202X7150-018 100 pF, 12kV, % 10% Ceramic
203X6500-447 150 Ohm + 5% 1/8W Carbon

0 C408 202X7050-483 .01 uF, 500V, t10% Ceramic
203X6500-481 220 Ohm x 5% 1/8W Carbon

o c407 202X7110-019 1500 pF, 2kV = 10% Ceramic
203X6500-447 150 Ohm £ 5% 1/8W Carbon r

0 C408 202X8000-550 68 pF, 50V, = 10% Ceramic
203X6500-508 270 Ohm = 5% 1/8W Carbon

o C409 202X8000-550 68 pF, 50V, = 10% Ceramic
203X6500-508 270 Ohm + 5% 1/8W Carbon c410 o €8 bF' 50V = 10% G |
203X6500-800 4.7 Ohm = 5% 1/8W Carbon 202X8000-550 PF, 50V, = 10% Ceramic
203X6500-800 4.7k Ohm = 5% 1/8W Carbon
203X6500-800 4.7k Ohm + 5% 1/8W Carbon
203X9104-809 12k Ohm + 5% 2.0W Metal Oxide
203X9104-809 12k Ohm = 5% 2.0W Metal Oxide SEMICONDUCTORS
203X9104-809 12k Ohm = 5% 2.0W Metal Oxide
203X5601-313 2.7k Ohm * 10% 1/2W Comp. TR401 200X3206-800 Transistor, 25C2068, 25C1514
203X5601-313 2.7k Ohm = 10% 1/2W Comp. (R output)
203X5601-313 2.7k Ohm +10% 1/2W Comp. TR402 200X3206-800 Transistor, 25C2068, 25C1514
203X5602-254 470k Ohm + 10% 1/2W Comp. (G output)
203X5602-185 330k Ohm + 10% 1/2W Comp. TR403 2 Transi P 1514
203X9105-117 1.0 Ohm = 10% 2W Metal Oxide 00X3206-800 (éa:jt';:j‘:)’ $C2068, 25C
203X5102-155 270k Ohm + 5% 1/4W Carbon ’
204X2115-014 500 Ohm Varistor R Drive X404 201X2100-126 D!ode, 152367 (protector)

. . X405 201X2100-126 Diode, 1S2367 (protector)
204X2115-014 500 Ohm Varistor B Drive X406 201X2100-126 Diode, 1S2367 (protector)
204X2115-006 5k Ohm Varistor R Cutoff '
204X2115-006 5k Ohm Varistor G Cutoff
204X2115-006 5k Ohm Varistor B Cutoff
204X2000-025 1M Ohm Varistor Screen MISCELLANEOUS

CAPACITORS Jao1 206X5003-729 Socket, 5 Pin

J402 206X5003-983 Socket, 3 Pin
202X7000-247 1000 pF, 50V, 10% Ceramic P401 204X9600-329 Plug, 5 Pin
202X7000-247 1000 pF, 50V, 10% Ceramic P402 204X9600-254 Plug, 3 Pin

4% 297X2000-072 HIGH VOLTAGE ASSEMBLY (T701)

A% R701
VR702

X701
X702
X703

R201
R203
R204
R206
R207
R208
R209
R210
R211
R212
R213
R214
R215
R216
VR201

C201

204X1625-058
204X3901-125

(MODEL 19K4606)
RESISTORS
340%3910-934 91 Ohm, 5%, 1/2W Carbon TR201
340X3102-934 1k Ohm, 5%, 1/2W Carbon TR202
340X2101-934 100 Ohm, 5%, 1/4W Carbon TR203
340X3331-944 330 Ohm, 10%, 1/2W Carbon TR204
340X3102-934 1k Ohm, 5%, 1/2W Carbon TR205
340X2152-934 1.5k Ohm, 5%, 1/4W Carbon TR206
340X2101-934 100 Ohm, 5%, 1/4W Carbon TR207
340X3102-934 1k Ohm, 5%, 1/2W Carbon TR208
340X2331-934 330 Ohm, 5%, 1/4W Carbon TR209
340X2331-934 330 Ohm, 5%, 1/4W Carbon ZD201
340X2331-934 330 Ohm, 5%, 1/4W Carbon 2D202
340X2201-934 200 Ohm, 5%, 1/4W Carbon
340X2201-934 200 Ohm, 5%, 1/4W Carbon
340X2201-934 200 Ohm, 5%, 1/4W Carbon
40X0590-017 1.5k Ohm, Black Leve! Control 1201
J202
CAPACITORS J203
P201
45X0524-038 1000 uF, 16V Electrolytic P202
P203
P205

3.3 0hm, =+ 10% 10W WW Resistor

Focus Control
Diode (St HV)
Diode (SI HV) p Part of T701
Diode (S| HV)

FINAL ASSEMBLY PARTS

A % 88X-0129-506

38A5554-000
205X9800-256

Ak 202X1110-810

208X2000-946
297X2000-072
6A0397
9A2753-003

INTERFACE BOARD (P305)

19VJTP22 Pix Tube

Assy. Purity Shid/Degaussing
Lateral/Purity Assembly
Yoke, Deflection

CRT Socket

HV Unit (T701)

Plug, Line Cord

Degaussing Coll (L701)

SEMICONDUCTORS

86X0121-001

Transistor (NPN)

86X0121-001 Transistor (NPN)

86X0121-001 Transistor (NPN)

86X0066-001 Transistor (PNP}

86X0066-001 Transistor (PNP)

86X0066-001 Transistor (PNP)

86X0121-001 Transistor (NNP)

86X0121-001 Transistor (NPN)

86X0121-001 Transistor (NPN}

66X0040-018 Diode, Zener, 6.8v, 5%, 0.5W

66X0040-019 Diode, Zener, 3.9v, 5%, 0.5W
MISCELLANEOUS

204X9300-958 Socket, 6 Pin

204X9300-958 Socket, 6 Pin

206X5019-207 Socket, 4 Pin

204X9601-195 Ptug, 6 Pin

204X9601-195 Plug, 6 Pin

204X9600-845 Piug, 4 Pin

6A0393-006 Piug, 6 Pin
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ELECTROHOME

CAUTION: BE CAREFULL OF '‘B’AND 'B'BOOST VOLTAGES PRESENT ON
C.R.T. SOCKET P.C.B.

BLUE CUTOFF VR
GREEN DRIVE GREEN CUTOFF VR
RED DRIVE RED CUTOFF VR
WIDTH COIL
FOCUS CONTROL
/ BRIGHTNESS CONTROL
I = 7 AY |
- P J \
= rd / \ o~
~ N T~
VERTICAL VERTICAL HORIZONTAL VERTICAL
HE!
B+ ADJ. HOLD VERTICAL EIGHT HOR CE?I:FS“PG CE'::EBF:NG
LIN FREQ.
ELECTROHOME 18" COLOR MONITOR MO51-00092- 0000
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WELLS-GARDNER

Service Set-Up Controls

A. V. Adjustment VR501 set for 127V DC G. Screen Control = VR406
B. Vertical Size Cont = VR302 H. Video Drive Controls - Red Drive = VR401
C. Vertical Hold Cont = VR301 Green Drive = VR402
D. Horizontal Hold Cont = VR351 I.  CRT Cut Off Controls - Red Cutoff = VR403
E. Horizontal Width Cont = L702 Green Cutoff = VR404
F. Focus Control = VR702 Blue Cutoff = VR405
Heat Sink Ass'y
Audia/Power (MV- 3
= Vert /Horiz Baarg (QJ-2)
PC Board Service Tip (]
Hoide: X Service Tip {N;
¢ A ” A VR402 Biue Drive Control
ki ...3/% VR401 Red Drive Control
- o VRA405 Blue Cut
p 1 Off Control
* _— VR404 Green Cut
"~ Off Control
~—VR403 Red Cut
VR3011 ’ ¥ Off Control
v Hj:QSYRBOZ v Size VR406 Screen Control
H Hold Neck Board (QG- 1;
—~—]
0
VR406 Screen
VR?,OZS,ZE aﬂ TR306 VR403 Red Cut Off

VR401
R-Drive

VR301 VR404 Green Cut Off

v Hold TR305

VR351 = VR405 Biue Cut Off
H Hold EI] TR352

VERT./HORIZ. BOARD |MT/QJ

VR402
B-Drive

NECK BOARD{MS/QG
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CABLE — MIDCO
TELEX NO. 72-1596

MIDWAY MFG. CO. PHONE: AREA CODE 312 451-1360

A BALLY COMPANY CHICAGO PHONE: 992-2250
10750 W. GRAND AVENUE e FRANKLIN PARK, ILL. 60131

May 15, 1981
SERVICE BULLETYIN

GAME: PAC-MAN & RALLY X

SUBJECT: BRIGHTNESS ADJUSTMENT
WELLS GARDNER COLOR MONITOR (K4604 - 4)

1. Toset the brightness level on a Wells Gardner Color Monitor, use the Black
Level Control located ont the interface PC Board.

2. Location of the Black Level Control can be found by following the logic board
video cable which will be connected to the Interface PC Board.

3. Do not alter the screen control on the neck board, this can distort the picture
when used as a brightness control.

ANDY DUCAY
SERVICE MANAGER '

AD/dd

VR201
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05

- MIDWAY MFG.CO.

10601 W. Beimont Avenue
Franklin Park, lllinois 60134
Telephone (312) 454-9200

October 21, 1982

SERVICE BULLETIN

cd

SUBJECT: ELECTROHOME GO7 HVL \CIRCU'\I';T

Servicing the monitor with a B+ voltage of 138.5 VDC or more could be quite
time.consuming.

1.
2.

8,

Remove all power from monitor.

'Dlsconnect the collector of transnstor X70‘I
. Apply power to monitor.

. Check for a raster (ht screen) If no r_aster:i‘s,o»b‘taihed,turn up the brightness

control to verify a no raster condition.

With a raster, measure B+ at the emitter of the power :regulator transistor
X04.

"B+ normal with a taster, the problem will be.in the protection circuit. Check

X701 & D701.

B+ still high with raster indicates the problem is in the power regulator
circuit. check X04, X901, X902, D905 & C905. ‘

.. With a'rio raster condition, the problem will be in the horizontal section.

Check from the oscillator to the horizontal output (1C501, X501, T-501, X01 &

9.

T- 502)

Remember to recon nect the ‘collector of X701.

Kevin Moeller
Service Technician .

KM7dd i i

[
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Coally

MIDWAY MFG.CO.

10601 W. Beimont Avenue
Franklin Park, lllinois 60131
Telephone (312) 451-9200

January 12, 1982

SERVICE BULLETIN

GCAME: ALL GAMES WITH 19" COLOR MONITORS

SUBJECT: CRT REPLACEMENTS

Reviewing the difference in 19"’ in-line CRT’s with internal degaussing shield
versus exterior degaussing shield with CRT manufacturers and with vendors
(Electrohome and Wells-Gardner). It was found that the CRT with internal
degaussing shield can be used as a replacement in a monitor with an external
shield with no need to modify the monitor in any manner.

This being the case, it is recommended that you purchase only 19’ in-line color
CRT’s with internal shields for replacement purposes. This will simplify our
stocking requirement as well as reduce possible replacement errors.

Any of the below listed 19’ in-line CRT’s with internal degaussing shield can
be used as a substitute for each other:

T9VMNP22 (RCA)
19VM|} P22 (Rauland)
510U)B22 (Hitachi)

Any of the above CRT’s can also be used as a substitute for below listed CRT's,
designed to be used with external degaussing shield:

19ViTP22 (RCA)

19VMBP22 (Rauland)
19VMAP22 (Vendor not known)
MV19VLGP22 (Vendor not known)

Andy Ducay
Service Manager

AD/dd
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MONITOR WITH A MIRRORED GAME

There may come a time when you will want to invert
your Monitor’s picture—or—turn it upside down. What
would you do? Well, you could call our Service
Department, accidently copy down the wrong infor-
mation, and blow up your Monitor. OR, you couid
follow this clear and easy method of “flipping around
the video” without giving yourself Excedrin Headache
number 183.

To begin with, this is a somewhat special application
and requires that some minor modifications be made
to the HIGH VOLTAGE wires leading to the yoke of the
picture tube that is in your Monitor. The reason for the
modifications is that without them, you would need a
mirror to read what was displayed on the picture tube
of your Monitor when it is connected with this type of
game.

NECESSARY MODIFICATIONS

BE POSITIVE THAT THE MONITOR IS UNPLUGGED
FROM ITS A.C. WALL OUTLET BEFORE STARTING
THIS PROCEDURE!!

LOOK AT THIS TV SCREEN. V1

H1 H2
v2 o

if you want to see a MIRROR IMAGE (or GET RID OF
ONE), you have to swap V1 and V2 so that the picture
will be inverted.

V1 and V2 merely represent the VERTICAL CIRCUITS
of the monitor.

Now, if your monitor has its TV screen mounted on its
side LIKE THIS:

H1

Ve V1

H2

it doesn't matter because the SAME RULES are going
to work. If you want to see an UPSIDE DOWN PIC-

TURE (or GET RID OF ONE), you have to swap H1
and H2 so that the picture’s top and bottom will trade
places on the screen.

The coils in the Yoke on the TV Tube’s neck determine
WHAT goes WHERE on your TV screen. Swapping
the wires leading to these coils is like swapping the
“V's” and the “H’s” BUT ... If you connect ANY “V”
wire with ANY “H” wire, PL A N ON CALLING A TV
repairman.

To help reduce the need for TV repairmen in this
industry, FOLLOW THESE SIMPLE RULES when pre-
paring to perform these modifications:

1. DO NOT work on the monitor or attempt to swap
any wires while it is “ON” unless your life insur-
ance i$ paid up.

2. DO NOT move the Yoke or solder on it unless you
want a distorted picture.

3. You may remove the Yoke Wire Pins going to the
Yoke Jack and swap them around in this manner;
OR:

4. You may cut the appropriate wires, make the swap,
and solder them back together. DON'T FORGI\ETto
use electrical tape to insulate the freshly soldered
joint!

5. And this is important: REREAD RULE #1!
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MODIFICATIONS BY MONITOR

Now lets get down to business. Following are the rules
for swapping “V’s” and “H’s” for each individual color
monitor.

BE POSITIVE THAT THE MONITOR IS UNPLUGGED
FROM ITS A.C. WALL OUTLET BEFORE STARTING
THIS PROCEDURE!

ELECTROHOME G07-904: ~

VERTICAL DEFLECTION: Swap the Gray and the
Brown wires (Q3 and Q5 respectively on the chassis)
to swap the “V's” for a MIRRORED IMAGE (or TO
GET RID OF ONE).

HORIZONTAL DEFLECTION: Swap the Red and the
White wires (Q1 and Q4 respectively on the chassis)
to swap the “H’s” for an UPSIDE DOWN or RIGHT
SIDE UP picture depending on how you are standing.

IF YOU DID ANY SOLDERING AND/OR WIRE-NUTTING,
BE SURE TO WRAP CONNECTIONS IN ELECTRICAL
TAPE TO PREVENT SHORTING WHEN FINISHED.

WELLS GARDNER K4906, K4956, K4901, & K4801:
VERTICAL DEFLECTION: Swap the Green and the Yel-
low wires (3 and 4 respectively on the chassis) to
swap the “V's” for a MIRRORED IMAGE (or TO GET
RID OF ONE).

HORIZONTAL DEFLECTION: Swap the Red and Blue
wires (1 and 2 respectively on the chassis) to swap
the “H’s” for an UPSIDE DOWN or RIGHT SIDE UP

picture depending on how you are standing.
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IF YOU DID ANY SOLDERING AND/OR WIRE-NUTTING,
BE SURE TO WRAP CONNECTIONS IN ELECTRICAL
TAPE TO PREVENT SHORTING WHEN FINISHED.

ZENITH CD19MXRFO01:

VERTICAL DEFLECTION: Swap the White and the Yel-
low wires (going to the side board by the width coil)
to swap the “V's” for a MIRRORED IMAGE (or TO
GET RID OF ONE).

HORIZONTAL DEFLECTION: Swap the Blue and the
red wires (going to the small, uppermost board) to
swap the “H’s” for an UPSIDE DOWN or RIGHT SIDE
UP picture depending on how you are standing. See

IF YOU DID ANY SOLDERING AND/OR WIRE-NUTTING,
BE SURE TO WRAP CONNECTIONS IN ELECTRICAL
TAPE TO PREVENT SHORTING WHEN FINISHED.

IF THIS IS UNCLEAR TO YOU:

GO BACK OVER THE DIAGRAMS WITH THE “V’s”
AND THE “H’s” ON THE TV SCREEN. READ THEM
SLOWLY AND ONLY READ THE ABOVE SECTION
THAT APPLIES TO YOUR PARTICULAR MONITOR. If
you make a mistake and swap “V"” wires instead of
the “H” wires, NO PROBLEM. Just put them back the
way they were and start over,

ABOVE ALL, KEEP IN MIND that there are only 2
things that you MUST NEVER NEVER do: 1) NEVER
connect a “V” wire with an “H” wire, and 2) NEVER

attempt to do any of this with the monitor still plugged
into its wall outlet!!





