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The Ultimate Coin-Op Arcade Games Video Monitor Troubleshooting & Repair Guide
Entron ET-999A Free Voltage 21” Toshiba CRT 5 Nanao / Kaga Denshi / Sega MS7, MS8 Series 41
Fenice-14.28 CGA 240v 14” 9 Orion (Korean) A-One 43
Fenice F28C CGA 240v 27 - 28” 12 Orion (Korean) PWB-2012 PWB2022 14” to 20" 45
Eygo 728 Glendale GE-728HR Rodo CH-28115K 15 Orion (Korean) PWB-2012 _ PWB2022 14” to 20” 46
Hantarex Polo/2 28, 15/ 25K 230v 25" — 28 17 Orion (Korean) PWB-2018 49
Kaga Electronics / Nanao / Sega KZ-20EN-L 19 Pentranic / Rodotron CH288 53
Kaga / TSK/ Nanao / Sega KZ-20ES 23 Sanwa / Sega PM1745 (B) & (C) 29" 110v 55
Kortek 20” Free Voltage CGA only 25 Toei TC-A292-T 57
Kortek / Sharp Image / Sejoo Corp / Vision 27 Toshiba DS-7209A 29” Pure Flat CRT 59
Kortek — Vision Pro VGA KT-2938F 31 Toshiba R-1781 29” Pure Flat CRT 63
Nanao MS9-29A, T, SU Dual Res 110y, 33 Wells Gardner U5000, 25" ~ 33” Free Voltage 65
Nanao MS8-29 FAN Nanao MS8-25FB 37 Wells Gardner 9200 Series 71

Nanao MS8-29FSG 39 Wells Gardner 9200 Color Gain Adjustment 72
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Notes: Many people have purchased
these chassis and complete monitors
that claim to be free voltage, this is
partly correct as they will operate from
90v ~ 265v but “ONLY“when operated
through an isolation transformer.

Many of these have been plugged
in directly to mains voltage 110v or
230 / 240v and have blown fuses and
rectifier diodes.

Entron ET-999A
Free Voltage
21”7 Toshiba CRT

In a lot of cases if you are using an
RCD “residual current device” for
power protection it will trip this circuit
breaker and not damage the chassis
at all, While this is good, if you remove
the chassis looking for a reason why
your circuit breaker keeps tripping you
will not find a fault on the chassis .

This is happening because they are
not electrically isolated.

All other chassis that claim to be free
voltage do not require an isolation
transformer hence the confusion with
the way these are labelled.

Always use an isolation transformer
with these chassis!

Star Tech Journal’s “The Ultimate Coin-Op Arcade Games Video Monitor Troubleshooting & Repair Guide” © 2007 STJ, Jomac Ltd.
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Fenice-14.28 CGA 240v 14”

Symptoms: Wont Power up

Cure: Replace C206 (100uf35v), C205 (22uf
50v), Also check that White wire wrapped
about ferrite of flyback is connected at both
ends Marked C1 and S1.

Symptoms: Vertical Size to small

Cure: Common fault replace C24 (100uf
35v) located near flyback, Also check C80
(100uf 35v), Ifleft can also cause Vertical IC
marked 12 on chassis to fail (TDA1675A)

Symptoms: Vertical Fold
Cure: Replace C26 (100uf 50v)

Symptoms: Picture not stable, shaking or
shrinking when displaying bright picture

Cure: Replace C71 (47uf 250v), C72 (10uf
250v), occasionally C63 main Filter cap
with cause the same symptoms but is
more noticeable due to noise coming from
chassis (100uf 400v)

Symptoms: Pin Cushion problems (hour
glass effect)

Cure: Replace C51 (10uf 160V)

Symptoms: Horizontal size won't adjust

Cure: Replace C18 (47uf 250v) if ok
check for shorted transistor T16 (BD537)
or broken solder connections under this
transistor

Symptoms: Chirping Sound

Cure: Check for Shorted HOT T13
(BUS08A) or Shorted D22 (BY228), if ok
Check Flyback for Shorts, Flyback number
HR-7368, sometimes these flybacks are
visibly burnt out.

If Flyback has shorted out this will often
burn up R50 (33 ohm 9 w) if not open circuit
it may have burnt off where soldered.

Symptoms: Squealing while running,
sometimes this will cause interference
across screen

Cure: Resolder Coil L1, Put hot glue or
silicon between coil and heat sink

Symptoms: Horizontal Collapse
Cure: Check small add on PCB where

Horizontal Yoke wires connect, this section
runs very hot and can burn the connectors

off or melt, Wires also become very brittle
due to excess heat and can snap off
easily.

Notes: Many of these chassis have been
damaged when re-installing or simply
wont power up although chassis is in
perfect working order, This is due to the
Remote Control wiring plugs being placed
backwards or in the wrong position.

For Reference CON1 on Controls:
Pin 1 not used

Pin 2 Orange

Pin 3 White

Pin 4 Gray

Pin 5 Pink

Pin 6 Yellow

Pin 7 White/ Green
Pin 8 Brown

Pin 9 Red

Pin 10 Black

Pin 11 White

Pin 12 Not Used

CON 5 on Chassis

Place Connector with Orange wire on first
available pin on left side of CON5S

There should be 2 unused or missing pins
on right side of chassis connector CON5

Star Tech Journal’s “The Ultimate Coin-Op Arcade Games Video Monitor Troubleshooting & Repair Guide” © 2007 STJ, Jomac Ltd.
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Fenice F28C CGA 240v 27 - 28”

Special Note: This chassis has not
Capacitor location number silk screen
on the chassis so all Capacitors that
correspond to listed faults have been
given RED numbers.

Symptoms: Dead wont power up, fuse
ok

Cure: Replace capacitors 1(22uf 25v), 2
(470uf 25v), 3 (10uf 50v)

Symptoms: Ticking sound

Cure: Check for shorted HOT T43
(BUS08A) also for shorts across the 2
Diodes labelled BY228 x 2 If not shorted
replace flyback HR-7368

Symptoms: Horizontal Tear
Cure: Replace Capacitor 13 (10uf 250v)

Symptoms: Horizontal Size wont adjust
and Pin cushion problem (hourglass)

Cure: Replace Capacitor 11 (47uf 50v),
Capacitor 5 (10uf 160v), Capacitor 8
(10uf 160v), if still not fixed replace T16
(BD709)

Symptoms: Brightness not stable

Cure: Replace Capacitor 4 (1000uf 35v)
Always replace this cap, often swells

Symptoms: Picture shaking during scene
changes of bright screen

Cure: Replace Capacitor 7 (47uf 250v)
Symptoms: Vertical Fold

Cure: Replace Capacitor 6 (47uf 160v),
Capacitor 9 (100uf 35v)

Symptoms: Vertical Collapse

Cure: Check for burnt /open R41 (2.2
ohm 1/2w) located in front of capacitor
4 if open replace Vertical Drive IC
(TDA1675A) located behind capacitor 9
Symptoms: Picture jittering, unstable

Cure: Replace Capacitor 10 (2200uf
35v)

Symptoms: Picture has constant wobble

Cure:
400v)

Replace Capacitor 12 (220uf

Symptoms: Load squealing noise while
running, sometimes interference across

screen, static

Cure: See attached picture with label
Squealing Coil, put silicon rubber
between this coil and the heat sink it is
almost touching

Symptoms: Intermittent shut down or
wont come on after replacing suspect
capacitors

Cure: Check large resistor R50 beside
flyback, often burns track off under
chassis or physically breaks off.

Notes: Be very careful when working on
these chassis they are very fragile and
easily cracked, components are also
known to break off when handling.

Be sure to check around flyback and
larger caps and resistors for broken
tracks and bad solder

Neck board solder is also a problem
area so be very gentle when removing or
fitting to CRT.

Some of the wires get so hot on the neck
board they become very brittle and often
break of when moved to much, especially
look out for the 24V Yellow wire .

Star Tech Journal’s “The Ultimate Coin-Op Arcade Games Video Monitor Troubleshooting & Repair Guide” © 2007 STJ, Jomac Ltd.
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Symptoms: Dark on one side of screen
Cure: Replace C407 10uf 300v

Symptoms: Screen very bright with
retrace lines

Cure: Check for open resistor R336
3.90hm 1 watt

Symptoms: Picture to big and shaking,
power supply won’t adjust

Cure: Replace C313 100uf 160v and
C802 1uf 160v located beside each other.

Symptoms: Wont power up, Fuses ok

Cure: Check for open resistor R331 6.8K
3 Watt

Eygo 728

Rodo CH-28115K
110v 26~ 28”

Symptoms: Pin Cushion won’t adjust
Cure: Replace Q903 2SD1138

Symptoms: Hot shorted or failing after
short period

Cure: Replace C314 10uf 160v
Symptoms: Vertical Collapse

Cure: Replace vertical output 1C302,
ANS5521, some version used a slightly
different IC that has the part numbers
rubbed off, This IC is a less common
LA7832, not interchangeable with some
minor component changes.

15

Glendale GE-728HR

Symptoms: Vertical Fold

Cure: Replace C393 100uf50v also check
or replace C392 22uf25v

Notes: Before replacing any suspect
components always check these chassis
for bad solder joints in suspect area,
many display similar symptoms as faulty
components.

If having problems in power supply
section, check around area’s that get
really hot as they are known the get cracks
through tracks in this area.

Star Tech Journal’s “The Ultimate Coin-Op Arcade Games Video Monitor Troubleshooting & Repair Guide” © 2007 STJ, Jomac Ltd.
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Hantarex Polo/2 28, 15 / 25K 230v 25” - 28”

Symptoms: Ticking noise, wont power up

Cure: The most common fault with these
chassis is flyback failure, If HOT is not
shorted flyback will be dead, in some case a
dead flyback with destroy HOT

Flyback part number 28020280 or HR 7375

Symptoms: Pin cushion won’t adjust,
picture to wide or to narrow, no horizontal
size adjustment.

Cure: Check / Replace D47 and or D48,
Also check for shorted T19 (BDXS53C) If
T19 Shorted check R135 (100ohms 1/2w)

Symptoms: Vertical Fold
Cure: Replace C66 (220uf25v)

Symptoms: Vertical Collapse / Severe fold
not cures by replacing C66

Cure: Check for Open R105 (2.7 ohms 1/2w)
if Openreplace IC6 (TDA1675), occasionally
this IC will partially fail causing severe fold
that replacing C66 won’t cure. Replace With
later revision TDA1675A

Symptoms: Wont power up

Cure: Check R32 (1ohm 1/2w) Several times

I have seen this resistor open for no apparent
reason. (Supply to 12VDC regulator IC3)

Symptoms: Taking long time to power up
and making a hissing sound

Cure: Replace C17 (220uf 25v) & C25 (22uf
50v) & C18 (22uf 50v) all located under
power supply cover / cage

Symptoms: Making fast click sound when
switched on but wont power up

Cure: Check for Shorted power diodes D10,
D13, D14, D15, if measuring short in circuit
but ok out of circuit, check for short HOT or
Dead flyback.

To check for dead flyback Remove link J25
beside flyback and check again for shorts
across these diodes.

Symptoms: Picture shaking, sometimes
blanking out, jumping in size with scene
changes

Cure: Check and or replace C1 (100uf 250v)
& C19 (100uf 250v)

C1 is often glued to chassis to prevent cap
from breaking off, although this is often still
a problem with both C1 and C19 (suggest re-

gluing or silicone rubber).

Symptoms: Picture wobbling all over,
noticeable buzzing noise coming from under
power supply cage.

Cure: Replace C12 (150uf 400v) main filter
cap

Notes: As shorted flybacks are very
common in this model there is a simple test
to find verify this if you are certain the HOT
in not dead.

Remove Jumper J25 located beside flyback
and connect 60W light bulb across where link
should be ( If the light glows brightly and
chassis sounds like it is operating normally
flyback is dead .( not recommended to operate
for more than a minute like this)

Another very common problem on this model
is bad or cracked solder connections where
control cable plugs into chassis (CN9), The
cable between the controls and the chassis
is very stiff cable and will often crack these
pins off the chassis.

This will display many strange faults and that
appear to be component failure, so before
searching for any faults “always” check this
connector first.

Star Tech Journal’s “The Ultimate Coin-Op Arcade Games Video Monitor Troubleshooting & Repair Guide” © 2007 STJ, Jomac Ltd.
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Kaga Electronics / Nanao / Sega

Model: KZ-20EN-L / Sega MC-2000S / TSK-KV19
(12 Pin CRT,) Flyback MSH1FACO2

(See special notes regarding model types)

Symptoms: Vertical Fold

Cure: Replace C409 and C416 both
(10uf 100v), C411 and C417 both
(220uf 35v)

Symptoms: Screen Flaring

Cure: Removetop coverabove flyback
and replace C523 (100uf 50v), C526
(10uf 160v), C526 (1uf 160v), While
cover is off flyback replace C524 (47uf
160v)

Symptoms: Horizontal Tear,
Some confuse this for with vertical

problems

Cure: For 12 Pin CRT type C412

(470uf 16v) not present on 10 Pin
CRT “ES” model chassis

Vertical Collapse

Symptoms:
(Common Fault)

Cure: Check for Shorted Tantalum
capacitor C408 (10uf 16v)

Symptoms: Horizontal Hold not

locking or changing with heat
Cure: Replace C511 (220uf 16v)
Symptoms: No vertical hold

Cure: Replace C510 (1uf 50v)

Symptoms: Blowing F902 secondary
fuse

Cure: Check HOT for Short (mounted
on side of chassis) if short is measured
disconnect and measure again as
quite often the short is across C514,
C515, C516 (222nf 2KV) High voltage
blue caps, these sometimes explode
or split open when they short.

If these all appear ok check for physical
signs of damage to flyback, they are
known to swell, split and short out.

To measure Flyback for short,
Disconnect RED wire that connects to
flyback under chassis (Marked “G”)

Star Tech Journal’s “The Ultimate Coin-Op Arcade Games Video Monitor Troubleshooting & Repair Guide” © 2007 STJ, Jomac Ltd.
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Kaga-Nanao KZ-20EN-L 12pin Kaga Electronics /
Nanao / Sega

Then measure between the pin on
the flyback it was connected to and
Ground.

This Model chassis uses a flyback
known as a LO-Bl 20KV type
MSH1FACO2, For 12 Pin CRT only.
(As apposed to more common 26KV
unit used in the ES type 10 Pin CRT
with MSH1FAC13 Flyback)

Symptoms: Horizontal position not
ﬁ; working, picture shifted to one side
S £ _
“pas : 5
—_— ,.....,i /“ ‘ ~ Cure: Check for shorted Q505 and
e i | = Q504 both (2SD763)

—n = P

@ B E g S RBIAS G

BIAS B-DRIVE R-DRWE

Symptoms: Picture shaking violently,
Sometimes chassis shuts down
quickly after switch on

Cure: B+ should be Aprox 105 VDC,
but sitting around 145 VDC, Check for
shorted Q901 (2SC2555)

Star Tech Journal’s “The Ultimate Coin-Op Arcade Games Video Monitor Troubleshooting & Repair Guide” © 2007 STJ, Jomac Ltd.
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Model: KZ-20EN-L / Sega MC-2000S /| TSK-KV19
(12 Pin CRT,) Flyback MSH1FACO2

Symptoms: Not switching on, fuses
ok but B+ high

Cure: Replace Q902 (2SA1091), Also
check for shorted Q903 and Q904
both (2SC2610)

Symptoms: Vertical Jitter, Jumping
Cure: Replace C406 (470uf 16v)
Notes:

As with many chassis this one is no
stranger to bad solder joints, | have
come across many of these chassis
that have virtually self destructed due
to poor solder.

Pay special attention to solder under
L502 and L504, and all area’s close to
these coils.

Many intermittent faults are caused
by bad solder joints under connectors

CN102 and CN201, and one that
traps many people is a small jumper
between the centre leg of Q901 and
positive side of main filter cap C905,
labelled J32 but often cant be seen.

SPECIAL NOTES:

This chassis has been re-badged
many times and causes a lot of
confusion regarding model numbers,
CRT types, flyback types etc

As a simple guide:
All models work from 13” to 20" CRT

All version with 12 Pin CRT socket
use Flyback MSH1FACO2
EG: KZ-20EN/ L/ KV

All Versions with 10 Pin CRT socket
use Flyback MSH1FAC13
EG: KZ-20ES / EV

All 12 pin versions have Coil /
Transformer T503, R422 and C412
installed, these components are not
installed in 10 Pin CRT versions like
KZ-20ES, The KZ-20ES was later
replaced and interchangeable with
the Nanao MS7-20L

The 12 pin Version can be used on
virtually any 12 pin CRT, including
much older Kaga Densi, Toei etc, If
you find there is a interference lines
across screen when trying on different
CRT, Add a 1K ohm 1/4w resistor
across the Vertical output pins on the
chassis ( in parallel with the vertical
yoke )

Star Tech Journal’s “The Ultimate Coin-Op Arcade Games Video Monitor Troubleshooting & Repair Guide” © 2007 STJ, Jomac Ltd.
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Kaga / TSK / Nanao /| Sega KZ-20ES

10 Pin Type CRT Flyback MSH1FAC13A,

i (W=
== c309
304 = -

“r R308
305 gein—> C

e
N
_m‘-.-ns—"ho? -

LS Losne"

L 7

-

(n

(=

L ’I—M
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| Kaga-Nano -20E-L 10pin

Some use MSH1FAC11A

NOTE: These Faults /Solutions are
specific to the 10 Pin CRT versions,
for all other faults refer to the Kaga
KZ-20EN-L etc

Symptoms: Poor Focus

Cure: Common fault with 10 Pin CRT
socket (Brown Socket), remove cover
from socket where focus wire solders
to it , if there is any signs of green
deposit / corrosion replace socket.

Symptoms: Blown fuse F901 (1.25A)
Lift cover from flyback and check for
visible signs of swelling or exploded
flyback transformer , very common on
this model and often shorts HOT as
well .

See KZ-20EN for other faults or
instructions to check for shorted
flyback if unsure.
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Kortek 20” Free Voltage CGA only

Symptoms: No Picture, High Pitched Squeal

Cure: On visible observation any or all of the
filter caps C613, 614, 615 and C616 blown
top off or swelled, Replace all 4 caps (100uf
160v)

The reason these caps fail is because 2 other
caps in the power supply section fail allowing
the B+ to go up to in some cases 200VDC.

Replace C610 (33uf 160v) and C611 (10uf
160v), Also check HOT Q402 (2SD1880) this
is often damaged at the same time (Shorted)

Symptoms: Horizontal size won’t adjust

Cure: Q404 (BDX53C) or Q403 (2N4403)
shorted, sometimes both, caused by burnt /
melted Coil L402, Also replace C433 (4.7uf
160v)

Symptoms: Switching off and on randomly
Cure: Check for broken solder under Q401
Symptoms: Blown main Fuse

Cure: First check bridge D601, if short
measured across + and —remove |C1 regulator
maybe shorted (STR-S5741), This regulator is
sometimes damaged due to broken tracks that
connect to it, Although they look to be soldered
ok that are often broken so try moving each
leg of the regulator to see if they move.

Symptoms: Sparking around flyback

Cure: Flyback overheated due to power supply
problem above causing it to run way over
specifications, flyback number (KFS-60291)

Symptoms: Brightness varying or shaded
patch of screen

Cure: Replace C801 (10uf 250v)
Symptoms: Picture fading in and out

Cure: Check for cracked connections under
connector BP801 near flyback

Symptoms: Vertical Fold

Cure: Replace C206 (220uf 35v), C202
(47uf 50v) also check C806 (1000uf 35v)
Occasionally 1C201 is Faulty causing the
same symptoms (TDA1675A)

Symptoms: Vertical Collapse

Cure: Replace (TDA1675A) check for open
R802 (3.9 ohm 1/2w) and for shorted D804
(IN4004)

Symptoms: Won't start up
Cure: Check for 12 VDC across D812 (12v

zener1W) sometimes shorted, Also check for
shorted Cap C804 near flyback, + marking

on PCB backward to pay attention to way it is
installed (47uf 50v)

Symptoms: Picture has Horizontal interference
or jJumping in and out of sync

Cure: Check all caps around 1C401, C409
(10uf 50v), C617 (220uf 16v) C408 (1uf 50v)
C618 (470uf 25v), also note that POSI-NEGA
Switch for sync is backwards.

Symptoms: Colour problem, colour locked on
flat out

Cure: Checkthe 3large resistors on Neck board
R325, R305 and R315, they are mounted very
close to edge of PCB and often break off or
crack the solder, also check that parts on neck
board are not bent over touching other parts,
this neck board is very crowded and often
parts short against others.

Notes: The RGB input and Yoke plug sockets
are identical on this model.

If you are not paying attention as | have seen
many times with these, people swap the RGB
and Yoke plugs over when installing chassis
causing major game board and chassis
failure.

As with many older Kortek chassis interference
is common, this is caused by bad grounding
between chassis PCB and Frame, always
check that all screws on frame are tight
especially the screw under chassis near C805

Star Tech Journal’s “The Ultimate Coin-Op Arcade Games Video Monitor Troubleshooting & Repair Guide” © 2007 STJ, Jomac Ltd.
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Kortek / Sharp Image / Sejoo Corp / Vision

Model: KT-2502 / KTM F25 and
Various Other model numbers for the
same chassis, EG: this chassis is the
same as Sharp Image SI-239 and
many other model numbers.

Symptoms: Blown main Fuse

Cure: Check for short across
D601 Bridge, if ok replace 1C601
(STRS574)

Symptoms: Wont Power up, Fuse
ok.

Cure: Before you do anything carefully
check for stored voltage across C606,
Replace R604 and R605 (200K 1/2W)
one or both open circuit.

Symptoms: Picture changing in Size
on bright screens (Normally when
trying to display white)

Cure: Replace C610 (10uf160v) and
C609 (33uf200v)

Symptoms: Horizontal size won'’t

adjust

Cure: Check for short across Q701
(TIP122), if shorted replace and check
L402 and L403 for visible burning this
will cause Q701 to fail again after
short period.

Symptoms: Vertical Fold

Cure: Replace C205 (220uf35v)
if still folding replace 1C201,
(TDA1675) Replace with later revision
(TDA1675A)

Symptoms: Vertical Collapse
Cure: Replace 1C201 (TDA1675A)
and R903 (150hm 1w) and always
replace C205 (220uf35v) when this
cap fails it will destroy 1C201

Symptoms: Vertical Hold not locking,
picture rolling

Cure: Replace C202 (1000uf16v)
Symptoms: Colour missing

Cure: Check for cracked connections
under small rider board BP102, many

of these where not pushed all the way
though the holes before they were
soldered.

Symptoms: No picture, High pitched
squeal

Cure: Check for obvious burnt
flyback, If ok check for shorted Q402
(2SD1880), check for shorts and splits
across C418,C421,C422,C420, Ifany
of these high voltage caps are blue
in colour instead of standard brown
colour they will if not already fail.

Symptoms: Vertical interference,
band of vertical lines across screen

Cure: Check of Philips head screws
under chassis that connect to tracks,
especially ones in power supply and
flyback sections. Check all screws on
chassis frame they all must be tight

Symptoms: Dark on one side of
screen, colours flaring
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Kortek / Sharp Image / Sejoo Corp / Vision

Cure: Replace C903 (33uf200v) some
versions used a 10uf or 22uf, replace
all with 33uf200v

Notes: These chassis used various
flybacks; all are compatible with each
other though they appear difference
in physical appearance.

Can use KFS-61088 or TC8113, HR
also make a replacement for these
now

HR-46217, some components near
flyback will need to be moved slightly
to fit the HR replacement.

Many of these chassis have problems
with the Horizontal Size and Pin
cushion jumping around at random;
this is caused by bad solder joints and
or cracked tracks under Pincushion
PCB mounted just behind R906
beside flyback.

Intermittently shutting down, Check
for broken solder / tracks under R415,
this resistor sits up high and often
breaks off or vibrates loose.

Kortek-Sharp
Additions

Symptoms: Wont power up, power
supply appears normal

Cure: Replace C408 (10uf 50v)

Symptoms: Squiggly edges of

picture

Cure: See photo left, This is the most
severe case but starts off at top of
picture and grows to cover all picture
as cap fails C403 (1uf 50v )
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Kortek - Vision Pro VGA KT-2938F

Symptoms: Wont Power up / Clicking
/ Chirping

Cure: Check for shorted HOT Q302,
if shorted replaced and also replaced
C324 (10uf 63v) when this cap fails it
will kill the HOT.

Symptoms: Dull Picture / Slow to
come up with picture

Cure: Replace C118 (470uf 16v)

Symptoms: Vertical Lines top or
bottom of picture (or slight fold)

Cure: Replace C113 (1000uf 35v),
C203 (220uf 35v), C205 (470uf 16v)

Symptoms: Darker on one side of
screen / shading effect

Cure: Replace C135 (100uf 100v)
Symptoms: Intermittent power up

Cure: Replace C206 & C207 (470uf
16v) and C123 (33uf 50v)

Notes: As with most Kortek monitors
this model uses poor quality caps
that always fail even if they physically
appear to be ok.

| suggest when doing any repairs on
these chassis that you replace all
electro caps in power supply section
and always replace C324 .
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Nanao MS9-29A, T,
SU Dual Res 110v,
Used by Sega,
Namco, Etc 29”

Symptoms: Blown main fuse

Cure: Check Q901 Mosfet (2SK1358), Sometimes
will fail will HOT is shorted.

Symptoms: Ticking Sound

Cure: Check for shorted HOT Q506 (2SC4692) or
(2SC4188A)

Symptoms: Brightness level changing or picture dull
with retrace lines

Cure: Replace C513 (10uf 250v) and C332 on neck
board (10uf 250v)

Symptoms: One colour on flat out, EG: if blue, it
will make screen a bright washed out blue colour
with retrace line (occasionally image visible in
background)

Cure: See Picture (Shorted Zener or diode) Check for
shorted diode on neck board D303, D313 or D323, or
Zener ZD301, ZD311 and ZD321 (12 v 1/4w)

If one of these diodes is shorted remove and retest,
monitor will operate fine without diode present.

Also Check for Open resistor R306, R316 and R326
(100 ohm 1/w)
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Nanao MS9-29A, T, SU Dual Res 110v, Sega, Namco 29”

Symptoms: Interference across screen,
sometimes noticeable after a clicking
sound from neck board.

Cure: Check for broken solder on CRT
Socket earth, this pin is located directly
under socket where focus lead joins to
socket.

Symptoms: Monitor not Starting or
sounds like starting up before quickly
shutting down. “Most common problem
with this model”

Cure: Firstlyhave acloselookatU550and
surrounding area (see picture) leakage.
jpg, If it looks anything like this it needs
to be cleaned up before proceeding or
changing any components., Pay special
attention to cleaning in and around the
legs of the IC itself and also U401, in
some cases you might need to remove
them to clean properly.

When clean retest, if still shutting down
perform the following test using a 6 volt
battery. Connect + to pin 10 of neck board
socket and — terminal to any ground point
and wait for heater in tube to glow, quickly
disconnect and power up monitor and look
at screen for vertical collapse, If will only
flash on screen quickly before shutting
down, If you see this replace the following
parts.

U401 (LA7837), C402 (470uf 25v) C407,
408 and 409 (100uf 35v), C958 (47uf 16v)
and any smaller electro caps in this area
that appear to have leaked, mainly 10uf
and 22uf caps.

Symptoms: Picture rolling or not syncing
Cure: See attached picture leakage.jpg,
this is the first symptom before you see

before the vertical section fails due to
problems listed above.

Symptoms: Vertical Fold
Cure: Replace C402 (470uf 25v)

Symptoms: monitor appears to be running,
heater glowing but no picture

Cure: Check for Open R519 (4.7 ohm
1/2w), if open replace C513 (10uf 250v)

Symptoms: Monitor Dead, visible damage
under flyback, See Picture (surface mount.

Ipg

Cure: There is a series of 8 x 1.8K surface
mount resistors that supply the 12 volt
section of the chassis, these run very hot
and several times | have seen this area
completely burnt up, see picture MS8-
29 Supply Burnt.JPG, these resistors can
all be replaced with a single resistor ( 15K
5W) .

Look carefully at picture of normal
location of resistors and new location of
replacement single resistor, also visible
are the tracks that burn away when this
fault occurs.

Notes: This Chassis will directly replace
the SEGA / Sanwa PM1745 model used in
many Sega games, only the vertical plug
from the yoke will need to be changed to
suit.

To date this is by far the most reliable
version of any 29” Nanao, there is a later
version but the only change is that it is
auto switching between 15K& 25K, The
normal selection plug has been replaced
by a relay.
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Nanao MS8-29 FAN

NOTE: This model is almost identical
to the MS8-29FSG; please refer to this
model for any faults not listed here.
Any Faults listed here are specific to
this model

Symptoms: Colour problems

Cure: This version usesthe older small
neck board and is easily damaged
around colour drive transistors, before
looking anywhere else check that
Q302, Q312 and Q322 are not broken
off, in some case missing.

If ok and solder joints on neck board
have been checked butcolourmissing,
check for open resistors R306, R316
and R326, if open check for shorted
corresponding zener diodes ZD301,
ZD311 and ZD321, Chassis will work
perfectly ok without these zener
diodes in the circuit.

Symptoms: Picture fading in and out
of running but no heater

Cure: Check for bad solder joints
under connector CN570

37

Nanao MS8-25FB

NOTE: This model is identical to the
MS8-29FSG; please refer to this
model for repair information.

While this model is listed as a 25”
monitor, itis a Japanese measurement
so it is not like a standard 25” monitor
inthe USA, and the true measurement
is 23” or 59cm’s.
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Symptoms: Secondary Fuse Blown

Cure: Check HOT, Q533 for short (many types
used) (2SC4288A), (BU2520A), (BU508A),
Also check for shorted Q901 (2SC3306),
can also short Q902 (2SA1091) and Q903
(25C2482), Most often all this damage is
caused by bad or burnt solder under Q532,
occasionally when Q532 stops running R542
can burn open (47 ohm 1w)

Symptoms: Sounds like chassis is running but
no picture, heat sinks very hot!

Cure: Measure for 12.6 VDC at end of R913
(end closest to front of chassis), If between 10
and 12 volts solder wire link across coil L902
and measure again, if now 12.6 volts leave
wire link in place .

Symptoms: no power up fuses ok

Cure: Measure for 12.6 VDC at end of R913
as above, If between 0 and 7 volts check other
end of R913 should read approx 90 to105
VDC, (use rectifier negative for ground ref), If
this voltage is ok remove zener diodes ZD901
and ZD903 one at a time under R913 (6.2v
1/4w) one or both of these zener’s can be
shorted.

If shorted check for open R914 (120 ohm
1/2w) and replace Caps C911 (220uf 16v)
C913 (220uf 25v) and C422 (470uf 16v)

Nanao MS8-29FSG

Symptoms: Switching off straight after turn on

Cure: Replace Vertical IC401 (LA7832) and
C432 (100uf 35v) Also check for Open R432
near flyback (4.7ohm 1/2w)

Picture Slow to reach full

Symptoms:
brightness

Cure: Replace C570 (22uf 250v) and check
C332 on neck board (10uf 250v)

Symptoms: Picture won’t Sync,
horizontally or vertically

Rolling

Cure: See note on Nanao Sync Faults
(1C102)

Symptoms: Pin cushion problems (hour glass)
H-Size to small

Cure: Check for shorted Q408 (2SC3621) or
broken / bad solder joints under this transistor,
also check 1C402 (SUB board used on this
model) for obvious burnt components or
broken solder joints under chassis.

Symptoms: Intermittent shut down, sometimes
on switch on

Cure: Replace C909 (100uf 160v)

Symptoms: Continually blowing HOT after
running for several hours or days

39

Cure: Check that Coil L531 is not touching
the screw that mounts D530 to heatsink, if
can wear through the enamel on the coil or
even arc between gap causing HOT to blow
instantly.

Ifabove is ok and other cures ruled out, replace
IC502 (HA11423), C430 (1uf 25v Tantalum),
C420 and C532 both (1uf 50v) all located on
small SUB PCB Marked IC103

Symptoms: One or more colours missing

Cure: Lift one end of zener diodes ZD101,
ZD111 and ZD121 one at a time, can be
run perfectly without these zener’s in circuit,
they are there for protection but cause more
problems than they protect.

Symptoms: Picture going black but chassis
still running

Cure: Resolder Q572, even if it looks like it is
soldered ok

Notes: These was the last of the 29” dual Res
MSS8 series, it was replaced by the MS9-29A.
The MS8-29FSG and MS8-29FAN are almost
identical except for a larger upgraded neck
PCB and additional pin cushion control PCB
on the FSG model, There are other very minor
layout changes but on first inspection many
people believe they are identical.
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H-Sync 'I‘ransisto
Can be Marked LE , 6B or 6C

Replace with any small NPN EG: BC817

41

Nanao / Kaga Denshi / Sega
MS7 and MS8 Series all

Symptoms: No Vertical or Horizontal Sync

Cure: This problem is seen on many of these chassis
and often caused by leaking or cracked flyback,
missing or bad CRT earth connections and also when
attempting to run these monitors out of range EG:
with newer 39 in 1 games on wrong sync settings,
and when using with Mame applications on wrong
settings.

These transistor can often read dead short or low
resistance when damaged, they are only very small
so are easily and regularly damaged.

It can be easily repaired by replacing a single Surface
mount NPN transistor on the Sync PCB see attached
Pictures.

The transistor is a very common standard NPN type
like BC817; many other generic equivalents can be
used.
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Orion (Korean) A-One

Symptoms: Vertical Fold

Cure: Replace C17 (100uf 50v)

Symptoms: Vertical Collapse

Cure: Replace U02 (LA7830)

Symptoms: Picture Shaking /
Wobbling
Cure: Replace CO05 (22uf 160v)

and CO03 (47uf 200v), Check for
Shorted power transistor mounted
on side frame of chassis (2N3055), if
shorted will sometimes takeout Q02
(2SC2310)

Symptoms: Large Resistor (220
ohm 25w) mounted on side frame of
chassis smoking or burnt out

Cure: Replace 2N3055 mounted on
side of chassis; also check for shorted
Q05 HOT (2SD1398) often shorts out
causing power supply section to fail.

Symptoms: Wont power up, regulator
on side frame very hot

Cure: Check for shorted HOT Q05
(2SD1398)

Symptoms: Picture very dull,
brightness or colours missing

no

Cure: unfortunately this is the most
common problem with these monitors
and is caused by CRT failure; This
CRT is only an 8 pin type so not easily
replaceable or checked with standard
rejuvenator adaptors.

Notes: While the CRT’s on this
monitor are known to fail the chassis
were very reliable, | have replaced
faulty CRT’s with many common types
of CRT’s used in 20” AKAI TV’s and
other cheaper brands, in some cases
the Yoke did not even need changed
so measure Yoke impedance before
going to all the hassle of changing
yoke and setting up convergence
again.
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Orion (Korean) PWB-2012 PWB2022 14” to 20”

Symptoms: Vertical Fold

Cure: Replace C421 (22uf 160v) and
C309 (4.7uf 25v) and C314 (4.7uf
160v)

Symptoms: Very bright washed
out picture before shutting down or
blowing Fuse 802

Cure: Replace C420 (100uf 50v)
C315 (220uf 16v) and C551 (10uf
63v) Always replace these caps when
working on this chassis, if left faulty it
often melts the flyback.

Also check C418 (1uf 250v)

Symptoms: Blown Main fuse PWB-
2012

Cure: Replace bridge rectifier D801
with 4 amp type (KBL-404) as done in
later PWB-2022
Symptoms: Horizontal hold and
picture not stable

Cure: Replace C308 (220uf 16v)

Symptoms: Pin Cushion fault
Cure: Replace C311 (470uf 25v)
Symptoms: Picture shaking /wobbling

Cure: Replace C807 (22uf 160v) and
Check for open R802 (10K 1/2w)
also check main filter cap for obvious
leakage C805 (680uf 200v)

Symptoms: Fuse F802 Blown

Cure: Check for shorted HOT Q404
(2SD1398), if shorted also check for
shorted Q801 (2SC3306), Check for
obvious signs of blown flyback or
measure for shorts.

2 types used KFS-60314 and later
revisions KFS-60344A both are
interchangeable.

Most common reason for above faults
is shorted Yoke / Deflection Coil, To test
for this leave yoke plug off and power
up chassis, you should see a bright
dot in the middle of the screen,then
plug in yoke plug,if fuse blows again
Yoke is dead.

Symptoms: Vertical Collapse

Cure: Check for open R317 and R318
(3.3K 1/2w) also check for bad solder
around Q301and Q302, also check
for broken track under C421

Symptoms: Shutting down whenwarm
or after short time

Cure: Check that B+ is set to 110vdc
at Fuse 802, if wont adjust check for
shorted Q801 and for open R805 and
R806 (47K 1/2w) if ok replace Q802
and Q803 (25C2482)

Symptoms: Colours bleeding /flaring

Cure: Replace C254 (220uf 25v) and
C251 (100uf 25v)

Symptoms: Colour missing

Cure: Check all transistors on neck
PCB for bad solder, also check for
broken pots.

If colour still missing check for open
R226, 227, 228 (1K 1/2w)
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Orion (Korean) PWB-2012 - PWB2022 14” to 20”

Occasionally a transistor will fail on
these neck boards so to identify the
fault one swap parts from known
working colour. Faulty transistor will
more than likely be one of the larger
types 2SC2383 in Q201, Q203, and
Q205

Blue=Q201, Q202
Green= Q203, Q204
Red= Q205, Q206

Q202, 4, 6 are 2SC945
Q201, 3, 5 are 2SC2383

Symptoms: Picture fading in and out,
or chassis running but no picture / no
heater

Cure: Check heater connections
to CRT, start from Pin3 of Flyback,
Check R419 (1.2 Ohms 1w) and
check for cracked connections under
CN203 and on Neck PCB CN201,
From CN201 Orange Wire marked S2
and Brown Wire marked S1, they go
to Pins 6 and 7 of CRT socket, all of
these points are known problems.

Symptoms: Vertical Hold won'’t lock
Cure: Replace C410 (1uf 50v)

Symptoms: No Power up, B+ ok
110vdc and fuse 802 ok

Cure: Check for B+ at one end of
R405 (6.8K 5w ) and 12.6vdc at other
end, if lower that 12.6 and R405 very
hot remove 1C101, if voltage comes
back to normal replace IC (HA11235)
also check that R405 is not bent over
touching on link J19 this is cause of
IC blowing.

Notes: This chassis is also a universal
replacement for all 12 pin CRT’s, as
many of the original CRT’s fail due to
shorted Yokes these chassis can be
used on many other CRT’s.

It is also worth noting that although
the Vertical Sync pin is not installed
on these chassis, the wire can still
be added to solder pad labelled Sync
V. Very handy for replacement older
chassis that needed dual sync like
space invaders etc.
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Orion (Korean) PWB-2018

Symptoms: Vertical Fold

Cure: Replace C311 (22uf 160v) and C306
(4.7uf 50v) Also change C310 (4.7uf 160v)

Symptoms: Vertical Hold won't lock (rolling)
Cure: Replace C503 (1uf 50v)
Symptoms: Vertical collapse

Cure: (first check Switch 301) should always
be switched to Normal.

Check for open R312 and R314 (3.3K 1/2w)
and R317 (39 ohms %2 w), Check for cracked
or broken solder under R315 and Q301 and
Q302.

Symptoms: Side of picture distorted, looks
like pin cushion problem.

Cure: Replace C312 (470uf 25v) and C414
(470uf 25v)

Symptoms: Picture flaring, brightness not
stable

Cure: Replace C410 (4.7uf 160v) and C403
(470uf 25v)

Symptoms: Picture wobbling

Cure: Replace C406 (22uf 160v), Check
R802 (10K 1/2w) and check that C413 is
not broken off.

Symptoms: Power supply problems, Should
be setto 110VDC at fuse FB02, Adjustment
not working, voltage to high or to low

Cure: Check for broken solder under R804
(220 ohm 20w), lift one end of R805 and
R806 to measure for open ( 47K 1/2w
), Check Q801 for Shorts (2SC3090) or
(2SC3306) if all measures ok replace Q802
and Q803 (25C2482)

Symptoms: Blown Fuse FB02 1.25A

Cure: Measure for shorted HOT Q402
(2SD1398) if blown always check for shorted
Q801 in power supply before powering back

up.

If fuse blows again remove Q402 and
measure solder pad from where collector
(centre pin of Q402) and Ground if you
measure short remove flyback and test
again, these flybacks often blow (KFS-
60213)

Symptoms: Blowing Fuse FB02, Chassis
appears to have no faults

Cure: Remove Yoke from CRT and look for
physical signs of burning, this is also a very
common problem with all 20” Orion CRT’s

Symptoms: Power on but no picture

Cure: This model is known for bad solder
joints, you will see these symptoms when
R412 or R406 break off, both large brown
3watt resistors.

Symptoms: Colour missing

Cure: check all transistors on neck pcb for
broken solder connections

Symptoms: Picture chopped on sides

Cure: Check for broken CRT GND pin
on neck board, the often snap off on this
model

Notes: This model chassis was made
to specifically replace older Kaga Densi
chassis that used the separate flyback in
the metal box that become unavailable.

It was found that these chassis where
compatible with all 12 Pin CRT’s from 14"
to 20" such as Toei, Awa, Orion, Kaga,
Mitsubishi, Philips and many others .
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Pentranic / Rodotron CH288, 15K only
and 15/24K Dual Resolution

Symptoms: Main fuse blown

Cure: Replace FET (2SK1358 or 2SK1940) or
(2SK1117 must be insulated from heat sink)
Check Diode D502 always replace R513 (270K
Y2 W) on Small Power supply sub board. See
Pic (Sub Board)

Symptoms: Wont power up fuses ok
Cure: Check for open Resistor R510 (22K 2w)
Symptoms: Wont power up ticking noise

Cure: Check for shorted HOT Q401 (BU508D)
many other common types can be used like
BU2520DX, 2SD1880 etc., if HOT is blown
always replace C456 (10uf250v)

Symptoms: Wont power up or intermittent
power up, sometime switching of and on at
random.

Cure: Replace R513 (270K 1/2w)

Symptoms: Wont power up fuse ok

Cure: Check for open R516 (6.8K 3w) 12v
supply to IC2

Symptoms: Picture shaking, unstable with
scene changes

Cure: Replace C501 (100uf 200v) and also
C313 (220uf 200v)

Symptoms: Dark side of screen, of shadowed
bars on one side of screen

Cure: Replace C407 (10uf 250v)

Symptoms: Over bright screen, Screen voltage
wont reduce

Cure: Check for open R401 (2.2o0hms 1/2w)

Symptoms: Picture going off and on while
monitor appears to be still running

Cure: See Picture, Yellow wire to neck PCB, the
solder where it connects to chassis often cracks
although surrounded by glue on top of chassis

Symptoms: Colours missing / overlapping, or
chassis running but no picture.

Cure: Measure for 12VDC at D703 (12v Zener)
on neck PCB, if low replace IC701 (LM1203N)
Occasionally this Diode reads dead short, lift
diode to check, short will be either across diode
or IC701.

Symptoms: Vertical Collapse

Cure: Check for burnt D506, earlier models

used a small 1 amp diode that fails, later model
use a larger 3amp diode like MR856, Upgrade
to larger diode if necessary ( holes to fit larger
diode need to be drilled )

If there has been any problems in this area it is
because IC3 (AN5521) has failed, also replace
C393 (100uf 35v).

Symptoms: Vertical Fold

Cure: Replace C393 (100uf 35v) and also check
C398 (1000uf 25v) often dried out by sitting
against R398

Notes: There often problems with vertical
collapsing and Horizontal pin cushion, before
replacing any components always check for
obvious solder problems caused by the large
heat sinks on IC3 and Q302 breaking off .

If HOT has blown and after replacing still wont
power up, check solder under R407 (beside
flyback) this large ceramic resistor can desolder
itself or burn off when HOT has shorted .

In all cases when working on these chassis
Always replace old carbon film resistor R513
with Metal film 600mw or higher, this 270K
resistor will fail if not already, causing many
of the problems listed above due to B+ circuit
going over voltage.
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Sanwa / Sega PM1745 (B) & (C) 29” 110v
Used in many Japanese Daytona, Sega Rally

Symptoms: Appears to start up but then shuts down
before picture displays.

Cure: Replace Shorted 1C302 (LA7832), C305
(100uf50v) and check R315 (3.90hm1/2w) fusible
resistor

Symptoms: Wont power up fuses ok.

Cure: First check for vertical problems as described,
Check for open R415 (5.6k 3w), also check under
chassis for obvious bad solder joints (very common
problem)

Symptoms: Wont power up F802 blown 1.5amp

Cure: Shorted HOT Q404 2SD1880 or BU2520DX,
Replace C441 (1uf300v) and check for bad solder
around Q403.

Symptoms: Wont power up, one of both fuses blown,
obvious power section burnt out.

Cure: Often happens when HOT has failed
overloading Power Supply section.

First Check for shorted Q801 (2SC3306), If this is
shorted it will quite often destroy most components
around this section so is recommended all the
following parts be changed at same time.

Q803 and Q804 (25C2482), Q802 and Q805
(2SA1091), R819 (3.90hm1/4), R817 (1.5K 1/4w)

Symptoms: Horizontal size or pin cushion won't
adjust

Cure: Check for cracked tracks under Q406, if tracks
Iconnection ok replace (2SD1944) this can not be
replaced with equivalent.

Symptoms: Contrast / brightness appears like
negative image

Cure: Replace C111 (47uf200v)
Symptoms: Wont power up fuses ok

Cure: Measure for continuity between Pins 1, 2and 3
on flyback, if open in any direction flyback is faulty.
Check for open winding on T401, Resolder Q403,
R416 and R417 and R418

Symptoms: Black Screen although chassis appears
to be running

Cure: Check for Open R130 (3.3ohm1/2w), check
D401 for Short and also check for shorts and bad
joints on Q104 and Q103, R130 will only burn if
one of the above is shorted, but you will get similar
symptoms from bad joints in these area’s

Symptoms: High Pitched Squeal while running

Cure: Put Silicon between L403 and Frame, repeat
for L404

Notes:

The Revision of these chassis is screened in a box
after the part number, Rev C had improvements to the
power supply section and also had minor changed to
the location of some components, Very important to
remember if working in the power supply section of
the different models that you pay special attention
to the orientation of the transistors EG: Q804 is
in the same location but reversed, only the tracks
underneath were changed.

Never Adjust VR851 B+, in most cases the POT will
break or crack, causing many intermittent problems
as it heats up .Agood indication that this POT is faulty
is to watch the picture shrink in vertical size while
making a squealing sound, followed by shutdown.

Asthe chassis cools
it will restart itself
and go through
the above process
continuously while
only varying by
about 6 volts

PM1745C Label
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TC-A292-T

Symptoms: Vertical
Collapse, Intermittent

vertical size problems

Cure: Vertical IC is
Dead, STK79915,
mounted between 2
heat sinks see picture
at left.
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Toshiba DS-7209A 29” Pure Flat CRT
used in “Maximum Tune 2”

Also another variation included in
pictures is another version of the
same Toshiba chassis used in Initial D
2, locations are parts are the same .

Symptoms: Chirping Sound, Partial
Vertical Deflection

Cure: Replace Q301
Vertical IC

(LA7846N)

Symptoms: Chirping Sound

Cure: Check for Shorted HOT, Q420
(2SC4288A)

Symptoms: Appears to be running
but not high voltage

Cure: Replace FET Q427 (2SK1378)
also Check Q428 (2SJ512) or
(IRF9520)

Symptoms: Appears to be running,
heater on but no picture

Cure: Check for open Coil L501 (can
be bypass with wire link), Fuse F803
and Check C814 (2200uf 25v)

Symptoms: Running but no heater,
or heater voltage low

Cure: Check Fuse 805 and C816
(2200uf 16v)

Symptoms: Unstable Picture,

sometimes shutting down

Cure: Check C463 (220uf 200v) B+
should read 175vdc while operating

Symptoms: Wont Power up straight
away of taking several minutes to
switch on

Cure: Replace C809 (220uf 35v)

15~31 KHz

Symptoms: Main Fuse Blown

Cure: Check for shorts across main
B+ Regulator Q801 (STR-6624), If
shorted Check for open R807 and
R808 both (0.33 Ohms 1w) and R811
(1.0 ohm 1w)

Notes: Very similar to the Toshiba
Chassis used in Initial D, both 31Kz,
be careful not to mistake for the Pure
Flat screen Sanwa also used in these
games.
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Toshiba R-1781 29” Pure Flat CRT

used in “Initial D 29”

Symptoms: Chirping Sound, Partial
Vertical Deflection

Cure: Replace Q301
Vertical IC

(LA7846N)

Symptoms: Chirping Sound

Cure: Check for Shorted HOT, Q420
(2SC4288A)

Symptoms: Appears to be running
but not high voltage

Cure: Replace FET Q427 (2SK1378)
also Check Q428 (2SJ512) or
(IRF9520)

Symptoms: Appears to be running,
heater on but no picture

Cure: Check for open Coil L501 (can
be bypass with wire link) , Fuse F803
and Check C814 (2200uf 25v)

Symptoms: Running but no heater,
or heater voltage low

Cure: Check Fuse 805 and C816
(2200uf 16v)
Symptoms: Unstable Picture,
sometimes shutting down

Cure: Check C463 (220uf 200v) B+
should read 175vdc while operating

Symptoms: Wont Power up straight
away of taking several minutes to
switch on

Cure: Replace C809 (220uf 35v)
Symptoms: Main Fuse Blown

Cure: Check for shorts across main
B+ Regulator Q801 (STR-6624), If
shorted Check for open R807 and
R808 both (0.33 Ohms 1w) and R811
(1.0 ohm 1w)

15~31 KHz

Notes: Very similar to the Toshiba
Chassis used in Maximum Tune 2,
both 31Kz, be careful not to mistake
for the Pure Flat screen Sanwa also
used in these games.
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Wells Gardner U5000, 25” ~ 33”
Free Voltage 15/25K

Symptoms: Blown main fuse

Cure: Check for shorted Q101,
(SSP6N60A) universal replacement
(2SK1117), ThiscanBlowfornumerous
reasons so carefully check for shorts
on all the following components and
replace as necessary, D117, D106A,
B & C, D105, D111, D110 & D109, if
either or all of the last 4 are shorted
U101 will also be dead (UA3842)
always check C118 (1uf poly cap)
if is U101 dead this cap can often
explode.

If C118 is shorted R106 (1k 1/4w) will
often go open and occasionally R117
(1k 1/4w)

As a general rule if Q101 is shorted it
will most often damage U101.

Symptoms: Power supply problems

Cure: To isolate if the problem is being
caused by power supply section, liftlink
W159,when lifted power supply should
make 1 click sound when powered up,

if link is lifted and clicking noise heard,
Check for shorted D106A, B & C and
C115 ( 100uf 200v) if these check ok
replace Switching transformer T101 .

Totestpowersupply sectionisworking,
lift link W159 and place 60W light bulb
across C115, if working correctly it
should light, not pulse.

Symptoms: Intermittent shut down

Cure: Check solder wunder B+
adjustment VR101 or replace if
suspect (1K), this fault can be easily
located by spraying with freeze spray
while operating, this is will often cause
chassis to go on and off pot is faulty.

Symptoms: Slow to power up

Cure: Check for open or high value
R120 (68K 2w)

Symptoms: Blowing main Fuse, Q101
ok

Cure: Check for Shorted Diodes D101,

102, 103 & 104, also D107 & D108 if
either of these are shorted check for
open R105 (470 ohm 3W) and R104
(10K 7W)

Symptoms: No power up, fuse ok and
all above checks ok

Cure: Check for open R102 and R103
(68K 1W), one end needs to be lifted
for correct measurement.

SPECIAL NOTE: All notes below
assume power supply section has
been tested and working correctly

Symptoms: Clicking sound, Won't

power up

Cure: Check for shorted HOT Q704
(2SC3686) If blowing short time again
after being replaced check all HV poly
caps C718, C723 & C721, If any of
these caps are out of tolerance it will
destroy HOT either instantly or after
running for some time depending on
how bad they are.
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Wells Gardner U5000, 25” ~ 33”

Very important to always check /
replace C716 (1uf 200v) part of H
Oscillator Circuit

Symptoms: Wont power up R728 Very
Hot

Cure: Check for shorted Z702 (13v
1 W Zener), if ok check for shorts
across Q708, Q705 & Q703, If Q708
is shorted also replace Zener Z705
(9.1v 1/2w) and check for Open R760
(100 ohm 1/2w) Some versions have
(4700hm 1/2w) is this location .

Power all

Symptoms: Wont
voltages appear ok.

up,

Cure: Check for open R765 (33K
1/2w) Very Common

Symptoms: Vertical Collapse

Cure: Replace U601 (TDA1771)
C613 (100uf 50v) and D603 (IN4007
or Equiv), Check for open R303 (1.2
ohm 2W) if open check for shorted
D302 (RU2 600v 1amp Fast Recovery
Diode )

SPECIAL NOTE: If R303 burns up
after replacing and checking all above
components, replace U601 again.
(Many times | have replaced these
IC’s and they have failed instantly
when switched on for no apparent
reason ) Do not pay attention to the
orientation of the writing on the IC itself
only note the notch indicating Pin1,
some manufactures of these IC’s put
the part number on the back of the IC
which reverses the way where Pin 1
appears to be.

Intermittent Horizontal

Symptoms:
collapse

Cure: Check all solder connection
under Res Change plugs CN15K and
CN25K

Picture

Symptoms: Shaking /

wobbling

Cure: Check or replace C115 (100uf
200v)

Symptoms: Screen washed out, out
of focus, Appears to be Dead CRT or

Flyback See: U5000 Screen washed
out.JPG

Cure: These symptoms have fooled
many people into thinking their monitor
is worn out when in fact it is a very
simple fix, Replace C310 (10uf 250v)
and or C504 (4.7uf 200v) located in
neck PCB.

Symptoms: occasional clicking sound
with interference / flash across screen,
sometime looks like vertical is rolling
once.

Cure: This is an earthing / Gnd
problem caused by a bad connection
between chassis and metal mounting
plate. It is very important to make
sure these screws are tight and there
is a star washer installed between
where the chassis mounts to plate
and chassis itself, secured tightly with
both screws.

Symptoms: All colours appears mixed
up or chassis running but no picture
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Wells Gardner U5000, 25” ~ 33”

Cure: Check for 12VDC on Pin 1 of
U500, if below 12v replace U500
(LM1203N) If no 12V with Pin one
disconnected check for Open R510
(30 ohms 1w) some versions also
have a 12v zener diode across the
+15v supply and GND which can also
short.

Symptoms: Colour Missing or driving
flat out

Cure: Replace associated driver
transistor Q503 BLUE, Q504 GREEN,
Q505 RED (2SC3782)

Symptoms: Colour dropping in and
out at random

Cure: Replace C515, C516 & C517
all (0.1uf poly 25v or higher) these
caps will often fall apart when trying
to remove if they haven’t already.

Symptoms: Colour on flat-out controls
have no effect

Cure: Check for broken solder and
broken tracks around Q503, 4 & 5
and Large 3w resistors R528, R529 &
R530

Symptoms: H-Size will not adjust
Cure: Check for shorted Q710
(BDX53C or TIP102), also check or

replace Q709 (2N4403), check for
shorted diode D708

Symptoms: Can not focus screen

Cure: Replace flyback transformer
053X0624-001

Notes: There are several minor
variations of this chassis; some don’t
have the Res change plug installed,
some also have a Pin Cushion
correction PCB located at CN202 as
in Picture.

As a general rule with these chassis,
always check for broken or cracked
controls before delving into chassis
repair, they are easily cracked on both
the neck board and remote control
boards.

It is also a good idea the look over
the neck board around the area’s that
run very hot for bad solder joints if
experiencing colour problems.

| have also noticed many of these
chassis with a broken or cracked L701
coil; this can be glued with hot glue or
silicon rubber.
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Wells Gardner 9200 Series

Symptoms: Appears to be running
but no picture (heater on)

Cure: Check for shorted HOT Q418
(2SC5144), If shorted check D417 for
Short if also shorted check for open
R854 (1.2 ohm 1w) and R462 (1.0
ohm 1/2w) If either of these resistors
are open replace Q413 (IRF644A),
D424 (IN4148) and Q411 (2N7000)

Symptoms: Horizontal
High Voltage working

Collapse,

Cure: Check for open R462, If open
replace Q413 (IRF644A), D424
(IN4148) and Q411 (2N7000).

If these components check ok or are
replaced and still no deflection, check
for Aprox 170vdc at R854; if present
replace 1C404 (UC3842)

Symptoms: Vertical Fold
Cure: Replace C466 (470uf 25v)
Symptoms: Vertical Collapse

Cure: Check for Open R317 (1 ohm
1/2w), R855 (.1 ohm 1/2w), if open
replace IC301 (TDA8172) and always
check / replace C466 (470uf 25v)

Symptoms: Dark Picture, Factory
Mode reset but still to dark.

Cure: Replace C828 (2200uf 16v)
Cap in Power supply section (location
number covered in glue) there is only 1
x 2200uf 16v cap in the power supply;
you should be able to read Aprox 8vdc
across this cap.

Notes: | have had many of these with
failed Q413 (IRF644A) and associated
components, so have upgraded Q413
to higher more robust (2SK1117) with
no further failures.

If you want to isolate power supply
section from rest of chassis lift one
end of R854, End closest to edge of
chassis. Can read up to 185vdc with
no load connected.

Correct B+is 170 VDC

Factory Reset instructions PDF

included for reference.
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Wells Gardner 9200 Color Gain Adjustment

FACTORY MODE COLOR GAIN ADJUSTMENT PROCEDURE:

1. Warm up Procedure:
Apply power and a video signal to the monitor so that there is a picture on the screen for about 20
minutes before making any adjustments. This will give the monitor a sufficient time to warm up
so that the adjustments that are made will not change.

1.1 Key Description

DOWN/UP

Scroll through various Icons on Main Factory Menu.

When in the COLOR GAIN icon mode - Toggle through the GAIN MODE, BIAS MODE and
OSD MODE.

When in GAIN MODE, BIAS MODE and OSD MODE;

Adjust values after a parameter has been selected.

MODE
Saves adjusted value and return to Main FACTORY MENU.

SEL

Selects Icon on Main FACTORY MENU.

When in GAIN MODE, BIAS MODE and OSD MODE, selects parameter to be adjusted.
When in RE “RECALL?”, saves all changes and exits FACTORY MENU Mode.

All adjustments are made by searching and selecting an icon using the digital control panel

buttons.
Digital Control Panel
SW105 SW104 SW103 SW102
DOWN 18] 4 SEL MODE
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1990 Update: Monitors

Arachnid 6000
Scrambled Video

Bob Hade
T.B.I. Games Unlimited
Rockford, Illinois

SYMPTOM
The video screen displays garbled informa-
tion when a bullseye is hit.

SOLUTION
Replace capacitor C19 on the logic board.

SYMPTOM
The fuse blows immediately upon replace-
ment.

SOLUTION

Replace BR1 on the power supply board,
(mount the bridge 3/4 inch above the circuit
board for ventilation). Replace the 1-1/2 SB
(slo-blo) line fuse that comes with the game
toa 2 amp SB (we do this to all our Arachnid
dart games). Many times a light bulb will
burn out and take the 1-1/2 amp fuse with
it. Sometimes, even replacing a bulb will
take the fuse out!

It's a good practice, though rarely done, to
turn the machine off before moving it out
from the wall to get at the back door. This will
lessen the chance of shorting out the hot
bulb’s filaments when moving the game.

NOTE

Save your old matrixes! Those manufac-
tured during the first two weeks of 1987 can
be returned for exchange through your dis-
tributor.

ot

Taito Chase H.Q.
Monitor Problem

Frank “The Crank” Seninsky
Alpha-Omega Amusements & Sales
Edison, New Jersey

SYMPTOMS

Many of our Taito Chase H.Q.’s have a
monitor brightness problem that can be
easily corrected. When viewing the picture, it
appears that the brightness control is set too
high. The colors are good but the grey raster
is is too bright. No amount of contrast and/
or brightness adjustment will correct the
situation.

SOLUTION

The problem turns out to be a defective disc
capacitor on the monitor neck board at
location C206. Chase H.Q. uses a Hantarex
model MTC 9000 monitor. Change this cap
and you're back in business!

Wells Gardner
19K4600 Keystone

Frank “The Crank” Seninsky
Alpha-Omega Amusements & Sales
Edison, New Jersey

SYMPTOMS

Several of our 19" Wells Gardner 19K4600 Series
monitors (used in Pac Man and Defender for ex-
ample), have developed a keystone problem. Keyston-
ing is a lack of squareness to the picture —sometimes
referred to as a warp in the picture.

SOLUTION

As with many older monitors, this problem is caused
by a defective capacitor. In this case it is C614 (33
mfd/25v), a radial cap that is the culprit. When
looking a C614, it does not look defective but it
probably has internally opened over time. C614 is
located on the main PCB just to the right of where the
Horizontal/Vertical board connects (right side).
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Hantarex Monitors
Stable Sync Cure

James Beck
Greater Southern Distributing Co.
Atlanta, Georgia

SYMPTOM

A problem with Hantarex MTD 900/ E moni-
tors seems to be widespread. Whenever you
try to convert a Williams game that uses this
monitor, the vertical sync is hard to lock in.

There is such a narrow range of lock, it drifts
out on location and the video starts to roll.
There was a bulletin about a component
being reversed, but that checks out ok.

SOLUTION

On the deflection half of the board check
R205 (4.7K) and C201 (0.1uf @ 160V). Odds
are, they aren’t there due to the make of the
original game. Add them!

Then, connect composite sync (or negative
composite sync) to the horizontal (or nega-
tive horizontal) terminal ONLY. Do NOT
jumper the horizontal and vertical sync pins
together like you have to do on the Elec-
trohome monitors. When you add these
components into the sync circuitry, it will
lock the vertical in solid.

Electrohome GO7
Keystone Problem

Kevin Mahler
Western Music
Twin Falls, Idaho

PROBLEM

I changed cap C501 and the game still has
this “Keystone” video problem. The video
screen caves in about 2/3 of the way up the
top. Using an Electrohome GO7-CB monitor.

SOLUTION

Replace C517 and C518 (100uf @ 25v, 220uf
@ 25v). They are in the pincushion correc-
tion ckt (next to flyback). That should get it!

Arachnid 6000
Dart Monitors.

Kevin Mahler and Russ Cantrel
Western Music Company.
Twin Falls, Idaho

SYMPTOM

If you have a small wavy vertical line on your
picture and it takes it five or ten minutes to
come on or won't come on at all and you have
already changed C9 on the power supply
with no results.

SOLUTION

Try changing C212 on the monitor board
itself. This has happened to us twice and, so
far, it has worked each time.

g
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Toei Monitor
Vertical Deflection

Ronnie Belitz
Lark Amusement
Bristol, Tennessee

SYMPTOM

The problem I had was that the vertical
deflection on a Toei monitor was folded over
so bad that half the screen looked like you
were looking at it in a mirror.

SOLUTION

After much t'shooting, I finally found the
problem. It was caused by C55 which caused
the vertical sweep to startin the wrong place.
After replacement with an equivalent ca-
pacitor, things were back to normal.

Toei Monitors:
Symptoms/Fixes

Patrick Groom
Harry Liaros Vending
Buffalo, New York

PROBLEM
There are three problems I have been encounter-

ing on these monitors. Symptoms involve caps.

SYMPTOM: Pincushion (pix bent downwards).
SOLUTION: Replace C57, 470uf/16v.

SYMPTOM: Vertical hold is out of tolerance. May
have Vertical linearity problem. When it almost
locks in, it looks like the frequency has doubled.
And it may lock in after it warms up.
SOLUTION: Replace C62, 220uf/25v.

SYMPTOM: Horizontal hold is out of tolerance.
SOLUTION: Replace C41, 100uf/16v.

Bally /Midway Ram-
page Rolling Video

Matt J. McCullar
Forum Fair Arcade
Arlington, Texas

PROBLEM

Recently I was working on a Rampagewhose
picture continually rolled either up or down,
depending on where the vertical hold pot
was set. Adjusting the pot would slow down
the rolling, but not stop it. For some reason
the monitor would not lock onto the picture
and hold it steady.

SOLUTION

My first thought was a bad vertical hold pot,
but eventually I looked down at the com-
puter assembly and noticed that its video
output connector was seated cock-eyed in
its socket. I pushed it back in and the
monitor zoomed in and locked on the picture
perfectly! Apparently the loose socket was
still making contact with the color signals,
but the vertical sync signal on the very end
of the connector no longer reached the pin.
Since this has happened on more than a
couple occasions, anytime I find a monitor
with a rolling picture I check the video cable
from the computer to the monitor.
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Video Monitor
Capacitor Types

Bruce Jellison
Automatic Vending & Games
Bangor, Maine

PROBLEM

Regarding James Beck’s article on Monitor
Width Size Change in the January issue of
STAROTECH Journal. If the original cap is re-
placed with a general replacement type such as
a polyester, it will usually fail in a short time due
to dielectric heating

SOLUTION

The replacement must be an equivelent polypro-
pylene type designed for high a-c current and
low dissipation factor. I got my replacements
direct from Wells Gardner. They have a mini-
mum order policy so you must order several.

NOTE

Sprague makes a type 715P Orange Drop that is
suitable. I have found few distributors that
stock this series however, so it is usually a
special order. By the way I have only found the
.15 value in former Williams Moon Patrols.

Kristel Monitor
Wavy Video

Ken Layton
Capitol Amusement and Vending
Olympia, Washington

PROBLEM

Model 600 series games. On monitors made
by Kristel Corporation, the picture is poor,
wavy and has vertical foldover at the top.

SOLUTION
Replace C208 (1uf @ 50vdc), radial cap.

Merit Pub Time
Display Blanking

Jim Kelly, Customer Service Manager
Merit Industries
Bensalem, Pennsylvania

PROBLEM

Some Pub Time Darts with overhead
Cricket display have a blanking problem.
During game play or between games, the
overhead LED display goes completely
blank or displays erratic information.

SOLUTION

A modification kit is now available to cure
this condition. Call Merit Customer Serv-

ice at 800/445-9353. This kit will be sent
through your local Merit Distributor.

Wells Gardner
19K4914 Sizing

Tim Voyik
Interspace Video Sales Inc.
Sacramento, California

PROBLEM

For those of you who are stuck with Gauntlet
cabinets using the 19K4914 style monitor
and are having problems expanding the pic-
ture size to full screen.

SOLUTION

Above the horizontal output transistor is a
terminal board with a diode and two caps.
Remove this board and disconnect the 3
wires going to the monitor board. Replace
C365 with a (0.39 or smaller polypropelene
cap @ 200 v or higher). Iused a0.153 @ 400v
and achieved excellent sizing.
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Shifting & Expand-
ing GO7 Monitor

James Beck
Greater Southern Distributors
Atlanta, Georgia

PROBLEM

How do I shift the picture of an Electrohome
GO-7 monitor farther than the pin adjust-
ments allow? While we're at it, how can I
expand the picture width beyond the hori-
zontal width coil max adjustment?

SOLUTION
Try this, it has worked well for me.

-

1. To get more vertical shift replace
R421 (12K @ 2W) with a 10K @ 2W.

2. To get more horizontal shift re-
place C501 (.001uf @ 25V) with a .1
uf @ 25V. Then use the horizontal
frequency control to shift the pic-
ture. You will find a much greater
range of shift before the monitor
looses sync.

3. To get more horizontal width,
turn the B+ adjust fully clockwise.
This will give you more horizontal
width and the voltage won’t be high
enough to cause any X-Ray prob-
lems (your regulator will run cooler
too).

If that’'s not enough, but I don’t
know why it wouldn’t be, you might
try taking a few windings off the
horizontal width coil. That’s a little
drastic though and shouldn’t be
needed. You mightneed to boost up
the vertical size after the B+ adjust.

Atari Pole Position
Disco Monitors

James Beck
Greater Southern Distributing
Atlanta, Georgia

NOTE

When taking voltage measurements, be sure
to use the “Zero-Volt Reference Test Point”;
the chassis is not connected directly to the
board ground. It goes through a 1K resistor!

CAUTION

Although the chassis is at earth potential
(unlessyou cut the ground strap) you will get
out of spec voltage readings. If you have a
jumper between the power supply and earth
ground, the chassis will be connected
through the loop to DC ground.

Wells Gardner
K4600 Neg Sync

James Beck
Greater Southern Distributing
Atlanta, Georgia

PROBLEM

If you put a kit into a cabinet that uses one
of WG’s 4600 series monitors and you have
problems getting a good lock onto negative
composite sync, perform the following
simple modification.

SOLUTION

Cut the jumper on the Horiz/Vert board that
shorts out C351. The jumper is located near
the horizontal hold pot.
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Atari Asteroids Monochrome X-Y Monitor
Problem & Solution

Matt J. McCullar
Forum Fair Arcade
Arlington, Texas

This is one of the weirdest problems I ever faced.
It consisted of a monitor for an Asteroids game.
Although it took several days to find, I'll concen-
trate it here.

The problem: no picture on the screen. High
voltage was present, but the heater did not light
up. This kind of monitor has separate power
supplies for heater and high voltage, so I
checked the 3-amp, slo-blo fuse in the trans-
former-heater circuit. Removing the fuse and
using the continuity function on my DVM, the
fuse looked good. The heater inside the neck of
the CRT had not opened up and was also good.
With no fuse in the circuit I got 6.3 volts A.C.
from the transformer, which was normal. But
every time I reconnected everything, the voltage
to the heater dropped to about 3 volts. I checked
all the wiring and it was good.

I did run across one interesting thing: the coin
door lamps use the 6.3 VAC to light up, and their
sockets appeared a bit faulty so I cut their wires
and took them out of the circuit. But that did not
help light up the picture tube’s heater.

I finally got a break a few days later when the
heater fuse blew. When I replaced it, the heater
came on! What happened? I concluded that the
fuse’s internal resistance had slowly increased,
thereby dropping the voltage across it. Instead of
blowing the way it should have, this one just
slowly weakened. I didn’t notice this before be-
cause the beeper-continuity function on my
DVM turns on the beeper when it finds anything
under 30 ohms across the meter leads. Ideally,
a fuse should be very close to zero ohms (al-
though some fuses with very small current rat-
ings are about 10 ohms), but this one had
apparently slowly increased to several times
what it should have been. Since its overall resis-
tance had not yet gone over 30 ohms, however,
the beeper on my meter turned on and I assumed

the fuse was good. So now, when I check a fuse,
I don’t use the continuity test and instead get a
direct resistance measurement.

My dad is a retired engineer from a Texas electric
power company and I asked him if he ever ran
across a fuse doing this. he said an electrical
substation in west Texas got knocked out for a
while because a fuse developed a cold solder
joint inside one of the endcaps and increased its
resistance. But since it wasn’t visible, no one
caught it by just looking at it. He also says that
the same thing can happen in circuit breakers.

g
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Hantarex Herring-
bone Pattern Fix

Chris Richards
Coin-Op, Inc.
Webb City, Missouri

PROBLEM

I've got a World Series in a counter-top version,
that uses a Hantarex monitor, and it has a
problem I have never seen before.

SYMPTOM

It has Herringbone pattern reminiscent of the
kind you get from power supplies, but the supply
isn’t the problem. I tried jumpering common to
ground, and then swapped out the supplies, but
that didn’t do any good. In addition, the game
has vertical bars in the picture, that are darker
than the rest of the screen. They are very evenly
spaced.

I'm curious if I've got bad B+ filtering here or
what, but I don’t know for sure where to look
‘cause I don’t have any Hantarex schematics,
and right now I don’t have the time to run circuit
traces, unless it is absolutely necessary (trans-
lation: I'm lazy, and I'm hoping someone else has
already figured this problem out!)

SOLUTION
James Beck

Greater Southern Dist. Co.
Atlanta, Georgia

No problem, Chris,
I have run across this one before...

CULPRIT

Take A look at C25, (47uf @ 16V). It will cause
that problem, and take a look at how it’s con-
nected to the 7905 (-5v regulator). Some of the
boards were turned out with the silkscreen
legend for the + and - reversed, and the parts
stuffers put the part in backwards. Hence, no
filtering!

NOTE
Since it is a negative supply, the positive lead

should run to the chassis ground.

Wells Gardner 7900
Horizontal Collapse

Bill Eaton
Nickles & Dimes Inc.
Laguna Hills, California

PROBLEM

Lately, I've been seeing some real “humdinger”
problems with the 7900 series Wells Gardner
monitor chassis.

SYMPTOM

Horizontal Collapse, yes folks the word is hori-
zontal and all you get on the screen is a Vertical
line...

SOLUTION
L1, L2 or D15, 16, 17, 18 —any or all bad.

DETAILS

L1 or L2 start to work out of the board via heat.
This problem is really apparent on Medium
Resolution Monitors. Wells Gardner has attrib-
uted the problem to vibration and recommends
reinforcing the coils on older units with “hot
melt” or similar material. (Also, you should go
over the solder connections at the same time.)

NOTE

Great care should be taken to use a material that
would be mechanically suitable and would not
cause any additional damage to the coil because
of some mechanical or chemical interaction.

TRACKDOWN

Wells Gardner did not have a booth at the show
(AMOA, 9/89), but I just caught a glimpse of a
badge that said “Wells Gardner Electronics Co.”
and I homed in and, what do you know, it was
Larry Brady, V.P. and Sales Manager. Well, what
the heck, I'll rag on anyone (even V.P.s). Larry,
thank you for your expedient and prompt an-
swer that was waiting on the ole’ fax upon my
return.

This restores my faith in management that
cares, I certainly did not expect such a quick
response. Thanks again Larry, WG couldn’t have
a better Customer Service team!
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Hantarex MTC9000
Low B+ Voltage

James Beck
Greater Southern Distributing
Atlanta, Georgia

PROBLEM

Any suggestions for alow B+ problem. It's 65vvs.
130v. Have checked the current limiting resis-
tors and replaced TR15 Horizontal Output
xsistor, TR20 (pass xsistor), and TR19 (driver).

SYMPTOM
Check the voltage drop across R81, better yet is
the B+ doing a slow oscillation?

SOLUTION

If either is true, you probably have a blown
flyback transformer. I have gone the same route
several times this past year and they have all
have been bad flys.

If you take a look at the feedback loop made up
from D18 and R100 you’ll see the connection
with the flyback. Pull the dude out and give it a
good visual inspection: I'll bet you'll find a bulge
on it somewhere.

Flectrohome GO7
Vertical Deflection

James Beck
Greater Southern Distributing Co.
Atlanta, Georgia

PROBLEM

Concerning an Electrohome GO7 Robotron
monitor: No Vertical Deflection and FR401
(68 ohm, 2 watt fusible resistor) keeps open-
ing. Known good: Deflection yoke, R414,
R415 and C412.

SOLUTION
Check these suspected parts for failure:

X402 (may be shorted)
X401 (may be shorted)
D401 (open or shorted will
cause problems)
C411 (may be shorted)
NOTE

Make sure you're replacing FR401 with a
wire-wound replacement and NOT a carbon

type.

Electrohome GO7 Replacement Capacitor

Mike Cowen
Video Images
Scottsdale, Arizona

PROBLEM

If you are having trouble finding a replace-
ment capacitor for the main filter C604, try
checking with your local Panasonic
(Matsushita) parts distributor.

SOLUTION

They should stock an exact replacement
part or they can order it.

PAarT NUMBER:

ECET200H600X (or Y)
Exact replacement 600uF/200V,
About $11.

ECET200H800X
Better replacement 800uF/200V,
About $15.
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Hantarex Replace-
ment Xsistors

Chris Richards
Coin-Op Inc.
Webb City, Missouri

SYMPTOM

I recently had some problems with the red color
amplifier on a Hantarex MTC 9000. The red input
was totally saturated. No problem. I whip out my
schematic, find the transistor in the amp sec-
tion, check it out.

PROBLEM

Sure enough, had a collector to emitter short. So
I pulled out my handy dandy NTE reference and
crossed the transistor. It crossed to a 123AP with
the package rotated 180 degrees. This also
crossed for a 2N2222, 2N3904, and a 2N4401.
Well I just happened to have some 2N4401
transistors on hand so I put one in.

Now I've got almost no red! Replace it again,
same story. Go to my NTE dealer, get the 123AP,
same story. Finally called Hantarex, got THEIR
transistors, put ‘em in, everything worked. So
what is my point?

SOLUTION

If you have a Hantarex monitor, and something
blows up, git-aholt-of Hantarex and get the
factory part. Since this sucker uses European
parts, there is no guarantee that a NTE or SK
part will fill the bill properly.

Disco Monitor
Sync Lock

Evan Wessel
Mercury Amusement
Haverford, Pennsylvania

PROBLEM
The sync lock is poor. Everytime the scene
changes, the monitor loses sync.

SOLUTION

I have discovered a cure for the poor sync
lock on my converted Atari I-Robot with a
“Disco” brand monitor (named in the
70’s?).

PROCEDURE

I was able to get normal lock by adding a
1K resistor in the sync line. Just splice it
in series with the sync wire going to the
monitor. I'm not sure why this monitor
was overloaded by my conversion board,
but it may be a problem in future conver-
sions that use this brand monitor.

NOTE

My conversion board worked fine on a
Wells Gardner monitor, by the way. Keep
this tip in mind if any of you encounter a
problem like this in the future.

SNK/Tradewest Video Interference

Matt J. McCullar
Forum Fair Arcade
Arlington, Texas

SUBJECT

Does your Ikari Warriors, Guerilla War or other
S.N.K./Tradewest game have a very strong pat-
tern of interference on the screen?

CAUSE

The video connector for the monitor and the
pins for the incoming signal lines. Two ground
pins - 3 and 7 - are available, but Tradewest

uses only pin 3. I have found on many occasions
that the single ground wire was installed in pin
4, which is not connected to anything!

Inspect the gap between the video sockets?
That’s where pin 4 is! With no ground reference
to the monitor, the video signals pick up all kind
of Radio frequency Interference (RFI).

SOLUTION

A sharp, pointed instrument will pop the black
ground wire out of pin 4’s hole. It then slides
easily into the empty pin 3 socket and locks into
place. This should eliminate the interference.
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Hantarex MTC 9000
Current Limiting

Jean-Guy Hardy
Service Coin Ltd.
Saint John, N. B., Canada

PROBLEM
Complete loss or low +130 volt output.

CIRCUITID

The MTC 9000 monitors use a current limit-
ing system to guard against excessive cur-
rent flow from the regulator output transis-
tor.

The two areas you should check in the power
supply are resistor network R111, R112 and
resistor R110, these resistors are part of the
current limit sense circuit.

The two resistors R111, R112 are the ones
that monitor current flow from the regulator
and produce a voltage drop that provides
bias to the emitter of Tr22, along with R110
which set the reference voltage to bias the
base of Tr22.

If the value of R111, R112 increases, the
voltage drop will also increase and limiting
will take place, or if the value of R110 in-
creases the same action takes place.

Replace these resistors with proper replace-
ments specified by the manufacturer.
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| S

mae

A O ower Soode Doy

1990 Update: Monitors

Merit Pub-Time
Jumpy Video

Michael T. Smythe
Indy Amusements, Inc.
Indianapolis, Indiana

PROBLEM

If the monitor jumps or squeezes together
when control lamps are flashing the prob-
able cause is the switching power supply.

SOLUTION
Replace it with a power supply that has 12
volt outputs at 2 amps.

NOTE

If there is no picture at all, suspect the
flyback transformer, as we have replaced
several. Otherwise, this has been a very
reliable machine.

SERVICE MANUALS

[]Monitor manufacturer. Price $49. (Monitors '90 - '96: $69)

BEST OF STAR[ITECH JOURNAL: MONITORS
From 1979 to 1989. Ten years of video monitor service tips
and symptom/solutions! This manual belongs on every
service bench. Everything from Theory-of-operation to
Troubleshooting is covered for black & white models, X-Y
types and color monitors (US & foreign). Including common
failure modes, specific component failures, suitable re-
placements, testing methods, isolation techniques, modifi-
cations and enhancements for most every video monitor
ever used in the Coin-Op Amusements Industry during the
past ten years! 120 pages, arranged so that you can easily
find the monitor you want by Game manufacturer &

I Rush me Best Of SUTJ: Monitors s$49 |
| Rush me Monitor Symptom/Solutions $69 |
| |
| Name: |
| |
Address:
| |
: City/State/Zip: :
| 0 Payment Enclosed o COD |
I Mail coupon to: STAROTECH Journal, PO Box 35, I
| Medford, NJ 08055. |
L------------------‘
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Electrohome/Wells
Gardner Fading

SYmPTOM
The left side of the monitor is dark while the right
side displays normal video.

CAuse
The problem described is caused by a poorly
filtered B+ boost coming from the flyback.

SoLution

On an Electrohome GO7 chassis monitor the
filter cap is located on the neck board. Check or
replace cap C107, 10mfd at 250v. When it fails
it causes excessive brightness, i.e., with the
screen control turned all the way down, the
picture still has retrace lines in it.

On the Wells Gardner K4900 series monitors
chassis, the cap that will cause side-to-side
fading is C702 (10uf, 100v) located near the
flyback on the main board. Replace this cap with
10uf at 160 volts.

BewareThe
Crystal Explosions!

SusJECT

Recently I had a really spooky experience. I had
just removed the glass from a video game and
turned to set it down when all of a sudden it
exploded right in my hands as though it had
been shot by a gun! It completely disintegrated
into a pile of marble sized pieces on the floor, still
crackling, leaving me dumbfounded.

When I related the incident to co-workers I found
that some others had similar experiences involv-
ing thick (1/4 inch) sections of glass.

I've ruled out poltergeists sun spots, and bad
karma, and there were no Memorex tapes any-
where in the vicinity. Does anyone know what
causes this?

1991 Update: Monitors

EXPLANATION

What you had was a piece of tempered glass. It
has excellent strength and durability. And that
is exactly what it is designed for: Strength
without the bulk.

TempeR TEMPER

When the original plate of glass was rolled it had
many surface defects and is very brittle at room
temperature. (I'm sure you've broken an ordi-
nary glass window before, the cracks were formed
along these defects.) It is these surface defects
that provide the stress lines that cause the glass
to break so easily. To avoid the surface defects
and to increase overall strength a tempering
process is used.

THE PROCESS

After the rolling process, the sheet of glass was
heated again to almost the melting point. That
smooths out all of the surface defects, then the
hot glass is exposed to a cold blast of air. That
instantly solidifies the surface and yet keeps the
interior hot. As the interior slowly cools it con-
tracts and pulls the surface into a compressed
state. That makes it one seriously stiff piece of
glass!

Believe it or not, your average pinball glass has
over 15,000 psi (pounds per square inch) of
surface tension on it, and pressures of up to
35,000 psi aren’t uncommon.

IN ReaL Lire

Now, say you have one of these 15,000 psi pieces
of glass that’s been hit and scratched in several
places (arcade wear). What you were carrying
around was a 15,000 psi time bomb that had all
kinds of stresses built up and focused on and
around these little scratches. Add a little ther-
mal stress from a pair of warm hands and a little
mechanical flexing from the movement and
BOOOOOMMMMMMM! Little bitty chunks of
stress relief, that you will find in the strangest
places for years to come, are flying.

For You Fact Nuts

Surface stresses of 1,000,000 psi have been
attained with heat and chemical tempering.
How would you like to have some of that stuff go
off in your hands!
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Sanyo Monitor
Raster Shift

SYmPTOM

Whole raster shifts to right hand side (monitor
normally oriented) of picture tube. This is not
foldover, not a sync problem. This monitor is
found in Nintendo videos.

Cure

Some technicians when using this type of moni-
tor with a conversion kit, expand the picture by
changing C470 (Note: C470 printed on PCB but
shown as C480 on schematics) which is rated at
.47 @ 400v to a lower value.

Too low a value, (example .2 @ 400 say), causes
overheating of R479 and D475. Also, C485 which
is positioned right below R479 fails. Replace
C485 check R479 for 330 ohms.

NortEe

Changing C470 (a.k.a. C480) for a much lower
value causes discoloration of the trace on the PC
board, a sure sign of impending failure of one of
the above components.

Nintendo Dual
| nterference Cure

A common complaint heard from dual-cabinet
converters...

PROBLEM

I am trying to convert a Nintendo dual cabinet
(sit down) to two JAMMA wired games, one is
Eswat, the other UN Squadron. The problem is
interference between, I think, the two monitors.

I have used shielding between the monitors
(metal), separate power supplies, and separate
isolation transformers. [ have also tried getting a
little more distance between the monitors.

The yokes are about 5 inches apart. If I pull one
monitor out about 6 more inches the problem
stops, this is great but it makes it very difficult

3

to close the cabinet! Any help would be greatly
appreciated.

SoLutioN

The problem you're experiencing was covered
here in STAR*TECH Journal in the past year (by
me), but I'll recover the quick version here.

The problem is caused by the magnetic flux of
the yokes being so close together. The sync
signals that produced by two different boards
(even of the same type) are a little different. The
monitors have no problem locking onto these
signals, but the difference causes a magnetic
“beating” of frequencies in the fields.

This beating is the ripple you see. The vertical
sync is most noticeable because it is at a low
enough frequency our eyes can perceive it. In the
original game this was no problem because the
two sides of the board set used the same master
oscillator. The only solution I can give you is to
use as much shielding as possible between the
two yokes.

In the cocktail games you must make sheet
metal cones to fit over the yoke assemblies and
silicon them in place. In the uprights you can get
away with a sheet between the monitors.

Make sure you ground the shields to earth
ground and the chassis.

Norte

Eswatis a System 16 Sega pinout PCB but in the
Sega USA kit they have included a Sega to
JAMMA interface board and a JAMMA harness.

Hantarex MTC
9000 Sync Problem

PROBLEM

Try to lock in the composite sync on the monitor
and all you get is garbage.

SoLutioN

Most games today use the negative composite
sync setup but when this monitor is hooked up
that way there is no sync. The manual says that
Pin 1 on jack CB is ground, Pin 2 is the negative
vertical sync and Pin 3 is the negative horizontal
sync. This is incorrect.
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Correct PiNouT

Pin 1 is the negative horizontal sync, Pin 2 is the
negative vertical sync and Pin 3 is ground. This
should take care of the negative composite sync
hookup. You will still have a problem with the
vertical sync lock in. As with Hantarex’s 9000
series monitors you must not connect the nega-
tive vertical sync Pin 2 to the negative composite
sync line from the game board.

HantarexMTC
9000 Blank Screen

SYmPTOM
Blank screen - no high voltage. This applies to all
Hantarex monitors Model MTC 9000.

All transistors in B+ regulation section check
good, as well as TR15 horizontal output. R105
turns into a toaster element, and the chassis
becomes a sandy beach.

Cure

Watch out for this one gang! This is my third
Hantarex Model MTC 9000 that has done this.
The problem is the EHT (flyback) transformer.
TH2 Hantarex PN 28026030. This baby is gone
south. If you look close, you might notice a nice
little hole punched through the case along with
a bit of melted plastic near the ferrite core. Better
order an extra one for stock.

Wells Gardner
19K4604 Vertical

Symprom
Partial vertical collapse or small frame.

SoLution

Check resistor R317 on the top right hand side
of the “VERT” board; it should be 2.2 ohms and
is probably open circuit.

Hog

1991 Update: Monitors

Reduce Picture
Width WG 7601

SYmPTOM

The picture on your newly converted game is too
wide and the monitor is a Wells Gardner 7601.
Adjusting the horizontal width coil shrinks the
picture, but not enough.

Test

The next natural step is to measure the B+
voltage. B+ should be at 123 volts on this moni-
tor. If can be measured at Pin 4 of the voltage
regulator (IC4).

CHEeck

If your B+ is higher than normal, but not high
enough to activate the x-ray protection circuit,
you would have a similar symptom. Our B+
checked OK...

Cure

Reducing the value of capacitance of C37 on the
monitor easily solves the problem. Our symptom
was originally encountered when a Double Dragon
II was converted to an MVP.

Ramon, (our senior technician), found out that
by increasing the value of C37, the picture got
wider; by decreasing the value of C37, the pic-
ture shrunk.

VALUE SELECTION

In this case we ended up connecting a 0.22 MFD
capacitor in series with the existing C37 which
has avalue of 0.15 MFD. This gave an equivalent
value of approximately 0.09 MFD.

FormuLA

The formula for total capacitance of two capaci-
tors in series is (CT)=C1 x C2/ (C1+C2). If you
don’t feel like doing the math, just use your
capacitance tester.

The final step is to fine tune the picture by
readjusting the horizontal width coil.

By the way, our MVP is doing great and we sold
the Double Dragon Il PCB and Header.
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Galaga Older
WG Monitors

SYmPTOM

The screen on the Midway Galaga video, which
uses the Wells Gardner monitor, changes to a
dominant green or blue background with verti-
calretrace lines. The color amp drivers are all ok.

CAuse

More than likely, it’s CRT failure. The indication
is that there is probably oxidation particles
laying between the electron gun and either the
heater or G1 grid.

SoLution

Since this is a very old and used monitor, before
you replace it (on what now is a marginally
profitable game) try this: Blow it out!

I have had good results blowing off these shorts
with a B&K brand CRT rejuvenator. This test
unit provides a charge designed to free the
internal tube elements of shorts from small
particles and will either cure it or finish it for
good!

ElectrohomeGQO7
Dead Monitor

Symprom
Monitor appears completely dead - power supply
voltage too high.

SoLution
Replace capacitor C511 (47 microfarad, 160
volts).

CAuse

Failure of C511 causes false triggering of the x-
ray protector circuit in the monitor. This causes
the monitor to shut down. This symptom may be
intermittent, causing the monitor to operate
some of the time but shut down occasionally.
Examine C511. If it is the original capacitor,
change it!

ElectrohomeGO7
Curved Picture

SympPTOM
Sides of picture are curved instead of straight.

SoLution
Replace capacitors C517 (100 microfarad, 16
volts) and C518 (220 microfarad, 16 volts).

CAusE

The curved sides of the picture are an effect
known as “keystoning.” The screen will appear to
be narrower at one end than the other.

ElectrohnomeGQO7
Power Supply

Symprom
Monitor appears completely dead; power supply
voltage O volts.

SoLuTION
Replace resistor R902 (2 ohms, 7 watts).

CAuse
Monitor fuses will be okay but nothing works.
R902 is open!

ElectrohomeGO7
Blank Screen

Symprom

Screen will appear blank but will show raster
(white screen) when brightness (screen) control
is turned up. Vertical retrace lines (diagonal
lines) will also appear on the screen. No picture
is visible.

SoLution
Replace transistor X304 or X305 (or possibly
both). X304 and X305 control the video output
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transistors on the “neck” board of the monitor.
When one or both of these transistors short
circuit, the video output transistors will shut off.

ElectrohomeGQO7
Bright Picture

Symprom
Picture too bright - video appears “smeared” or of
poor appearance.

SoLuTiIoN

Capacitor C107 (10 microfarad, 250 volts) bad or
broken off. C107 is on the neck board of the
monitor. This is a common failure item.

The capacitor will often be obviously bad with
electrolyte leaking out of the bottom (looks simi-
lar to the appearance of a leaky dry cell battery).

ElectrohomeGQO7
Vertical Line

SympToM
Vertical line on the screen. Width coil (L502)
broken.

SoLuTioN
Resolder the width coil or replace it.

W-Gardner 4600
Keystoned Picture

SympTOM
Picture “keystoned.”

SoLuTiIoN
Replace capacitor C614 (33 microfarad, 25 volts).

CAusk

As with the Electrohome GO7 monitor, this
capacitor failure will cause the sides of the
picture to curve and be narrower at one end than
the other. Capacitor C614 is on the main printed

1991 Update: Monitors

circuit board of the monitor, directly beneath the
plug-in board that contains the horizontal and
vertical deflection circuitry. This capacitor must
be mounted in a bent over position or it will
interfere with the mounting of the plug-in board.

Wells Gardner
4900 Horiz Line

SYmMPTOM
Horizontal line on the screen (loss of vertical
deflection).

SoLutioN
Replace resistor R313 (470 ohms, 7 watts).

CAuse

This is a very common problem in this monitor.
Resistor R313 open circuits. It will not appear
bad to look at it, but will test bad with a meter.

This resistor is vertically mounted on the corner
of the printed circuit board.

W-Gardner 4900
Jumpy Picture

Symprom
Jumpy picture. Bad solder joints on capacitor
C313.

SoLuTION
Resoldering capacitor C313 will stabilize the
monitor.

Wells Gardner
Modea 19K 4914

PROBLEM

Last year at Six Flags Over Texas, one of our
Gauntletmachines baffled us with a very strange
problem. When the game sat inside an arcade
there was sound but no picture. I checked the
fuses and B+ voltage, and both were okay.
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After borrowing another department’s truck, we
brought it back to the shop. We turned it on and
the picture appeared nice and clear, as if it has
never been gone. First suspicions included alose
socket, so we checked it over and gave the game
a pretty healthy jarring around. The picture
stayed rock-solid. We even let is run for a day in
the shop and found nothing wrong. So, like
dummies, we trucked it back into the arcade.

Keep in mind that the only time games can be
moved around at S.F.O.T. during the season is
after two in the morning. We all had worked very
hard that day and putting this Gauntlet game
back into one of the arcades in the park was all
that stood between us and going home.

Since it worked fine in the shop, we drove
around, setitdown, plugged itin...and rolled our
eyes when the sound came on but the picture
tube stayed dark! We roughhoused it a bit, but
it didn’t help. Back on the truck for a trip back
to the repair shop.

The next day I plugged in the game. We are in the
shop now, and you've guessed correctly: the
blasted thing works in here! We checked it over
again, beat the holy daylights out of it in hopes
of causing it to screw up, and the picture never
wavered once. So we trucked it back out into the
park again that night.

Guess what happened?

By this time Gauntlet, a pretty massive game,
enjoyed a free ride into and out of the park three
times at ungodly hours. Each time it behaved
like new in the shop, but shut off in the arcades.
Other Guantlets in the arcades worked fine, but
not this one.

Finally I decided to let the machine have its fund
and run in the shop until it gave up and shut off.
Sure enough, the picture blinked out after 24
hours.

SYmPTOMS

One clue to work with: every time there was no
picture, there would be no high voltage and the
heater wouldn’t light up. Both these voltages are
driven from the high-voltage transformer whose
primary connects to a chassis-mounted transis-
tor, Q352.

7

The B+ voltage was still fine, and the oscilloscope
proved the video signals were reaching the moni-
tor.

An oscillator circuit uses Q352 to drive the high-
voltage transformer. Sticking the ‘scope probe
on R364, an oscillating signal was definitely
present; but when I touched the probe to the
base lead of the transistor’s mounting socket,
the screen suddenly lit up! The heater came on,
and the high voltage brought a nice, sharp
picture to the screen.

But the instant I removed the probe, everything
downstream shut off. Aha! I touched and re-
moved the probe several times, and the screen
responded simultaneously.

INTERMITTENT VIDEO PROBLEM

SOLUTION

I shut off the game and removed the monitor.
After upending it on the bench, a close look
revealed the problem: the base lead of the tran-
sistor socket had a cold solder joint where it
joined the main PC board. I could clearly see a
dark ring around the socket let. I discharged
everything, plugged in the solder iron, and
sweated the joint. After remounting the monitor,
I plugged in all the cables and turned on the
game. This time the picture came on and stayed
there, no matter how much vibration we gave it.
It passed the acid test that night when we took
it back to the arcades; it came on fine and has
performed beautifully ever since.

CAuse

A lot of games out there use this monitor. Its
design says if transistor Q352 does not get a
signal, it shuts off the heater voltage and the
high voltage. The monitor as a whole is still
electrically hot, however, because a loss of
flyback-transformer action will not affect the B+
voltage (unless the flyback shorts out, in which
case it will blow the fuse).

If you have any manuals for this monitor, check
them to see if Q352 is labeled as such. Atari’s
first printing of their manual for it, TM-283, left
out the reference number on the schematic.

Write in Q352 above the transistor if it is miss-
ing.
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HantarexMTC
9000 Pix Width

PRrOBLEM
Picture width has changed and there is no
control of the horizontal amplitude control.

SoLution
Replace capacitor C42, 4.7uf/50 volts.

CAUsE

Hantarex makes use of transistors Tr 16 and Tr
17 as aresistive load control circuit in series with
the bridge coil B3, horizontal linearity coil Bl
and the horizontal yoke to control the amplitude
of the picture width.

Capacitor C42, shunts the collector circuit of Tr
17, to provide an AC signal path. When C42
becomes open the picture will decrease in width
and even with Rv 4 turned to maximum width
amplitude, Tr 17 will still not provide the AC
shunt required for the signal.

Norte

One of the reasons that C42 will become open is
that it is located near R97 which gets warm and
tends to dry this capacitor out.

Wells Gardner
13K7801 No Raster

MobEeL
Wells Gardner Monitor Model 13K7801

SympToM
No raster.

CAuse
Burnt trace on monitor PCB between capacitor
C36 and flyback transformer.

SoLuTioN
Repair trace and verify operation.

1991 Update: Monitors

De-Zapping CRT
High Voltages

SuBJECT

Here is another useful solution to an old prob-
lem, I am not the sole inventor; in fact, I am not
even sure how long this has been around.

PROBLEM

Getting zapped when disconnecting the high
voltage lead to a CRT. This can occur even with
the time-honored test lead/screwdriver set up.

SoLution
The De-Zapper, make it yourself! Here’s how:

-Take two to three feet of ground strap or ground
braid, or even #10 stranded wire.

-Strip an inch of insulation off each end.
-Solder an alligator clamp to one end, and install
an old probe on the other.

-Tape the entire length with electrical tape.

PROCEDURE

With the clamp on chassis ground, the probe tip
can be easily slipped under the rubber HV boot
and the lead unclipped from the CRT without
fear of being zapped. Also, it can be used for
pulling “down” the collector tab of transistors
(ex.: in pinballs/skeeballs) for momentary “on
state” testing.

Bortrom LiNE

It’s easy to carry, handy to have and almost free
(check your junk box). It’s also safe. I have not
been zapped for years (from a CRT anyway).

Sanwa Monitor
Sync Problem

PROBLEM

When converting a Data East Karate Champ
cabinet to Bally /Williams Pigskinyou’ll find that
the Sanwa Monitor will not sync properly and
will become jittery.
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SoLuTioN

Run an additional line from pin 6 on the monitor
to the vertical sync output on the game board (for
vertical sync).

Norte
Upgrading the .47ufd capacitor on the power
supply to 47ufd will stabilize the jittering.

W-Gardner 7000
SeriesVertical Roll

PROBLEM

Vertical rollover on the top (this is in a Teenage
Mutant Ninja Turtles) and horizontal lines in the
middle of the screen. Capacitors check good.
Changed the vertical output transistor. Adjusted
the 50-60 control. Still no luck.

SoLutioN

Check D25, it might be open. If that doesn’t do
it, try evaluating R80. It might be out of toler-
ance. Replace it if it has a slightly higher value
than specified (even a couple ohms difference).

W-Gardner 4900
Vertical Foldover

PROBLEM
The picture has a vertical cut off or a folded over
edge on one side of the screen.

SoLuTioN
This sounds like a Nintendo C407 capacitor
problem, but this is a Wells Gardner monitor.

Well, the solution is also similar. Capacitor C311
4.7ufd 160vdc in the vertical section is baked
open. Replacing the cap will restore your picture
to normal again.

W-Gardner 4600
Screen Control

PROBLEM
Little to no screen control (brightness).

Symprom

Adjusting the screen control makes only little
change on the screen, yet the black level control
will bring up scan/retrace lines on the screen.

SoLuTIoN
Resistor R419 (330K ohm) is open.

ReAsoN

With R4 19 open, the screen control circuit feeds
off the black level line making the black level
control act like the screen control to some de-
gree. Replacing R419 will give you the screen
control back again.

Build a Monitor
Test Station

WHy SHoutp | HAve A Monitor Test STATION

Good question. One good reason would be to aid
your troubleshooting efficiency. First off, simply
because it is easier to troubleshoot a monitor on
a bench than in a game. Second, you can do all
those monitors that have been sitting around for
years at one time, making your labor cost effi-
cient.

Ilike to organize my week into: monitors one day,
power supplies the next, and video problems
after that. If you can do this, it makes your
troubleshooting time easier on you, and more
cost efficient.

Another reason for a monitor test station is to
split video problems in half. By hooking up the
monitor to the test station, you can establish
whether it’s the video board or the monitor. This
can be done by mounting your Monitor Test
Station on a cart with wheels. It then can be
taken to any part of your shop quickly and easily.
It could also be putinto a box or a case and taken
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on location to perform the same function as the
shop model. It’s light weight and relative small
size makes it possible to take on the road.

In the shop, or on the road, it can perform the
following functions:

-Converging a monitor

-Adjusting purity

-Verifying picture linearity

-Doing all monitor adjustments after making
repairs (like changing electrolytic capacitors or
changing transistors), before putting the moni-
tor back in the game.

PArts Neepep For THE MoNiTor TEsT STATION

This monitor test station is easy to build with the
aid of some junk videos that have been building
up in your warehouse. It also makes the Monitor
Test Station cost efficient, since most of itis from
junk games.

The cost is somewhere from $0 (if you're creative)
to around $50. Sure beats $300-$500 for a fancy
cross-hatch generator. The first thing you will
need is a CPU/video board, an interface board,
and a ROM board from a Williams Stargate,
Bubbles, or Joust video game. You probably
kitted one of these games and have the boards
around for spares.

Next, you need the AC end of a pinball or video
game. The AC end includes the following:

-AC cord with a three prong plug

-Fuse holder

-4 amp slow blow fuse

-DPST (double pole on/off switch)

-AC on/off switch

-AC line filter (refer to figure 1)

In addition, you need a normally open push
button (any Williams video or pinball has them),
a 5 amp or greater switching power supply with
+5, -5, and +12 volts (Peter Chou or similar type),
and an isolation transformer (can be taken from
any video game but make sure you have the right
terminals). Stranded wire and Molex or Panduit
type connectors will be needed also (you can use
the original Williams video game wiring har-
ness).

PuttiNGg It TOGETHER

Here’s how to put it together. I took the original
metal mounting bracket from Williams Joust
game, with the CPU video board, interface board

1991 Update: Monitors

and ROM board attached to it.

You can use a wooden board, a box, or whatever
works to attach the boards, power supply, and
the isolation transformer to.

Then mount the switching power supply (re-
ferred to as SPS from now on) and the isolation
transformer. I mounted mine on the metal mount-
ing bracket as shown in Figure 1. I also mounted
the AC end (plug, cord, line filter, switch) and the
push button on the front panel to be mounted
anywhere it’s convenient for you to use (under
the bench, on the side of cart, or on a box to take
with you).

Wire the AC end (plug, cord, line filter, switch) as
shown in Figure 1. Then attach the AC end to the
SPS and the isolation transformer as shown in
Figure 1 (be sure to wire the earth or field ground
as shown in Figure 1).

Attach one end of the push button switch to the
ground terminal of the switching power supply
(SPS) and the other end to 2JC.2 of the ROM
board.

Attach a wire from the SPS +5 volt terminal to
locations 2J2.6 and 2J2.4 of the ROM board,
and 1J1.7 of the CPU /video board.

Then attach a wire from the ground terminal of
the SPS to locations 2J2.1 of the ROM board and
to 1J1.2 and 1J1.8.

Attach a wire from the -5 volt terminal (SPS) to
location 1J1.9 of the CPU/video board.

Then attach a wire from +12 volt terminal (SPS)
to locations 1J1/8 and 1J1.5, of the CPU/video
board.

Now wire two long 16 gauge wires to the output
side of the isolation transformer. This will be
connected to the AC input of the monitor under
test.

I use a whole bunch of different AC monitor
connectors to interface the Monitor Test Station
to different monitors. Make sure you have an
earth ground hook up to connect to the monitor
chassis.

Then connect a RGB cable to 1J3 of the CPU/
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video board and the RGB input of the monitor
under test.

OPERATION/TEST

Flip the AC switch on. When the picture comes
up, it will say “High score table reset, bookkeep-
ing totals cleared, and factory settings restored.”

Now push the advance button (the push button)
7 times, waiting each time for the screen to
display the test it’s in. The next tests are monitor
tests:

-Color RAM test (color intensity test)
-Cross-hatch pattern

-All red screen

-All green screen

-All blue screen

-Color bar generator (primary and secondary
colors)

11

The advance button works forward through the
tests, keep pushing it to get through the board
diagnostics until you get to the monitor test you
want. Works the same as all Williams video
games with the push buttons.

WHAT Monitors Wit It Test?

The monitor test station will work on the follow-
ing monitors:

-Electrohome Go-7

-Wells Gardner 79XX’s series

-Wells Gardner 49XX’s series

-Pole Position monitors

-Any monitors with positive sync

Notes

You can add a 7404 to change it to negative sync,
if needed. With an adapter plug for the RGB
cable and a variac for the 100 Vac that Nintendo
monitors require, you can test Nintendo moni-
tors too.
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REVITALIZE YOUR VIDEO!

With STARLJTECH Journal's

VIDEO BRIGHTENER

Increase your profits by increasing the
brillance of your video monitor!

Game play will be enhanced and the
colors will once again be vibrant.
Reclaim those old and faded
video monitors by installing a
SOTJ VIDEO BRIGHTENER!

SAFE & EAsy INSTALLATION
Fitrs AL 11" 1o 36" MONITORS
Foreicn & DoMEsTIC

Extends life Works on all
of weak or makes &
aull monitors models!

and TVs! Guaranteed

Clear Precise Directions For:
o Wells Gardner e Electrohome
e Masushita e« Hanfarex
e Nanao e Sanyo
e Disco e Eygo

Directions Also Included For:
Sony., Hitachi, GE & Toshiba

|:I'------------------'I

O RDER FO RM

| I
| |
| Ship STJ Video Brighteners @ $24 I
| |
I Name: |
: Company :
: Address :
I City/ State/ Zip |
: Please add $4 s/h USA. Other countries add $9 via Air. :
I Star Tech Journal, POB 35, Medford, NJ 08055. I
I Ph:609/654-5544. Fx:609/654-1441. I
| O Prepaid 00 COD (USA only) |
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SERVICE MANUALS

BEST OF STARITECH JOURNAL: MONITORS
From 1979 to 1989. Ten years of video monitor service tips
and symptom/solutions! This manual belongs on every
service bench. Everything from Theory-of-operation to
Troubleshooting is covered for black & white models, X-Y
types and color monitors (US & foreign). Including common
failure modes, specific component failures, suitable re-
placements, testing methods, isolation techniques, modifi-
cations and enhancements for most every video monitor
ever used in the Coin-Op Amusements Industry during the
past ten years! 120 pages, arranged so that you can easily
find the monitor you want by Game manufacturer &

[]Monitor manufacturer. Price $49. (Monitors '90 - '96: $69)
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Atari Tempest XY
Monitor Trouble-
shooting Missing XY
Signal

PROBLEM
No deflection on monitor, LED D800 on, monitor
known good.

CAUSE
Missing X or Y (or both) signal at monitor. But where
to start you ask?

PROCEDURE

Well, the first place to check is at P/J 100, the monitor
input plug. Check pins 7 and 8 (X and Y outputs from
board), and pins 10 and 11 (X and Y grounds).

On many occasions, I've found the male or female
pins to be pushed outwards of their respective hous-
ings, making intermittent contact, if at all, or the
female pins on P100 “reamed out” causing the same.

Asmany times as P/J 100 has been connected/discon-
nected over the past decade, I don’t find that hard to
believe at all. This condition will eventually “fry” that
particular channel, so its a good thing to check when
you have them in your shop.

Next check continuity between J100 and pins T and
17 X and Y out) and 16 and U (X and Y grounds) at
the board thus eliminating poorly crimped wires on
the edge connector.

Well if you still have a problem, onto the board.

SOLUTION
Check the +15vdc (VR3 7815), 15vdc (VR1 7915) and
+6.8vdc (CR5 6.8v zener).

If all are present, replace IC D/E 12 (TL082 op amp)
for the X channel or D/E 13 for the Y channel.

NoTtE

I have never had an X or Y channel problem that this
procedure did not cure. But, if your’s still exists,
replace IC C12 then IC A/B 12 (MC 1495L) for X
channel or IC C13 then IC A/B 13 for the Y channel.
Happy hunting.
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Disco Monitors
Failed Capacitor
Symptoms
& Solutions

Disco monitors models DMC-2090DT-2A/B.I've gath-
ered up my notes and put together an electrolytic cap
checklist of different problems I've encountered over
the years.

PROBLEM

Very hard to sync monitor horizontally with horizon-
tal hold if at all.

SOLUTION
Replace C503 (10u @ 16v).

PROBLEM
Pix shifted slightly to left on right side of monitor.

SOLUTION
Replace C510 (100u @ 16v).

PROBLEM
Pix tends to “wave” inwards symmetrically from top
to bottom on the top third or so of monitor.

SOLUTION
Replace C533 (1u @ 50v).

Note
Keystoning at the raster top is the condition occuring
when cap is completely open.

PRrOBLEM
Pix rolls top to bottom, and looks like it’s being
“poured” out of top left corner of monitor.

SoLuUTION
Replace C401 (330u @ 16v).

PROBLEM
Vertical roll.

SOLUTION
Replace C403 (1u @ 50v).
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Note
You can’t sync monitor vertically with vertical hold
period if this cap is completely open.

PROBLEM
Horizontal lines across top quarter of monitor, but
not quite a foldover effect.

SoLUTION
Replace C407 (10u @ 50v).

PRrOBLEM
Vertical collapse.

SOLUTION
Replace C412 (100u @ 160v).

Note
Dual parallel horizontal lines across center of moni-
tor when open.

PROBLEM
No pix, high voltage low (@ 10KV) or “fuzzy” pix out
of square.

SoLuTION
Replace C006 (22u @ 160v).

Note
No raster condition occurs when cap is completely
open.

PROBLEM
Increase in vertical size.

SoLuTION
Replace C601 (22u @ 160v).

Note
Vertical size will usually take care of this on location.

PROBLEM
Pix shifting to right.

SOLUTION
Replace C602 (470u @ 25v).

Note
Horizontal center will usually take care of this on
location.

Also: While you’ve got that monitor on your bench,
here’s a list of some caps that are probably “baked”
open but don’t really have any adverse effects on the

3

pix quality itself but do provide some filtering and
you’ve already got it out, right, so...

C706 (4.7u @ 250v on neck board)
C005 (4.7u @ 160v)
C529 (4.7u @ 160v)
C203 (220u @ 25v)

Electrohome GO-7
Brightness

SUBJECT

Capacitor C107 (10u @ 250v), as you may all know,
when this cap located on the neck of the board opens
or breaks, your pix is too bright. So your route man
notices this and turns the brightness down, right!

SympPTOM

Now when this machine makes it to the shop what
you’ll see is a horizontally mounted GO7-CBO with
what appears to be a good pix except for the faint
vertical bars running left to right.

SoLuTION

So here’s the point! Before you go and swap out every
electrolytic cap in the horizontal and vertical sec-
tions, to no avail I might add, change C107. It prob-
ably needs it anyway. I always replace them with
caps rated @ 350v.

Electrohome GO7-
CBO Horizontal
Width

PROBLEM

After converting a game you have insufficient hori-
zontal width, and if you could adjust L503 (horizontal
width coil) without it breaking, it wouldn’t be enough
anyway.

SoLuTION 1

Try adjusting your B+ fully clockwise. This will give
you a little more width and it won’t be enough to kick
in the x-ray protection shut-down circuit.
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SOLUTION 2
In situations requiring more (approximately 1 inch+

on each side) change C515 (0.53ufd) to 0.39ufd.

Use polypropylene types and, as always, observe
your voltage ratings (equal or better).

NotE
The 0.39u value has worked well for me several times
although each situation varies.

THE RULE

My general rule of thumb regarding horizontal width
circuits of all monitors I've encountered is the rela-
tionship between the capacitance on one side of the
width coil and the horizontal width itself. Simply
stated: More is Less, Less is More.

Electrohome GO7
Poor Filtering &
Vertical Collapse

PROBLEM
Video “wavers” slowly up and down.

CAUSE
Poor filtering of input to X901 (power driver).

SoLUTION
Replace C905 (10u @ 250v).

PRrOBLEM
Vertical collapse.

CAUSE
Poor filtering of input to deflection yoke.

SOLUTION
Replace C407 (4.7u @ 63v).

Hantarex 19"
MTC9000 Flybacks

SUBJECT
There was a problem with the flyback transformers
going bad on a few of the 19" MTC9000 monitors.

1992 Update: Monitors

SoLuTION

Hantarex has updated this transformer with one of
two replacements. Eldor of Italy is the manufacturer
and part numbers are as follows:

Original - 28026030
Replacement - 28026031 or 28018460 (smaller)

No problems have been reported with either one of
the updated flybacksinstalled. The 18460 isidentical
electrically to the 26031 buy physically smaller.

NortE
This change applies to the 19" model only. The 13"
and 25" have had no reported problems.

Hantarex MTC9000
Horizontal Width

PROBLEM
Having problems getting your MTC9000’s horizontal
width back down to size?

SoLuTioN

Replace C42 (4.7u @ 50v non-polarized). This prob-
lem is especially noticeable after replacing a bad
flyback with the new replacement part.

MTC9000 Hantarex
Flyback Change

SUBJECT

Hantarex monitors seem to be plagued with flyback
problems. A lot of them just fail for no apparent
reason. They claim to have made a better flyback for
the MTC9000 model now, but it is a royal pain to
install.

PROBLEMS
The ground lug is not centered like the original, so a

new hole has to be drilled to accommodate it.

The screen control hits the metal frame around the
high voltage section so that has to also be cut.

A caphastobechanged also, to use the new one (C36).
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Thaveinstalled 2 of them this week and only time will
tell if they will hold together.

OT1HER MODEL
Another Hantarex monitor that has mucho problems
is the little MT3000. It is used on earlier Merit
Premier Darts.

I'would guesstimate that they have better than a 50%
failure on the flyback. They claimed to have a better
one for this model, but I found a lot of them die also.
Iwishthey would have stuck to the original MTC9000
model. That had fewer problems than the newer
redesigned stuff, seems to me.

THE Goob NEws

Well, there is one bit of good news, they will sell to
anyone directly and the flybacks are priced reason-
ably. The MTC9000 flyback transformer is about $35
and the MT3000 is $20.

Hantarex MTC9000

Composite Sync In-
stallation Note

SUBJECT
I'm not sure if this is common knowledge or not, but
it sure had me scratching my head for a while.

PROBLEM
No vertical hold.

SoLUTION

With Hantarex MTC9000 series monitors, if your
game has composite sync output, be sure to connect
it to the horizontal sync input only.

NoTtE

If you hook it to both vertical and horizontal sync
inputs, (like is done on most other monitors), the
vertical hold will not lock properly.

Hantarex MTC9000
ECG Parts

SUBJECT
I don’t mind the flybacks kicking out, it’s all the
strange problems that it causes:

Not locking the vertical correctly.
Only a red line across the screen, etc.

PROBLEM

The biggest pain in the a.. however, is that there are
no ECG or SK cross reference numbers to the failed
parts.

SoLUTION

I got lucky with a monitor that the factory repaired
and they used ECG replacement parts with the
numbers on them.

The horizontal output transistor and the regulator
that I couldn’t find in the books, but my supplier had
them. The horizontal output is ECG2300, and the
regulator is ECG2311.

Kristel Monitor
No Raster or
High Voltage

PRrOBLEM
No raster or high voltage.

SympTOM

Checking the voltage at pin 2 of IC 202 measures
around 8 volts, and the voltage at the base of Q202 is
at near 0 volts.

SOLUTION

I've had this problem twice, and it has been C212
(4.7ufd 35vdc) that had gone bad each time, replace
and your up and running again.
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Kristel Monitor
Raster Loss
Low DC Volts

PROBLEM
Loss of raster.

SympTOM
Loading down of the monitor +12vdc on the power

supply.

SoLuTtioN
Diode D204 (1N4936) has shorted, replace and you’re
back in business.

Matsushita Monitor
Bright Raster

PROBLEM
Matsushita monitor #TM-202 G has picture that’s
too bright with horizontal retrace lines.

SympTOM
B+ (180vde) low (@ 125vdc).

SoLuTiON
Replace cap C559 (4.7u 250v), it’s open.

Matsushita TM-202G
Improper Sync

SUBJECT
Matsushita monitor TM-202G used in early/mid
1980’s Atari Games.

PROBLEM
When turned on, monitor will not sync for two min-
utes if at all.

SoLuTION

Replace C805 (33u @ 160v) with one rated at 250v.
Don’t just check it, replace it as I've had them check
fine in and out of circuit and still not function.
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Nintendo Monitor
Retrace Lines

SympTOM

I had a Nintendo monitor (20-EZV (RC)) mounted
horizontally with a picture that faded from normal to
too bright with retrace lines and so forth.

CAUSE
Started checking the standard capacitors and found
C471, 10ufd @ 160v baked completely open.

SoLUTION
Change capacitor with equivalent value and equal or
better rating.

NotE
Had no jail bars (i.e. hum bars indicating a filter
capacitor failure) on picture.

Nintendo Monitor
Horizontal Tear

PROBLEM
20 EZV(R-C) horizontal tear.

SympPTOM

Monitor appears to be out of sync. Adjusting horizon-
tal hold causes high voltage to increase and shut
down monitor.

Checked IC401 and sync amp. TR204; both checked
fine.

SOLUTION
Replace capacitor C459 (100u @ 16v). It’s open.

Nintendo Monitor
Black Bars

PRrOBLEM

Nintendo monitor 20-EZV(R-C) with black bars (jail
bars) running vertically across monitor (mounted
horizontally).
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CAUSE
Capacitor C471, 10u @ 160v is baked open.

SOLUTION
Replace capacitor with component of equal or better
rating.

Nintendo Monitor
Bad Pix Quality

PROBLEM

Nintendo monitor 20EZV(R-C) (mounted horizon-
tally) with poor picture quality. Pix will appear to be
normal at left and gradually become too bright on the
right and sometimes appear to have a horizontal
keystone effect.

CAUSE
Poor filtering of the horizontal input to the flyback.

SoLUTION

Replace C472 (100u @ 160v) it’s open. While you’re
there change C471 (10u @ 160v) because as you may
have noticed from previous articles, C471 can cause
a couple problems.

NortE
Replace these caps with those rated @ 250v.

Sanwa Monitor
Vertical Foldover

SympTOM

Vertical foldover problem with Sanwa 20 inch color
monitor #20116DU. Used in Kung Fu Master game or
its conversion cabinet.

SoLuTioN
Part C320, 4.7mfd @ 160v radial capacitor. Remove
and replace.

Sanyo Monitor
Black Vertical Lines

SymMpPTOM
Black vertical lines on Nintendo (Sanyo) monitor.

SoLUTION
Replace C302. Rating: 1mfd @ 50 volts.

Sanyo Monitors
Problems
& Solutions

SUBJECT

After seeing a couple of articles on the Sanyo moni-
tors (Model 20=EZV) that are used in Nintendo video
games, I felt that some follow up was in order.

Following is a list of the more common problems
associated with Sanyo monitors.

PROBLEM

Vertical foldover (also appears as a partial shrinking
of the top of the screen). This is the most common
Sanyo monitor problem.

SoLUTION
C407 (10uf@ 160v) a high temp. range will extend the
life of the cap. (i.e., -55 to +105 C).

PRrOBLEM
Black bars (jail bars) - mentioned in the July 1991
STAR[OTECH Journal.

SoLuTioN

C471 (10uf @ 160v); could also be C472 (100uf @
160v),C467 (1uf@ 160v), C468 (330uf@ 25v), or C469
(220uf @ 25v).

PROBLEM
Wavy picture.

SOLUTION
Voltage regulation problem, most commonly Q901 or
IC601.
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PROBLEM
Horizontal tear.

SOLUTION

After checking the horizontal hold potentiometer,
check C459 (100uf @ 16v) - this capacitor also causes
multiple images before drying out completely.

PROBLEM
Brightness too high (can’t adjust down).

SoOLUTION
R478 (1 ohm, 1/4W).

The following are less-commonly reported problems
as listed by our service technicians.

PROBLEM
Brightness too low (can’t adjust up).

SoLuUTION
C303 (10uf @ 50v).

PROBLEM
Black vertical lines.

SoLUTION
C302 (1uf @ 50v).

PROBLEM
Horizontal sync problem along the top edge of the
screen that won’t adjust out.

SOLUTION
Change R491 from 100k to 75k ohms.

WG K4600 Vertical
Deflection

SympTOM
No vertical deflection. Vertical/Horizontal PC board
tests fine. Yoke tests fine.

CAUSE

-15v from flyback is shorted. -15v goes to Pin 3 of
P301/J301 of vertical/horizontal PCB but we verified
that the PCB was good.

SoLUTION
The 15 volts also supplies voltage to the neck board
for the color cut-off circuit. One of the color drive cut-

1992 Update: Monitors

off pots was bent and shorted. Replacing the pot
solved the problem.

NoTtE

This problem shouldn’t occur too often, but if you are
experiencing an intermittent problem with these
symptoms, check these pots.

Wells Gardner Horz
Output Transistors

PROBLEM

We have received some complaints of horizontal
output transistors failing more than once in the same
chassis.

CAUSE
The problem appears to be related to the damper
diode (D18).

SOLUTION

We highly recommend that anyone changing the
horizontal output transistor (Q11) also change the
damper diode (D18) at the same time. This takes care
of the multiple failure mode.

If any operators or service personnel have questions
regarding the proper diode to use, please contact

Chuck Hedrick, Manager Parts and Services, Wells
Gardner 312/252-8220. Fax 312/252-8072.

Wells Gardner K7000
No Raster,
No High Voltage

PROBLEM
No raster.

SympPTOM
No high voltage, B+ high (130-160vdc).

1C2,1C4, Q10, Q11, D10, D12 and C36 known good.

CAUSE
Poor (if any) filtering of B+ out of regulator IC4.
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SoLUTION
Replace C57 (47uf @ 160v) with one rated @ 200v).

NortE
Check this cap. especially if high voltage is intermit-
tent.

Wells Gardner
19K6101 Low B+

SUBJECT
This tech tip pertains to the Wells Gardner 19K6101
monitors (Tempest).

PROBLEM
Monitors had low B+ (181vdc).

SoLUTION
Replace ZD 902 (150v zener).

IN ApDITION
Replace ZD 901 (12v zener) for same symptom.

NoTE

While repairing nine 19K6101 (Tempest) monitors, I
had six with ZD 902 bad and two of the remaining
three with ZD 901 bad. All were leaky and regulating
at wrong voltages causing pot to vary between 110-
165vdc.

Wells Gardner 4900
Vertical Height, Ver-
tical Collapse &
Sync Problems

SUBJECT

A few problems I've encountered with the Wells
Gardner 4900 series monitors (not covered in previ-
ous STAR*TECH Journal articles).

PROBLEM
Vertical collapse (will appear as a fat horizontal line).

SoLUTION
Replace C313 (100u @ 160v).

PROBLEM
Lack of vertical height on top half of monitor that is
too bright with horizontal retrace lines.

SOLUTION
Replace C701 (1000u @ 25v).

PROBLEM
Best description I can give on this one: Monitor is out
of sync.

Displaying “squiggly” horizontal lines across the
monitor approximately 2 inches in height at the
center of the monitor.

SoLuTION
Replace C301 (330u @ 16v) or inspect PCB for cold
solder joints or broken trace in this area.

CRT Alignment

I'd like to say a few words on CRT alignment. Have
you ever replaced a CRT only to find rainbows on
screen? Tried degaussing with no help? Ok, let’s go
over it again.

After replacing the CRT, align the yoke back on the
neck roughly where it was on the old CRT. Snag the
clamp just enough to hold it.

Install the magnets in the same approximate place
on the new CRT that were in the old one (roughly just
ahead of the guns).

NOW, disconnect the RGB lines from the logic board
and install a jumper from +5v to the red monitor
input. Leave the sync connected. Power it up. This
will give you a red screen (on most monitors - some
AC coupled monitors this won’t work, and it’s back to
the shop for the pattern generator). Gently loosen the
yoke clamp and move the yoke back and forth on the
neck to give a full solid color screen without rainbows.
Also, level the screen with the tube outline.

Snug the clamp. Degauss the CRT at this point and
then double check your yoke setting - picture square
and mono colored? Fine. Go ahead and glue in the
rubber yoke wedges.

If the game has an internal convergence generator,
then power down, disconnect the +5v jumper, recon-
nect the RGB lines and use it to converge and purify
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the screen. If not, and no pattern generator is handy,
try this.

With the +5 jumperin place (RGB lines disconnected.
Sync must be connected!), shrink the picture both

horizontally and vertically to get a small square
block.

Connect additional jumpers from +5v to B&G inputs.
The square should now be white, on a black back-
ground. Align the convergence to a single white
square. No R, G, or B “shadow lines” on the edges.
Enlarge the picture horizontally noting any minor
corrections and then vertically.

Power down, disconnect jumpers and reconnect RGB
lines. Put up the game and check it out.

I've been told this method was kind or crude. It is, I
admit it, but it has worked for me.

Happy game.

How To Test For A
Faulty Flyback
Transformer

SUBJECT
How to effectively diagnose a failed monitor flyback
transformer.

PROCEDURE
One “almost” sure-fire way to diagnose a bad flyback
is to check to see if it has any ringing.

WaAT To Look For

It should give a sharp rise followed by a sharp fall
followed by a smooth fall. If the area where it should
be a smooth fall has ringing (up, down, up, down, up,
down, etc.) after it, then the flyback is probably shot.

VisuAL INSPECTION METHOD

Another way is simply by observation. Discharge the
second anode to ground (power off, please!) and clean
the flyback off so you can get a good look at it. Many
times, when they fail, they will blow a slight hole,
crack or swell up.

To do this, power the monitor up through an isolation
transformer powered by a variac.

1992 Update: Monitors

Ground your scope probe’s ground lead to the monitor
chassis.

Take your scope probe and place it near the deflection
yoke.

Set the scope to 50 uS sweep and about 2 volts per
division.

Slowly power the monitor up to about 70 or 80 volts
and observe the waveform.
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Arachnid 6000
Monitor No Hi-Volts

SymMPTOM
Arachnid 6000 (9") monitor with no high voltage.

SOLUTION

Check the peak-to-peak voltage at the base of the
horizontal output transistor. If it is low (should be
around 7 Vpp) replace C14 (4.7uf, 50v) capacitor
located next to the horizontal output heat sink. It
has probably opened up or changed value.

Arachnid
English Mark Darts
Monitor Cap

SUBJECT
The Omni Vision monitor. This monitor is used in
English Mark Dart games.

PROBLEM

When servicing, be aware of improperly marked
polarity on the PC board for capacitor C48 (100uf
@ 25v, radial). The silk-screened markings are
wrong.

SoLUTION

When reinstalling this capacitor, take note of the
proper polarity. The minus side goes to the collec-
tor of transistor Q5.

Data East Lethal
Enforcer Fuzzy Video

SympTOM
Video is not crisp or seeing double characters.

CAuse

The game uses a mirror to reflect the image from
the monitor and this is the cause of the double
imaging. There is nothing wrong with the game.

It appears almost as a ghosting problem on your
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home television except it is up/down instead of
left/right. The mirror is reflecting the monitor
image from two points, one from the mirror mate-
rial on the back of the glass and the other from the
top surface of the glass itself.

The second image is much weaker than the first
and should not cause any problems for players.

Electrohome Temp
Capacitor Fix

PROBLEM

As you all may know, when C511 (47ufd @ 160v)
fails, oris failing, it can cause a couple of problems
from no raster to intermittent raster with an
oscillating high voltage.

SOLUTION

The solution, of course, is to replace C511. But
here’s a little “tech tip” you can pass on to your
route men - or for your techs too busy to swap it
out on location.

Simply take an electrolytic cap (even a value as low
as 2ufd will work) rated @ 160v and connect the
negative side to ground and the positive side to the
monitor B+ (120v).

NotE
Although this will work for months, this is strictly
a temporary repair procedure, for as you know, if
Cb511 is failed or failing, it is probably one of 4 or
5 capacitors that are doing so (probably drying
out).

PROCEDURE
The easiest way to do this is to:

*Place a “horseshoe” terminal on the negative side
of the cap.

*Loosen the screw on the mounting bracket for
RO1 (22052 @ 25w in the power regulator circuit
on the chassis) and

*Connect the “horseshoe” terminal.
*Then solder the positive side of the cap to the side

of RO1 that goes to the emitter of X04 (Power
Regulator).
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Hantarex MTC 9000
Squeal Off

SymPTOMS

On power up, monitor emits a high pitched squeal.
Noraster. B+ around 160v. Sometimes picture will
come up, but it will be distorted and warped in
some cases.

SoLUTION

C34, (22ufd @ 160v) B+ filter cap gone south.
While you're at it, you might as well replace C42
horizontal width amp cap (47 ufd @ 50v), it prob-
ably needs it.

Hantarex MTC 9000
Excessive Width

SympTOM
Cannot reduce width down far enough to view
entire picture.

PRrOBLEM
This particular monitor encountered was in a
Taito Chase HQ.

PROCEDURE

After confirming that B+ was running at +130vdc,
it was found that in the width coil circuits, C42, a
4.7uf @ 50v electrolytic, was open.

Replacing C42 brought the width down and was
then completely controllable by the Horizontal
Amplitude Control RV4, located on the stand up
PCB with all of the other vertical and horizontal
controls.

LocAtioN

C42 is located inside of the big metal heat sink, to
the left of the flyback, and requires the use of a
needlenose pliers to remove and replace.

Hantarex MTC 9000
Sync Compatibility
Modification

SUBJECT

Most of us are aware by now that Hantarex MTC
9000 monitors will not lock vertically if composite
sync is applied to both sync pins (#5 and 6 on CA
connector).

SoLuTioN 1

The solution to this is to apply composite sync to
the horizontal sync pin only. This works fine, but
wouldn’t it be nice to make the monitors compat-
ible and interchangeable with the rest of the
industry?

SOLUTION 2

The addition of a couple of 1uf capacitors to the
monitor board permits standard sync connec-
tions.

PROCEDURE

Lift one end of R25. Attach a 1uf capacitor to the
lifted end and solder the other end of the capacitor
to the vacated hole. Solder a similar 1uf capacitor
across R35. You should now experience a solid
vertical lock.

NortE
Used was a 50v film type capacitor.

Hantarex MTC 9110
Intermittent Video

SUBJECT
Hantarex MTC 9110 25" Monitor.

SympTOM

Intermittent loss of video, self correcting. Some-
times the monitor restarts voluntarily and other
times only after it's been shut down for a day.

It was suspected that the overvoltage protection
was kicking so, so D10 was snipped on the moni-
tor board and no more shutdown.
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SOLUTION

Add a 10k resistor in series with D10. I appears
that the secondary voltages that the 25" monitor
generates are 10%-15% higher than that of the
MTC 9000 chassis after which the 91 10is modeled
and may be causing random intermittent shut-
down.

Hantarex New
POLO Monitors
High Speed Diodes

SUBJECT

Hantarex has a new line of monitors out desig-
nated by the word POLO. The distinctive thing
about them is that they are built around a switch-
ing power supply. The switcher takes up about a
third of the circuit board and is covered by metal
shielding.

PROBLEM
Hantarex POLO monitors, diode failure.

OBSERVATION

POLOs lately have a shorted D119 in the 12 volt
supply. This completely shuts the unit down as
the 12v supplies the horizontal oscillator.

TEST

A quick check for this is to find the 7812 regulator.
Right next to that is a board jumper that leads to
the switching section. This jumper is the input to
the regulator and goes to Ov when the diode
shorts.

REPLACEMENT

The diodeisaBYV28/200T. The unit seems rather
particular about what you put in there too. At first
was used a similar size diode out of a scan-derived
voltage source from a scrapped Hantarex 900
chassis. The POLO came up but a wisp of smoke
from the “new” diode warned not to let is run more
than a few seconds.

SOLUTION

The switching supply runs many times faster than
the 15kHz horizontal frequency, so even many
“fast switching” diodes are no fast enough. The
original part cured the problem in both cases.

1993 Update: Monitors

Hantarex MTC 9000
Raster Lines

SympPTOM
Horizontal lines at bottom or top of the raster.

CAUSE
This condition is caused by a non-linear vertical
waveform as viewed with the oscilloscope at TP3.

SoLuTION
Change capacitor C9 (100uf, 35v) in the vertical
amplifier circuit.

Hantarex M71-3000
Common Failures &
Causes Used In
Merit Premier Darts

FAILURE
No Picture, No High Voltage.

CAUSE/SOLUTION

This is the most common problem with the moni-
tor. It is often caused by a defective flyback trans-
former but other sections of the monitor can also
cause this symptom.

Keep one thing in mind, this monitor is not like
typical monitors, its filament voltage is directly
driven off the B+ line and not from a derived
voltage from the flyback. This means the filament
can light even without high voltage present.

First covered will be the non-flyback failures be-
cause you will want to check these components
out before changing the flyback.

TROUBLESHOOTING

eStart with a check of the power supply output
voltage, it could be read at the lead of R28 that is
closest to the back of the chassis.

oIf it is below 9.5 volts then changes are your
horizontal circuit is down somewhere.
o[f it is zero volts check the fuse. The fuse is a 2
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amp fuse of small dimension and sometimes blows
when a bad flyback is present, most of the time
however, the fuse will be intact.

*Take a good look at the circuit board and look for
any hairline cracks.

*Take a reading of the voltage on the emitter of
TRI10. Also check it at R46 to make sure it didn’'t
open. This is where the horizontal IC gets its power
from. No juice here and you will get no picture.

*Next place to look is C10 and C11. Check them
out physically and if they appear good, check them
with a meter or cap tester. They are involved in the
feedback loop to the main power supply regulator
of the monitor.

*Also in the feedback loop is R32, check it.

*Next, take a look at the power supply section
itself. This includes TR7, TR8, ZD1 and any resis-
tors that are in the circuit.

*The last thing to check, before condemning the
flyback, is TR11, the horizontal output transistor.

If all this checks out, then you could be fairly
certain that the flyback is shot - replace it.

FAILURE
No Video, monitor has high voltage.

CAUSE/SOLUTION

This is another common problem. It is generally
caused by a failure in one of the transistors in the
video stages.

TROUBLESHOOTING
*Check TR1, TR2, TR3 and TR4.

*If you find these to be good, check the neckboard
out for cracks and also,

*Check TR201 and TR202 while you are at it.

*Another possibility is the external contrast po-
tentiometer although this is rare.

*Also check TR5 and TR9 which make up the
blanking circuit when the monitor is configured
for a dart game.

FAILURE
Poor or no sync.

CAUSE/SOLUTION
Usually caused by a bad TR1 and/or TR2.

TROUBLESHOOTING
*Check jumper configuration also. See chart be-

low.

TRANSISTOR SUBSTITUTIONS

Original Part # Substitute
BC548 2N5550*

BC558 2N5401*
BDX53A TIP102 or TIP122

* = Install transistor backwards.

FAILURE
Picture brightness too high and brightness con-
trols have no or little effect.

TROUBLESHOOTING
*Check the derived flyback voltage circuits. The
most common part to go is R75. It will open up.

eIf it is good, check D9, D10, R64, R65 and ZD2.

Do O~ Every REPAIR

*Check the condition of all electrolytic capacitors.
You don’t have to measure them but look at their
casings to see if they are heat shrunk. If they are,
you may want to consider changing them.

*In general, if C10 and C11 look like they are over
ayear old, change them on general principle. They
seem to take a beating and commonly fail.

*Also, make sure the jumper configuration is
correct, check it against the chart below.

*Most importantly, make sure the DAG (picture
tube) ground is attached to the connector on the
neckboard. If it is left off, it will usually trash TR1
thru TR4.

*When finishing up, make sure the B+ is set at
10.8 volts.

JUMPER CONFIGURATION FOR PREMIER DARTS

SP10 - FS2
SP11 - FS5
SP12 - FS7
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Hantarex Polo 25"
Monitor Street
Fighter II CE
Horizontal Output

GAME
Street Fighter Il Champion Edition

FAILURE
Horizontal Output Transistor (HOT) shorted.

REPAIRS AND CHECKS

Hantarex customer service techs advised to check
R229, a 1 meg ohm resistor for an open condition,
T113 (horizontal drive xsistor) and D134, D135 for
a shot condition. None were defective. After replac-
ingT114 (BUS08A) with an EGC2302, the monitor
was powered up, which takes a few seconds before
the high voltage appears, and a bright blue screen
came on. This was traced to R228, a high wattage
resistor mounted on stilts on the neckboard. It
had broken loose from the copper traces on the
solder side, turning the blue gun on - all the way.

CAuse

This, of course, loads T114 via the flyback, which
is probably why it failed. A good idea might be to
reinforce R22 and R25 on the neckboard. Maybe
something could be done at the factory level to
reinforce this fragile area.

Matsushita Monitors
Dim Screen

PROBLEM
When powered up, screen comes up real dim. After
10 to 15 minutes, screen is normal.

SOLUTION
Replace C406 (1mfd, 160vdc) in the blanking
section of the monitor.

1993 Update: Monitors

Matsushita Vertical

Hold Cap For Atari
Pole Position

MoniTOoR
Matsushita 19" monitor.

GAME
Used on Atari’s Pole Position games.

PROBLEM
Vertical Hold will not lock-in, getting a rotating/
looping effect with the picture on the screen.

SoLUTION

Found C405 (2.2ufd 25vdc) a Tantalum Capacitor
in the vertical section of the monitor bad, replace
and verify.

Merit Pub Time
Darts Vertical
Height And

Linearity Problems

SympTOM

On Pub Time Darts by Merit Industries using the
Hantarex 9" amber colored monitor, you may have
insufficient vertical height and bad vertical linear-
ity on the monitor.

That is, it has wide-spaced horizontal lines near
the top, badly crunched two thirds of the way
down, then too widely spaced the rest of the way
to the bottom of the screen.

PRrROBLEM

Thinking this was the monitor at fault, a different
video signal was substituted and the monitor
displayed a decent picture. The monitor was put
back into the game and the voltage was turned up
on the power supply. A decent picture appeared
after a voltage of 5.35vdc was reached. Knowing
this board did not have to be at this voltage to
display a good picture, something must be going
out (borderline operational) on the board.
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SOLUTION

Eventually replaced was the TMS9118 Display
Controller, U25, with a TMS9128 which is pin for
pin compatible. The 5vdc adjustment was then
able to be returned back to normal.

SOURCE
Merit has had problems with their TMS91 18 chips
and has begun to substitute the TMS9128 in it's
place. It is available from the factory, parts sup-
plier Semitech, or your favorite Texas Instrument
dealer.

Sharp XM-2001M
Horizontal Problem

SYMPTOMS
1) Horizontal wrap-around of video image.

2) Horiz-Centering has no effect.

3) “Clattering” sound as Horiz-Hold is adjusted -
sometimes triggering shutdown circuitry.

SOLUTION
Replace C609 (100uf 16v). This cap leaks (electri-
cally speaking) although it will test good.

Sharp Image 27"
Monitor Purity
Problem

SUBJECT

The degausser on the large 27" Sharp Image
monitor is between bad and poor. (The degausser
is an electro-magnetic device which demagnetizes
the monitor and cleans up bad color areas caused
by external magnetic fields - it is activated each
time the monitor is turned on.)

SoLUTION

The only trustworthy way to have a good picture
without a purity problem is to use a dedicated
external degaussing coil.

SOURCE

Can be purchased from MCM Electronics (toll free
at 800/824-8324). Their prices range from $14.20
to $29.95 per unit.

Wells Gardner K7000
Hi Voltage
Shutdown

SympTOM

Monitor goes into high voltage shutdown from
unregulated B+ and the regulator (STR3130) is
not shorted.

On power up, audible high voltage whine can be
heard coming in, then, just as quickly, voltage
drain can be heard. B+ around 160v. No raster.

NoTtE

You can read the value of the high wattage, 180
ohm resistor mounted on the side of the chassis if
it isn’t shorted.

SoLUTION
C57, (47ufd @ 160v) is baked dry. Sometimes cap
will be domed on top, but not always.

Wells Gardner K7000
Blown Safety Caps

PRrROBLEM

Blue colored safety capacitor (C36) shots out and
blows the line fuse and maybe the B+ Regulator.
One side may be split or blown off. This problem
may cause you to spend a lot of time, especially if
you find the H.O.T. (horizontal output transistor),
transformer and the AC rectifier diodes good.

IDENTIFICATION

The number on the cap, which is a four legged
device, is .0061 @ 1600v. The Wells Gardner part
number is 046X0551-003.

SOLUTION
Of course, this safety cap must be replaced with
the exact part number.
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Wells Gardner 79XX
Series: Shadows,
No Pix, Blown Fuse,
No Regulation,
No Horizontal Sync

PROBLEM
Shadows or what appears to be shadows on half
the screen.

SOLUTION
Replace C57, a 47uf/160v capacitor.

PRrOBLEM
No picture. Fuse is good. Glow in the neck of the
picture tube.

SOLUTION

Replace C57, a 47uf/160v cap. Poor filtration of
C57 on the output of the regulator causes the high
voltage shutdown circuit to kick in.

This cap seems to account for many problems,
since it filters the B+ voltage out of the regulator.
This is a good place to start troubleshooting. It is
the first thing to change in a no picture situation,
where you have high voltage and no blown fuse.

PRrOBLEM
No regulation. 157 volts at R301 instead of 123
volts.

SOLUTION

Apply a load resistor (500 ohms, at least 5 watts)
across R301 and the chassis (be careful! this is
123 volts dc) while measuring the voltage across
load resistor. Ifitregulates to 123 volts, itisnot the
regulator but probably the horizontal output tran-
sistor.

PRrOBLEM
Blown fuse F1, 2 amp SB.

SoLUTION

This is usually the high voltage output transistor
Q11. Take it out and take a resistance measure-
ment and compare it to a known good transistor.
Emitter to Base is around 47 ohms both ways

1993 Update: Monitors

because of the biasing resistor internal to the
transistor.

This could also be the regulator IC4, or diodes
D19-D22, the bridge rectifier.

PRrROBLEM
No horizontal sync.

SOLUTION

If you have 19k volts at the picture tube anode,
then it’'s IC2. Sync problems usually are generated
at this IC or its associated circuitry.

Wells Gardner K4914
Horizontal Tear

PROBLEM
Horizontal tear when the monitor is cold, but
seems to correct itself when it warms up.

SOLUTION

Replace C354 (47uf @ 25v). Readjust horizontal
hold and horizontal shift to properly center the
picture.

Wells Gardner
13K7842 Vertical
Collapse

PROBLEM
Intermittent vertical collapse on Wells Gardner
13" monitor.

CAuse
C40, a 2200mfd at 35vdc capacitor is drying up.

SoLuTION

Replace it. This capacitor is in a hard to get to area
- next to the flyback transformer and dries out
because of the heat and little ventilation.
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Wells Gardner 4600
Vertical Centering

SympTOM
Poor vertical centering.

SOLUTION

If the yellow vertical centering jumper doesn’t give
you enough “up” displacement of the video, try
adding a resistor in parallel with R649 (1.8K). A
680 ohm worked well.

A 500 ohm resistor in series with a 500 ohm
potentiometer placed in parallel with R649 should
give some fine adjustment range. Refer to the
diagram below.

Wells Gardner 79XX
Series Black
Monitor Plague

No Pxx
No Picture, No Raster.

PoSSIBLE SOLUTION

This is sometimes caused by a bad electrolytic
capacitor @ C57 (47mfd @ 160v) but, sometimes
not.

CHECK

R89 has a cold solder joint from excess heating of
R89 (not out of the ordinary for a right cabinet) or
R89 has broken away from the pad or trace on the
flip side of the circuit.

9

This breakage is sometimes deceiving. It looks OK
at first glance but upon closer examination with a
magnifying light glass, you can see the break
around the pad of R89.

Checking with an ohmmeter is also deceiving
because the pressure from your meter probes can
“make” the circuit.

In fact, sometimes this problem manifests itself by
way of an intermittent black screen, most of the
time in a location that turns their games on/off at
night and in the morning.

THE CURE
The fix is simple enough, just wrap a wire around
the leg of R89 and “electrically” reattach to the
circuit with solder. “Electrically” reattach because
the circuit goes to many points, make sure they
ohm out.

Well Gardner 79xx

Series Component
Upgrade

Wells Gardner has decided to upgrade C57 to a
.47ufd at220v. In addition, they are upgrading the
temperature rating from 85 degrees C to 105
degrees C. Any repairs that you make in the field
should have this change done as a matter of
routine.

This should extend the usable life of the monitor
chassis by several thousand hours.

Regarding R89, some monitor cabinets have in-
side temperatures that exceed the 55 degree C
monitor ambient temperature specification. This
can accelerate, or cause R89 to self-heat and
reflow the solder in that circuit.

Electrically and thermally strain relieving the re-
sistor should prevent or repair a circuit failure of
R89. In addition, it is recommended that more
ventilation be installed in cabinets, or positive
ventilation be installed in such cabinets, i.e., a
fan.
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Wells Gardner 25"
Monitor
Dim Display

SympTOM

The symptom is that on a Wells Gardner 25"
monitor, the display is going dim. You can turn the
brightness all the way up, and if you turn the HV
up the picture starts to fade. The monitor is fairly
new, only a one year old model and you know that
it’s supposed to last longer than this.

CAuse

The Wells Gardner model #7000 and on up moni-
tors us e capacitor-coupled RGB input, and if your
board has alot of Vdc bias on the video signal it will
“swamp” the monitor input.

SOLUTION

If this is your case, (measure for Dc on these video
lines) try putting 5K pulldown resistors on the
RGB outputs from the PCB.

Wells Gardner #7131
Out Of Focus

Display

SymPTOM

This problem has happened on several Leland
Super Off Roads. Left half (right down the middle)
is darker, out of focus and has waves in the
picture, the right half is crystal clear.

SOLUTION
Change cap C57. This part has been upgraded to
a 47uf capacitor at 200v DC and 105 degrees C.

This part is available from Wells Gardner under
part number 45x0580-026. Replace the old C47
with this upgraded part.

1993 Update: Monitors

Zenith 9-227-01
Vertical Foldover

SympTOM
Vertical foldover.

CAUSE
Check C2103 100uf/35vradial capacitor. Replace
and verify.

Troubleshooting
Monitors With An
Audio Gen (Part 1)

SUBJECT

Part of the problem is that big pile of monitors in
the corner that aren’t fixed but may be repairable.
Until we know for sure they will continue to take
up space and cost us time and money.

TROUBLESHOOTING VERSATILITY

One of the most useful tools for your video bench
is an audio function generator, also known as a
sine and square wave generator.

Coupling this tool with your scope you can:

*Check electrolytics in circuit.

*Check flybacks in or out of circuit.
*Check entire horizontal circuit in seconds.
*Check diodes and transistor junctions.

*Decide whether to repair or junk chassis before
you tie up precious hours!

SELECTION

A usable generator should put out both sine and
square waves, the sine being the one most used
here. It should have a variable output from the
millivolts up to about 10-12 Vpp. A frequency
range of 10Hz to 100kHz is adequate, most will go
higher. For your monitor bench, great sensitivity
and incredible bandwidth are not needed. If that
saves you any money it's good to know.
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CONNECTION

Referring to Figure 1, connection is very simple.
The output of the generator is paralleled with the
input of the ‘scope, and the two lines come out as
test leads. (Note that the ‘scope is obviously an old
model.)

The output of the function generator is normally
50 ohms or a little more and can safely be shorted
to itself. This is the basis of most of the testing
described here - noting what the device under test
(DUT) does in terms of loading down the generator.

Ser-Up

Most electrolytic capacitors test well at 3kHz or a
little more. To calibrate your system set the fre-
quency here and set the output to maximum, or at
the maximum before the output clips. Set the
scope to a setting that just over-scans the screen,
then back off the generator to give a full waveform.

TESTING

Now, try touching the probes to several different
values of electrolytics. In Figure 2C, a 1mfd cap
will leave jut a trace of a ripple. All higher values
give a direct short indication - if they are good.
Thus, you can go through a chassis, guided only
by the symbols on the solder side, and check every
cap onitin seconds, or atleast not many minutes.

If you get a waveform, you have only to check
topside to find that:

1) The hole was not stuffed in this model,
2) The cap is 1 mfd or less, or
3) You've found a bad cap.

CapaciTorR NOTES

Sound too easy? There are a few cautions. The first
is that this check is only for internal resistance. If
the cap has merely changed value, this may not
show it. However, electrolytics are not usually
specified to be precision parts. This check finds
more actual trouble making parts than most check-
ers that give value.

Another caution is that a shorted cap, or avery low
impedance circuit can cause a reading that is
erroneously good. If you suspect that might be the
case, merely unsolder one of the leads and try the
cap out of the circuit.

OFFSET
Some generators have a feature that can help you

11

here, too. If your machine has a D.C. Offset control
available, just set it off a half a volt. Then a short
will give you a O volt reading, while a good cap will
give you that offset. (This is assuming you are
using D.C. coupling on your scope. See Figure 3).
When in doubt, us an ohmmeter, although shorted
caps in monitors are rare.

SAFETY FIRST

Of course, a strong caution is in order here too.
This device is strictly cold chassis! Make sure
power is off each time you make a measurement.
Beware of some of those big power caps too, which
can hold charges for weelks if the fuse blow or the
board is cracked. You just got that function gen-
erator - don’t smoke it!

GROUNDING

Another possibility for false indications is a ground
path. Your test signal has a ground side, as most
scopes and generators do. If you are working on a
chassis that has other test equipment hooked up
to it, then hooking the “hot” side of your probes to
the grounded section will ground the waveform
and make you think the cap is good. If you work
with chassis that are completely disconnected
from other units this will not be a problem.

Borrom LINE

With all these cautions, there is one thing you can
be sure of. A cap that fails to short out your signal
is bad and should be replaced. As you stand
looking at an unfamiliar chassis and wondering
whether a cap job will help, such an inventory will
tell you a lot in a short time.

Figure 1 Connections
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Figure 2A (Full Waveform)

Figure 2B (Shorted Signal -Good Cap)

Figure 2C (1 mfd)

1993 Update: Monitors

Troubleshooting
Monitors With An
Audio Gen (Part 2)

FLYBACK TRANSFORMERS

Ahyes, the flyback! You've got a pile of those in the
corner too, don’t you? Some of them were replaced
on a hunch, then you found another problem, and
it just is not worth it to solder it back in for testing
purposes, not to mention wear and tear on the
circuit board. So here you are, stuck with junk
that's too expensive to throw away!

Most flybacks can be easily tested on our little unit
here, again with high accuracy. Refering to Figure
4, the input terminals are marked with the X’s.
These are the terminals to hook your probes to. If
you don not know which these are, say for that
used part on your shelf with the question mark on
the side, then do an ohm check for continuity.
Ring each set of pins that has continuity. A good
reading anywhere in the unit would tend to indi-
cate a good part.

To test the flyback, sweep the frequency between
10 and 100 kHz. Somewhere there should be a
strong resonant peak, where the amplitude goes
very high. This indicates a good transformer. At
this point you can take that fearsome high voltage
wire and short the clip to the pins on the bottom
and see the waveform fall as you load it down. Due
to the controlled voltage and current used, you
can even shot the voltage through your hand, but
don’t let that become a habit when the unit is
operational.

This test is most effective on line voltage monitors
where the transformer input runs at about 120
volts. It will work on those little 12v dart monitors
too, but the resonant peak will no be as high. In
this case, it is a good idea to compare your suspect
to a known good one before calling it good or bad.

HorizontAL CIRCUIT

This test can be performed in-circuit by connect-
ing between chassis ground and the collector of
the horizontal output transistor.

In this case you are not only check the flyback, but
the entire section, including:
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to yoke

Figure 4 (Fivback Circulf: "X* Marks the Primary)

—X

horizontal ocutput —_—

transistor

=
3

j M-Vs

*Output transistor (C-E shorts)

eDamper diode (often internal within transistor)
*Scan-derived voltages, associated diodes
*Deflection yoke

There are three main differences between check-
ing this section as a whole and just ringing the
flyback. First, some of the coils and capacitors are
there to tune the flyback, and so the resonant
frequency will change. The textbook norm is 47kHz,
but it is very common to see them anywhere from
15-70 kHz. Secondly, there is now more “stuff”
loading down the circuit, so the peak will have a
lower amplitude. Nevertheless, there should be a
definite peak. Thirdly, there is now a damper diode
involved, so we should only expect to see half the
waveform (Figure 5b). When in doubt, check your
reading against a known good part or chassis.

If it fails to allow a peak, then steps should be
taken to localize the problem. First disconnect the
collector of the output transistor. This can often be
done by just removing the mounting screws. Each
time you disconnect anything, re-check the circuit
to see if the short is gone.

It's a good idea to take about 90 seconds at this
point and check any diodes on scan-derived sup-

plies - basically any diode tucked away in the
flyback area. Again, you are looking for that diode
waveform of Figure 5b. Any diode that reads as a
direct shot should have a lead lifted and be re-
tested. Although a shorted diode will tend to pull
down the readings on all of these in circuit, there
is often a subtle difference between the short and
other diodes.

Don’t allow this test to take up very much time,
though, because the flyback is now your biggest
suspect. You are only testing the diodes because
they can be checked very quickly. Also in this
category is the deflection yoke. It is rare for them
to short on game monitors, but hey, a plug in part
- pull the plug.

Most flybacks can be unsoldered cleanly enough
to check them without even removing them from
the board. Take any shortcuts that will work, but
make sure of each step. Dogs, for the most part,
tend to be technician created. Poor procedure,
assumptions, installing wrong parts, making prob-
lems instead of fixing them - we all have our
moments. Let’s try to keep them farther apart.

Regarding dart monitors mentioned previously,
there is another trick your little oscillator can do
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too. When the monitor is fixed (you hope) but you

can't test it on your RGB fixture and the machine

Fgure Sa (Good Flyback) — is on location, there is a way! Switch the generator

Il— to square waves and tune it to about 31kHz. Feed

that into the input of the monitor and turn the

output down a bit to give a good balance of light

and dark. You will probably see a tweedy, out of

sync pattern. Rock the frequency a bit and presto,

two vertical black bars and two light bars! This is

strictly a go/no go test and can be useful for

checking brightness and contrast, but not for

setting size. Do not try to set horiz or vert holds by

this, instead adjust the frequency of the generator.

If, however, the monitor fails to come up you just

saved yourself a location trip, and your reputation
as the company that “gets ‘em fixed” is intact.

N .

TRANSISTORS
We have already looked at diode testing. Closely
related are transistors. This tester is of lesser
value here, but the probe in the hand is often the
fastest. A transistor is two diodes, the base being
the middle of the sandwich. Thus, between the
base and the other two legs one should get a diode
reading. C-E should read open except for some of
those fancy transistors with an internal diode.
Some Darlingtons also have an internal resistor E-
B, so suspect parts should be checked against a
known good one. Actually, in circuit resistance
and especially capacitive coupling tends to make
many such measurements involving transistors
~I “iffy.” You'll still find some this way, but watch
I your time. You may have better success with a

I _—_—I VOM.

One aspect of transistors may be of interest. That
is the tendency of the E-B junction to zener at 6-
) 7 volts (Figure 6). If your oscillator puts out this
Figure 6 (Top Clipping:Zenering E-B Junction) high of a voltage you can see this happen. Aside
o from helping you identify the Emitter and the
Collector, it doesn’t help you much but it is
interesting.

- Figure 5b (In Clrcuit w/Damper Diode)

Other uses for this set up include amplifiers and
power supplies. Even when repairing other prob-
lems it can be reassuring to give them a quick cap-
scan before sending them out. The high frequency
used is especially compatible with switching sup-
plies. You can also test the diode on a pinball coil
without desoldering it, at the same time checking
the coil for short turns. Or run down the row of
drivers on a pinball CPU and pick the shorted ones
I right out. Or check the traces on a logic board for
continuity or shorts one to another.
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Another caution would seem to be in order. If you
are checking on a logic board it is probably a good
idea to lower the oscillator voltage somewhat.
Microprocessor parts get more sensitive all the
time.

15

Modifying Medium Resolution Monitors
To Standard Resolution

QUESTION

Is it possible to take a medium resolution monitor
and downgrade it to a standard resolution moni-
tor? The application might be useful for a conver-
sion. What's the difference?

ANSWER

Yes, medium resolution monitors differ from the
standard resolution monitors used in video games
in a couple areas.

For one, medium resolution monitors use a differ-
ent horizontal frequency than standard resolution
monitors. The reason? Better resolution (of course).

The “almost” NTSC standard resolution systems
are so-so at best for 19" monitors and absolutely
lousy at 25" and above.

Game designers who want to get a decent picture
at 25" and to show off all the “little things” in their
games, a higher resolution than the standard was
needed. The medium resolution systems are the
equivalent of EGA in the IBM world.

MobIFYING

Yes, you can (sort of) convert those medium reso-
lution monitors to “standard” frequencies. The
easiest way to do it is by comparing a Wells 4915
(MedRes version) schematic to the 4902/03
(StandRes version) schematic and doing the ap-
propriate changes to the horizontal oscillator cir-
cuit.

BorTtom LINE
The only snag is that the yoke may need to be

changed and the convergence may not be perfect.
Although it can be done, it is not recommended for
game use as the dot pitch will never be exact. Some
applications, though, might not be fussy about the
shortcomings: such as a test set-up, etc.

STAROTECH Journal Subscription Form
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Capacitor Data Sheet for Monitors
MANUFACT CHASSIS PLACEMENT QU VALUE_ VOLT DIGIK
4 F 1 ¢ & &t &+ § & 3 & & £ fdodet 4+t T 1 F 4%+ &+ ¢ b bbb b bt o4
Electrohome GO7-CB 504 1 1.0 S50 Pe260
Elactrohome GO07-CB C407,C408 2 4.7 100 P6292
Electrohome GO7-CB cd1l1 1 100.0 160 P6182
Electrohome GQ7-CB C506 1 33.0 25 P6237
Electrohome G07-CB C403,C701,C517 3 100.0 25 P6239
Elactrohome GO7-CB c318 1 220.0 25 P6240
Electrohome G07-CB €523 1 1.0 160 P6416
Electrohome G07-CB €521 1 2200.0 25 P6244
Electrohome G07-CB c412 1 3.3 160 P6418
Electrohome GO7-CB C905,C107 neck brd 2 10.0 250 P6&lesB
Electrohome G07-CB 0511 1 47 .0 160 Ps181
Nanao KB240331D (523 1 100.0 50 P6268
Nanao KB240331D C524 1 47.0 160 P6l8l
Nanao KB240331D C(C527,C409,C416 3 10.0 100 P6293
Nanao KB240331D° (526 1 1.0 160 P6416
Nanao KB240331D (906 1 22.0 160 P6179
Nanao KB240331D 910 1 47 .0 16 P6226
Nanao KB240331D (£413.C406,C412 3 470.0 16 P6230
Nanao KB240331D (418 1 2.2 160 P6417
Nanao KB2403310 C407,C502 2 10.0 25 P6248
Nanao KB240331D0 (C511,C417,C411 3 220.0 35 P6253
Nanao KB240331D C503,C505,C510,C401 4 1.0 50 P6260
Nanao KB240331D (410 1 1.0 50 P6260
Nintendo 20-EZV <302 1 1.0 50 P6260
Nintendo 20-EZV C301,.€303,C406 3 10.0 50 P6264
Nintendo 20-EZV 464 1 22.0 63 P6280
Nintendo 20-EZV C458 1 47 .0 50 P6267
Nintendo 20-EZV C459 1 100.0 25 P6239
Nintendo 20-EZV C469 1 220.0 25 P6240
Nintendo 20-EZV C468 1 330.0 25 P6241
Nintendo 20-EZV C467,C408 2 1.0 160 Ps417
Nintendo 20-EZY C407.C471 2 10.0 250 Péles
Nintendo 20-EZV C410,C472 2 100.0 160 P6182
Wellas-Gardner 19K4626 C201 input brd 1 1000.0 35 P6&256
Wells-Gardner 19K4626 C407 input brd 1 470.0 35 P6255
Wells-Gardner 19K4626 C311 v/h brd 1 1000.0 35 P6256
Wells-Gardner 19K4626 C313 v/h brd : 1 47.40 50 P6267
Wells-Gardner 19K4626 C315,C362 v/h brd 2 10.0 250 P6188
Wells-Gardner 19K4626 C359 v/h brd 1 4.7 160 P6419
Wells-Gardner 19K4626 C310 v/h brd 1 22.0 16 P6224
Wells-Gardner 19K4626 C306 v/h brd 1 2.2 50 P6261
Wells-Gardner 19K4626 C356_v/h brd 1 4.7 25 P6247
Wells-Gardner 19K4626 C61Q 1 47.0 160 PelBl
Wells-Gardner 19K4626 C&619,C617 2 1.0 50 P6260
Walls-Gardner 19K4626 Ceid 1 33.0 25 P6237
Wel ls-Gardner 19K4626 C613 1 220.0 23 P6240
Wel ls-Gardner 19K4626 Ce24 1 100.0 25 P6239
Wel ls-Gardner 19K4626 Cca2s 1 10.0 160 P6188
Wal ls-Gardner 19K4626 c622 1 1000.0 35 P&256
Wells-Gardner 19K4626 C623 1 470.0 25 P6242
Wal ls-Gardner 19K4626 c633 1 2.2 50 P6261
Wel la-Gardner 19K4901 C310,C702 2 10.0 250 P&l88
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Capacitor Data Sheet For Monitors

How To Use THE CAPACITOR DATA SHEET
*First, look up the monitor to be repaired by manufacturer or chassis number.

*Use Digi-Key (DIGIK) part number to order caps.
*All caps are SU-type with 85 degree Centigrade rating for temperature.
*Don’t forget to check the QU column for quantity.
*Value (VALUE_) and Voltage (VOLT) are given for convenience.

*Placement gives the location on chassis.

NoTtESs
*On the Wells Gardner 19K4626 chassis, “input brd” refers to the Input board,
“v/h brd” refers to the Vertical/Horizontal board.

*On Electrohome GO7-CB chassis, C107 is on the neckboard.

*On the Wells Gardner 19K4901 chassis, C351 is mounted over diode D306
(“D3060ov Dio” on spec sheet).

*The capacitors for chassis 19K4901 are the same for most of the 19K49xx
series of Wells Gardner monitors.

( Parts Source: Digi-Key Corp 1-800/ DIGI-KEY.)

Capacitor Data Sheet for Monitors (continued)

MANUFACT CHASS5I3 PLACEMENT OU VALUE_ VOLT
Wellz-Gardner 19K4901 Cc308, 302 2 2.2 160
Wells-Gardner 15K4901 C701,C201 2 1000.0 35
Wel ls-Gardner 19K4901 €307 1 47.0 160
Wel ls-Gardner 19K4901 C311 1 4.7 160
Wel ls-Gardner 19K4901 c3l3 1 100.0 160
Wella-Gardner 19K4901 C301 1 330.0 50
Wells-Gardner 19K4901 Ca06 tant 1 2.2 16
Wells-Gardner 19K4901 C315,C351,D3060v Dic 3 1.0 50
Wells-Gardner 19K4901 352.C354 2 47 .0 50
Wells-Gardner 19K4901 506 1 22.0 160
Wel ls-Gardner 19K4901 C366 1 22.0 25
Wel ls-Gardner 19K79XX Cc57 1 47.0 160
Wells-Gardner 19K79XX " C56 1 22.0 160
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HaANTAREX Poro 25” MonNimoR Test Paterv & B+ HITER
HaNTAREX MTC 9000 SHut DownN TEesT
Anr Wonrp Rauy witH 25” HANTAREX MONITOR

KRisTEL MoNImOR ARACHNID 6000 Darrs No Vibeo

KRristTeEL MoNmorR W Avy VIDEO

ArACHNID DARTs OMNI VisioN MoNmoR Repucep VIDEO

AracHNID DARTSs MoNITOR UNSTABLE VIDEO

ARACHNID 6000 Seres DART GAMEs Darr HEap DesRs

SHARP MoNITOR XM1801N Dousle IMAGE
W elts-GARDNER 25” Color MoNmOR T SHOOTING
W eus-GARDNER 4900 Camcitor Kits
W ens-GARDNER 4900 VerncAL FODOVER
W eus-GARbNER K7000 No HigH Vouage
W eus-GARDNER K7000 Monmors W asHeD OuT Pix



HANTAREX PoLo 257

MonNITOR TesT PATTERN
& B+ FiLTER

SympTOM
Noisy video.

CAUSE

At first glance it’s not clear if this is a monitor
problem or possibly a bad ground or maybe even a
faulty power supply. Hantarex now provides a slick
way to quickly narrow down the cause of these types
of problems by providing a built-in test pattern.

PROCEDURE

To turn on the test pattern, find the remote adjust-
ment board. On it you will find a 2 pin jumper
labeled Test. Jumper the pins together.

SOLUTION

After installing this jumper, it was found that the
noise was present even on the test pattern. This
indicated conclusively that the monitor was at fault.

The problem turned outtobe C121. This

1994 Update: Monitors

a fraction of a second then shutting down. All the
filter caps were OK and there wasno garbage on any
of the B+ lines.

ProBLEM

Found R94 burned open, when replaced and the
voltage on C57 was checked, it was found to be low
(this should be about 26V), and R94 was starting to
get hot again. The problem turned outtobe IC 1 a
TDA 1670 vertical deflection IC (sub with ECG
1862).

SoLuTION
To confirm this, disconnect pin 14 of IC 1 and re-test

voltage on C57, the monitor should also power up
now without vertical deflection.

ATARI WoRrD RALLY WITH
25”7 HANTAREX M ONITOR

SuBJECT
When doing your conversions with a game like

100mfd cap is the main 138 volt B+ filter.
Hantarex was very helpful in explaining
thatthiscap hasatendencytobe bumped
due to the handling of the monitor dur-
ing game production since it sitsout near
the edge of the monitor board.

More than likely, one of the leads broke

internally and was arcing, thus causing
the noise on the video.

HaANTAREX M TC
9000 SHut Down
TEST

SympTOoM
Hantarex MTC 9000 was coming on for
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World Rally by Atari, it really
pays to use a new 25 inch moni-
tor. Driving games have a much
longer life than most other video

games. (Most operators are still
running Pole Positions from
1980!)

o b s b i e ]

— )

r

CABINET/MONITOR

The big problem with doing a
conversion with World Rally is
choosing the right cabinet. If you
installitin an ten year old cabinet
your new game won’tearn what it
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should. You might be better off
giving your money to the Red
Cross for flood relief. If you are
seriousaboutearningmoney, you
need to have anew 25” bigscreen
monitor for your game.

+ —
-

L N

_.r..'.. .

Two factors are of major importance with the moni-
tor. The first is the size of the monitor. Not all 25”
monitors are the same size! The difference is the
angle of the CRT. Most setshave a 100 degree tube.
The new Hantarex 25” Polo has a 110 degree tube
which makes it about 2” shorter in depth. This can
be very important when installing the game in a
cabinet where a 19” monitor came out of.

By THE NUMBERS
The numbers that are important are 22-5/8” wide
and 16-5/8” deep and 20-5/8” high. This monitor
weighs almost twice what a 19” monitor does. I do
recommend using metal brackets and/or carriage
bolts to properly secure the monitor. Most games
were made with the front a little less than 24”
because they get the maximum yield

from their wood. This gives an inch side
clearance in the horizontal position. If
you make a cardboard template of the
side view of the monitor and hold it to
the side of your potential kit cabinet, you
can tell real quick if it is a good choice.

"NoTt ALL
25" MONITORS

Tl

ARE THE SAME
sizel”
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KRISTEL MONITOR
ARACHNID 6000 DARTS
No Vibeo

PROBLEM
Raster, but no video.

CAUSE

Upon repair of the monitor it was discovered what
wasbelieved to be the cause of the problem,a NUT!
When removing the PCB from the monitor chassis
a Dart Head Nut fell out from between the two
assemblies. Although Dart Head nuts and washers
falldown into the drawer on occasion, thisis the first
time it caused a problem like this.

SoLUTION

As a result of the above, D301 (1N4627, and
ECG137H will do also) a 6.2 volt Zener Diode
shorted out, bringing the base of Q302 to near
ground potential, resulting in turning Q301 off,
cutting off the video signal.

KRisTEL MONITOR
W avy VIDEO

PROBLEM
Swiggly/wavy video at the top part of the screen.
Hard to adjust out, if at all.

SOLUTION

There are two possible causes, both related to each
other, that have been found. First, you may have a
broken solder joint on C206 (1 ufd 50 Vdc). Or
second, C206 is open, which would have the same
effect as a broken solder joint.

NoOTE
If you find it’s a case of a broken solder joint, check
C206 any way. If questionable, replace.

1994 Update: Monitors

ARACHNID DARTS
OmNI VisioN MONITOR
Rebucep VIDEO

PROBLEM
Small or reduced in size picture on screen. B+
voltage check out O .K.

SoLuTION

Found D14 (MR 818 or ECG506) and C18 (330ufd,
16 Vdc used in monitor, although schematic shows
it to be a 470ufd, 16 Vdc) to be bad.

ARACHNID DARTS
MonNITOR UNSTABLE
VIDEO

SuUBJECT
Arachnid 6000 Series Darts

PRrROBLEM
Unstable picture and/or sync with little to no con-
trast screen control.

SoLuTION

At first look you might think it’s a monitor problem
but it’s not. Found Q1 (2N2222 or ECG123A) on
the Main Game Board leaky, sending a video signal
to the monitor that’s weak and unstable.

ARACHNID 6000 SERIES
DART HEAD DEBRIS

PrROBLEM
Nutsand washerscomingloose from the Dart Head,
fall down into the drawer, possibly causing major
problems.
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SympTOM

It’s evident to see why this could happen because
the cutouts are just below the Dart Head, which are
rightover the Power Supply and Monitor. Although
I experienced a monitor problem from the above,
you may experience other problems in the Monitor
or even in the Power Supply.

SOLUTION

To eliminate this problem you need to get some
nylon fly screen about 4” by 22”7, and some spray
glue or rubber cement.

» Start by removing the cables that go through the
cutouts on the dart game, and set them aside.

» Take the nylon fly screen and measure 2” down
from each 4” side, then fold or crease to a 90 degree
angle.

* Now measure 1-1/2” down from the 90 degree
bend, then fold or crease to a 90 degree angle again.
It should look like a long J strip, which will be used
to cover the bottom cutouts.

* Apply the glue or cement to the area where the
screen will meet around the back, bottom and lip of
the cutouts.

* Install the screen so that the 2” part is on the back,
the 1-1/2” partison the bottom and the restis on the
bottom lip, cut off any excess passed the lip.

* When done, cutaslithorizontally just longenough
to let the cables pass through over the cutout above
the monitor.

* Keep it close to the left side and next to the lip of
the cutout, all that’s left is to reconnect the cables.

Now you have one less problem to worry about.

NotE

Donottrytoblock offthe cutouts completely, if you
do you may have a serious over-heating problem
then. The cutouts act as vents for the Power Supply
and Monitor to reduce the heat build up in the
drawer. The heat rises up through the cutouts up to
the vents on top of the back door, like a chimney is
used for a fireplace.

Some games may not have vents on the back door,
simply cutout a couple of 4” squares about 6” down
and from each side on top of the back door. Glue a
5” square of fly screen around the cutouts and your
done.

SHARP M ONITOR
XM1801N DousLE
IMAGE

SuBJECT
Sharp Monitor XM1801IN used in Nintendo VS
Table Games.

PRrROBLEM

Rolling and/or double image picture on screen.
Adjusting the V-hold will lock the sync in, but a
double image picture still remains.

SoLuTION

C514 (100ufd/16vdc) has decreased in value. Sus-
pect one finally stabilized at around 7ufd! Replace
C514 to restore picture to normal.

Wells Gardner 25”
Color Monitor
T Shooting

Symprom

A Terminator2video game witha 25" WellsGardner
color monitor that suddenly went “greenish white”.
The background got very light with a green tinge. In
order to get the background neutral again the green
screen must be turned all the way down. The other
drive controls had to be remixed to get some sort of
balance.

ProBLEM

Now, the background is black, but the color isn’t
right. It looks all blue and red and turning up the
green drive screws the picture up. Obviously, some-
thing failed. Any clues? Where do you start?

SoLUTION

First thing to be done is to use the built-in monitor
test patterns (very nice to have, thanks Williams!).
Check the various color screens and color bars.

© 1994 STARLTECH Journal, PO Box 35, Medford, NJ 08055. Phone: 609/654-5544. Fax: 609/654-1441.



6

T’SHOOTING

If you want to determine where the problem is,
simply switch the color wires around at the monitor
connector. If the problem moves with the wire, the
board is at fault, if it stays with the color then the
monitor is at fault. From there, you then start to
troubleshoot the bad unit (monitor, CPU or wiring
harness).

W eus GARDNER 4900
CapP Kits & VERTICAL
FOLDOVER

PROBLEM
Vertical foldover on the 4900 model monitor.

Symprom

After replacing all the capacitors supplied in your
monitor capacitor upgrade kit, you still have verti-
cal foldover.

SOLUTION

C308 (2.2ufd @50V) is a common cause of vertical
foldover on these monitors and is not included in
any of the “Get Well” kits currently available. So, if
the cap kit doesn’t cure what ails ya’, try replacin’
C308!

W ELLs GARDNER
K7000
No HiGH VoLTAGE

SymMpTOMS

Wells Gardner K7000 series. No high voltage. B
positive too high: 140 to 160 Vdc. High voltage shut
down.

SOLUTION
Note: All checks done with no power to monitor.

1994 Update: Monitors

* Check fuse F1
If F1 is open, replace it —but don’t apply power to
monitor yet.

* Check Q11 horizontal output transistor for short.
Place your digital meter to Diode Check mode.
With the positive (+) lead of your meter to ground
and negative (-) lead to the collector of Q11. The
collector of Q11isthe tabmounted on the heat sink.
If Q11 shows shorted before you pull it out, check
capacitor C36 for short. If shorted, replace it with
Wells Gardner part #046x0551-003.

» After youreplace C36, recheck for shorted condi-
tion of Q11. If it’s okay, then...

* Check the voltage regulator (IC4) between pins 1
and 4 —should read on your meter about .184 with
the positive lead on pin 1 and negative lead on pin 4.
If shorted replace it.

MONITOR AT THIS POINT SHOULD START UP.

e With monitor running, check B positive IC4 pin 4
—should be between 123 Vdc and 130 Vdec.

e If monitor runs, then shuts down after about 5
minutes—replace D 18damperdiode evenifit checks
okay.

This should solve most all your high voltage prob-
lems on this monitor.

W eus-GARDNER K7000
W asHep OuTt Pix

PrROBLEM
Washed-out picture on K7000 series monitors. Con-
trast and brightness controls do not help.

SOLUTION

Q1,0Q2,Q3 are bad. Although they measure good,
replace all 3. On some 13” monitors there are 3
unmarked 9.1V Zener diodesabove R7,R8and R9.

These may be open, also.
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Building An Observation Monitor
ELecTROHOME GO 7 Full Beam Symptom
HanTAREx MTC9000 33" Tube Shut-Down
HanTarex MTC9000 25" Clicking

HanTaRex Polo Monitor Capacitor Change

KoRrTtex Monitor Parts Source

PentraNICc Monitor Blooming Update Kit

W eus GARbNER Horizontal Range Cap Change

W eus GARDNER Killer Instinct FET Failures
W eus GARbNER Horizontal Output Modification

Monitor Repair For Dummies:W e.Ls GARDNER 7000 Chassis
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Buibing AN OBservaTiON MoONITOR
The best way to show off that hot new game is to build and install an observation monitor.
Even if a crowd has formed around the game, people passing by can still see the game
being played with this additional monitor —-mounted on top of the game.
THE GOAL ELECTRICAL

I originally built one for Street Fighter II Champ a
few yearsago.I knew that someday I would have to
move it to the next new hot game that I wanted to
feature. I designed it so it could be attached to
cabinets with different pitches without the need for
additional hardware and could be installed in min-
utes. Since then,ithasbeenusedon Mortal Kombat,
NBA Jam and now MKII.

CONSTRUCTION

The box that houses the 197 CRT (just grab any
color RGB video game monitor) is of basic con-
struction. Simply a box made of particle board and
covered with a wood grain laminate. A groove has
been cut into the front to hold the glass. Inside the
box, mount the monitor with an isolation trans-
former. Attach a power cord to the isolation trans-
former and run it out the bottom of the box.

The real secret to the design is the ability to adapt
to any cabinet and the ease of wire hook up.

MECHANICAL

The monitor box is attached
to the cabinet by a pair of
hinges that are bolted to the
front of the monitor box and
screwed to the top of the
game cabinet. The rear of
the monitor boxissupported
bytwo turnbuckles which are
screwed into eyeboltsthatare
bolted to the box. So that no
matter what the pitch hap-
pens to be, just unscrew the
turnbuckle down until the
proper angle is achieved.

The second feature is the ease at which the monitor
plugs in without damage to the existing wiring. The
monitor adapter board I made consists of a printed
circuit board with two male connectors (a six pin
and a three pin) which were removed from an old
chassis board. Traces on the PCB run to both ends.
Connected to both ends are a set of the appropriate
wires (Red, Green, Blue, Gnd, CompSync). On the
ends of the wires are the female connectors —a six
pin and three pin.

After the adapter board is built,
the installation goes as follows:

INSTALLATION

Remove the RGB connector from the game moni-
torand plugitinto the male connector ofthe adapter
board. Take one of the female connectors from the
adapter board and plug it into the game monitor
(lower).The other female connector runsup through
the cabinet, out ofa vent or hand hold in the cabinet
and up into the bottom of the
monitor box and plugs into
the observation monitor (up-
per). Plug in the power cord
of the upper monitor and ta-
da, your done.

IN THE EnD

At the trade shows, you will
find manufacturersusing ob-
servation monitors to help
selltheir games. Now you can
use them to increase the
moneyin your cash boxesand
they also come in handy for
tournament play.
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ELectROHOME GO7
Fuw. BeEam SymptOom

SymMpTOM
Trouble with a Electrohome GO7-CBO: The beam
is at full strength.

STATUS

Changed transistors X303 and X304, and all the
capacitors that are normally associated with this
circuit. The blanking pulse is present.

The only difference between this chassis and a

working chassis is that the 12v on the base of X303
dropsto about 5 volts and in so doing, cuts X303 off
to the point that it cannot control the beam.

SoLUTION

Check C107. It’s the 10mfd @ 250vdc capacitor on
the neck board. It causes symptoms similar to those
described above.

HanTAREX MTC9000 33”
TuBE SHUT-DOWN

Symprom
An MTC9000 33” monitor was brought in and on
power-up, it would shut down immediately.

If the monitor was turned off and on in two second
intervals, it would fire up. But when completely
turned off, the same result again, it shuts down
immediately.

SoLUTION

I found C35 to measure only .89mfd when actually
it was supposed to be 22mfd @ 25v. After this
capacitor was changed, the monitor fired up every
time.

NoTE
This same symptom can also be caused by C34
(22mfd @ 160v) being off value and R94 burning

open.

The reason for the R94 (3.9 ohm) resistor opening
isusually because too much current isdrawn. Check
IC1 (TDA 1670) or C57 shorting out.
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HanTAREX MTC9000 25"
CUCKING

SympTOoM

I'have some mystery trouble with thismonitor. had
low High Voltage and replaced the flyback. Now I
get arapid clicking sound from the main board and
corresponding flashes in the picture tube. When it
stops, the picture is badly washed out and out of
focus. I can’t see any sparks even in the dark.

SoLuTION 1

Did you look at that 22uF @ 160V cap in the B+
circuit? That will cause weird problems when itison
the wayout. Value there isnot too critical, you could
sub a 33uF or 47uF @ 160v in its place. The cap is

located roughly dead center on the chassis.

SoLuTION 2

Thave encountered thison one occasion also, seems
hopeless doesn’t it? It drove me nutz for about 2
hours. Finally I got out my trusty scope and once
again it saved the day.

Your problem liesin IC 1 (TDA1670A) Check out
pin 1 and 12 you will see the waveform is not steady,
it willcutin and out along with the B+ voltage trying
to reach its peak.

HANTAREX PoLo M ONITOR
CapraciTOR CHANGE

SuBJECT
Hantarex Polo 27”7 monitor used in Driver’s Edge
(Strata) and Under Fire (Taito).

PRrROBLEM
The capacitorin position C170isthe wrongtype and
may short out after a few months of operation. It is
necessary to replace it with a double metalized
capacitor.

SOLUTION
To obtain a free replacement capacitor contact the
Hantarex Service and Parts Department.

[ Fax #: (708) 843-7244 |

PHONE #: (800) 848-5065
(708) 843-7226

SpecIAL NOTE

Because of physical size, the original capacitor is
located on the solder side of the PCB under the
C170 board location. After removing the original,
the replacement capacitor can be inserted on the
top side of the PCB in the C170 position.

ExcLusive

This modification applies to the Polo 27" only. No
other size Hantarex monitor requires this capacitor
change.
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KoRTeKk MONITOR
PARTS SOURCE

PRrOBLEM

I am having trouble finding someone who knows
anythingabout Kortek monitors.I have one thathas
aripple or hum bar that runs vertical and pulses the
screen. I’ve separated the power supply out of the
circuit and put a load on it, and with a ‘scope on the
load I still have the ripple. I've replaced the zener
diodes, transistors, and all the capacitors in the

power supply but none of that has helped. I also can
not adjust B+.

SoLuTION

Sounds like you need a “Get Well” kit. Zanen
Electronicshas get well kits for the Kortek monitors
as well as tech help on same.

ProNE: 806/793-6337.

PenTRANIC MONITOR
BLoomINGg UprPDATE KiIT

PROBLEM
Thismonitor hashad problems with blooming which
was more noticeable with Jumbo 33 and 38” tubes.

SympTOomM
Quick changesin color have been a major problem;
causing blooming effects.

SOLUTION

Pentranic U.S.A. hasreleased a free kit to enhance
their monitor. Call 317/322-2345 for your free up-
date. It’s worth doing at this price.

Their monitors are very reasonably priced, but the
monitors without this modification are marginal.

W eLLs GARDNER
HoRizoNTAL RANGE CAP CHANGE

PROBLEM
To expand the horizontal range on Wells Gardner
K7000 series.

SoLUTION
Ifyou are adjusting the horizontal frequency on this
monitor, trying to eliminate that one side that hasa

tear in it, and over-adjusting causes the picture to
lose the horizontal sync, try the following capacitor
change:

CuANGE C22
FrRoM: 1 mfd/25 W volts
TO: 10 mfd/35 W volts.

© 1995 STARLOTECH Journal, PO Box 35, Medford, NJ 08055. Phone: 609/654-5544. Fax: 609/654-1441.




1995 Update: Monitors

W ELs GARDNER
Kiuer INstincT FET FAILURES

PROBLEM
FET Failures in U2000 Killer Instinct Monitors.

CAuUsE

A torrid choke was added to the U2000 monitor
used in Killer Instinct to pass FCC requirements.
This choke causes a voltage peak to occur across
diode D107 and FET Q101 which can exceed their
breakdown rating.

MODIFICATION

If the monitor is working OK, it is recommended
that R108 be changed from .22 ohm to .47 ohm, 2
watt, 5% metal oxide type, when convenient. This
limits the amplitude of the pulse to safe levels.

If either the FET or diode has failed, it is recom-
mended that both be changed along with R108.

KiIT A VAILABLE

A kit of parts consisting of fuse, FET, diode, and
resistor can be obtained by calling Wells-Gardner
service departmentat our toll free number: 800/336-
6630.

NoTE

It is important to note that the FET failures in the
U2000 occur only in the Killer Instincts. All other
U2000 are OK.

W eELLs GARDNER
HoRizoNTAL OuTtPUT M ODIFICATION

SUBJECT
Horizontal Output Transistor on the U2000 and
U 5000.

PROBLEM

In some cases, operating the monitor without the
remote control board or if the cable is intermittent
or has a broken potentiometer, can cause the Hori-
zontal Output Transistor to fail. This happens be-
cause the horizontal frequency goestoo low and the
collector voltage on the H.O.T. can exceed its rat-
ing.

SoLuTION

The cure is to change D712 to a germanium type
diode. This will limit the frequency drop and protect
the Output Device. A general purpose germanium
such as IN34 will do quite nicely.

CAUTION
Itisrecommended that the monitor notbe operated
without the remote cable or controlboard attached.
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MonNITOR REPAIR FOR DUMMIES:
W eLLs GARDNER 7000 cHAssIs

Use of the information from the following conversation requires advance level bench technician
experience and a safe non-conductive work area, applying power to the chassis
through an isolation transformer, and sometimes, good reflexes.

CAN YOU POWER UP THE CHA SSIS WITHOUT CONNECTING
IT TO A PICTURE TUBE?
Yeah.

BUT WHAT ABOUT THE HIGH VOLTAGE LEAD?

I usually tape the high voltage anode lead to the
table faraway from me, and if the tape comes loose,
just get out of the way! The yoke needs to be
connected on some models for the chassis to power
up, but most 7000’s tend to power up even without

the yoke. It varies by submodel.

WHAT’S THE HAZARD TO THE CHASSIS IF YOU DON’T
PLUG IN THE YOKE?

No hazard—-it may just go into shutdown.

WHAT ABOUT NO NECKBOARD BEING CONNECTED ?

You can still power it up—it will still run.

AND THE SCHEMATIC VOLTAGES?
They’ll be a little high, especially the B+ and focus—

but you won’t be poking at that with your fingers!

WILL B+ FLOAT UP TO SHUTDOWN VOLTAGE?

No, they’ve got pretty good regulators on there.
That’s the reason why they’ll run without a yoke. If
it’s got a good regulator it will usually

power up.

How DO YOU KNOW WHEN A PICTURE TUBE IS BAD—
WHAT DOES IT DO TO THE CHASSIS?

Usually, I know the picture tube isbad when you're
missing one color and you can’t get it to come up by

grounding out the problem gun.

IF YOU CAN’T GET IT UP BY SWAPPING THE VIDEO COLOR
LEADS FROM THE GAME BOARD?

No, you don’t even have to do that —here’s a way to
test the tube directly: Take an insulated alligator
clip lead, ground one end to the chassis, and touch
the other end to the drive transistor on the neck
board’s collector, which is the tab. That’ll kick that
color wide open, as bright as it can go. If you touch
the bad one and it’s dim, it’s suspected bad. If you
touch one and it brings up the wrong color, there’s
a short. The easiest way to check a tube is with a

picture tube analyzer. And rejuvenate away!

HoOwW CAN YOU MEASURE WHETHER A PICTURE TUBE IS
BAD? OR DOES IT HAVE TO BE IN CIRCUIT?

It has to be in operation, because of the voltages
involved. A CRT analyzer does a fairly good job of

simulating operation.

IS THERE A SHORT IN THE TUBE THAT WILL CAUSE THE
FUSE TO BLOW OR A FAILURE OF OTHER COMPONENTS?

For all practical purposes, No.
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SO IF THE PICTURE TUBE GOES, IT JUST DOESN’T DO ITS
JOB, AND IT USUALLY DOESN’T TEAR THE BOARD DOWN
WITH IT?

Exactly.

IN THE CASE OF A SUSPECTED BAD FLYBACK, CAN YOU
DISCONNECT THE HORIZONTAL OUTPUT’S COLLECTOR
LEAD AND POWER UP THE CHASSIS TO SEE IF THE OTHER
COMPONENTS ARE ALL GOOD?

No, because too many of the voltages are coming
through there that are needed for the chassis to
come up. Everything but the AC derived power
would be dead if you did that.

SO HOW DO YOU MEASURE A BAD FLYBACK? CAN YOU
ISOLATE IT?

Youcanmeasureifthe primary windingsare shorted
together normally you’llmeasure ahandfulof ohms,
maybe 2or 3.1Ifyou’re into zero or 1 ohm, you’ve got
a problem... But on the 7000’s they’re notorious for

blowing the safety capacitors.

Is THAT C36?

Yes, and C39. And all that stuff on the schematic
under the flyback—you’ve got a handful of diodes
and a couple of caps—any of that stuff will blow your

fuse.

CAN YOU MEASURE THE C36 CAP ON CHASSIS, OR DO
YOU HAVE TO PULL IT?

It’s best to pull it to test it —it’s a feed-through and a
capacitor— the two right end legs are connected
together and the two left end legs are connected
together, with the capacitor in the middle. It acts as
a fuse and a safety cap. If the voltage goes too high
or the current goes too high, that cap blows. Note:
Some models DON’T use the 4 lead caps.

WHAT DO WE MEASURE THERE?
Infinity. If you measure any resistance, it’s shot.

Replace it.

WHAT OHM READING DO WE WANT ACROSS PINS 1 AND
4 OF THE VOLTAGE REGULATOR?
150 to 220 ohms you might expect, but it varies by

meter model.

AND WHAT’S ACCEPTABLE MEASUREMENT OF Q11?
With no power and in the diode test mode, you
should see similar measurementsofincreasingohms

—just asif you were reading across an 1N4004 diode.

SO WE SHOULD READ ONE OF THOSE TO GET A BETTER
IDEA OF HOW OUR METER READS DIODES IN THE DIODE
MODE AND RESISTANCE MODE.

Also,D18needsto bereplaced if you blew a second
Q11. It works like the diode across the pinball coil.

It will run awhile and blow your Q11 again.

REVITALIZE
YOUR VIDEO!
With STARLTECH
Journal's

Increase your profits by
increasing the brillance
of your video monitors!

SAFE & EASY INSTALLATION
Firs AtL 11" 1o 36"
MoniTors
ForeicN & DoMesTic
ONLY $24

Phone: 609/654-5544
Fax: 609/654-1441
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ATARI PRIMAL RAGE
LATEST SOFTWARE REV

CoLor Outr IMPEDANCE
& SELF TEST

SOFTWARE

The latest version for Primal Rage is 2.3. This
version adds some new finishing moves and
tightens up the overall game play.

IMPEDANCE

Primal Rage is available in three different for-
mats:

1. Showcase: High impedance.

2. Family Cabinet: Low impedance.

3. Kit: High or Low impedance.

The impedance refers to the drive on the color
output circuit. Most monitors that the kits will
go into will accept high impedance. The imped-
ance will affect the brightness of the game.

SELF TEST
The motion object test shows ROMs 0-0 in red.
The ROMs are OK if the checksum is 363EOQ.

Dynamo 50" MONITORS
Auto Power-UP
PROGRAMMING

PROBLEM

The monitor on the 50" TV screen does not power
up automatically on some games like on other
games.

PossiBILITY

On the HS-13,50" TV screen used by Dynamo on
familiar games produced by American Laser
Games, the power to the TV screen can be set to
automatically Power On when the gameis turned
on - without having to use the remote.

1996 Update: Monitors

NortE
You must have model number V5007R in order
to institute this change.

PROCEDURE
To make this software change to the TV, you
must perform the following steps:

a) Unplug the game PCB, so the games does not
come up.

b) Power up the game and make sure the Power
to the TV is on.

c) Press the <MENU> key on the remote.
d) With the menu now on the screen, press the
keys <0>, <0>, <8>. This will bring up the second
menu screen.
e) On the screen, you will have two choices:

i) LP (Last Power)

ii) Hotel
f) Press #1 to toggle Last Power to (ON).
g) Press <ENTER> to lock the setting.
h) Press <MENU> to go back to the main screen.
i) Press <MENU> again to go back to TV mode.

J) Select <EXT1> as the input and the TV will
stay set from now on.

ELEcTROHOME GO07 19
INCH CoLOR MONITOR
DEFLECTION PROBLEM

Problem
Maximum deflection does not fill the entire
screen.
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SympTOM
See figure 1 for symptom on the screen. This is
with potentiometer R408 adjusted to it’s maxi-

mum.
| '/ Maximum Top Deflection \ | SoLUTION
) ﬂ A tough to find, but very simple problem to fix.

The component in this caseis C407 that has gone
outofvalue. This component was measured with
a capacitor meter and was found to measure 1.2

= Maximum Bottom Deflection
N e micro farad, the actual value is supposed to be
. ' 4.7 micro farad.

Figure 1
i REPAIR/VERIFY

This should be replaced with a 4.7 microfarad
capacitor with a 250 working volt rating. See
figure 2 for diagram.
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HANTAREX MTC-9000
PuLsinGg HiGgH
FREQUENCY SOUND

SUBJECT
Hantarex MTC-9000 Color 28" monitor.

PROBLEM

When the monitor is plugged in, there is a puls-
ing squeaking high frequency sound, like the
horizontal oscillator trying to start up and shut
down repeatedly.

SOLUTION

The problem could be one of many capacitors.
C34 (22 microfarad @ 200 volts) may be open, or
C45 (1 microfarad @ 200 volts), or the B+ capaci-
tor on the neck board. The capacitor on the neck
board may be a different C position but its value
is usually around 10 microfarad @ 200 volts.

FLYBACK PROBLEM

After testing several parts: 1C2, C35, TR14, the
flyback transformer was found to be at fault.
There may be a little difficulty in taking voltage
measurements with the horizontal oscillator
cutting in and out. Therefore, shut offthe power,
unplug the yoke and turn the power back on. You
will now notice that the squeaking has stopped
and no high voltage is present.

TESTING

Measure the voltage at either end of the large
power resistor mounted on the side of the chas-
sis. One end approximately 161 volts, and at the
other end approximately 165 volts. There should
be a difference of 4 to 6 volts DC. This shows that
the flyback has failed.

Another way to see if the flyback has failed, is to
measure between the leads of the flyback to see
which pins are still connected to each other.

CHECK
Also test tomake sure that D27 is not shorted. In

1996 Update: Monitors

this case, the diode was shorted and replaced by
a 1N4007 diode and pin nine of the flyback was
open from the primary and shorted to pin ten of
the secondary.

MEeRIT VIDEO DRIVER
FAILURE ON ToucH
SCREENS

SUBJECT
Games with CRT-250 or CRT-260 CPU boards.

PROBLEM
Unstable picture due to loss of vertical or hori-
zontal sync.

SoLUTION

If your game exhibits this problem, replace the
7406 driver (or U23 for the CRT-250 board) and
add two transient suppresser diodes to the sync
outputs for additional protection.

Molnro

For more information, contact your Merit Indus-
tries distributor at 800/445-9353.

MERIT TOUCHSCREEN
DRIFTING CALIBRATION
PROCEDURE

SUBJECT
Poor touchscreen performance on uprights.

SympPTOM

Calibration drifts when simultaneously touch-
ing the screen and the bezel or touchscreen just
not working properly.

CAUsE
Ineffective grounding of the monitor bezel door
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or the monitor is not oriented properly in rela-
tion to the bezel door.

SOLUTION

Provide a better ground connection by removing
the paint from under the ground strap screw on
the bezel door hinge. Re-orient the monitor in
relation to the bezel door.

BEFORE PROCEEDING
WITH THE FOLLOWING STEPS,
POWER DOWN THE GAME.

GROUNDING THE MONITOR

Open monitor bezel door. Locate the ground
strap screw attached to the door hinge on the top
of the machine. Remove the screw, scrape away
the paint underneath screw head and reattach
the screw. You mustre-calibrate the touchscreen
after opening the monitor door!

MoNITOR POSITION

Repositioning the monitor to provide proper align-
ment with the bezel: Bezel door should rest
firmly against the neoprene tape around the
monitor without crushing the tape. The metal
door cannot touch the monitor screen or the
touchscreen will not calibrate.

PROCEDURE
* Open the rear door to access the monitor/CPU
section.

* Loosen the four bolts securing the monitor
shelf.

* Adjust the two screws at the back of the shelfto
move the monitor assembly closer to, or farther

from, the bezel door.

* Once the shelf'is in position, re-secure the four
mounting bolts.

* Close the rear door and power up the game.

* Re-calibrate the touchscreen.

5

MERIT MEGATOUCH
BrLowN MONITOR FUSE

PROBLEM
Monitor is inoperative after power-up.

GAMES AFFECTED
All Megatouch games using Type 19 Ducksan
monitors.

SympPTOMS

After power-up, you can hear the fan running
and see the power supply light, but there is no
picture.

CAUSE
Fuse on monitor chassis has blown.

SoLUTION
Replace existing fast-blow 3 amp 250V fuse. If
you do not have the proper fuse, call Merit

customer service for assistance: 800/445-9353.
Part number is EC3004.

SEGA VIRTUA RACER
TwIN MONITOR FAILURES

PROBLEM

Solder joints on monitor connectors can cause
monitor boards to fail and possibly cause chassis
board and neck board damage.

SOLUTION

This problem is common on the Wells-Gardner
25K8000 series monitors which are issued with
the Virtua Racer Twin by SEGA.

PROCEDURE
Open the back access panel to the monitor and
with the power off.

First inspect the Power Supply PCB on the
monitor. It will be located mounted vertically on
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the right side of the access pane.

Check connectors P104 and P100 for cold, cracked,
or burned solder joints. Most often, the solder
joints will be burned looking and may possibly
even have the solder melted out of the holes.

Next, inspect the Main Chassis PCB on the
monitor.

1996 Update: Monitors

Look at connectors P150, P200, P201, P500,
P600, and P700. You are looking for the same
symptoms as those on the Power Supply PCB.

If you have some bad connector pins, touch them
up with a hot soldering iron and fresh solder.

WELLS GARDNER SERIES 7000 MobpeEL 19K7689
HALF SCREEN DEFLECTION

PROBLEM
Maximum deflection on the screen is 1/2 with
vertical foldover in the same picture.

SOLUTION

This type of problem was a little hard to find, but
after it was found, it made perfect sense to what
was wrong. (See the diagram which is figure
number two for component location.)

BT Max Top Deflection

Vertical Foldover

Max Bettom
Deflection

This Figure Shows the Total Deflection on the Screen

When VR104 was Adjusted to its Maximum.

Ca pacitor C

49 (.0lufd)

Wl Vo Vg vRE - [ yar
PP N N o b
v,
L Ev
vIig LY oR LD
onw| e || aev Jewr

Shown in Circled Area
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IR82 is a 820 ohm resistor and when measured,
had found to have a resistance of 16.23 ohms
(This measurement is done with the yoke un-
plugged from the chassis.) Therefore, it was
obvious that R82 somehow was in parallel with
R81 which has a resistance of 15 ohms.

Then C49 (which should have blocked the Vdc
path between R81 and R82) in the deflection
circuit was found to be at fault with a resistance
measurement of 1.23 ohms. Replace and verify.
Yep! That was it.

WELLS-(ARDNER
VERTICAL OUTPUT
DEevice oN U5000

SUBJECT

After 4 months in the field, we began to notice a
higher than normal failure rate on the vertical
output device (U601, TDA 1771) on certain mod-
els of the U5000. These were primarily used in
Williams’ Cruis’N USA.

PROBLEM

After an exhaustive analysis, we discovered that
some yoke versions were requiring higher out-
put device dissipation and causing the output
device to operate at or slightly above its maxi-

mum temperature rating. Note: This only occurs
in the 25Khz mode.

SOLUTION

The fix is to reduce the peak currents in the
output device by adding a 24 ohm, 5W resistor in
series with the 30V supply to the output device.
This is accomplished by removing jumper W108
and inserting the resistor. To maintain 15Khz
operation, this resistor should be shorted out.

RETRO KITS

If you have a monitor that blows the vertical IC,
we recommend that you install the retrofit kit
along with a new IC. Retrofit kits for this fix are

7

available from Williams or Wells-Gardner free of
charge.

NoTtE

When installing this kit, make sure the orange
wire 15/25 Khz jumper is connected properly (no
connection for 25Khz, connected for 15Khz) to
the 30V post.

Wells-Gardner toll free numberis 800/366-6630.

WiLLiaAMs CRUISINUSA
VERTICAL OUTPUT
MONITOR FAILURE

PROBLEM

Vertical output premature failure on Wells
Gardner 25K5108 monitor in a Williams
Cruisin’USA.

SympPTOM
Horizontal line on screen.

CAUSE
Vertical output chip U601 has shorted out.

SoLUTION

Replace U601 available from any major distribu-
tor or get the replacement part from Wells
Gardner. Also check R303, 1.2 ohm/2w flame-
proofresistor and D302, the high speed rectifier.

NortE
To prevent this chip from failing, perform the
following modification to the monitor board:

* Remove W108 near U601 at edge of board.

* Install a 25 ohm, 5w resistor in its place.

This should be done to all your monitors unless
a terminal strip is installed near the chip - in
which case the modification is already installed.
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ADDING AN AUXILIARY
MONITOR

SUBJECT

Need an auxiliary monitor? Want to show off
that new video? Impress a new location? Draw
passers-by?

SOLUTION
Roll your own! Just make sure touse anisolation
transformer for each slave you wire up.

NoTE

Do Not parallel the new wiring with the existing
monitor. Break into the signal cable of the main
monitor and create a ‘Y’ to branch the color
signals. (You might have to put resistors in
series with each branch of the Y’ to remove
ghosting.)

SimPLE HELPFUL
SERVICE Tiprs For
TROUBLESHOOTING
VIDEOGAMES

You have a game on location and it stops func-
tioning. Try to apply these simple rules before
going into grave expense on the repair. Use
these helpful hints in case of difficulty. These
apply to any videogame.

1996 Update: Monitors

RASTER/NO VIDEO

Check all PCB to monitor connections
Check power supply voltage on PCB

No VIDEO/(GAME SOUNDS CAN BE HEARD

Check monitor brightness
Check all PCB to monitor connections

WRroONG COLORS

Monitor needs degaussing

Check for proper wiring between PCB & monitor
Check monitor adjustment and adjust if neces-
sary

WAavy PICTURE

Check ground is properly connected to monitor
Be certain sync inputs are properly connected
Check horizontal hold adjustment

HoR1zONTAL/VERTICAL ROLL

Check horizontal & vertical hold adjustments
Check for proper wiring of sync PCB to monitor

No Sounp

No RASTER/NO VIDEO

Check A.C. line cord

Check line fuse

Check monitor brightness

Check power switch and/or interlock switch
Check solder connections on line filter & xformer
Check for proper orientation of PCB connector

Check for -5 volts on edge connector or PCB
Check volume control potentiometer adjustment
Check for +12 volts on edge connector of PCB
Check wiring from PCB to speaker

Check speaker for low resistance between the +
and - tabs

BAp Sounp

Check wiring to speaker for bad connections
Check sound with another speaker
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No SwitcH INPUT

Check ground connection to switch/es
Check wiring between PCB and switch/es
Check switch/es with an ohmmeter

SwitcH OPERATES INCORRECT FUNCTION

Check wiring between PCB and switches
Check wiring for shorts between switch inputs

No CoiN METER

Check wiring to coin meter
Check that +5 volts is on “+” side of meter
Verify a +5 volt meter is used

WHEN CoIN SwitcH 1s MADE AND METER PULSES,
THE SCREEN BLANKS OUT AND/OR GAME RESETS

Verify that a meter with a diode is used

If no diode is built into meter, a IN4004 can be
used across the meter. Cathode to + side of meter
and anode to - side of meter

MONITOR REPAIR

WITHOUT SCHEMATICS
(PART 1)

The essence of troubleshooting is isolation of the
problem. Identify the symptom, what does and
does not work. A monitor is a system. Power
goes in, signals go in, pictures come out. Itis a
process. Troubleshooting is a linear process as
well, in parallel with the system. If we follow the
flow of the system it will lead us to the fault.

OBSERVATION
First we must isolate the area of the circuit that
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has failed, then we find out why. Is it system
wide? Is the unit dead? Does it try to start but
can’t? Oristhe problem with the sweep? Vertical
or horizontal? Complete loss of sweep or partial?
Distorted? Video problem? Contrast, bright-
ness, individual color problem? Missing color?
One color stuck on full? Answering these ques-
tions leads us towards the repair. If we have a
missing color, we need not look for a failure in the
sweep circuits since sweep affects all colors
equally. Is the problem constant or intermit-
tent? Does the symptom occur right away, or
does the unit have to warm up first.

PRETEST NOTE

Ileave it to the reader to provide proper isolated
power to the unit under test and suitable video
signal for testing. This could be from your bench
setup, or simply from the game the monitor came
from.

OBSERVE SAFETY PROCEDURES

Please be careful working on any monitor. This
article assumes basic electronic troubleshooting
competence in the reader as well as at least some
monitor experience. There are dangerous volt-
ages

“The essence of troubleshooting
is isolation of the problem.”

in any monitor, both high DC voltage and the AC
line. Please use an isolation transformer: Al-
ways. You already expect high voltages to be
present in operating monitors, but a monitor
with a blown secondary fuse in the main DC
supply can leave behind a fully charged main
filter capacitor, and it can hold that charge for a
long time. Don’t let it catch you by surprise.
Always check with a meter first. Remember to
remove your rings and wristwatches before work-
ing on a live monitor.

GATHER FacTs

Any good repair starts with a visual inspection.
Look for obvious broken parts or wires. Are there
any burnt components? If the flyback trans-
former is cracked in half, we know it needs to be
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replaced or the monitor retired. Is the unit
mechanically sensitive? Give the chassis a whack
with your hand, or tap the PC board with an
insulated object (a stick). Does this affect your
symptom? If so, you have a bad connection
somewhere. Resoldering will likely fix it, I have
found several intermittent connections over the
years by turning off the lights in the shop, tap-
ping on the board and watching for little sparks
at the bad spot. Look on both sides of the board.
This won’t work often, but it is really impressive
when it does.

THE BiG THREE

At this point our approach depends upon the
symptom. I sort problems into three broad cat-
egories. The unit blows fuses, the unit doesn’t
seem to function, or the unit functions however
poorly with a problem in some specific area.

Moniror Brows Fuskgs

Monitors that blow fuses can often be fairly
simply repaired. Most problems that cause fuses
to blow can be found in two areas of the monitor:
The power supply and the horizontal output
transistor and transformer circuit. If your moni-
tor has a secondary fuse in the DC supply line, it
will tell you where the problem is. If the second-
ary fuse is blown, then the problem must be
farther along in the system, i.e. in the horizontal
section. If the horizontal section is bad, check
the horizontal output transistor (or HOT) for
collector to emitter short or low resistance. The
HOT will be alarge power transistor very near to
the flyback. Flyback transformer and horizontal
output transformer are the same thing. Since
the emitter almost always is tied to ground, we
can usually make this measurement from the
transistor case (collector) to the chassis ground.
The base drive to the HOT is almost always
provided by a transformer with one side to ground.
For this reason, we cannot check for base to
emitter shorts in-circuit. Also check resistance
to ground at the HOT collector lead with the
transistor removed. If still shorted to ground,
check for a bad damper diode or a bad cap,
especially the four lead “safety” cap some models
use. Follow the printed circuit traces from the
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HOT collector directly to these parts. While you
are at it, check any diode you see in the general
vicinity of the flyback. If you replace the HOT,
everything else seems OK, and it still takes out
fuses or burns up the new HOT, we have to
suspect the flyback. Ifthe main fuse blows but
not the secondary fuse, then the fault is likely in
the power supply.

POWER SUPPLIES

If your power supply blows fuses, check your
main rectifier(s) and the voltage regulator. The
rectifier could be one diode, a bridge of four
discrete diodes, or a bridge. Whatever it is, it
shouldn’t be shorted.

Follow the traces from the rectifier to the main
filter capacitor and on to the regulator. The big
filters rarely go shorted, they usually just get
leaky or open up.

The regulator will be either an IC regulator
(which looks like a transistor but may have more
legs) or a discrete regulator, which is to say one
made up from individual transistors. Anything
with an STR number on it is a regulator IC.
Check the regulator IC for shorts between input
and output, and either of those to ground.

With discrete regulators, a shorted pass transis-
tor usually shuts down a monitor, but often does
not blow fuses, but check it anyway. Check the
nearby transistors as well. Your DMM will work
find for this testing, since we are looking for
short circuits in the transistor. Keep in mind
that some other part of the monitor could have
caused the power supply section to fail.

Monitors have AC line filters at the power input
to prevent interference. A bad cap here would be
right across the AC line. Your fuse problem
could be as simple as that.

Iso PROBLEMS

If you just built a conversion and the monitor
gave out where you powered it up, or if you try to
install a slave monitor, especially if you don’t use
a separate isolation transformer for the slave,

© 1996 STARLTECH Journal, PO Box 35, Medford, NJ 08055. Phone: 609/654-5544. Fax: 609/654-1441.



1996 Update: Monitors

Main PCB Silkscreen

-
L |
-

e

= AE )

elasa U il [P 80 ChrTml ]

-“5 g™ 4
JEahy
‘nmrgf}

Silkscreening

Shows

Board Art

and

ldentifies

Monitor

Sections

Typical Menitor Power Supply Using Regulator IC

Monitor Power Supply

0N A S0/G0 He
TSX B9 =}

Typical Moniter Fower Supply With Discrete Regulator

11

and the same thing happens,
you may have isolation prob-
lems and you can almost count
on blown rectifiers and likely
some traces burnt off the PC
board. Ground traces are at
risk, and they will burn out at
the narrowest point(s).

HvMM...I’VE SEEN THAT BEFORE
My other problem categories
require a more complicated
approach. The best tool you
have takes no space in your
tool box. Itis experience. Your
experience can help you. Moni-
tors are all pretty similar un-
der the skin, so if something
looks familiar, there is some
chancethatitis what youthink
it is. When troubleshooting
with a schematic, we use it to
identify parts sothat we might
locate them in the unit. No
diagrams, we use other clues.

Though a monitor circuit board
looks complex, we are often
concerned with only a small
partofit at atime, and itis not
too difficult to follow the
printed circuit traces to make
up your own schematic, even
if it is just in your head.

Some manufacturers identify
power supply traces on the PC
board with silk screen hatch
marks or a solder stripe down
the center of an otherwise
coated trace. Learningtotrace
out your own schematics will
be valuable in many ways in
your bench work. Alittle prac-
tice makes it fairly easy.

NuMBER GROUPS
Many brands give different
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number sequences to each section of the monitor.
Part numbers might group horizontal section
parts in the 600s, power supply in the 900s, and
vertical in the 400s for example. Check the
numbers silk screened on the PC board.

You may find not only these number groupings,
but on some boards even lines surrounding the
various sections with labels like VIDEO, SYNC,
VERTICAL, etc. Component types and values
can suggest their function.

Electrolytic caps of high voltage rating (160V,
250V) and a value of 10 ufd or more are likely
filter caps or maybe a vertical output cap. Ver-
tical sweep outputs are usually pairs of transis-
tors on heatsinks, or on newer units a multi pin
IC for the purpose. The HOT is readily identi-
fied, and the only other power semiconductors in
most monitors will be the regulator in the power
supply and the vertical sweep driver.

REFERENCES

Look up the part numbers in the ECG or NTE
cross reference guide. Not only will the ECG
book identify your vertical output IC, but it will
provide the pinout as well. That is the function
of each pin on the device.

Look up your voltage regulator IC and the book
tells you the output voltage to expect. There are
three color circuits in any monitor, so when you
spot three similar looking circuits side by side on
the PC board, you have probably found the video
or color circuits.

SiMILAR PRINTS

Other schematics can be helpful. If you can find
another monitor using the same oscillator IC,
use that schematic for clues as to what voltages
and waveforms to expect on the mystery unit.
That will work for circuits close to the IC any-
way. Even an unrelated schematic can be help-
ful to suggest component functions to look for.

1996 Update: Monitors

MoNITOR REPAIR

WITHOUT SCHEMATICS
(PART 2)

ON TO SECTIONAL PROBLEMS.

There are color or video problems that affect the
picture appearance. Sweep problems including
deflection affect the shape of the image.

Power supply trouble can affect the other two.
Sync affects the stability of the picture.

CoLoR AND VIDEO PROBLEMS

Color problems have the built in advantage of
multiple circuits. There are three color circuits
so you can compare readings and waveforms
between them. If a color is missing or stuck on
full, suspect the driver transistors on the neck
board. Drivers are generally in a TO126, TO220,
TO202, or similar tab top case. Smaller case
types generally contain signal transistors, no
the power types the color guns need. Look at
these transistors with your scope, comparing the
good color with the bad color. Ifthe signal on the
base of the bad color driver is about the same as
the others, then look at the collector.

A good waveform there probably means picture
tube problems, but check for waveform at the
CRT socket to be sure. An open transistor will
leave the collector stuck at the video supply
voltage, typically 100 to 200 Vdc. Also some-
times called video B+ by us old timers, this
supply should be clean. Any hash on this video
B+ line means a bad filter cap on the supply. You
will find each color gun driver transistor has a
load resistor, probably a 1 or 2 watt size or so,
between collector and video B+. Thus the three
resistors will have one end common (connected
to the same trace). The common point is the
Video supply line. A washed out picture that is
hard to darken is probably due to bad filtration
here. The filter cap may be right on the neck
board or on the main board. Look for 10 ufd or
more, probably at 250V. Not sure which capitis
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and you’re having trouble following the traces?
Useyour scope tolook at whatis onthe filter caps
around the board. With the exception of the
vertical output cap, you should expect to see
smooth DC on them. If you don’t, the cap is
probably bad.

If the base of the driver has no signal, trace
backwards through the circuitry by looking for
waveforms at transistor leads and comparing to
the other two color circuits. My experience has
been that color woes are due to driver transistors
first and CRTs (picture tubes) a close second. If
the problem is in the signal portion of the circuit,
the most likely culprit is the one closest (electri-
cally) to the input. Get yourself a CRT tester/
rejuvenator, even an older one, and use it. My
old and utterly basic Heathkit model works great.
It is simply amazing how many tubes can be
saved and how few cannot. A few hundred
dollars may sound like a lot for a piece of test
gear, but save just afew CRTs and it has paid for
itself.

The neck board, the little PC board with the CRT
socket, is often silk screened with CRT pin iden-
tifications. These are real helpful. K means
cathode, so KR or RK refers to the red gun
cathode, KG is green, you figure out blue. Fila-
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ments are labeled F or H for heater. One side of
the filament is often ground. G1 and G2 are grids
1 and 2.

VERTICAL SECTION

Vertical deflection or sweep problems are most
often solved with capacitors. Anyone who uses
“get well” kits for their monitors knows that
changing caps can cure a boatload of symptoms.
Of courseifyou can’tidentify a monitor, you can’t
buy a kit for it. What you can do is identify the
caps in the vertical circuit and change them, or
at least scope them out and change the leaky
ones. Vertical sweep circuits tend to fall into two
categories: high voltage (over 100 volts, typically
the same as the main supply) and low voltage (25
to 30 volts or so). First find the vertical output
device(s), whether special IC or just a pair of
transistors, and see what kind of voltages you
find there. This helps tell you what kind of caps
to be looking for. Check the filter and bypass
caps, probably 10 ufd or higher. Sweep is gener-
ated by charging and discharging a cap through
the vertical yoke. Thus output cap needs to be
much larger in the low voltage circuits to provide
the same level of energy to the yoke, so we look
for 1000 ufd or more rather than 100 ufd or less
you might find a higher voltage circuit.
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The above caps tend to cure the foldover and lack
of size problems. The smaller value caps (under
5 ufd) may be more likely associated with stabil-
ity symptoms. Look for caps small in both size
and value when chasing away a jittery picture.

HORIZONTAL SECTION

The horizontal section offers different challenges.
Deflection problems can be simple. In most
monitors, the horizontal sweep section also gen-
erates many of the operating supply voltages, so
it has to be working for the thing to even light up
at all. If you find a monitor with a bright vertical
line and no horizontal deflection, there are only
afew thingsit could be. Usually the pulses at the
collector of the HOT are routed through width
and linearity coils to the yoke. A lack of sweep
here means one of those devices is open or the
connections to them have failed. Check the
solder around anything that looks like a coil. I
am sure it happens, but I have not replaced a
yoke in over twenty years. If you think the yoke
is bad, check the wiring first.

Pincushion is the term for a picture with the
sides curved out orin, not straight. A pincushion
problem will be stable. If the sides of your
picture have a wiggle that moves up or down, you
have a bad filter somewhere, not a pincushion
problem. Pincushion correction circuits are of-
ten based upon a small transformer. They all
look pretty much the same to me. Look at one in
a monitor you know, then identify the similar
thing in your repair unit. The usual problem will
be the electrolytic cap or caps related to this
transformer. This was a common problem on the
Electrohome GO7 and the Wells 4600 series.
Some techs call the pincushion “keystone”.

BLANK SCREEN

If the monitor doesn’t blow fuses, but otherwise
appears dead, we start with the power supply. If
the main DC supply is absent nothing else will
work. Check for raw supply, i.e. the AC line
rectified and filtered. This 160 Vdc should ap-
pear at the input to the voltage regulator IC or on
one side of the pass transistor in a discrete
regulator. If noraw supply, check for solderwork,
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open traces in the AC line, fuse, or current limit
resistor (a power resistor of low resistance value
in the line with the bridge). Eyeball schematics
are easy here. Ifthis voltageisontheinputofthe
regulator but no output is present, replace the
regulator IC or check all the semiconductors in
the regulator circuit.

When the sweep sections are not running, noth-
ing else runs, so the load on the power supply
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Failure of the filter cap at the
collector of the upper transistor
causes foldover problems. The
other electrolytic caps would be
suspects in sweep stability, size or
linearity problems.
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disappears. Under these conditions, the main
supply in some monitors can rise to the level of
the primary supply: 160 Vdc or thereabouts. If
the power supply fails and produces that high a
voltage even under load, the sweep sections will
shut down for safety. We need to decide if the
failure is regulation or shutdown. Plug your
monitor into a variac. You all have one by now,
right? Watch the main supply, the output from
the regulator, a.k.a. B+, while you dial down the
AC line until the supply drops to what it should
be, say 130 volts. Leaveit set there. Power down
for a few seconds to reset the shutdown circuit,
then turn it back on at the reduced line level. If
the monitor now comes alive, the problem is a
lack of regulation in the power supply or hash on
the supply line. Scope the line and replace the
appropriate filter cap if

the DC is not clean. Check the regulator semi-
conductors and replace as necessary. I have to
replace far more caps thanregulators. Ifthe unit
still won’t fire up, then you have a problem in the
horizontal circuit or a bad shutdown circuit.
Trace back from the HOT base, looking for drive
signal. The base drive transformer and the
driver transistor should be easy to find. The
oscillator IC should be identifiable, see if it has
any supply and if so, any output activity. Beyond
that, it is a matter of how much patience you
wish to apply.

There is an old rule of thumb that says, “if the
filament is lit, then the monitor is working.”
While this is often true, there is obviously a lot
more to monitor repair. If the horizontal sweep
is running, just bringing your scope probe within
afoot of the flyback will pick up the signal. Ifthe
flyback is happening and there is no lit filament,
check the wiring and solder to the CRT socket
filament connections.

Some symptoms only show up after the unit has
warmed up. A monitor runs a lot cooler on your
bench than it does in a closed up video game
cabinet. Ifthis difference affects your symptom,
cover the unit with a towel or packing blanket.
This will hold in the heat and warm the unit. It
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is not likely to catch fire, but I wouldn’t leave it
running unattended and go to lunch. Thermal
symptoms usually yield to the hot and cold ap-
proach, the electronic version of good cop, bad
cop, I guess. If some function fails after warm up,
locate the related area of circuitry on the PC
board, and spray it with freeze spray. That’s
what the stuff is for. Hopefully, the symptom
will immediately correct itself until it warms up
again. Ifthat works, you can direct your spray to
specific components. A piece of cardstock or a
business card can be used to keep cooling spray
within an area or away from other components.
Remember, isolate the problem. A heat gunora
hair dryer in a pinch can be used to heat an area
if you don’t want to wait for it to do it on its own.

These approaches to troubleshooting are ones I
would use to service any monitor, schematic or
no, but it is important to realize you have the
ability to do the job even without good documen-
tation. These are just general suggestions and
rules of thumb. Obviously many situations can
arise that I have not covered. From time to time
in my career in troubleshooting a system, I have
traced the symptom all the way through a unit
and right on out the input connections, thus
proving that the unit was working perfectly well,
the problem then being elsewhere. At first I felt
like I had just wasted my time...

But troubleshooting skills will
get you past a lack of
schematics a lot better than
schematics will carry you
through a lack of
troubleshooting skills.

Good Luck!
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Wells Gardner 7000 Over-Voltage Protection

T'ShootingWells Gardner 33” Monitor Pincushion Problem

Bowling for Dollars! Repairing B&W Monitors

Merit TouchScreen Controller Modification

Sega VideoGame Medium Res Monitor Matchups

Wells Gardner 7000 Series Monitor Horizontal Modification

Merit Touch&reen Bygo Monitor Power Qupply

Nintendo Monitor Color 20-EZV (R-C)

Wells Gardner 7000 Series Monitor Black Corner Symptom



Starl]l Tech Journal Volume 78 (7996 - 71997) Monitor Notes

WEeLLs GArRDNER 7000
OvER-VOLTAGE
PROTECTION
T SHOOTING

SvaPTonM

A 7000 series Wells Gardner
monitar, with one end of D10
removed [over '.'rsl‘..;.gﬁ F'rr'.l(-:::l
There is a vertical line in the cen-
ter of the monitor, no horizontal

deflection. With D10 in circoit,
the monitor shuts down.

TROURLESHOOTING

There as e p -:u.'-.ll_‘ul'. w0 pr iblemis
in this Wells 7000. Check the B+
ol of the main 'r-:!g.||.|..-:'|r, IC4.
ahould be 123 Vdc or close
Check it with a “scope, it should
e LR N L

IF it 15 |1:E'.".. all the I'|_'!.-'|'|.:|.-::|-1 tramns-
former derived voltages will be
alen. Thiz includes the 12 Valt
supply wihich is sampled through
0 for the shutdown cireoaic
Bad power can canse shutdown,
but & loss of sweep could possi-
bBly unload the prower :-i1:]:|]1|_:.-'
cnough to lose r:_'gu:lilli-:'un.

WarNING

If v disable the shutdowmn, the
tao-high vo ]'.dt:'. 5 eould be mak-
ing Arays in the CRI. Don’t
stand loo -\'.|.||=-; il wou are plan-
ning a family soon,

Loss of horizontal sweep is nsu-
:|||:,.' 5|'aij1r_|1l,r'r'||'-.'.':||'d Look for

STA RTECH

Journa

L:-I..‘-Eu _:.-l.lkt |_|_':|-:.-L'.J';l|.:r' o), open
width and |in'=|1'1|' roils {11 and
1...-:I Mt |u.-;]-. pro blem s boo-

ken solder on one of these,

Check C37, C38. With power off
should he |.'|':-I1|II'IIIi|:..'-l"_.-l_"'l'.-.l'l_"'l1
collector of HOT (horizontal out-
put trangistor (J11) and position
dl:l'l.bl. wire l|:ul. vugh all the coils

—check the schematic), Are Y ke
wires hooked wp right {red and
blue for H)?

STARTECH

Journa

WELLs GARDNER
33”MoniIToR
PINCUSHION
PROBLEM

ProeLEM

Pincushion (hourglass shaped
picture) problem on Midway's
Cruis'n World deluxe videogame
due to a fractured or broken leg
on the diode at circunit Location
D704,

SOLUTION

Install diode replacement kit,
which can be abtained at no
charge through Wells Gardner
Electronics Corp. Or Williams
Electronic (Games. Contact your
distributor for more information.

MNotE
Kit part #: S02G0000-000F

[] BACKVOLUMESCD-ROM  []

16 years on CD-ROM. Volumes 1 through 16 STJon CD-
ROM V.1 available for $388 (subscribers pay $349).
Volumes 17, 18 and 19 available STJon CD-ROM V.3 for
$188 (purchasers of V.1 pay half price for V.3), Navigate,
Keyword search, Zoom screen, Print and other features.
For PC (Windows98/95/3.1) and Mac.

STARLCI TECH Jburnal
Post Office Box 35
Medford, New rsey 08055
email: cd@StarTechdburnal.com
Fax: 609/654-1441
Orders accepted prepaid or COD (USA only).
Remit in US funds please. Add $14 via Air Mail.

Starll Tech Jowurnal,

PO Box 35, Medrford, NJ O8055
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BowLNG FOR DOLLARS!
ReraAIRING B&W MoNITORS

(=0T s0me exira room on the bench and some free Nime? Chack The local bowiling aliays.

[DENTIFICATION

See if any of them are stll using
the older Brunswick video scor-
ing system, This is the system that
displays the scores on large
monochrome (that's black and
white) monitors owver each lane
and the scorers table has a pair

of litle 12° monochrome moni-
Lors,

Loox FaMiiar?

The overhead monitors are
Maotorola M7000 types. This
monitor uses the exact same
chassis our video games used
before color took over.

Atari, Midway, and many others
used these monitors, These sys-
teme are fifteen vears old anyway
and the monitoes often need scr
vice, This is easy money, buys,
The bowling center has to send
them back to Brunswick, and
generally they send the whaole
maonikor Thas is nrpnnx:m-:pml Iru

sh'i.'F-. Brunawick charges an arm
and a lep, with a heavy additional
charge for advance replacement.
They aren't even especially inter-
ested in fixing them, they would
rather i 11'|1r|=|rr| fer mswier
equipment. And just between

“This Is eqsy
money, boys. The
bowling center
has to send them
back to Brunswick,
and generdlly they
send the whole
monitor. This is ex-
pensive Just to ship.
Brunswick charges
anarm and d
leg...”

you and me, they don't always
fix them so owell, and e e
around time 150"t the best,

Your CaAnCE

Mow yon eome along. Yon are
local, you can offer prompt turn
mund, you can make reason-
able charges {actually you can
charge a fair amount and still be
cheaper than Brunswick), you
can save them shipping. You
prob’ly do better work. The
Bowling center may already be
cne ol :.ruur]uc'.u.i.mu. If not, who
do you think .J:I.l.':f' will call when
they need an operalor W come
in? Yep, it’s you, the guy they
know who provides good and
timely service.

Service to these units ie reason-
ably straightforward, you replace
a lot of caps. Sound familiar?
aome of the parts can be dithicult
to find or can be expensive. Last

continued on next page..

" StaRC] TeECH M ESsSAGE CENTER

Now appearing on the World Wide Web:
STAR TECH JournNAaL’s Technical Message Center

www _StarTechJournal.com

Post your questions, answers and observations to coin-op

K games service and maintenance problems. /

Stard Tech Jowurnal,

PO Box 35, Medford, NJ O8055
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L _ L __ 1 _T _ % F 1 N N ¥ _ ¥
BowLING FOR DoLLARS! STARITECH!
i | i g =\ I |
RerAIRING B&W MonNITors | SN ENERRAY
: yurnal
| [ 11 | L
iHon-CD-=-RO M-
Continued from previous page. | 1
problem [ find is that they fouled I |
time | called Motorola they had  up the current foldback adjust- i SRR |
a few things left, but they were  ment. In any case they are easy I |
pricey, ['ve learned to fix broken  to fix. " I
width coils rather than replace " =
them. Rejuvun:lli.n,ﬁ the CRT I s not familiag with the navwar : :
does wonders. Spend a couple  color systems, nor am [ aware of " "
hours at their location with a re- the level of service required ! !
juvenator and they will think they there, but the old Motorolas pro- | |
B wll coewe pomilon s, wile e a all.'ul]:r Gl LG, = =
Check it et | |
O the bench you need 120WAC, I |
doesn't even have to be isolated  'WanT Mong? I eIl
gimce the monitors have power If you are interested in more de- | ver-o, U Fages ol ]
transformers. You alao need com- tailed information abowt this sub- i-—-ﬁge;h n.cc ! ! Yformatiron ;
posite viden o feed the input & ject please bot us kenow. T will pro- u 1At AL "
pattarn generator is best, but the duce a tutorial if response is suf- : ‘j' ALl \J’, : :
output of a VCR will also work, ficient. rneraaes-custon-iKeywaorai
| Search’ ogr 1for _Fr's,)__l
— [ [
I 1
- - 161 Yes £ fo !
The Bowling center may already be one [ 1S SR
of your locations. If not. who do you think gL GH miit L
they will call when they need an opera- . 5. 1
tor to come in? Yep, it's you, the guy I i
Ihey know who provides good and - “The Ultimate L
timely service.” 1 Gein-Oplechnical
o B I R - Reference Source.”
I 1
The little Zenith 12" guys are very  Ouben Rerams? I 3388 (sibsa ers pay $349/US I
simple, and mnstly they soffer 1 also wonder if any of you have i M M i
from broken connections from  aninterestin the older jukeboxes 1 '
people pounding the table.  with vacuum tube circuitry. - .
Simple solder work. Pat extra Home juke repair and rebullding . .
pins in the edge conneclor and it~ can be lucrative, are you avoid- i i
wont Fail as often. ing this work becouse you *can't I |
work on tubes?™ Let us know if | Phi 609/ 654-5544 1
There are two power suppliesin~ you are interested in this area. I Fx 609/ 654-1441 1
ch table, t frame, I 5 |
E:Eari-}uwhg‘::;uiﬁ:t :_a{tle.ﬂa ?‘:#mmmﬂm% : cliidal U(wc TIGUI urtial CuiTi :
. » O WIS, (8 N 1
-|2"|-'|:|l|‘.l|ll'lE other iz a 5V at 64 Jﬂmﬂr PﬂEHﬁ, Mﬂdfﬂm. er I 1
mpply. Tnsmally only see the SV gp00n " Email comments to | rchasers of this CD; |
units. Half the time, the only Melnfo & StarTechJournal.com I O Mare-entitted-to-ahy i
| ther STJ.CD-R( |
I release at/half price 1
\r--' '-_-_-_-'-_-_i’

Starld Tech Journal, PO Box 35, Medford, NJ O8055
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MERIT
TOUCHSCREEN

CoNTROLLER M ODIFICATION

PronLEM
UART chip blowing out.

GCamEes AFFEOTED
Adl viden games using the CRT-
260 board,

EvMPTOM
Touchscreen controller failure.

CAusE
Electro-siatic discharge leeding
through the +5V line.

INSTRUCTIONS

1. lum off the game and unplog
ft from its power source.

2. Open the CPL] section door
and slide the CRT-260 into ils
service position.

3. Lisconnect all wires, harmesses
and ground straps attached to the
CRT-260 and its daughter
boards.

4. Remove the CRT-260 from the
cabinet and turn it over to the sol-
der side.

5, Flace a piece of kapton tape
between the pin rows for U4l (on
the solder side], covering the
traces and vias located hetwesn
the pins. (This is to prevent the
suppressor diode you are about
tr install from shorting any ex-
posed vias.)

6. Attach a 22 AWG wire from
Pin 12 of U4l (chip select 0 and
chip select 1 of the UART) to the
+5V pin ol the capacitor al CX41
iwhen viewed from the solder
side, the +5V pin of CX41 is on
the left).

7. Amach a wansient suppressor
divde Trvan Pig 13 ol U4l
(UART) to the ground pin of
CX41 (when viewed from the
solder side, the ground pin of
CX41 15 on the right; you can see

that it is connected to the ground
cxal a1
#54 GROUND

Fln.nr:]. Maoke sure that the cath
ode end of e digde |:|JII.'! el
with the band) is attached to the
UART pin and the anode end is
attached to the ground,

8. Using silicone, seal the diode
in place.

8. Place the CRT-260 back into
ihe cabinel and reconnect all
wires, harnesses and ground
straps. Close the CPU section
door,

10. Flug in the game and power

up.

LTV

PIN 13-T]|®

Flxon maplor
i
i peei of pir

Figurs 1 - Golder alde ORT-260

Stard Tech Jowurnal,

PO Box 35, Medford, NJ O8055
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Seca ViDeoGamE Mebium REs...

Sega Fart Number: 395-0211
Game Mame: Virtua R.:II:iDE’
Cabinet T pe: Uk

Monitor Bize: 25"

Resolution: hMed|24Ex60)
Monitor Maker: Welle Gardner

Sega Part Number; 200.5240-24
Crame Mame: Virtua Racing
Cabinet Type: Deluxe

blonitor Sme: 36" [16x9)
Resolution: Hﬂ]l:ﬂd.KJtﬁlJ:l
Monitor Maker: Manao

Sega Past Murmber: 2001-5187-15
Game Name: Diaviona

Cokbrined a: /R

Mlomitor Siee: 2657

Besolution: Med(24Kxb0)
Monitor Maker: Manao

Sega Parl Number: 2001-5187-15
Garre Mame: Daviona

Cabinet Tepe: Twin

Monitor Size; 26" ]
Resolution; Med (2 4Kx60)

Mlonitor Maker: Nanan

Sega Part Mumber: 200-5243-15-02
Game Name: Da].-lnna [_]a.F;m:sz:l
Cabinet Tepe: Twin

belonitor S{ze: 20"

Resolution: Med(Z24Kxhd]

Monitor Maker: Nanao

.';"cha Part Number:; 2(Kk5285
Game Name: Daytona
Cabinet Trpe: Deluxe
Momnitor Size: 50" | PT"I."'!I
Reslution: bed |24 Kb
Momitor Maker: Mitsubisli

Sega Part Momber: 2001-5265
Game Mame: Daytons
Cabinet Type: Deluxe
Moniter Size: 50" { FITV )
Kesolutinn: Mled (24 Kb
Monitor Maker; Mitsubizhi

Sega Part Number: 200-5265
Garne Name: Daviona
Cabinet Type: Special
Monitor Size: 501 [FT'I.I’]]
Besolution: Med 24 Kb
Monitor Maker: Mitsubishi

Sega Part Number: 200-5264
Came Mame: Daytona
Cabinet Type: Special
Maonitor Size: 50" | FT"I-"%
Fesolution: Med|2dKufil
Monitor Maker: Hitachi

Starll Tech Jowurnal,

Sepga Part Number: 200-5264-01
Game Mame: I:I:t:.-'tnr.m.

Cabinet Type: Special

Monitor Eﬂ:'e " PTV ]
Besolution: hled{24ExG0)
Momitor Maker: Hitachs

Sega Part Number: 200-5304
G{";hma Mame ID SO0
-abinet Tyvpe: Deluxe
Monitor Size: 36" [ 16 x 9 )
Resolution: Med !Ed.KJnE'I'.I:I
Monitor Maker: Hitachi

Sega Part Mumbser: 2000-5187-15
Crame Mame: Indy 500

Cahinet * Twin

Mondtor Sdze: 267

Pesolution; Med(241Kx60)
Monitor Maker: Manaco

Se-ﬁn Fart Bumber: 205244
Game Name: Virtua Formula
Cabinet Type: Special
blonitor Sdze: (PI“-‘J
Resolution: Med(24Kxii)
Monitor Maker: Hitachi

Segn Part Number: 200-5248
Game Name: ]1'.||:|_1I," Formula

Cahinet Type: Special
Monitar Se: 700 | FIV y
Resolution: Med24Kx60)
Maonitor Maker: Hitachi

Spgn Part Mumber: 200-5248

Ciame Name; Virtua Formula | Live )
abinet -Iir'F"‘-: Special

Monitor Sme: 50" { FTV )

Besolution: Med[24KxiG0)

Monitor Maker: Hitachi

Sega Parl Mumber: H00-5248
Game Name: Indy Formula | Live )
Cabinet Type: Special

Maonitor Size; 50" { FTV |
RBesolution; Med [24Kx60)
Meonitor Maker; Hitachi

Sega Part Mumber: 459-0424

Garme Mame: Da:r'l:clna
Cabvinet Type: Twin

Maonitar Size: I5"
Besolotion: bed [24E60)
Monitor Maker: Wells Grardner

Soga Part Nomber: $599-0211
Game Mame: Virfua Racing
Cabinet Tvpe: Twin

Muonitor Size; 25"

Resalation: Med {24F060)
Monitor Maker; Wells Gardner

Sepra Part Number: 999-0211
Game Mame: Vicoa RJ.I:I'DE
Cabinet ! Live hMonitor
Monitor Size: 25"

Resolution: bMed24Ex60)
Momitor Maker: Wells Cardnes

Sega Part Number: 2001-518715
Game Mame; Sega Rally
Cabinet Type: Twin

Monitor Size; 26"

Besolution: Med (24 Ex60)
Momitor Maker: Manao

Sega Part Number: 2001-5183-15
Crame Mame: Sma Rally
Cahinet tL/R

Belonitor Size: 26"

Beesolution: Med(24Kx60]
Mlonitor Maker; Manao

Sega Part Mumbser: Q8464000
Game Name: Fighting Vipers
Cabinet Tvpe: U/R

Monitor Size: 267
Resolution: Med{24Kxb0)|
Maonitor Maker: Sharp Image

Segn Part Mumber; D90-0428
Game Mame: Fighting Vipers
Cabinet Type: Titan Cabinet
Monitor Size: 25°

Besolution: Med{24 Kbl
Maonitor Maker: Wells Gardner

Sega Part Mumber: 2001-5187-15
CGiame Name; Virtua Cop
Cabinet Tyrpe: UJR

Momitor Se; 26

Besolution: Med(®d Kafidd)
Muomibor Baker: Nanao

Sega Part Mumber: 2001-518715
Game Mame! Virhaa Cop 11
Cabinet Type: U/R

Monitor Size; 26"

Resalution ; Med(24Kx60)
Momnitor Maker: Nanao

Sapa Part Mumber: 200-5474
Coame Mame: Virtua Cﬁ
Cabinet Type: Pioneer bodel
Momitor Size: 18”
Besolotion: Bled (24 FxG0)
Momitor Maker: Hitachi

Sega Part Number: 2000-5265
Crame Marhe: Virtua O
Cahinet Trpp: 50 Inch Maodel
Monitor Size: 50" | PTV
Besolution: Med [24ExG0
Monibor Maker: Misubishi

PO Box 35, Medford, NJ O8055
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..MoNITOR M ATCHUPS

Spma Fart Mumber: 2001-5365
Game Mame: Virioa Cop 11
Clabrinet Type: 50 Inch aelel
Monitor Sqme: 30° { PTV )
Reschstiom: Maed(24K =60
Momnitor Maker: Mitsubishi

Sega Part Mumber: 2000-5187- 15
Cemne Mama: Virtea Figliter
Cabamet 'l:,-].;-e: LsR

Mondtor Size: 26"

P saduiion : H-l_'l_:ll:'.a!-l-.l'{:l_l;ﬂ':l
Momitor Maker: Manao

Sega Part Mumbeer: 2000-5183 15
Ganne Mame: Wirtuwa Figlier 11
Cabinet Type: U/R

Monitor Size: 96"

Foesolurion: Beleed (24 Eaobd)
Monilor Maker: Manao

Sega Part Mumbes: S0-04403
Game Mame: Virtua Fighter
Cabinet Type: U/R

Monifor Size: 267

Fesolation: bed 24 Baxbi]
Maonrar Maker: Sh:urp ]mnﬁe

Sega Part Munber: $049-0404
Game Mame: Virtoa Fipnter 11
Cabinet Type: UK

Monitar Size: 26°

Besalution: Med |24 Exiii]
Monutor Maker: Sharp Image

Segy Parl Mumber; 2001-5245
Game Mame: Fiphting Vipers
Cabinet Type: 50 Inch Maodel
Maonitor Size: 50° [ FTV )
Besolution: Med 24 ExG0]
Monbtor Maker: Mitsubishi

e Farl Fumber: 2001-5265
Game Mame; Yirina Fighter
Cahinet Type: 50 Inch Madel
Monitor Size: 50° [ FTV ]
Besnlution: Med! 24 Bx60|
Manior Maker: bMitnshizhi

Sega Fart Number: 2001-5265
Game Mame: Virtoa Fighter 11
Cabinet T\'l'u"' 50 Inch Blode]
dlomitor Size: 50° [ FTV
Resolation: Med |24 KuGi0]
Mondtor Maker: Mitsubiszhi

Sega Part Number: 201-5365
Gaare Mame: ."_ii-lgu F:.H."}'
Cabinet Type: Deluxe
Monitoer Size: 50" [ FTV |
Hasalution: Bed (248G}
Konitor Maker: Mitsubishi

Sega Port MNumbes: 200.5265
Garme Mame: Desert Tank
Cabinet Tt'p:: Dl
Monitor Size: 507 [ FTV |
Foegadunton: Mol |24 Bai)]
Monitor Maker: Mitsubdshi

Sega Part Mumber; 2001-5242-24-04
Lrame Mame: Manx TT

Cabinet Trpe: Twin

Muomitar Siee: 3207

Reesodution: Med( 24 xBl)

Monitor Maker: Nanan

Sega Part Mumbser: 2001-5265
Crame Mame: Mamx TT
Cabinet Type: Dalnxe
Momdtor Seee: S0 |: FI'Y' |
Resalution: MMedi24Fobil)
Momitor Maker: Mitsubishi

Sepa Part Mumber: 200-5264-01
Game Name: Manx TT
Cabinet '|:!,'F||': r'lu_'||:|:\_e

Monitor Size: 50" [ FTV]
Resolation: Mled |24 Kxb0}
Blonbtor Make itachi

Sepa Fart Mumber: 2{0-5264-01
Game Name: Manx TT
Cabinet Type: Dheducce

Monitar Gize: 50" | FTY |
Besolation: Med[24ExG0]
Blansiar Maker itaclhd

Sepa Fart Mumber: 2{01-5265
Ciame Wame: Gun Blade WY
Cabinet Type: 50 Inch Madel
Manitar Size: 50° | FTV |
Resolution; Med{Z24Kx60]
Monilor Maker: bilmulxchi

Sem Part Number: 20001-524 224 {4
Game Mame: Virmoal On

abinet Type: Twin

Monuvor Saxe: 20°

Besolution: Med!T4E =G

Monitor Maker: MNanao

Sega Part Mumber: 2000-524 2-24-014
G Mammie: Sky Target

Cabined Type: Sit Down

Monitor Sixe: 257

Beschation: Med{ 24K 6

Monitor Maker: MNanao

Journal

REVITALIZE
YOUR

VIDEO!
With
STARTECH
Journal's

Increase your profits by
increasing the
video monitor

brillance!

Game play will be
enhanced and the
colors will once
again be vibrant.
Reclaim those old
and faded video
monitors by installing
a SOTJ VIDEO
BRIGHTENER!

SAFE & EAsy

INSTALLATION
Firs VirRTUALLY
ALL Monitors

Foreien &

Dowmesric.
Even

ProJection TV!

r----------
]

Ship __ STJ Video Brighteners @ $24 .i
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I Company
I
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| O Prepaid [0 COD (USA only)

Name:

Address

Stard Tech Jowurnal,

PO Box 35, Medford, NJ O8055

[ ]



Starl]l Tech Journal Volume 78 (7996 - 71997) Monitor Notes

WELLs GARDNER 7000 Series MoONITOR
HoRizoNTAL M ODIFICATION

PropLew

On some gAmes, the horizontal
range is msufficient, creating a
tear on one side of the monitor
pacture.

SOLUTION
There are some changes to ex-

Ed

[ 427
[ %)
-

'\.1'-||

I'?I nnﬂ':' :'J.”ET'._."f, .[-.

! L 0]
—] e I
~as'li el

Bh A R
uEE  ATES
o

L raf r.l

5 TR GRS o
)

[ aTa
,t“ﬂi-n g

EmAal o

am
H R E O TARL
POS]TIOM

teind the range of the horizontal
J.'r~|.'|.|_|.|.-:.':|.|.-.".'_:|-'. e ET%
——Ci4 1] u-ln-l:l
: i:-w
1. Change R70 from B | dee | 3m ,;_—|
f.8K ohm to 3.4K cadt f) 13 |
|_|-J'_|_'|'_[|__ _.‘E_H_ 23 % 3 & T
Taasl| L% | jﬂ!ﬂ i3
AL e 1T o
2. You can try to i I Y -[-H-'- it ay
change IZ':_HHI[.':]] mi- HE T3F 0ae jol
cro farad} higher ar AP ) T g T
lower. l”“m P 'E:"** Litw -
'hn """EHTJ'ZI-I 8" cqq, 1t 1] ﬂﬂ]
EizE . |: . ‘WEL VERTICAL
Lither one of these adjustments ot I_E-i;: Ao T N PosiTION "——E
will work. See schematic to right . o HEE
i counponent hecation.
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MEeriT
TOUCHSCREEN
Evco MoNITOR
PowEer SuppLy

Symprom/ SoLUTION

SumjecT

In my recent serles on swilching
power supplies, I concentrated
on the stand alone power sup-
plies used to power game logic.

They show up in other places as
well. I have repaired a couple of
Blerit touch screen games lately
L]J.H.‘. lllmiﬁllﬂ tl'liE-

SYMFPTOM UL
O PICTURE, BUT LOGIE |
AND SOUNDS WORKING. |
MONITOR IS DEAD, |
some of these counter top games
use an Eygu monitor. Unlike
many monitors, this one does not
have a linear power supply, it has
its own integral switching supply.

This supply produces the oper-
ating ‘."l:rltEgE for the monitor.,
Except for the higher output vali-
age, this supply is really quile
similar to the black bowx l_:,-'E:u-.x W
use for 5 volts.

In my E_‘_f'g'f:l:ﬁ the fuses and the
transistors were OK, and the pri
mary side supply was present,
The monitor was dead beciuse
the switcher wouldn't start, it
wouldn't oscillate. Won't start,
WOI'T T,

In the switcher repair series e
STT Srp. e, MNow 'ﬂﬁ_l UT B3
ample was a switcher that had a
low voltage transformer to pro-
vide working voltage for the eon-
trodler IC, Mot all switchers are
20 designed. Some derive the IC
working voltage from the
switcher itsell. These need a
“kick start.” That was the prob-
lem with the Eygo, the kick start
ciecuit had -u];n::nn:-:t.

Sowumion

In the switcher circuit there are
two half watt, 75K resistors,
R103, R1(4. They are in series,
and they allow a small sample of
the primary supply to power the
controller 1C to start, These re-
sistors open, so the kick start volt-
age never ges thuere. Rn{_:-'lai:{l any
that are open or off value. Con

sidering the voltage they must
drup, | think the half watt rating
is marginal. | would recommend
Euing to one watt resistors, or al
least mounting them off the
board so the longer leads can act
as mini-heat sinks. Restore the
kick start, you will hear that little
“zick", and the momnitor will take
off. Unce started, there is a sepa-
rate winding on the transformer
that takes over supplying the IC.
Cool.
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NINTENDO M ONITOR
CoLor 20-EZV (R-C)
SympTOMS & SOLUTIONS

Th.ls arficle -E.'GI‘.ITG.IJ"JS ﬂxes I‘D.I' ::r Mﬂfend-:u mon.fmr m-uﬂs 51‘]'!! used in J‘he .fnc!usrry

Thie screen deflects six inchesin The picture will roll slowly and
the eenﬂ‘e—mﬂr aﬂd_praduees g is very when the vertical
SOLUTION ~Soumon - -
Capacitor C410 is the problem in Capacitor Cl62 is the problem.
this situation. This capacitor is a non-polarized
4.7 microfarad @ 25 w
wll:andcmhnmplumdmtha

4.7 microfarad @ 50 m:rrl:img
. volts polarized capacitor. The -

.I- positive end of the capacitor will
Piclure is wavy and a kil is | gﬂhﬁdﬁ&ﬂmmm
: i - the negative end of the capacitor
installed but there iz no improve- by i pin number 23 of
P S - IC401 {LA1464). S1gf

SoLUTIoN

{_]_sm-\nrﬂl-b& the pmhle:m after
the 53_[;! kit has been installed.
Thizcanbe chedked by meastir-
ing for AT voltage across ca-
pacitor C472 or al (he emitter of
T e

Starld Tech Journal, PO Box 35, Medford, NJ O8055
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WELLs GARDNER

7000 Series MoNITOR
BLack CoRNER SYmPTOM

ProeLEM

When Uve Lnighiness oo conliast
combrols arm g:l".‘lrll |.:||1].-' jingtedd,
a black hole from the middle of
the right hand side of the screen
will overtake the whole screen,

SOLUTION
Check QB to see if the transistor
is leaky. If not, the chip IC1 is at

for monitor pictare problem il
lustration. See figure 2 for com-
ponent locations.

Crrck

Ta check thiz, short oot the hase
L egmniller cosmeeclions ol Qﬂ. Il
the black spot disappears, then
the chip UPCIIOTC iz bad. Re-

Fipure 7

fault (ITPC1397C). See figure 1 place and verify correction op-
CERtion.
Figure 2
F = Kk
:-u:.: 1oy
m (=} l1l-l' :
r i?ml 1 ::E_ e
e )
i * '
3 7 5
-t:-t-r-;fn ‘F—'r
1)L e
| e |2 1
! — A *E e
= [
| ] e them -
' e VAo o —beml |08 Lae=_ | i'm :1

Stard Tech Jowurnal,

PO Box 35, Medford, NJ O8055




[ STARUTECH JournaAL oN CD-ROM!

New releases for PCs (Windows 95 & Win-
dows 3.1) and Macintosh computers. Full
Navigate, Zoom, Search and Print.

STA RTECH

Journa

STARUTECH JoUuRNAL ON CD-ROM V.3
36 issues (Volumes 17, 18 & 19/ ©95-98).
Every page published in the last three
years at your fingertips for fast infor-
mation retrieval. Keyword search for
any topic, jump between pages,
screen resizing, zoom for close-ups

& print out pages in laser quality. $188

Lu
we

copyright © 1998 Adobe/Acrobat-
Star Tech Journal, Inc.
Post Office Box 35

Medford New Jersey '
08055 USA i

05y

Coin-Or PINBALL REPAIR AND
MaINTENANCE CD-ROM

All pinball machines manufactured dur-
ing the past 10 years (‘86 - ‘96). A service

manual with game-specific fixes and modi-
fications for pinball machines. Over 500 sepa-
rate articles with symptoms, solutions, changes,
updates, precautions and troubleshooting tips for
nearly every pinball released in the last ten years. From
such manufacturers as Bally, Capcom, Data East, Game Plan, Gottlieb, Midway, Premier, Sega,
Stern, Williams and more. The ultimate pinball repair, troubleshooting and maintenance resource.
Keyword search for any topic, Jump between pages, Zoom for close-ups, Print in laser quality. $139

00 SOTJ on CD-ROM V.3
[J Coin-Op Pinball Repair
0 Servicing Video Monitors

SERVICING VIDEOGAME Mon1Tors CD-ROM

Everything from theory-of-operation to troubleshooting is covered (from the very beginning!) for
black & white models, X-Y types and color monitors —low, medium and high resolution (US &
foreign). Including common failure modes, specific component failures, suitable replacements, testing
methods, isolation techniques, modifications and enhancements for most every video monitor ever
used in the Coin-Op Amusements Industry during the past 19 years (‘79 - ‘98)! The most complete
resource ever published for the repair of video monitors. Keyword search, Jump, Zoom, Print. $149

CD-ROM ORDER FORM

Name: 0 SOTJ on CD-ROM V.3 $188
Company: O Coin-Op Pinball Repair  $139
Address: O Servicing Video Monitors  $149
City/State Zip: 0 All3on1CD-ROM $399

Please add $4 s&h. Via Air Mail, please add $14. Order prepaid or COD (USA only) from Star Tech Journal, Box 35, Medford, NJ 08055. Phone:
609/654-5544. Fax: 609/654-1441. Email: cd@StarTechJournal.com. Minmum System RequiRements: Microsoft Windows 95 (8 MB of RAM/10
MB of available hard-disk space). Microsoft Windows 3.1 (8 MB of RAM/5 MB of available hard-disk space). Macintosh (68020 or greater
processor, or Power Macintosh, 7.1 or later OS, 3.5 MB of RAM (5 MB for Power Macintosh/12.5 MB of available hard-disk space).

‘————————————————————————————————————————

r————————————————————————————————————————1

k———————————



STA R’TECH

Jo urna

Starll Tech Journal Volume 19 (1997 - 1998) Monitor Notes

VideoGame Degaussing Procedure

Williams TouchMaster Faulty Screens

Equipping the Bench: Video Pattern Generator
Wells Gardner U5000 Symptom: Dead Monitor
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VideoGame
Degaussing
Procedure

SUBJECT

Deganssing is a very significant
step in the proper setup of any
videogame,

TyricaL DEGAUSSING
PROCEDURE

[. 1. Stand about 7 feet
from picture tobe,
turn degansser on.

2. With degaussing
Eﬂi] mem;

- move in a circolar
motion while moving
slowly toward tube.

3. In a circular mo-
bon, move l:ll::ﬁ'a.nss:r
sides for approxi-
mately 2 minutes.

4. Continuing in & cir-
cular motion, holding

- degausser parallel to
picture tube face,
move backward from
tube.

5. About 7 feet from

unit, turn degaosser
off. Slowly back away.

TECH

r rnn a

3

Qo

r

Williams
TouchM aster
Faulty
Screens

SYMFTOMS

Game has to be recalibrated ev-
ery morning, touch screen goes
out of calibratin for no apparent
reason, cannot get the whoe
screen to calibrate properly.

Cause

There has been a rash of prob-
lems with the touch screens and
we have identified the problem.

Most of the l'ault:.r SCTEENS WEeTe
confined to a batch that had a
degenerating contact problem,
which took several days/weeks to
expose itself, but once exposed
the game would go out of cali-
11] H.IJ‘I.JJE H.lll.] I::IU' I_":' ﬂ.bl!: '.Ll b‘t'
recalibrated.

Plus, some had Fn:b].ems with the
screen going out of calibration.
If the cable between the screen
and the controller was “wiggled”®
the game could be recalibrated.

SOLUTION

A Touch screen replacement kit
can be ordered for any custom-
ers that are experiencing these
symptoms.

Please contact your distributor’s
service department if you require
this kit. The part number is A-
04-10692-2,

Starll Tech Jowurnmnal,

PO Box 35, Medford, NJ O8055
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Equipping the Bench:
Adding a Video Pattern Generator

Majonrry

A lot of the work that comes
across my bench iz monitors, To
work on monitors you need cer-
tain basies,

-

* You nced the space to do it in. |
* Ton need a source of power.

* Kemember monitors MUST
have isolated AC supplicas. I
namrally recommend the isola- |
hination I have descibed earlier

i Uais series,

!+ You also need a video pattern |
._EI:III,'!I..HII:-- A Fﬂ.l.l.tl.l‘l _E,Eln',-.-l.a.l.l,u '
is a seires of videno dgnale, which |
are applied to the monitor inputs
g0 it can produce useful images |

Of 15 screen. J:

SELECTION

If vou buy a commercial general
purpass unit, it should have RGE
cutpuis and the ability to turn off

the individual colors so you can
wiork on one gun at a time. RGEB
simply means separate Red,

[sreen, and Blue signals,

The synec s:igr.mls ore olso sepi
rate. Compaosite video is one sig-
nal that combines all the color
and syne nformabion onto one
line. This is the sort of signal that
cmes out the “viden” jack on the
Tl ool yuur ViR

RF ouiputs are composite video
rnodulaied voio & slandan] TV
channal for np'p-'lif.:li'inn to g tuner
through its antenna connections.

Snop

Most commercial units provide
compaosite video. A lot of them
do not provide RGE oulpuls, so
shop earchully.

There are a.FF-Hd:aLi.ﬂ:ns for com-
posite video, such as old mono-
chrome monitors, converted big
screen T ¥a and the like.

PATTERNS

Pattern generators produce a va-
ety of screen images. | use te
ernss hatch pattern almnst ssecln.
sively, bul the colur bars and
other patterns have their nsa.

CROSSHATCH

The gfraighi limes and resulfing
rectangles of the cross hawch fa-
cilitate convergence alignment
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Adding a Video Pattern Generator .

woiontbinsed from previeus page

and lincarity adjustments. You
might like dofs better,

CoLom

Color bars and single colos
serecns arc uschul for purity ad
justments and color balance ad-
justmients,

Pos/TNEG
ribchable sYRC i3 a I:ll.u.a, gnceE
you sametimes don't know what

Attarn

genera-

tors pro-
duce a varlety
of screen iIme-
ages. | use the

Mount it under the bench or
somewhere out of the way, sup-
ply it with 5 volts, bring the video
signal, sync lines, and the test
button live up to the bench top,
and viola!, you now have the
POOr Mman's pattern generator,

Finish it off with a little panel or
project box, Make up appaopmi-
ate ecables to conneel to your
mionitor under repair. ([ imvented

sync you will need. I have a Cross hﬂh:h pﬂt— one of these back in the Pong
enuple of old Wicn units that T . ar days!) Got & spare viden PCR
ol tor Diogg vk e vauious iern ﬂImDSt eX arpund. YWell ten, dos'il juisl sl
Fync formats. I:".-HUEW I:“.-IT -rnE there. Do it! Roll your own!
Wania uiLp one? color bars and
Many viden games have huilt in
pruller gemeralors as pacl of e G‘}'her pﬂ”‘erns
diagnostics, Look through your
collection of old retired boards hove their use.
for one of these, L
audio Pﬂﬂﬂ rm
POWEY bench gen en
scope . gen.
supply meter P

clom

DMM iso}
ﬁ Variac

solder]
desolder

Starll Tech Jowurnmnal,

PO Box 35, Medford, NJ O8055




Starl]l Tech Journal Volume 79 (71997 - 71998) Monitor Notes

Weélls Gardner U5000
Symptom: Dead Monitor

ProRLesy

T'he main fuse in the power supply circuit is UK
but the monitor will not power up in 15 KHz or 25
KHz mode.

SoLuTion

Alter changing main components [ie: flyback, hori-
eontal cutput transistor and other related compo-
nents) and checking as much as possble and it shll
does not work, iry doing this proceduare.

PrROCEDURE

1) Check test point TP202 for approsxdmately 117
volts D and if this voltage is there then go to the
H +12 Volt D/C circuit.

20 At L0, pin number 1) there should be be-
tween L1 valts DO to 12 velts DO, ]Fn-::-l'., check
thaea 'Ef_'ll:'l.'l.Fll"_'ll:'ll."'l:'Lt-E: i

.

: R0,

| L7086,
2702 and
(Q70R,

You will note that the R7G0 in the sheematic is a2

100 ohm, 1/2 watt resistor, where actually it s 470
cluns, 2 watt resisbor.

N

If a 9.1 Zenier diode is not available for 2706 a 10
vt Zender will do. Q?UE isa 2502482, In its ]:ll.-ﬂ.l.‘.t:l
g FPSUIA10 and FOCESO0 will work.

After this circuit is checked and repadred if neces-
sary, go to the next repair procedure,

3) Use a “scope to check oscillator signals. At LIF)]
Pin oumbcer 12, check for a SQUATE WAYE 5i5|1.:ﬂ.
see figure 1 for wave form and reference voltage.

If wave form is missing;, U701 is at fault. If wave
form is present, then check at the collector of (703
for next wave form. Sce figare 2 for the proper
wave form. It this singal is lower than normal or
ot ].'l:rr.'al:r.l.l then Q?'!]H 15 at fault,

Also check C716, a | micro Farad & 200 working

walts,

Alter the m onitor is plugged in for approximately
15 to 20 seconds, you moy hove noted that R7248,
(1K ohm) was getting very hot to the tonch, This
resistor eurrent limits this cirevil and provides the
necessary voltage to operate the circuit.

After the srcmt has been rEFajrcd.l it should fre
the horizontal drive circuit and the high voltage
should be present again.

MNow with your “scope check the collector of X703
for the proper EIE'I'I.I:IJ.

See Figue T and Figure 2 on nex! page...

" StaRC] TeECH M ESsSAGE CENTER

Now appearing on the World Wide Web:
STAR TECH JournNAaL’s Technical Message Center

www _StarTechJournal.com

Post your questions, answers and observations to coin-op

o

games service and maintenance problems.

J
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Wells Gardner U5000
Symptom: Dead Monitor com

1wV 104s

Figure 1

Starld Tech Journal, PO Box 35, Medford, NJ O8055
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Wells Gardner Monitor
Horizontal Tear Problems

PROBLEM

There is a horizontal tear in the top left corner of
the TI5000' monitor and every week you have to
adjust it out. Fmally, veu can not adjust the tear
any more and you lose the horizontal sync of the
picture, See figure 1 and 2 for picture symptoms
on the monitor screen.,

SOLUTHON

The salation for this Frnb]-:m isa !'.l.mp]n ono: Lo

cate capacitor CrZ4 It's value s 2200 pico farad
T lﬂ!{[ Faren I|1c||:t:]1 thiz f";-l[1'..|r'i||:1' Measimes I'.]:H'_
U vadue will change: when il is in dreoit. Replace
it and verify results

Dvigplay Ulring A Video Ganerator

| T e G s T T

Tl

— Hlorizoneal Tear
Tap/Teft
Figure 1
1t iHorizandal Lites
!.-' [ are nod Séraishi

_,..--"-,__

il I

Tersioe! Lines

|%jjiéJriE{:
]

=t |
L \;f'».h,J l

are all i Syme

ﬁ#%}i«w—; e

Fipure 2

'-.. e ———— e e

USAOOneYr$ 81
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Electrohome GO7
Ringing in Picture

ELECTROHOME
GO7 RINGING IN

PicTure

PROELEM

On the right side of the piclure,
there is o sineg wave type ringing
in the picture, It is like the pic-
tuEe ie gl;rp.ight and then it starts
to turm in & sine wave signal from
the middle of the sereen to the
right of the tabe. See figure | for
picture distortion.

SOLUTION

The problem ie batweon the
phase detection and the horizon-
tal sacillator, The component that
is the suspect would be C504, 1
microfarad capacitor on pin 15
of IC 501, See hgure 2 for com-
poment location,

Figure 2 /

Compaonent Lociation.
Cupocitoy C504 located in the
Phase Detectar/Harizantal
Oscilioior circwrl,

|
Figure 1 I
PFicture CNstortion,
Ringing as scen on a cross 1
hatch pattem. 1 [ 1

e

Starld Tech Journal, PO Box 35, Medford, NJ O8055
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Wells
Gardner
U3000
High Volts
Shutdown

REFORTED PROBLEM

I have a U3000 WG Mod
14K3002 that keeps going into
high voltage shutdown. If | ad-
just the HV pot just a little tne
unit will run fine. I have changed
the hor, output transistor but still
have the same problem. All volt-
ages are within specs. Any help
will be apreceated. Thank You.

Arvie

Did you check your A/C voltage
off the isolation transformer?

Il its more than LR23VAL, it will
cause that problem. I've had a
bunch of isolation transformers
“step up” the A/C voltage in
some older video games.

This issue, answers to
questions posted on 5T/
anline tech exchange
center (Star Tech |ournal
Message Board on the
World Wide Web). This
service can be found at:

s StarTech|ourmal.com

STA RTECH

Journa

Wells
Gardner
U2000
Weak
Video

REPORTED PROBLEM

| am having a problem with a
Wells Crardner mondtor which 1
have never seen hefore. With all
the screen controls set to their
maximum, the picture is just
barely wisible. All B+ and asso-
ciated voltages are within normal
specificabons.

| have tried to contact Wells
Gardner concerning this prob-
lem but I only get their answer-
ing machine in the tech dept. and
they never call me back. Any and
all help would be appreciated.
Thanks

Anvice

This is a simple problem. Either
yvour voltage that supplies the
colour processor is low or the
chip itself is bad.

To isolate this problem try
swaping the neck board with an-
ather U2000 ar US000 which has
the same neck board. These are
usual problems of faded video in
anew L2000 . The other extreme
is maybe your tube is shorted at
the colour guns .

STA RTECH

Journa

Wells
Gardner
U2000/
5000 Fire
Prevention

BeropTEn CoONDIMION

In the IC power regulator circuit
for U-701, the zener diode Z-705,
8.1v 172 watt, may short out.
Even when the deflection circuits
have stopped running, the
switching regulator circuit contin-
wes o deliver the B+ until com-
ponents heal up enough to either
burn themselves open, or buma
dime-to-quarter sized hole in
your FCE!

ADVICE

[ have zeen this this problem
many times and [ wonder mysell
if there is not a better solation to
this circuit failing all the time.

Here are some solutions you can
use o better this circuit:

» Check to make sure RT760) 15 3
470 ohms 2 watt flame proof re-
sistor. * Change K105 to 5 watts
ceramic resistor 4 ohms. = Z705
to 10 vaolts 1/2 watts, < 0703 and
Q708 o 25C2610 or ECG399.
Mext « Z702 toa IN4T42A zenier.
* C712 top 220 25 volt capacitor.
This will improve the circuit to
some extent, but use this mod at
your own risk,

S"jl' RTECH

ournal

Stard Tech Jowurnal,
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Expanding the Horizontal Range
Wells Gardner
K 7000 Series Monitors

Prorrem SoLuvmion

If you are adjusting the horizontal frequency Change the C22 capacitor from 1 of @
on this moenitor, trying to eliminate that one 25Wols o 10 uf @ 35WVolts, See figure
side that has a tear in it, and over-adjusting below for location of this component.
canscs the pictire te leages the horizontal sync,

try this fix:

MAIN PC BOARD LAYOUT

C22 - Tuf25WV
Change to:
TOUrA35WW

Starld Tech Journal, PO Box 35, Medford, NJ O8055
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Coin-Or PINBALL REPAIR AND
MainTENANCE CD-ROM

All pinball machines manufactured dur-
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Monitor Adjustments

The Picture is Important
All video games have one thing in common - a
television monitor that is used to display compu-
terized information in the format of a game that
people will hopefully pay to play. Whether a game
is successful or not depends on factors such as
player interest, competitive stimulation and skill
requirements.

But there is also the attractiveness of the game to
consider. The most important think here is the
quality of the picture that is being displayed on
the game's monitor screen. Monitors, like home
television sets, require occasional adjustments to
maintain the best possible picture quality. Obvi-
ously a dull, out-of-focus, poorly centered picture
will result in less attractiveness and less income
for your game. The following will be a general
explanation of the various adjustments that can
be made to video game monitors.

Vertical and Horizontal Hold are two adjustments

that are performed similarly to home televisions.

Vertical Hold adjustment is necessary if the pic-
ture rolls from either the top or bottom of the
screen. Proper Vertical Hold adjustment is ob-
tained by turning the control until the picture is
stabilized, then slowly continuing to turn the
control until the picture starts to roll the other
way. Once this point is reached, you will know the
range the control has between positions where
the picture rolls - position the control in the
approximate middle of this range for proper Ver-
tical Hold adjustment.

1

General
Monitors
Tips & Info

By the way, Motorola XM5000 and XM7000series
monitors have no Vertical Hold adjustment, so a
rolling picture on these monitors is a result of
either logic board or monitor circuitry failure.

Horizontal Hold adjustment is slightly more
complicated on video game monitors than on
home televisions. A need for Horizontal Hold
adjustment is indicated by diagonal lines or dots
on the screen of the monitor. This is especially
common when the game is powered-on cold. As
with Vertical Hold, adjust for a stable picture,
then set the control in the approximate middle of
the range between that and loss of picture stabil-
ity. Horizontal Hold also shifts the picture some-
what from left to right on the screen before
stability is lost - use this ability to help centeryour
picture.

If adjustment of the Horizontal Hold control will
not stabilize the picture, you may need to adjust
the Horizontal Set Coil on the monitor’s circuit
board. This is a small rectangular metal can
usually located in the approximate center of the
circuit board. Use a plastic hex adjustment tool to
turn the slug inside the coil. This tool is some-
times included with the monitor, or is readily
available in any electronics shop such as Radio
Shack.

If you swap a monitor between games of different
manufacturers, you will usually have to make
this adjustment to obtain Horizontal Hold, since
Atari uses a slightly different sync frequency than
Midway; and Midway is slightly different than
Gremlin, and so forth.
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Brightness and Contrast are extremely irnportant
adjustments for a good-looking garne. Most
games utilize a black background with white
video information, for example, Atari's Breakout.
For this type of picture, adjust the Brightness
control until the background begins to lighten,
then back the control off for a black background.
Use Contrast to obtain the sharpest white video
possible, without “smearing” or distorting the
picture. Other games, such as Kee’s Tank, utilize
a grey background with white and black video
information. To obtain this type of picture, adjust
the Brightness control for a grey background,
then adjust the Contrast control until the black
video starts to get slightly light. In both of these
cases, you have have to play with both cqntrols
slightly to obtain the best possible picture, since
adjusting Contrast tends to affect the Brightness
adjustment somewhat and vice-versa.

The remaining adjustments to be discussed are
located on the monitor’s circuit board. These are
Vertical Size and Linearity, and Focus. Focus is
self-explanatory. Use a plastic screwdriver to
adjust this control for the sharpest possible pic-
ture - be careful as this control is carrying ap-
proximately 600 volts across its terminals. Verti-
cal Size is also self-explanatory.

This control is used to place the picture properly
at the top and bottom of the screen. Vertical
Linearity is slightly more complex. This control
affects the spacing between the lines on the face
of the screen and is most important in games
utilizing writing on the screen. Adjust this control

for equal-sized lettering or objects at the top and

bottom of the screen. Since the controls are
sometimes located at the rear of the circuit board,
once again it is a good idea to use a long plastic
screwdriver to make adjustments so shock haz-
ard will be avoided.

Also located on the monitor’s circuit board will be
a Power Supply adjustmentand a Video Bias
control. Do not attempt to adjust these controls
without a good digital voltmeter. Motorola moni-
tors operate at 73 volts, while TEC monitors
operate at 100 volts. An under-sized or over-sized
picture may indicate a need for power supply
adjustment, but normally these controls are fac-
tory set and will not need readjustment. Video
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Bias is also not normally readjusted after the
monitor leaves the factory.

Widthis another monitor adjustment that is self-
explanatory. This adjustment usually located at
the right-hand corner of the chassis, affects the
width of the picture, and is used to place the video
at the right and left boundaries of the screen.

The Yoke located at the neck of the picture tube,
is the last adjustment unit that we will discuss.
The Yoke itself can be rotated to obtain a picture
that is perfectly square on the face of the tube.
There is a clamp around the Yoke that is used to
hold it in its proper position - sometimes this
loosens in shipment, allowing the yoke to slip
back on the neck of the tube. This results in a
picture with a “halo” effect. Make sure the Yoke is
seated firmly as far forward on the neck of the
Picture Tube (CRT) as it will go, and that its clamp
is relatively tight. Do not over-tighten the clamp,
or you will risk cracking the neck of the CRT.

The Yoke also contains two “rings” which have
tabs that are used to slide the rings around the
base of the Yoke. The rings are actually small
magnets that bend the CRT's beam slightly, and
are used to perfectly center the picture on the
screen. Be very careful if you attempt to adjust the
yoke, as there is high voltage present in the
windings any time the monitor is powered on.

Finally - keep the monitor’s screen clean. The
high voltage, typically 14,000 volts, that is pres-
ent around the picture tube acts as a magnet for
dust, which will eventually coat the fact of the
CRT and result in an out-of-focus, smeary pic-
ture. There is no way to prevent this, so regular
cleaning will be required.

A little elbow grease and a knowledge of the
adjustments described above will keep your video
game looking its best - and hopefully making
money.

Following are some illustrations of out-of-adjust-
ment monitors so you can see what adjustments
are required when. :



SPLIT PICTURE — Vertical Hold
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BACKGROUND TOO LIGHT —
Brightness and Contrast
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PICTURE NOT SQUARE ON SCREEN —
Yoke

BOUNDARIES OF PICTURE “BENT" —

Rings on Yoke

DIAGONAL LINES — Horizontat Hold

PLAY ATARt GAMES

LETTERING SMALLER AT TOP OF SCREEN THAN
AT BOTTOM — Vertical Linearity
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PICTURE TOO FAR FROM EDGES — Width
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PICTURE “SQUEEZED™ — Verticat Size
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Guide for Monitor Repair
Troubleshooting a monitor is not a matter of a
thorough knowledge of the monitor circuitry. The
first step in the troubleshooting process is to be
able to identify the problem and them to proceed
to the proper malfunctioning circuit. In some
cases, such as ablack screen, the malfunctioning
circuit is unknown. Then the procedure is to start
with the most common circuit and then by the
process of elimination, locate the defective cir-
cuit.

The purpose of this article is to help you identify
the symptom, guide you to the malfunctioning
circuit and then to list the probable faulty compo-
nents. This should eliminate most of the guessing
and reduce the all important element of trou-
bleshooting time.

Proper identification of a symptom will require
some knowledge of what comprises a picture. A
picture is made up with four components:

1. The RASTER is the brightness of the entire
screen. It can be black or very bright and is
controlled by the brightness potentiometer.

2. The VIDEO portion of the picture is the white,
black & grey info superimposed on the Raster.

3.The VERTICAL is the motion from the tbp to the
bottom of the screen.

4. The HORIZONTAL is the motion from the left to
right of the screen.

Each picture component will have its own failure
symptoms. So, we must define these symptoms.

1. VERTICAL COLLAPSE is seen as a narrow
Raster line running from left to right. This is
caused by no vertical motion.

2. VERTICAL ROLL is an unstable picture which
moves up or down the screen.

3. HORIZONTAL TEAR appears as a picture
which is diagonally torn in several places.

4. HORIZONTAL COLLAPSE is seen as a narrow

Raster line running {rom top to bottom of the
screen.

The Best Of S*TJ: MONITORS © 1989



1-4 <+ General Monitors

5. RETRACE LINES are four to eight thin white
video lines running diagonally across the screen.

USING THE CHARTS

The chartsare labeled by symptom as seen on the
picture tube. For each symptom, probable faulty
circuits are listed and then the suspected faulty
components are shown.

When two symptoms appear at the same time, the
charts can pinpoint the circuit. For example, a
monitor exhibits a horizontal tear and a vertical
roll. Looking at the charts, the only common

circuit is the Sync Separator.

HORIZONTAL TEAR
A. SYNC SEPARATOR CIRCUIT
1. SEPARATOR TRANSISTOR
2. AMPLIFIER TRANSISTOR
3. SHORTED DIODE
4. PHASE DIODES OPEN OR SHORTED
5. SHORTED CAPS
8. FEEDBACK INTEGRATOR CIRCUIT
1. CAPACITORS OPEN OR SHORTED
2. RESISTOR OPEN

BLACK SCREEN--FUSE BLOWN
A. HORIZONTAL OUTPUT STAGE

1. OUTPUT TRANSISTOR SHORTED

2. DAMPER DIODE SHORTED

3. LIMITER DIODE SHORTED

4. HIGH VOLTAGE DIODE DEFECTIVE

5. HIGH VOLTAGE TRANSFORMER DEFECTIVE
8. LOW VOLTAGE POWER SUPPLY

1. BRIDGE DIODE(S) SHORTED

2 POWER TRANSFORMER—INTERNAL SHORT

BLACK SCREEN—FUSE OK
A HORIZONTAL OUTPUT CIRCUIT
1. OUTPUT TRANSISTOR OPEN
2. HIGH VOLTAGE TRANSFORMER OPEN
3. HIGH VOLTAGE DIODE OPEN
4. OPEN B+ RESISTOR
8. HORIZONTAL DRIVER CIRCUIT
1. TRANSFORMER OPEN
2. DRIVER TRANSISTOR OPEN OR SHORTED
C. PULSE SHAPER CIRCUIT
1. SHAPER TRANSISTOR OPEN OR SHORTED
D. HORIZONTAL OSCILLATOR CIRCUIT
1. OSCILLATOR TRANSISTOR OPEN OR SHORTED
2. TRANSFORMER DEFECTIVE
3. CAPACITORS OPEN
E. CRT AND SOCKET
1. SPARK GAP SHORTED
2. SOCKET WIRE OPEN

LOW VOLTAGE POWER SUPPLY TOO LOW
A. REFERENCE AMPLIFIER

1. REFERENCE ZENER LOW

2. REFERENCE TRANSISTOR SHORTED
B. SERIES PASS AMPLIFIER

1. DRIVER TRANSISTOR OPEN

2. SERIES PASS TRANSISTOR OPEN

LOW VOLTAGE POWER SUPPLY TOO HIGH (NOTE 1)
A. REFERENCE AMPLIFIER

1. REFERENCE ZENER OPEN

2. REFERENCE TRANSISTOR OPEN OR LEAKY
B. SERIES PASS AMPLIFIER

1. ORIVER TRANSISTOR SHORTED

2. SERIES PASS TRANSISTOR SHORTED

RASTER CANNOT BE TURNED OFF, RETRACE LINES

1. DIODE BREAKDOWN TOO LOW
2. CAPACITOR OPEN

A LOW VIDEO QUTPUT STAGE POWER SUPPLY VOLTAGE

MOTOROLA | MOTOROLA WELLS
XM501/701 | XMS000/ 7000 TEC GARNER
Qs - Q1o Q301 Q206
Qr Qn Q400 Q201
o023 0201
D7 05,6 D401,402 0205
Cc2 C201
C15,32 C12,14 C403,415 C207,210
R4S R24 R408 R216
Q9 Q9 Q403 Q103
D01 07 D403 D106
02 D8 D801 D206
04 - D11 D404 0105
T2 T2 T403 T102
D09.10.11,12 | D16,17,18,19 | D901—-904 | D101—104
T4 T3 T901 TI0V
Q9 Qs Q403 Q103
T2 T2 T403 T102
04 D11 D404 D105
R43 R420
T T1 T402 T201
Qs Qs Q402 Q209
Qr Q7 Q208
Q6 Qé Q401 Q207
L Lt T401 L201
c18,19 c18,19 C408,409 C213.214
PIN 2 PIN 2 PIN 6 PIN 2
PIN 2 PIN 2 PIN 6 PIN 2
D6 D20 D906 ZD201
Q1s 1C1.019 Q903 Q204
Q14 Qs Q902 Q102
Qe Q17 Q901 Q101
D6 D20 D906 zZD201
Q1s 1C1.Q19 Q903 Q204
Q14 Q18 ’ Q902 Q102
(o313} Q17 Q901 Q101
Ds D10 D207 D107
C43D C320 C220 c1010
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8. VIDEO OUTPUT CIRCUIT
1. VIDEQ QUTPUT TRANSISTOR LEAKY
2. VIDEO DRIVER TRANSISTOR LEAKY
3. BLANKING DIODE LEAKY

C. CRT SOCKET
1. SPARK GAP SHORTED

2. OPEN BRIGHTNESS CONTRLL

3. NO VOLTAGE TO BRIGHTNESS CONTROL
D. SPOT KILLER

1. TRANSISTOR SHORT

NO OR DISTORTED VIDEO, RASTER OK
A. VIDEQ QUTPUT CIRCUIT

. VIDEO OUTPUT TRANSISTOR HAS LOW GAIN
. VIDEO DRIVER TRANSISTOR HAS LOW GAIN

. COUPLING CAPACITOR SHORTED OR OPEN

. BYPASS CAPACITOR OPEN OR SHORTED

. ZENER DIODE OPEN OR SHORTED

[P W N ]

8. AMPLIFIER CIRCUIT
1. VIDEO TRANSISTOR DEFECTIVE
2. COMPENSATION DIODES SHORTED OR OPEN
3. COUPLING CAPACITORS OPEN OR SHORTED
4. CONTRAST POT OPEN

C. VIDEO INPUT CIRCUIT
1. VIDEQ INPUT TRANSISTOR OEFECTIVE
2. INPUT COUPLING CAPACITOR OPEN OR SHORTED

NO RASTER—VIDEO VISIBLE
A. CRT CIRCUIT
1. BAIGHTNESS CONTROL OPEN
2. SPARK GAP SHORTED OR OPEN LEAD
3. NO VOLTAGE TO BRIGHTNESS CONTROL

VERTICAL ROLL
A. SYNC INTEGRATOR CIRCUIT
1. SYNC INTEGRATOR TRANSISTOR(S)
2. INTEGRATOR CAPACITORS SHORT OR OPEN
B. SYNC SEPARATOR CIRCUIT
1. SYNC SEPARATOR TRANSISTOR(S)
C. INPUT VIDEQ CIRCUIT
1. VOLTAGE TRANSIENT DIODE SHORTED
2. BYPASS CAPACITOR SHORTED OR OPEN
D. VERTICAL OSCILLATOR CIRCUIT
1. VERTICAL OSCILLATOR TRANSISTOR(S)
2. RAMP CAPACITORS

HORIZONTAL COLLAPSE
A. HORIZONTAL YOKE CIRCUIT
1. COUPLING CAPACITOR OPEN
2. LINEARITY COIL OPEN
3. WIDTH COIL OPEN
4. YOKE OPEN

VERTICAL COLLAPSE
A. VERTICAL OUTPUT CIRCUIT
1. VERTICAL OQUTPUT TRANSISTOR(S) .
2. COUPLING CAPACITOR OPEN
3. OUTPUT TRANSFORMER OPEN
4. CHOKE OPEN
S. YOKE OPEN
B. VERTICAL DRIVER CIRCUIT
1. DRIVER TRANSISTOR(S) OPEN OR LEAKY

C. VERTICAL OSCILLATOR CIRCUIT .
1. OSCILLATOR TRANSISTOR(S) OPEN OR LEAKY
2. RAMP CAPACITOR(S) OPEN OR SHORTED
3. HEIGHT CONTROL OPEN
4. VEATICAL HOLD CONTROL OPEN
D. VERATICAL POWER SUPPLY IS LOW OR HIGH
1. SHORTED CAPACITOR(S)
2. ZENER OPEN OR SHORTED
3. DIODE OPEN OR SHOARTED
4. RESISTOR(S) OPEN

MOTOROLA | MOTOROLA

XMS0t/701

Q3
Q4

PIN7
IN SOCKET
R-21
R-21

Q21

Q2
08,13

RS

Qt
c

C34.35
Qs

023
Cc2

Q10.11
Ca7.38

C29
L3
L4
LS

Q3
T3
LS

Q12

Q10,11
Ca7,38
R82
C33.26

RS50,55,56

XMS$000/7000

Qs
Q4

PIN 7
IN SOCKET

Qs
Q4

Cs

TEC

Q202

D204

PIN7
Z-801

Q202
C208
C207

D01.03

Q2,3

Cl.4
R6

(o]
C1

R73
PIN 2
A73

Q1213
C34.35

Q10,11

D12
C37.38

Cc2s
L3
L2

L4A

Q15
C40

LS
L4B

Q4

D12
,C37,38
NONE

D21

D23
R9S

Q201

€203,205
R211

Q200
C201

R803
Z-802
R803

C306,307

Q301

Q302
C313,314

C418
L406
L405
L401

Q304,305
[ox2 )4
L401
Q303
Q302
ca3
R3I21
A319
C419

0203
R421

WELLS
GARNER

Q203
Q205

PIN 7
IN SOCKET

R-121%

A-121

“Q203
Q205

C204

Q202
0202,203
C221
R116

Q201
C202

C226,227
Q206

D201
c201

Q217.210
caa

C105
L202
L101
NO NUMBER

Q215.216
C234

NO NUMBER

Q211.212,
213,214

Q210,217
c2n
R256
R108
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Color to B&W Converter CKT
This circuit can be assembled on a small perf
board and mounted for bench-testing color video
games on a black and white monitor.
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Raster Scan Monitor Tips
There are actually only 6 sections in a raster scan
monitor. In this brief summary I will attempt to
outline a few basic problems and their solutions.

CAUTION

Be careful when checking voltages. The monitor
contains some very high voltages even when
turned off or when it doesn’t seem to be working.

SECTION 1 -
“LOW VOLTAGE” PRIMARY POWER SUPPLY

PROBLEM
No Power.

CHECK
A. AC input
B. Fuses
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If blown - check for shorted diodes (rectifier),
voltage regulator, or horizontal output transistor.
A shorted horizontal output

transistor is the main cause of blown fuses.

C. Voltage regulator input and output
If the input is toc :igh or too low check rectifiers
and driver transistors.

If the input is good and output is too high, this will
enable the overvoltage protection circuit which ef-
fectively cuts power to

the rest of the circuits - check the voltage regula-
tor. Check for bad connections to the flyback
transformer. If the transformer is not connected
properly, it will not draw enough current to allow
the voltage regulator to function properly. Also
check for shorts in the over voltage protection cir-
cuit.

PROBLEM
Hum Bars

CHECK
A. Monitor filter capacitor and
B. DC voltages to the game PCB.

SECTION 2 - “HIGH VOLTAGE” (Flyback)

PROBLEM
Nohighvoltage (No high pitched squeal, no heater
glow in the neck of the CRT, and no brightness)

CHECK .

A. Low Voltage Power Supply (Sec 1)

B. Horizontal Section (Sec 3)

C. Look for bad solder points

D. Do not rule out a broken main monitor PCB or
neck board

E. Check for faulty brightness or focus pots

SECTION 3 - HORIZONTAL SECTION

PROBLEM -

No horizontal deflection (In most cases this also
means no high voltage because the horizontal
section drives the high voltage section)

CHECK

A. Horizontal Output Transistor and Driver

B. Check horizontal oscillator circuit (in most
cases - the IC on the board)



C. Check for leaky or bad capacitors

PROBLEM
Erratic or rolled horizontal deflection

CHECK

A. Loose or leaky capacitors in horizontal section.
{On Nintendo type monitors the most common
problem is C407 10uf/160V)

B. Sync (Sec 5)

SECTION 4 - VERTICAL SECTION

PROBLEM
Half or no vertical deflection

CHECK

Vertical deflection transistors. (These are the 2
transistors on large heat syncs on the monitor
.board) Note: Always check for loose connections
or broken “legs.”

SECTION 5 - SYNC

PROBLEM
Rolling or scrambled picture

CHECK

A. The sync requirements of the board and make
sure they match the sync abilities of the monitor.
Although most monitors will accept both negative
and positive syncs, some do not. In this case you
-will need to invert the sync. (Just pick up any
Romstar conversion manual for instructions.)

A few games use both negative vertical and posi-
tive horizontal. In this case it will be necessary to
invert only one. Also, most completely negative
syncs are composite syncs (vertical and horizon-
tal on the same wire).

If rour monitor will not accept composite sync it
is best to call the game manufacturer to find
where to split the signals.

B. Be sure you have a good ground or common
from the game PCB to the monitor.

SECTION 6 - VIDEO (Red, Green & Blue)

PROBLEM
One color missing

General Monitors ¢ 1-7
CHECK

A. Connections

B. To find whether the problem is in the game PCB
or the monitor, simply swap the wire from the
missing color with one of the functional colors. If
you gain the missing color and lose the “good”
color, you are not getting a signal from the game
PCB.

If the problem “follows” the wire - the problem is
in the monitor. If your problem is indeed in the
monitor, there are 2 or 3 transistors from each
color {2 on the main PCB and one on the neck
board). Check all of these and be sure to check
continuity in the ¢ircuit.

Note: The Nintendo type monitors used in Donkey
Kong and Donkey Kong Jr. use negative video
inputs. Any conversion attempted on these
monitors will need a video inverter board.

Monitor Horizontal Tear

ELECTROHOME
PROBLEM
When converting games with Electrohome GO7
monitors in them, you may have a horizontal tear
that cannot be adjusted out with the horizontal
hold control. This usually occurs when the kit
uses negative composite sync.

FIX

Change C303 to a 10uf capacitor @ 25 volts with
the positive lead facing the collector of X305. Then
replace C501 with the capacitor removed from the
C303 location. You should then be able to adjust
the tear out. :

WELLS GARDNER
PROBLEM
Wells Gardner K4600 series monitor intermittent
loss of horizontal sync or intermittent horizontal
tear.

FIX
Replace C356 {47uf @ 25V) on the Horiz/Vert
board then center the horizontal hold pot.

Turn L351 for best horizontal stability. Fine tune
with horizontal hold pot.

The Best Of SATJ: MONITORS © 1989



1-8 + General Monitors
Monitor Horizontal Tearing Mod II
Re: Previous article on “Monitor Horizontal Tear.”

On Electrohome GO7 monitors with horizontal
tearing, I tried this modification and found it to be
unsatisfactory on the particular monitor that
used. If this happens to you, I have an alternative
method, described as follows:

I connect 1N4748 fast-switching diodes in both
positive {+) and negative (-) sync inputs to this
monitor in the following fashion:

NES. SYNC INPUT

- H -V GAND

[¢]
DAL |

Pos. SYNC INPUT

+H +V GNd B a R
t‘ r o (=} o O
INGI4g

3) Separate positive vertical and horizontal
- two separate lines, one for vertical sync and the
other for horizontal sync.

4) Separate negative vertical and horizontal - two
separate lines for each sync signal.

Both positive and negative sync signals are above
ground signals. Positive gets it name from the
signal normally at ground (inactive) and the sync
pulse going to +5vdc when active. Negative sync is
normally at +5vdc (inactive) and dropping to zero
volts when active.

If two sync wires are provided from the logic
board, it can be thought that separate vertical
and horizontal signals are supplied. It there’s only
one wire given, assume composite sync is sup-
plied.

Since negative sync is normally at +5vdc and
dropping to ground when active, it’s going to read
a higher voltage than positive sync, which is a
normally zero voltage which goes to +5vdc when
active.

NOTE
Both diodes must be installed or you will not get
vertical stability.

I have been using this method for one year ormore
with no problems.

Determining Sync Polarity
With A Voltmeter
In hooking up a logic board it is essential that the
correct sync signals get to the monitor to lock the
picture in place. Here is a listing of sync signals
starting from the most commonly used to the
least commonly used.

1) Negative composite sync - this signal consists
of the vertical and horizontal sync signals mixed
together.

2) Positive composite sync - vertical and horizon-
tal signals mixed together.
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Here are the readings taken with a digital meter.

NEGATIVE  POSITIVE
Composite Sync 4.20V 67.8MV
Vertical Sync 2.48V 156.6MV
Horizontal Sync 244V 90.8MV



Reduce Monitor Screen Dust

SUBJECT

Reduce monitor dust on screen with 2 inch mat-
tress foam. (From the like we've got nothing better
to do department...)

PROBLEM

I got tired of the hassle of cleaning the screens on
the old Midway cabinets of the Pac-Man variety
since we've tightened up the security of the con-
trol panel so much against Bernard Goetz's
screwdriver-wielding buddies, it’s a pain in the
trigger sprayer finger to get the control panels off
again!

SOLUTION

Buy 2" high-density mattress foam from your
mattress-maker at under $31 for 4 games worth
of flame-retardant stuff. It comes 24 inches wide
by 106 inches long.

PROCEDURE

Dig out the electric carving knife from Thanksgiv-
ing and cut it longer than you need it and it'll be
snug. When you mark and cut the monitor hole,
cut it too small so that the foam hugs the picture
tube. If there are any odd holes, use aerosol
adhesive like Scotch #44 or #47 or a trim adhesive
from your auto parts store. Glue only foam-to-
foam, so the whole thing can be removed and
washed out in a few years.

OPTIONS

Price-buster techs could trim costs by buying a
less dense foam (but it may sag without support)
or go non-flammable non-mattress foam. For
higher quality techs, there is a blue non-flam-
mable foam as well as the white flame-retardant
stuff. You'd think you could save money by buy-
ing scraps, but the mattress guys shred these and
make pillows!

Monitor Sharpness Can Be Restored

PROBLEM

I've got an older Wells Gardner monitor thatI can't
get a good focus on. When I turn the brightness
down, focus is ok but then the picture is too dark.

SOLUTION
The most probable cause is a weak picture tube.

General Monitors ¢ 1-9
You might try having someone with a Picture
Tube Rejuvenator give it a blast (an actual high-
voltage blast to clean the color cathode guns!).
Fairly good results have been obtained with this
method. At this point, what do you have to lose!

Reduce Monitor Phosphoi- Burn

PROBLEM

Monitor picture tube phosphor burns on games
such as Pole Position, pokers, etc... that have clear
plexi or glass fronts.

SOLUTION

I'have found a quick, easy and inexpensive way to
reduce the sight of phosphor burns and improve
the picture quality. Apply automobile window tint
film onto the glass. It’s easy to install and avail-
able at any auto parts store or K-Mart. The film
comes in grey or bronze tint for about 5 bucks a
roll. Sure beats a new picture tube!

‘Medium Resolution Monitors

QUESTION

What is it and how does it differ from regular low
res monitors. Can a regular PCB feed a med res
monitor?

ANSWER

A “standard” monitor has specs that are close to
NTSC (National Television Standards Code) stan-
dards. That is a 15KHz horizontal sweep and a
vertical rate of 60Hz (non interlaced). These fre-
quencies define the total number of lines that are
displayed onthe CRT. Then there is dot pitch, that
is the smallest discrete group of RGB phospho-
rous that is on the face of the CRT itself. That
defines the smallest “clean” pixel that can be
enabled. The dimension of .41MM or so is a
“normal” pitch. In a game, the sync chains and
RGB outputs are designed to operate within these
specs.

MEDIUM RES

Now comes “Medium” resolution as opposed to
the above standard resolution. First you up the
horizontal frequency. That means you get more
horizontal lines on the screen per each vertical
scan. Sometimes the vertical rate is increased
too. 25KHz horizontal rates are not uncommon.
To take advantage of the higher number of lines
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the dot pitch is decreased so each individual pixel
is smaller. Hence, the resolution is higher. So on
and so forth, into higher and higher frequencies.

COMPATIBILITY

The most obvious problem you see here is that
due to frequency incompatibilities you can’t put a
standard res monitor into a medium res game.
Anyone who has tried swapping with any of
Atari's games like Sprintwill first notice that there
are two scrunched pictures on the screen. The
boards are putting out at a higher rate and if the
monitor does sync to one of the harmonics then
you end up with funny results. It works in the
opposite direction too. A medium res monitor
can’t be properly driven by a standard Pcb set.

BOTTOM LINE _
To sum it up, the monitor and the boards have to
be matched to obtain the higher resolutions and
the matched set usually has to remain together.

Monitor Width Size Change

PROBLEM

Have you got a Konami Devastators conversion
with too tall a picture and no more adjustment on
the width coil? (Horizontal width because of the
turned picture tube). There is a way to modify
your 1983 Wells Gardner 19K 4953 monitor so as
to reduce the horizontal size. This is not the first
time I've run into this problem, so I'm sure the info
will be helpful to others.

SOLUTION

Change capacitor C365 to a 0.33uf @ 200V. Some
units had a .22uf or a .15uf depending upon the
original game. It can cause your picture to be too
wide, and effect the horizontal linearity as well.

NOTE: The location of C365 is right behind the
horizontal width coil.

Hantarex PCB Screening Error

PROBLEM

Some Hantarex monitors have the parts silk
screen, on the PC board, reversed for C25. The “+”
marking is incorrect. If the part was ever replaced,
it was probably put in backwards. Some even
came from the factory reversed.
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SYMPTOMS

The symptoms of a fafled C25 are: A jitter in the
raster like horizontal noise, and possibly what
looks like a change in the vertical frequency.

SOLUTION .

Check the schematic when replacing this capaci-
tor. The *-" terminal should go to the center leg of
IC1, a 7905 regulator. C25 is a 47uf @ 16V.

Sharp 19" Monitor Retrace Lines

PROBLEM
Poor picture with retrace linesand no control over
the screen adjustment.

SOLUTION
Replace R602 with a wire wound resistor. Value
=10 ohms @ 1/2w.

Stern Bagman to Super Bagman
Wavey Video Mod

Your Bagman to Super Bagman conversion might
experience a wavey or curvey picture on the left
side of the screen.

SOLUTION
Change resistor R78 on the main logic board from
4.7k ohms to 1k ohms.

Romstar Battle Lane Video Mod

When converting games with older style Wells
Gardner or Electrohome monitors, the picture
may look “washed-out.” To remedy this situation,
clip and lift pin 1 of RA4 (Resistor Array 4) near the
edge connector. If your picture is still a little too
bright, tie pin 1 low (to ground).

Nanao Monitor Deflection Problem

SYMPTOM

Loss or collapse of vertical deflection (Nanao MC-
2000-R) that varies with the screen control, or be-
gins to return to normal when the logic boards
display bright characters.

SOLUTION
Replace C523 (47 uf @ 50V). It is located under the
high voltage cage near the flyback transformer.



Atari’'s X-Y Monitor Adjustments

Atari’s Quadrascan display system introduced in
Lunar Lander should be adjusted correctly at the
factory for maximum resolution. However, if
brightness and contrast adjustmentsare re-
quired, please follow these procedures.

Adjustments are made on the deflection amplifier
PCB located on the right side of the monitor when
looking into the rear of the game.

1. Turm brightness (R516) and contrast (R526) all
the way down (counter clockwise).

2. Turn up brightness until images are barely
visible. NOTE: The stars may not be visible.

3. Turn up contrast for desired clarity.

This procedure will produce a very clear, bright
picture while minimizing any chances of phos-
phor burn caused by over-adjustment of the
brightness control.

NOTE: Only the brightness control {(R516) and

contrast control (R526) on this PCB are “field
adjustable.” All other controls, including Xand Y
linearity have been factory adjusted and should
NOT be tampered with.

Quadrascan Monitor Repair (Part 1)
The new generation games are utilizing a video
display monitor commonly know as the X-Y
monitor. The reason behind this move is the
greater flexibility for game designers to produce a
finer detailed picture. As with any new compo-
nent, general troubleshooting procedures must
be defined.

2

Atari
Monitors
Tips & Info

The dissimilarity between the Raster Scan moni-
tor and the X-Y monitor resulted in new terminol-
ogy. We are all relaxed with Raster Scan terms
such as Vertical, Horizontal and Video. We can,
however, set up a loose relationship between both
monitors as follows:

Horizontal - X axis

Vertical - Y axis
Video - Z

The relationship is shown in Figure 1. Note that
all movements of the dot start at the center of the
screen. This is the zero condition when both input
voltages to the X and Y amplifiers are zero. Now if
the Y input voltage to the Y amplifier is gradually
increased from zero volts to +7 volts, the dot will
move towards the top of the screen as indicated by
the +Y arrow. Conversely, if the Y input voltage is
gradually increased from O volts to -7 volts, the
dot will gradually move towards the bottom of the
screen. The movement of the dot in the X axis is
tothe right for plusvoltage input and to the left for
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a negative voltage input. If both X and Y input
voltages are increased from O volts to -7 volts, the

dot will move in the direction indicated by the

dashed line.

For troubleshooting purposes, we can now divide
the monitor screen into four sections, as shownin
Figure 2. Each quadrant has a different combina-
tion of X and Y input voltages. From this, we can
easily define certain monitor problems.

X
+y

-X
Y

Figure 3 shows four separate symptoms. To de-
termine where the problem lies, first determine
what is present, then what is missing. Using
Figure 2 as a guide:

The Quadrascanmonitor consists of three circuit
boards. The power supply board, located on the
bottom of the frame, supplies the +-25V for the
other two boards. The high voltage board, located
inside the cage on the left panel, supplies all the
high voltages necessary for picture tube opera-
tion. Additionally, 90V is generated for the Z
amplifier. The amplifier board consists of three
separate amplifiers. The X amplifier drives the X
yoke windings, the Y amplifier drives the Y yoke
and the Z amplifier supplies blanking and bright-
ness for the picture tube.

To the top of the amplifier board are four power
transistors mounted on a large heat sink. The
upper transistor closest to the picture tube is the
-Y driver (2N3792). The transistor below (2N3716)
is the +Y driver. The transistors closest to you are
the X drivers. The top transistor is -X and the
bottom transistor is +X.

' Figure 3 I
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Now, we have all the information necessary to
repair a Quadrascan monitor. Ninety percent of
the problems can be diagnosed with three key
voltage measurements.

1: +25 volts - measure on thc caseof thc +X driver

‘transistor (2N37 16)

2. —25 volts measure on the case of thc —X driverf

‘transistor (2N3792); If or

tion

3, +90:-yclt's;‘..;-‘ﬁmca5urc this voltage on the amplt
fier board. Locate the Z amplifier transistor

(Q504) right above the brightness control. Place

‘meter lead on the tab {or nut holding down the
) of the transistor. If the voltage is higher or

lovée than 90V, proceed to the high voltage board

ssection. If all voltage measurements are correct,

vproceed to the XYZ ampliﬁer board

Remember - Make these three measurements
first, each and every time. Troubleshooting the
power supply board, high voltage board and the
XYZ amplifier board to the faulty component will
be explained in detail next month (Part 2).

@Quadrascan Monitor Repair (Part 2)

NOTE: Quadrascan Monitor Repair Part 1 dis-
cussed theory and isolating problems to one of the
PCB's. Part 2 deals with .troubleshooting the
boardto the faulty component.

POWER SUPPLY BOARD

The following procedure is for the +25 volt power
supply. Components in parenthesis are for the -
25 volt power supply. (All voltage measurements
to chassis)

PROBLEM PROCEDURE

Fuse 100 (101) Open 1. Check bridge rectifier
DB100 for shorted diodes.
2. Check capacitor C100
(101) for short.

25V is 40V 1. Zener diode ZD100O
(101) open.

25V is low 1. Measure the voltage on

the emitter of the transis
tor Q100(101). Should

either low or ‘high, proceed: to power supply; ec-
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read 40V. If this voltage is
30V or less, capacitor
C100 (101) is open or one
diode in DB100O bridge rec
tifier is open.

2. Remove the two screws
holding in transistor Q100
(101) to the heat sink.
Measure the base voltage.
If 27 volts, replace Q100
(101). If less than 27 volts,
Zener diode ZD100 (101)
is defective or capacitor
C102 (103) is leaky.

HIGH VOLTAGE BOARD
Remove the cover by removing the two screws on
top of the cage.

PROCEDURE

1. This may be a matter of
adjustment. Locate the
high voltage adjust pot
R912 (next to @901}. Ro
tate it completely clock
wise. Replace fuse and’
apply power. Place posi
tive lead of meter on pin 5
(grey wire) of the harness
input connector P90O.
Slowly turn the H.V. ad
justuntil the meter reads
90V. If the fuse opens
again, the following com
ponents should be
checked. Opens: ZD90O,
ZD901 and Q901. Shorts:
Q900, Q902, Q903 and
ZD903.

1. Measure the voltage on
the anode of the Zener
ZD900 or the emitter of
Q901. The voltage should
read 9 volts. If less, replace
diode.

2. A key voltage measure
ment now must be made.
Locate resistor R901 near
the top edge of the board
between Q900 and Q901.
This 1.2k ohm resistor
stands up about a half

PROBLEM
Fuse open F-900

90V is less than 80V
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inch off the board. Place
positive lead on the lead of
the resistor closest to the
edge of the board.
~ Voltage . Probable Cause
. ZDQOJ. sho;’ted
Q900 or Q902 low
gain
Open Q900;Q902,
'Q903, R906 or
1900

3. If all components are
OK, the oscillator circuit
(Q903) may be loaded
down by a defective com
ponent in the secondary of
T900. With an ohmeter,
check the following com

' ponents for leakage:
D903, C909, C906 and
C907.

The other components D901, D902 and the dou-
bler cannot be checked with an ohmeter. The
following procedure may be used:

NOTE: When working with the doubler, always
make certain that the CRT anode is dLscharged to
ground.

Unsolder the wire going from the high voltage
transformer to the terminal of the doubler. Apply
power and measure the 90V (pin 5 of R900). If the
90V comes up, replace the doubler. To determine
if D901 or D902 are loaded down in the oscillator,
unsolder one end of the diode and note 1f the 90V
' comes up to 90V.

XYZ AMPLIFIER BOARD

Missing information can either be caused by the
logic PCB or the X-Y amplifier. The easiest ap-
proach is with a scope. However, a scope is
generally not available on location. Follow the
steps listed below to determine faulty board. The
Y measuring points are in parenthesis.

Missing X (Y) Information
1. Set your voltmeter on AC and on the 10 volt
scale.
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2. Measure the voltage at pin 1 (3) of P703. The
meter should read 4.5V+-1V. If less or zero, the
logic PCB is defective and the monitor is probably
OK.

3. Measure the voltage at pin 2 (3) of P702. The
meter should read 4.5+-1V. If zero, check for open
fuse F-700 (600). This is a small pico fuse located
near the side of P702. Replace with a 2 amp fast
blow fuse. If the fuse is OK, and the voltage is low,
check out @705, 706, 707 and 708. (Q605, 606,
607 and 608). You could swap the +X driver
transistor Q608 to see of the problem follows the
transistor. Similarly, the -X (Q707) and -Y (Q607)
can be swapped.

Z AMPLIFIER
Proper adjustment of the brightness and contrast
controls is the same as the raster scan monitor.

1. Turn both brightness and contrast controls to
minimum.

2. Turm up brightness until picture is barely
visible.

3. Turn up contrast for desired picture.
Problems related to the Z amplifier are few.
Remember! Make sure all power supplies are
operating and the filaments of the picture tube

are glowing.

SYMPTOM
Black Screen

PROCEDURE

1. Turn up the brightness
control. One of three
symptoms will appear and
proceed.

a. no picture

b. a dot in the middle of
picture

c. interconnecting lines
between objects

No Picture 1. R515 or brightness
control R516 open.
A Dot 1. If the red LED is on,

proceed to X-Y amplifier
procedure.

Interconnecting Lines 1. If the red LED (D507) is
on, check the following
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components for shorts or 2. If the red LED is off,
opens: D504, D505, D506 Q504 is open, Q503 is
and C510. shorted, contrast control
R526 is open or there is no
This concludes the two-part series on Quadrascan Monitor Repair. Z input from the logic PCB.
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Atari Quadrascan Monitor Change

The Atari Quadrascan X-Y Monitor used in new
games has been redesigned and differs from the
earlier model in its connection to the game wiring
harness. The earlier model used two 6-pin con-
nectors, the new design monitor has one 12-pin
connector. An adaptor harnessis provided on
games designed for use with the earlier design
monitor; see illustration.

When ordering a replacement monitor, check
your game wiring hamess. If you game has the
two 6-pin connectors to the monitor, you will need
to order the adaptor hamess: Part Number
A036240-01.

If you have any further questions, contact the
Atari Customer Service office in your area.

OLD DESIGN MONITOR

GAME HARNESS PLUGS DIRECTLY INTO NIGH
VOLTAGE POWER SUPPLY PCR
2 x 3 PIN CONNECTOR

/

AND DEFLECTION AMPLIFIER PCS
|1 = e i cONNECTOR

NEW DESIGN MONITOR

HAS 1 12-PIN CONNECTOR ON A CABLE FROM
THE OEFLECTION AMPUIFIEN #CR

ADAPTOR MAANESS IS REQUIRED ON GAMES
DESIONED FOR USE WITH THE EARLIER
MOMNIT

Hote 1. Elecirohame Chessis Number
Otd & GOS-801
Now # GOS-305

Neote 2. No boards ere interchangesbie between monion

The Best Of S*TJ: MONITORS © 1989

Atari Asteroids Display Problem

PROBLEM
Interconnecting lines on the screen between ob-
jects.

SOLUTION
A bad C.R. tube #19VAR P4 (G2 grid shorted),
must be replaced with a new tube.

The problem just started to appear last month on
3 out of 10 of our Asteroids. The symptoms were
a little different, but the problem was still inter-
connecting lines. Each time I had to replace the
picture tube.

SYMPTOMS

1. Lines appear only once in a while from the
control panel movements.

2. All voltages are good on the monitor and the
Red LED (D507) is off and @504, Q503, R526 are
good and the Z input is there, from the game logic.
There is some control over the contrast and
brightness.

3. A sharp tap on the pix tube neck and the lines
come and go.

SOLUTION

Check the picture tube with a C.R. tube checker.
If not available, go to a local TV repair shop to
confirm the problem.

Atari Monitor Tech Tips
Wells Gardner Color X-Y DisplayFor optimum
reliability, three picture parameters must be
periodically checked, as well as always checked
after transportation. These three parameters are
the size, centering and brightness. Proper adjust-
ments will prolong the life of the yoke driver
transistors and help prevent a fuse from popping.

Use the size and centering procedures listed on
Sheet 2, Side B of the Tempest schematic DP-190-
02. For brightness adjustment, refer to page 4 of
the X-Y display service manual TM-183.

Electrohome G07-904 Color Monitor

You may have found the video B+ Diode D503 to
be bumed. The cause could be on the CRT PCB.
Check and make sure that capacitor C107 is not
touching the adjacent terminal.
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' can Mc 'ﬁiitbrs/’l‘ro’ubfeshbbting Guide

1. Bright raster-
some or no video
A. Video

Horizontal output
II. Raster - no video
A. Video

III. One color missing
A. Video
1. Green

2. Red
3. Blue

B. CRT socket

IV. No raster - B+
Normal

A. Horizontal output
B. Video

V. No raster - B+ High
A. Horizontal
Oscillator

B. Horizontal Driver

C. Horizontal Output
D. H.V.L. Stage

V1. Raster OK - B+ High
A. B+ Power Supply

VII. Raster OK - B+ Low
A. B+ Power Supply

VIII. Input Fuse Blows
A. Bridge Circuit

IX. No Vertical Sweep
A. Vertical OSC

B. Vertical Output

C. Horizontal Qutput
X. No Horizontal Sweep
A. Horizontal Output

XI. No Vertical SYNC

A. SYNC Amplifier

B. Vertical Oscillator

XII. No Horizontal SYNC
A. SYNC Amplifier

B. Phase Detector

ELECTROHOME GO-7

X303, X304, C107
D503

X303, X304

X103, X104, X3103
X101, X102, X3102
X105, X106, X3101

Spark Gap Short

Screen R-11

IC501

X501, T501

X01, Tol

X701, D701

X04, X901, X902, D905
X04, X901, X902, D905
FRO01

D901, D902, D903, DI04
C904

IC 501

FR401, X401, X402
C411 Yoke

D808 X609

T503, L502, L503
C515 Yoke

X302, X306
IC 501

X301, X305
IC501

W/G 19KS SERIES

TR201, TR202
ZD201, ZD202
X608, C625

TR201, TR202
ZD201, ZD202

TR205, TR208
TR402

TR206, TR209
TR401

TR204, TR207
TR403

Spark Gap Short

X607
VR406

TR351

TR352, T602
TR601, T701
R353, TR354

TR501, TR502
X501

TR501, TR502
X501

X610, X611

TR301, TR302
TR303

TR304, TR305
TR306, C311
Yoke

T603, L702
C615 Yoke

TR308 _
TR301, T302

TR308
X351, X352

The Best Of S4TJ: MONITORS © 1989
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Atari Tempest Monitor Jitters

After fighting a problem in the Atari Tempest for
three days and finding a silly mistake, I thought
I should write to you.

Wells Gardner Monitors #19K6101 use a 1.5 ohm
10-watt resistor in location R610-R710. If you
replace theseresistors with standard wire-wound
units, the monitor will exhibit the shakes orjitters
referred to in STJ, Vol. 4, No. 7 Service Tips, but
the symptoms will be misleading in that R610 and
R710 must be non-inductive.

Please tell your readers about this problem as
Atari and Wells do not point out this requirement
in the parts listing, and only put down the initials
“N.L.” on the schematic.

Atarli Tempest Display Problems/
Solutions and Monitor Adjustments

SYMPTOM

Some of the rims between the tube rails are
missing on some playfields. For example, the first
circular playfield is missing the top rim. Self test
shows an E;in the middle of the screen. This
indicates that the EAROM at location C-3 on the
Auxiliary PCB is defective. Replacing the EAROM
does not correct the problem.

SOLUTION

The problem lies outside the Auxiliary PCB. Two
probable causes exist. The interboard connector
to J-19 on the main PCB has shorted or open
wires; or, the transceiver IC H-2 (74LS245 or
AMB8304B) on the main board has failed.

NOTE

Any individual working on a display should be
familiar with servicing procedures and precau-
tions necessary for picture tube and high voltage
equipment. Use extreme care when handling the
picture tube. Wear safety goggles and heavy
gloves for protection when handling the picture
tube.

BRIGHTNESS ADJUSTMENT
Improper screen (brightness) adjustment may
cause phosphor burmn. '
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The brightness adjustmentmust not be made
using the game or attract mode.

The brightness is adjusted only to the following
procedure:

1. Set game to self test.

2. Activate SLAM Switch until display screen #5
(5 groups of colored bars is displayed.

3. Using the center group of bars, adjust the
screen control until the fifth and longest bar is
visible. Too much brightness causes the sixth bar
to become visible. Too little brightness causes the
fifth bar to disappear.

It is recommended that the brightness be checked
on new games and games which have been moved
to a location. Also, a little RTV on the screen
control knob will insure that the control will not
inadvertently move due to vibration, etc.

Z AMPLIFIER

Field Service has received reports of a condition
where the picture turns very bright and the
addition of nterconnecting linesbetween objects
is apparent. The cause may be a failure in the
video B+ supply due to an open PCB trace.

If you experience this problem, turn the game off
immediately to prevent phosphor burn.

Proceed to troubleshoot as follows:'

1. Disconnect the neck PCB assembly from the
picture tube.

2. Disconnect connector on game logic board.

3. Power up game.

4. On the neck PCB, measure the voltage from
chassis to the tab (collector) of one of the three
color amplifier transistors (Q500, 501 or 502).
The correct voltage is 180 volts.

5. If the voltage is considerably less, the video B+
power supply or associated wiring located in the
high voltage unit is defective.

6. Remove the four chassis mounting screws of



the high voltage unit and remove the unit.

7. On the circuit side of the PCB, jumper pin 6 of
the high voltage transformer to the anode of diode
D901.

8. Remove the cage and check the capacitor C901
for a broken lead.

9. Reassemble HV unit and mount to the chassis.

10. Again, measure the voltage on the color
amplifier transistor tab for the proper 180 volts.

DEFLECTION PCB

The loss of voltagein either 25-volt power supply
has been diagnosed by some as open filter capaci-
tors C901 or C902. Before replacing the capaci-
tors, make sure that the PCB traces near the
capacitor terminals are not cracked. It is recom-
mended that the solder be removed for this in-
spection.

INPUT CONNECTOR (Monitor)

With new games, it is always a good practice to
inspect the monitor input jackpins and the har-
ness plug pins. Make certain the pins are fully
inserted and properly seated. Pins making partial
contact in high current lines may eventually
corrode due to heat or arcing.

MAIN LOGIC PCB

Sometimes, you may have noticed, a short dura-
tiondot inthe center of the screen when switching
from self test to play mode. Over a period of time,
phosphor burnsmay occur. To protect your
monitor, perform the modification below on Rev
A, B and C boards.

1. On the circuit side of the PCB, cut the trace
which connects pin 9 of IC/C-9 to resistor R-32.

2. Jumper pin 9 of A9 to pin 10 of B-8.

OUTPUT TRANSISTORS SHORTING
SYMPTOM
Output transistors on Wells-Gardner color X-Y
monitor shorted and fuses F100 and F101 blown.

SOLUTION
Perform the following steps:

Atari Monitors +« 2-11

1. Remove P100, 101, 600, 700.
2. Check D100, D101, D102, D103.

3. Check Q100, Q101, ZD100, ZD101, C100,
C101.

ss3Are fuses still popping?***
*+*Check for shorted traces***
4, Check J100 pin #1 = 33.8vdc
#3 = 28.5vdc
#6 = 28.5vdc
#7 = 33.3vdc

5. Check Q102, 103.
6. Replace P100.

7. Check J100 pin 4 = 27.8vdc.
Check J100 pin 5 = 27.7vdc

NOTE

Installing the IPC Board will prevent the above
problem. Contact your Atari Distributor for
availability and further information.

Atari Dig-Dug Display Distortion

I know that I'm vending & not “into” videos any-
more, but a problem has come up in some of the
Atari Dig-Dug units that I feel you should be made
aware of. The symptoms that you will notice will
be a vertical bar with trash on both sides and will
appear to be a problem in the Vertical Sync
Circuitry of your monitor. '

Troubleshooting the unit at the monitor and
working your way to the problem will take four to
six hours! It's been found (so far, only in the Dig-
Dug units) that the filter capacitor (27,000 uf) in
the power supply causes this problem when it
becomes weak (starts leaking) and won't filter out
the ripple.

There are three different colors of caps being used
at present: green, blue and silver. The green caps
seem to be causing most of the trouble, but the
other colors are quite capable of going bad also!

I called the Atari West Coast Service Center to

confirm this problem and they said, “Yes, that's
it.” So tell your friends...

The Best Of S*TJ: MONITORS © 1989
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Atari Tempest Color X-Y Monitor

Tempesthas had more than its share of problems.
This game was Atari’s first attempt at color X-Y.
Several times I took monitor PCB's into my dis-
tributor for repairs and they found nothing
wrong. The symptom - lines all over the screen. At
times this problem was intermittent. The prob-
lem, as it turned out, was in the logic board. The
adjustment potsfor the X and Y channels were
sealed with silicon. The silicon and pot would
expand and contract at different rates as the
game warmed up. The silicon was behind the
adjustment tab on the pot and would lose conti-
nuity, causing the game to go wild. The monitors
have had a history of destroying the driver tran-
sistors. This may be a contributing factor to the
Tempest monitor problem.

Atari Quantum Monitor Mod
Atari gave me a tip on the Atari Ampliphone
Monitor (Quantum). The -24vdc regulator (7924)
on the high voltage board"blew up.” Atari stated
that in some of the early Amplifone monitors R18
was left out. If this happens to you, the following
techniques should solve your problem:

A) Insert R18(27k or 33k 1/4 watt) resistor in the
holes marked R18 on th igh " .

B) Change the '24"‘1‘: regulator And C4

C) Install two diodes (1N 400 1) aCrOSS the leads of
C3and C4 (onthe underside of tt board) with the
cathode attached to the positive le '
and the anode to the negatt

I hope these mods help 3 ou

Atari Dangerous Display Harness
Immediately check all upright cabinets of the
following games for an unsecured display con-
nector on the main harness. Games with higher
serial numbers have already had the display
connectorsproperly secured at the factory.

Arabian URO0001-UR00500
Food Fight UROO001-UR01501
Millipede UROOOO01-UR09997
Xevious UROO001-UR05499
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WARNING

To avoid serious injury to anyone playing or even
touching the game, you must secure the display
connector as described below to prevent short
circuiting with high-voltage components on the
display.

On Food Fight games using the Disco or
Matsushita displays, use a cable tie to secure the
red display connector (J205B) as shown. On
games using the Electrohome or Atari displays,
use a cable tie to secure the white display connec-
tor (J205A).

Whenever you install a new display, be sure that
the unused display connector is properly secured
to the harness.

NOTE
The Xevious connectors will look different from
the connectors described. However, the unused
connector(s) MUST be secured to the harness for
safety.

Atari Amplifone Color X-Y Monitor
Voltage Regulator Circuit

Atari P/N A200000-01

On some Gravitar and Quantum games using the
Amplifone Display, the VR1 (7824) and the VR2
(7924) on the High Voltage PCB may be: over-
stressed during power up or power down.

Before replacing VR1 or VR2, check that blocking
diodes CR5 and CR6 (1N4001) have been incorpo-
rated in the circuit of your display). If not, perform
the following:

1. Install a diode (31-4001) from pin 3 (+24v} of
VR1 (7824) to ground; position the cathode end at
pin 3.

2. Install a diode (31-4001) from pin 3 (-24v) of
VR2 (7924) to ground; position the anode end to
pin 3.

3. Replace the associated electrolytic capacitor.



Note:

Unless other wise specified -

1. All resistor values are in ohms, 1/4W, 5%
2. All capacitor values are in uf.

WARNING

Components identified by shading 9schematic)
have special characteristics important to safety
and must be replaced only with identical parts.

Atari’'s Star Wars Controls
Monitor Hi-Voltage Board

This game has to be the finest game Atari has ever
created. The income is initially the same as Pole
Position. The massive amount of play it is getting
has created a few problems with the controls. The
biggest problem is simple: loose screws. The cover
should be removed from the top of the controls.
Inside are three screws that hold the top assembly
to the shaft. Make sure these are tight. The screws
on the handles must also be tightened. Early
production games did not have .Nylock bolts
Contact your distributor for these bolts if you
don’t have them. This control has an excellent feel
for the player and wouldn't be as good a game
without it. It would be wise to maintain this
control since its cost is approaching $500.

The monitor high-voltage board on the left side of
the cabinet (from the back] fell toward the picture
tube when the upper wooden bracket broke. This
destroyed my picture tube. It became a .rainbow
of colorsinstead of specific colors. It would be wise
to add another screw to this board to bolt it in
place. I also didn't like the high voltage lead
touching other wires in the game!

Atari Star Wars Color X-Y
-Monitor Modifications

High Voltage Board: Change capacitors C3 and
C4 from 100mfd at 35 volts to 220mfd at 35 volts,
with a low E.S.R. rating (Equivalent Series Resis-
tance). The Atari part number is #123009-227.

The following manufacturers’ capacitors will
work:

Ilinois Capacitor’-'227 RMR 050M (50 volts)
Nichicon - UPA1V221M (35 volts)
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Deflection Board: When servicing the deflection
board, please change diodesCR2 .and CRI11 to
1N4148, Atari part number #131033-001. The
old diodes, 1N914 open up, causing fuses F1 or
F2 to blow.

Troubleshooting the Atari
Amplifone Color X-Y Display

The new Atari Amplifone monitor has been de-
signed with the service tech inmind. Gone are the
days when you had to remove the whole monitor
just to remove the high voltage board. The new
chassis-less system features two easily acces-
sible PC' boards containing all the monitor’s
components (even the X and Y drivers). Repairing
this monitor is pretty straightforward and Chart
1 should help to put you in the right area.

There are two modifications you should be aware
of if the monitor you are working on is from a Star
Wars game. First, capacitor C3 and C4 on the high
voltage board should be changed from 100mfd at
35 volts to 220mfd at 35 volts, with a low E.S.R.
rating (Equivalent Series Resistance). The Atari
part number for this cap is 123009-227.

Second, you should change diodes CR2 and CR11
on the deflection board from a 1N914 to a
1N4148. The 1N914s open up and will cause fuse
F1 or F2 to blow.

Also you may notice two 50 ohm, 5-watt resistors
on your high voltage board that are not listed in
the monitor service manual. These were added to
Star Wars monitors only, so use the monitor
prints that come with your Star Wars schematic
package and everything will match up.

Chart 1: Amplifone Troubleshooting Guide
I. Missing Half of Picture ‘
A. Top Half Missing - Q4, Q6
B. Bottom Half Missing - Q5. Q7
C. Left Half Missing - Q14, Q16
D. Right Half Missing - Q15, Q17

II. X or Y Colldpse .
A Horizontal Line - Y Collapse - Q1, Q2,
Q3, CrR2
B. Vertical Line - X Collapse - Q11, Q12,
Q13, CR11

The Best Of S*TJ: MONITORS © 1989
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II. One Color Missing

A Red - Q23

B. Green - Q24

C. Blue - Q25

IV. No High Voltage
A. Voltage Regulators - VR1, VR2, C3, C4
B. Check H.V. Overvoltage Adj.
C. Check transformer pins for cold solder
joints or broken wires.

V. No Picture
H.V. and Deflection OK - Q26, CR19,
CR20.

AtariTempest Wells-Gardner X-Y
Monitor IPC Board Mod

Atari P/N 92-053

To ensure continuous IPC board operation, per-
form the following modification:

1. Remove the lead connecting the IPC board to
+27 volts on the display printed circuit board
(PCB). The lead is located near Q1 and Q3.

2. In its place, connect a 1K ohm, 1/4W carbon
resistor.

Atari Star Wars Color X-Y Monitor

ZERO OHM RESISTOR JUMPERS

The BROWN zero ohm jumpers used on the de-
flection and high voltage boards are bad and
should be replaced with a piece of wire when
servicing either of those boards. The WHITE and
TAN jumpers are good and don't have to be
. replaced. Zero ohm resistors look like resistors

but are designated on the board with a

silkscreened “W” followed by a number. A com-
mon problem with the brownjumpers isW1 or W2
on the deflection board opening up.

Atari Star Wars Display Problems

PROBLEM

No filament voltagefrom the high voltage (HV)
PCB.

SOLUTION

Check for aloose connection on the lugs that hold
the HV transformer to the PCB.
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PROBLEM ‘
Can any other power transistors be used on the
Deflection Board?

SOLUTION

Yes, MJ 15003 NPN replaces 2N3716 and
MJ15004 PNP replaces 2N3792.

PROBLEM

What should the output of the 555 IC on the HV
PCB be?

SOLUTION

The output at pin 3 on the IC should be a 20 khz
square wave. This is adjusted with potentiometer
R7.

PROBLEM

There is no high voltage. The positive and negative
24 volts are present.

SOLUTION

Check transistor Q3. The problem may be that
the transistor tab (collector) may not be makmg
good contact with the heat sink.

PROBLEM

The schematics for the HV cutoff circuit do not-
match the board assembly.

SOLUTION

There are three board revisions You can tell which
one you have from the table here.

DISPLAY REVISION INDICATORS

PCB Revision R16 R18
Original 470 ohms 27k ohms
-First rev. Zener ‘Missing or
g 27k ohms
Second rev. 470 ohms 33k ochms
PROBLEM

The schematic for the deflection board shows CR5
as a IN714 diode.

SOLUTION

The schematic number is wrong. It should be
labeled a IN751A zener diode. The rating of 5.1
volts is correct, however. .

PROBLEM

On the HV PCB, the output voltage of the regula-
tor is good when the pin is lifted, but there is no
voltage when the pin is connected to the board.



SOLUTION
Check for a bad 0.1uF glass capacitor across the
voltage regulator. The decoupling capacitor may
be shorted.

PROBLEM

The 24 volt regulator has failed.

SOLUTION

Check for cracking around the regulator leads on
the PCB. Alsocheck for cracking around the leads
of C3 and C4.

PROBLEM

The voltage is low on the supply lines on either the
Deflection PCB or the HV PCB.

SOLUTION

There are jumpers on the supply lines of both
boards. The jumpers are marked with a “W” on
the schematic. They look like resistors on the
board and have a single black band on them. The
jumpers should have no resistance. However, the
brown jumpers may have created some resis-
tance to them. They should be replaced with a
plece of wire. The white and tan jumper should
have no problems.

PROBLEM

The picture shrinks in from the negative X and Y
sides of the screen.

SOLUTION

On some deflection boards, R35 and R12 may
have a 15 ohm resistor and a 30 ohm resistor in
parallel to get 10 ohms. If these come loose, then
some picture shrinkage may occur.

Atarli Monitors * 2-15

Atari Firefox Amplifone
Raster Modification

Step 1 is mandatory and
must be done tmmediately.

Steps 2 through 6 provide increased protection to
the deflection board and should be installed by a
qualified technician as soon as possible, but
especially if the game fails.

1. Neck Board. Cut the trace between the pad at
CRT socket pin 5 and the nearest pad. Install an
insulated jumper (1000 volts or better insulation)
between pad at CRT socket pin 5 and either of the
pads at spade lug J9. Use a number 20 wire.

2. Cut the trace between connector J8 pin 9 pad
and the base pad of Q10. Install a 330 ohm, +-5%,
1/4 watt, resistor between the base of Q10 and
the connector J8 pin 9 pad.

CAUTION

To prevent arcing, it is absolutely necessary to
use a carbon composition resistor in the following
step.

3. Remove the focus terminal cover from the CRT
socket and unsolder the focus lead from the
terminal. Solder a 22 meg-ohm +-5%, 1/2 watt
carbon composition resistor to the terminal with
the end flush with the terminal and resistor
parallel to the board. Solder the focus lead flush
with the other end of the resistor, and trim the
resistor lead. Route the focus lead back to the exit
groove and replace the cover.

4. Deflection Board. Install a IN751A zener diode

(5.1v) to the vertical sync input, anode to ground,
as follows:

a. Locate the first pad connected toJ1 pin
5 on the trace or circuit side of the board.

Note: PLL board is installed in place of J1.

b. Locate the pad going to ground near J1
pin 6, between pin 6 and R10.

c. Install the zener diode (anode to

ground) between these two pads on the
circuit side of the PCB.
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5. a. Remove C5 {0.1uF) axial cap.
b. Install a 0.22 uF (25 v) axial cap be
tween the cathode and gate of Q4
(MCR101) soldering one lead of the cap to
the cathode pad (square pad) of Q4 and
the other lead to the pad of C5 connected
to the gate of Q4. Install the cap on the
circuit side of the PCB.

6. Route the high voltage anode lead away from
the deflection board, and secure it with a wire tie
wrap.

NOTE

Upright Firefox games built after game serial
number UR00802 will not need this modification.
This modification has already been incorporated
on all sitdown Firefox games.

CUT TRACE
ADO RESISTOR, 330N

ADO JUMPR®

Atari Tempest Display

Most problems in the Tempest display can be found by following
the procedure shown in the chart below.
CAUTION
When replacing the transistors mounted on the chassis,
make sure the pins do not short to the chassis.

mounted on the chassis, make sure the

CAUTION: When repiacing the transistors Mo Picture and. . .

pina do not short to the chassle. i the

above proceduree do Not soive your r Biows $ smp. fuss on rce. 4'
problem, call Atari Fieid Service. I~

T
A 4

Fuse Blows 1 precannect PEOC. P700, and P100. l
1 Power up menner.
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X—Uuﬂlb-)umnmm J
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l o I of the screen.

[ 7
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H shaned: 0100. DN, 0702, 0183, 2010, 2D, ON2, and OWA. PI00. i it's misaing you're missing Hon bosrd (9o 1o Blews
{ €100, sng C301 the veltage frem the Deflection e on Dellection PCB
I boerd. procedure].
[ Commue | b A
] the 120 Venpine 4 and § of
H 700,
| No 180 volts or 180 veits is low.
] Chenge or make sure CB0Y and C902
' ;M are 00 . ot 50 volta. Chech fer s
. \ 4 teaky CP05. I CP0S ie bed sieo check/
repiace Q960. 0901, 902, Q903
I Check ramstors R100. R0, A¥02. Ropisce the following componenta if HY of no MV reguistien). e
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180 vohs on board
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Ataril Star Wars X-Y
Display Modification

ATARI COLOR X-Y DISPLAY DEFLECTION PCB
You should do the following modification to help
prevent the Deflection PCB from failing. This
modification should only be performed by a quali-
fied technician.

1. Connect the two type 1N754A zener diodes
together as shown in Figure 1. The connection is
made as follows: bend the anode ends of both
diodes into a “fish hook” pattern. Hook the two
fish-hooked leads together, and solder them.
Remember that too much heat will destroy the
semiconductor material.

2. Connect the two type IN756A zener diodes
together as shown in Figure 1. Use the same
technique as described in Step 1 above.

3. Remove diode CR2 and solder in a type 1N4002
diode in its place.

4. Remove diode CR11 and solder in a type
1N4002 diode in its place.

5. Remove resistor R12 and solderina 12 chm, 1/
4 watt resistor in its place.

6. Remove resistor R35 and solderina 12 ohm, 1/
4 watt resistor in its place.

7. Find the Y-Deflection Circuit {upper left area of
the schematic). Resistor R1 has two leads to it.
Find the lead that goes to the yellow wire. Connect
this lead to the cathode of one of the type 1IN754A
diodes. Connect the cathode of the other type
1N754A diode to ground.

8. Find resistor R24. It has two leads: one runs to
an orange wire. Connect this lead to the cathode
of one of the type 1N756A diodes. Connect the
cathode of the other type 1N756A diode to
ground.

9. Find the type 2N3792 transistor Q17. You will
be installing a type 1N4002 diode across this
transistor's emitter and collector. Solder the
cathode lead of the type 1N4002 diode to the
emitter, and solder the anode to the collector of
this transistor. '

Atari Monitors « 2-17

10. Find the type 2N3617 transistor designated
Q16. You will be installing a type 1N4002 diode
across this transistor’s emitter and collector.
Solder the cathode lead of the type 1N4002 diode
to the collector, and solder the anode to the
emitter of this transistor.

11. Find the type 2N3792 transistor Q7. You will
be installing a type 1N4002 diode across this
transistor's emitter and collector. Solder the
cathode lead of the type 1N4002 diode to the
emitter, and solder the anode to the collector of
this transistor.

12. Find the type 2N3716 transistor Q6. You will
be installing a type 1N4002 diode across this
transistor's emitter and collector. Solder the
cathode lead of the type 1N4002 diode to the
collector, and solder the anode to the emitter of
this transistor.

PARTS LIST
RIPTION  PARTNO.
31-1N4002
131002-001
¢ 6A 8.2v Ze 32-1N756A
120hm, 1/4watt  110000-120
—CD—-:_{:U__ Dlode Connection

FIGURE 11 MAKING FISH-HOOK CONNECTIONS

Atari Star Wars Amplifone
Monitor Flyback Test

PROBLEM

Atechnician attempts to repair an Amplifone high
voltage module from an X-Y monitor and it seems
to be only a short time before it fails again.

POSSIBLE CAUSE

The flyback may be bad, but how do you check it?
Iam fortunate enough to have a Sencore LC53 “Z°
meter which checks both inductance and capaci-
tance. Imade sure that it was in calibration before
I took these lyback readingsat right. The LC53
also has a “ringing test” which indicates whether
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turns are shorted inside. A ringing test of 10 or
above indicates a good section in the flyback.

I used one good flyback to check against another
suspect flyback I encountered. The suspect
flyback showed to be bad on the ringing test. I
have shown the readings of both flybacks listed
side by side so you can compare readings. If you
do not have an LC53 but do have an inductance
checker you may use the inductance readings as
a comparison and make an educated guess.

I will mention that the good flyback readings are
from a flyback which is still operating in a game
without problems. Remember these readings are
not standards, but simply what I encountered
with a good flyback.

Table 1

Flyback Inductance Readings
for Two Amplifone Flybacks

Inductance 186uH  122uH
Ringing 10T 01
4-8 . | -
Inductance 2.02mH 1.86mH
Ringing . 10T 01 .

NOTE: Readings taken five times for each section
of each transformer.

As a final note, all three flybacks looked good;
they didn’t have cracks or have any burnt mark-

ings.
Atari Star Wars Monitor Problems

If you have a problem with your Atari color X-Y
monitor in your Star Wars game and the problem
originates in the high voltage transformer assem-
bly, you have really got a problem! The trans-
former in that assembly is no longer available.
That is the official word from Atari. Atari is
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suggesting that you purchase an entire monitor
through your local distributor.

I would like to offer an alternative that might fit
your requirements without buying a thing. If you
have an old Atari Temnpest or Space Duel that is
not too critical to your route, you can use the
monitor to get your Star Wars up and running.

The monitor in the above mentioned games is a
Wells Gardner, and can still be repaired. Parts are
still obtainable. Take the monitor out of Tempest
and mount the whole thing in Star Wars. The
connections are identical - so the Tempest moni-
tor will just plug right in. All you need do is make
some minor adjustments, and you will be back in
business.

Unfortunately, this will not work in a sit-down
cabinet because the screen is 25 inches. Some
people are saving any working transformer as-
semblies for their sit-down cabinets, and using
the Wells Gardner for their uprights. This type of
action could keep both models up and running for
an extended period, thus allowing extra life of all
your Star Wars games.

I hope this bit of information helps some of you
that have had Star Wars games out of order.
Please remember that you can use the cabinet

- after removing the Wells Gardner monitor for a

conversion by inserting a raster scan monitor.
You can make two games, with the above sugges-
tion, that will earn money out of pieces that were
dead wood.

Atari Paperboy Display Failures

GAME
System II (Paperboy) Medium Resolution Display
Failures.

SYMPTOM
The loss of one or more of the RGB colorson the
raster of the ADI display model AGM-20M.

PROBLEM

Cold solder joints on transistors Q202, Q206 and
Q210 of the RGB amplifier circuit located on the
Main Circuit Board Assembly.



SOLUTION

Remove the Main Circuit Board Assembly mount-
ing screws from the chassis. Slide the Assembly to
the rear of the display frame and tilt the chassis
up so that the front of the Assembly can be set on
the bench.

Locate the pads of transistors Q202, Q206 and
Q210 on the trace side of the board. Touch the tip
of a hot soldering iron to each of the transistor
pads (marked E, B, and C). Hold the tip of the
soldering iron on the padjust long enough to melt
the solder (approximately 5-6 seconds).

CAUTION

Holding the iron on the pads longer may cause
permanent damage to the solder pad or transis-
tor.

NOTE

Tinning the soldering iron with some solder prior
_ totouching the pad will shorten the time the iron
is required to touch the pad. '

Reassemble the Assembly to the chassis of the
display to check for proper operation. If this does
not fix the problem, try resoldering the associated
components in the amplifier circuit. If the color is
still missing, troubleshoot the amplifier circuit.

Atari Matsushita Monitor Shutdown

I have run into some of these monitors which shut
down at power-upor shortly thereafter. I have
found C457, a 10 microfarad at 16vdc capacitor,
on the chassis, to be the problem.

Amplifone X-Y
Replacement Flyback

SUBJECT

Atari is releasing a new/improved (?) flyback for
replacement use. According to Atari, they will be
available after August 18th, 1988.

GAMES

So, you can now dig out that old Star Wars
sitdown, with the 25" monitor, that you didn't
have the heart to trash, and get it back on the
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street. Also, any 19" uprights that you didn't
convert over to the good old Wells-Gardner moni-
tor can now be salvaged. Hell, these games have
been off the streets for so long the kids might even
think they are new!

Atari Star Wars Color Modification

LIFE AFTER DEATH

Star Wars has been around for several years and
still enjoys a dedicated following. Since Atari has
thankfully provided us with a new high-voltage
transformer for the monitor, this game is now
making money for us again. But there are hun-
dreds of them out there, and every single one of
them looks alike. To make your Star Wars stand
out from the crowd and pull in some new players,
this fifteen minute mod will clearly show a differ-
ence in how the on-screen graphicslook aswell as
the amount in the cashbox. No parts are required,
so this won't cost you anything. It will work on
both stand-up and cockpit models.

INITIAL CHECK

Before we get started, keep in mind that this will
work only with the original Amplifone color X-Y
monitor. I have seen some Star Wars machines
with Wells-Gardner monitors from Tempest and
they are not compatible. I will cover how to work
on the Wells-Gardner units in a later article. But
this month will cover only the Amplifone.

THE MODIFICATION

The color X-Y monitor accepts three color signals
from the game computer: red, green and blue.
These signals pass through three separate color
amplifiers, but the amps are exactly the same.

The computer’s output color signals have the

same amplitude, and are almost exactly alike.
Figure 1 helps illustrate this. All this system does
is determine the color each onscreen object will
have. If you disconnect the red and green color
signals and swap them around, then the red
signal will go into the green amplifier; conversely,
the green signal will go into the red amplifier. This
makes some of the on-screen characters different
colors than your players are used to. This will
grab their attention!

Simple, yes? Well, let's take it one step further
and swap all three color signals. But before we do,
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let’s take a look at what Star Warslooks like before
working on it. Here is a list of some of the more
prominent objects and their colors:

RED

Bunkers (the things that shoot at you in the
trench and tower sequence), and the flight in-
structions during the attract mode.

GREEN
T.LE. fighters, the towers, and the trench.

BLUE
High scores, the Star Wars logo during attract
mode and the player's laser fire.

PROCEDURE

Now let's get our hands dirty and get to work.
Warm up the soldering iron, theén turn off the Star
Wars machine you want to modify. Remove the X-
Y deflection board and use Figure 2 to locate the
general area to concentrate on. Look for a red
wire, a green wire and a blue wire. They will have
black wires entwined around them, but these are
just ground wires and there is no need to worry
about them. These color wires represent the
inputs for the individual color amplifiers and the
board is labeled BLU, GRN and RED where each
wire connects to it. Figure 3 shows their exact
location.

Fgure 1
]
Are
Rad Aged
Compuren, Sotnn Sgml ::"' CAT.

I.um Byes

et
Any

Color Ampifier Of X-Y Deflection Boord. Block Llagrom.

Now that you have found these wires, unsolder
them (do not remove their black ground wires, as
they are all connected together on the board
anyway). With solder brald or a solder-sucker,
clean the empty holes. If the bare ends of the wires
still look clean and neat, you can go ahead and
proceed to the next step. Otherwise, cut, strip and
tin the ends. We are about to resolder them.

Using Figure 4 as a guide, solder each wire into its
denoted hole:

Green wire goes into RED hole.
Blue wire goes into GRN hole.
Red wire goes into BLU hole.

FINAL CHECK

Now reinstall the X-Y deflection board into the
game and turn it on. You should see a big differ-
ence in the graphics. That is because the com-
puter color signals are now driving difference
color amps. Figure 5 shows a schematic version
of the mod. The computer doesn’t care, but does
the game ever look different! You should now see
the following:

Maop Of X-Y Color Deflecfion Board.

Figure 3 Figue 4
w v w & =
R \ \ ) \ \
g \ \
W wn o w ue
I I3 @ @ @ o P @as ae 1Y
<Mo e e GAtenasY §ibe “‘O
Appearance Of Deflection Board Before Modification Appearance After Modlfication

The Best Of S*TJ: MONITORS © 1989



JAMMIN®

This is by no means the only color pattern to use.
You may want to swap only two colors instead of
three. At Six Flags Over Texas, we arranged all five
of our Star Wars games so that no two have the
same color arrangement! It keeps the regular
players guessing and brings in new ones who
know what the game should look like and play it
because of its different look. If you have a supply
of working X-Y boards in the workshop, you could
rearrange each one's color pattern and simply
swap out the board whenever you want to change
its appearance. This can be done in less than five
minutes and can be done from month to month.

TECH NOTE

Atari Monitors + 2 -21

Figure 5
Red
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Bock Diagram Of Color Amps After Modification.

An Atari technician said they used Amplifone color X-Y monitors in Gravitar, Space Duel, Quanturn,
Major Havoc and Black Widow. He said they used both the Amplifone and the Wells-Gardner, depend-
ing on availability. This mod should work on all those games that use the Amplifone model.

Atari Star Wars Amplifone X-Y Monitor T'shooting Waveforms
To help troubleshoot the Atari Amplifone 19-inch Color X-Y Display Unit,
the following waveforms are listed.

A {
d \; L~ N - N
v -4
ov HOV.
ﬁv
Qg Coltector 50V/DiV. 15uS 5§56 Pin 3 5V/DIV. 15uS 555 Pin 2 5V/DIV. 15uS
{ ] ] ]
' 1 } ! ' ; il :
T ) = = t d
oV : v L bov ! L . .
i : Vol i L
i ] |
} - 1
‘ |
Q4 Base SV/DIV. 18uS Qg3 Base 10V/DIV. 15uS Qy Collector SV/DIV. 184S
Qg Emitter is —24vdc
L — parmnernsd
i K !
: % i All schematic voltages are measured with
: i ! | i adigital muitimeter. )
ov! rov Voltages are in DC volts.
Qg Collector 20V/DIV. 15uS 665 Pin 7 5V/DIV. 10uS
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All waveforms taken with the Star Wars
Self Test Crosshatch pattern displayed.
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Bally Midway Troubleshooting
Electrohome & Wells Gardner
Monitors (Part 1)

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 Electrohome 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 circuit 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 transis-
tor TR502. Electrohome also measures the collec-
tor of the power transistor X04, 2SC1106. 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+ adjustment controls (VR501
on Wells Gardner and RS09 on Electrohome) has
been preset at the factory and should not neces-
sarily 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

3

Bally Midway
Monitors
Tips & Info

other than the adjustment of the B+ pot.

The regulator circuit uses a series or “pass” .
transistor, 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 (Bl). As Bl begins to increase, the in-
creased voltage 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 B1 decreasing,
decreases the base voltage of X902. X902 forward
bias is less; therefore, the collector of X902, the
forward 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 Elec-
trohome 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 (K4600 series) is equipped
with a three-amp line fuse, F601. Electrohome
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has a three-amp line fuse (F902), 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 transis-
tors, and current limiting resistors. Burnt foils or
poor solder connection may be found on the PC
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 board’s 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 HVL (protection circuit) in regard to a
high B+ problem.

The flyback transformer acts also as a secondary
power supply. This transformer receives a large
alternating 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.
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The higher voltages go to the CRT's grids (screen
and focus) and second anode. The color transis-
tors on the neckboard require about two hundred
volts from the flyback circuit. The vertical deflec-
tion circuit is powered up also. CRT filament
voltage is taken straight from a winding in the
transformer. The AC voltage 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 through it. The CRT's electron beam, when
scanning the front of the tube, passes through 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 game’s direction. Another way could be from
the earth’s rotation or an electromagnetic device
interfering nearby. To correct, simply degauss the
unit.

The degaussing circuit is automatic. When the
monitor 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 temperature co-efficient. The resis-
tance of the thermistor increases with tempera-
ture.

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.

FILAMENT

2. High voltage to the second anode plug of the
picture tube. To measure the voltage, a high
voltage probe would be needed. The voltage on
both monitors’ second anode will be about
twenty-five kilovolts (25,000 volts).

[REAR VIEW]
Anode cap

If both the filament and high voltage are missing
from the picture tube (also known as the CRT,
CATHODE RAY TUBE), then measure the moni-
tor's B+ voltage. The test point would be at the
emitter of the power regulator transistor. Elec-
trohome’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 2SC1106 on its case.

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

Looking from the back of the monitor onto the
main PC board, find the AC line cord. The moni-
tor'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 autput transistor is

located at the extreme right side of the board. -

Measure the emitter of the power regulator tran-
sistor. The B+ voltage on Electrohome should
measure 120vdc, Wells Gardner 127vdc.

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.

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 115vac
at the monitor’s line cord.

Well, let’s take the first half - no AC voltage to the
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 115vac to the
input of the isolation transformer and 115vac is
present on its secondary winding.

Missing 115vac to input of the isolation trans-
former 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.
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Check for bad wire with AC voltage to main
transformer and loss of voltage to primary of
isolation. If the primary of the isolation has
115vac present, and the secondary is zero volts
AC, there 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, and another fuse
F901 to the power regulator circuit which is rated
at one-and-a-quarter amps. The Wells Gardner
monitor has only one fuse marked F601 and 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 transistors are removed to test,
when replacing make sure the clear mica insula-
tor is placed between the transistor and the metal
bracket. When checking a fuse use an ohmmeter.
Sometimes the fuse looks good, but is open.

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 148vdc. This could be tested on the
Wells Gardner at the collector of the power regu-
lator transistor, same as on Electrohome. The
case of this transistor 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.

3. B+ VOLTAGE TOO HIGH

In case of no filament or high voltage, and the B+
measures higher than normal, refer to HVL (pro-
tection circuit) section. When the B+ reaches
138.5vdc or more on Electrohome or around
145vdc on Wells Gardner, the high voltage limiter

. circuit is activated. This protection circuit being

on prevents the horizontal oscillator from operat-
ing. Since no signal is fed into the flyback trans-
former, no filament or high voltage is obtained.

4. NORMAL B+ VOLTAGE
Here everything seems to be working properly and
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the B+ checks good. The high voltage and filament
are at the CRT, yet there is no raster (lit screen).
First try turning up the brightness control. On
Electrohome use the screen control. Wells Gard-
ner 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 the screen still dark, measure
the voltage at pin 7 of the CRT socket. The voltage
is normally between four hundred and 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 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.

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 adjust 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.
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The assembly device is a variable voltage divider.
No input voltage to the assembly would be a
problem with either the wiring or the flyback
transformer itself. If the voltage is present, but
there is no output, a new control assembly might
be needed.

5. NO RASTER OR FILAMENT HAS HI VOLTAGE

The three cathodes inside the CRT emit 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 all together. The filaments are con-
nected 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
isan AC voltage and should measure around four
to six volts. Voltage present indicates no continu-
ity between the heater pins on the socket to the
filament.

Unplug the monitor, and disconnect the neck-
board 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 it supply. On the Wells Gard-
ner 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 sixvolts AC. If not, unplug
the monitor and disconnect the neckboard from
the tube. Measure for continuity across the
flyback pins four and five. If open, replace.

On the Wells Gardner, filament voltage gets to the
neckboard by connector J402, pins one and
three. With no voltage at these pins, unplug
monitor and J402 from the neckboard. Check for
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continuity at these two pins of the connector
J402. An open winding indicates a necessary
flyback replacement.

6. NO RASTER OR HI VOLTAGE, HAS FILAMENT
Since both the filament and high voltage are
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.

The high voltage lead which connects to the
picture tube comes directly off the flyback. The
secondary windings of the transformer for fila-
ment and high voltage are separate from each
other. The focus and screen voltage come off the
same winding as the high voltage. Test whether
these voltages are present (focus measures with a
high voltage probe). If not, suspect the trans-
former. With voltages present, unplug power to
monitor and discharge high voltage from the
second anode of the CRT to ground.

Disconnect the second anode cap from the 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 snapping, 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, meas-
ure the second anode cap with a high voltage
probe. High voltage is present, suspect the CRT -
if it is missing, it can possibly be a defective
flyback transformer.

High Voltage Limiter (Protection) Circuit
The HVL 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 receiv-
ing X-radiation, which can be emitted from the
monitor by excessive high voltage.

Normally, as the B+ rises, so does the high
voltage. To prevent excessive high voltage, a pro-
tection 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 HVL is
activated, thus allowing no high voltage to the
picture tube.



This symptom was mentioned earlier asnoraster,
no filament, no high voltage and finding that the
B+ measured too high.

An activated HVL circuit (higher than normal B+)
can be caused basically by one of three areas: the
power regulator, protection, or horizontal cir-
cuits. To narrow down the problem, tumn 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 conditions: a raster (lit screen) or no raster. If
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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
the Electrohome monitor is 120vdc. Wells Gard-
ner is 127vdc.

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 the chart below for a breakdown of
conditions and suspected components.

CONDITION ELECTROHOME WELLS GARDNER FUNCTION
Raster, B+ High D905, X902, X501, TR501 Regular
X901, X04 TR502 Circuit

Raster, B+ X701, D-701 TR353, TR354 Protection

Normal 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).

Bally Midway Troubleshooting
Electrohome & Wells Gardner
Monitors (Part 2)

LIGHTING THE SCREEN

CRT Construction and Operation

The picture 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 signals are good
feeding to the monitor's input, then the display
should be normal (providing the monitor and
wiring are good).

The physical structure of the CRT is a large glass
envelope 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 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

The Best Of S*TJ: MONITORS © 1989



3 -8 <+ Bally Midway Monitors

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 toward 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, we come to 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 are used to draw or attract the
electron beams to the front of the screen where
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 po-
tential 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 in the area of
the bell of the CRT. As they approach the front of
the tube, the beams come up to the shadow mask.

The shadow mask is a large metal sheet which is
parallel to the inside front of the tube. Tiny slots
in the mask allow the electron beams to pass
through to strike the screen.

The mask is made and positioned inside the tube,
so that the electrons strike its proper color phos-
phor. If the mask is loosened and shifts, the
screen will exhibit a very bad purity problem
which cannot be corrected except by tube re-
placement.

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 illumi-
nated on the screen.

There is a conductive coating on the inside of the
bell of the tube. This coated material is connected
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to the second anode. The second anode is where
the high voltage is brought onto the CRT. The
electron reaches its final destination 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
very large capacitor.

If ever the high voltage anode lead is to be re-
moved, discharge the second anode to ground
while the monitor is off. Use a jumper lead con-
nected to the metal blade of a screwdriver. Attach
the other end of the jumper lead to ground
(chassis). Holding the insulated 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 neck-
board.

3. Three color screen 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
transistors on neckboard:
A. Electrchome 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 trans-
former).

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. Electrchome - 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 approxi
mately 450-500 volts DC. If the voltage
cannot be adjusted to this range, trou
bleshoot screen control circuitry.

Weak Emission Cures

For weak emission there are four possible ways to
correct the problem. Whether or not any 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
picture tube looks blurry or out of focus. These

conditions can be exhibiting a possible problemof -

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 oscilloscope. With the proper amplitude
of signal it may be the CRT has weak emission.

1. Turn the horizontal sync off frequency, and
adjust the brightnéss 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
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to the normal positions. Sometimes this will clear
up the weak emission.

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, but 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 tobe present tobias the tube. Then, the front
of the tube should light up.

The word “RASTER” means basically to rake. Its
definition in regard to picture tubes is the pattern
of illuminated 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 (bright-
ness) 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 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 not
able to view the picture makes the game rather
difficult to play.

The horizontal deflection scans the beams from
the CRT's left to right side, while the vertical
deflection moves the beams from the top to bot-
tom of the screen.
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Loss of vertical deflection causes the picture to
collapse 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 distance of the CRT.

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

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 electromag-
netic device. One coil is for the vertical and the
other is for the horizontal deflection. The horizon-
tal and vertical output circuits feed into the
deflection yoke.

Vertical deflection moves the electron beams from
top to bottom on the screen, while the horizontal
is scanning 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 procedure is repeated over and
over again, when the monitor is on.

No Vertical Deflection

No Horizontal Deflection
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The time of blanking is also referred to as retrace.
During blanking, a pulse arrives from either the
vertical or horizontal circuit to the blanking tran-
sistor. 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 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 262-1/2
horizontal lines scanned on the screen. Because
of this, the horizontal frequency is much faster

- than the vertical.

The process of interface scanning is 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 262-1/2 odd and 262-1/2
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 1/60



of a second to scan one field. However, one
complete frame takes 1/30 of a second. So actu-
ally there are thirty complete pictures per second.

Since we know how many frames per second there
are, taking the lines per second determines the
frequency of the horizontal oscillator. Five
hundred and twenty-five lines times thirty frames
is equal to fifteen thousand, seven hundred 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 circuit’s output (RGB VIDEO) is dis-
played correctly on the monitor.

Blanking and Beam Limiter

At this point it would be good to mention briefly
the purpose of the blanking and beam limiter
_circuit. The blanking circuit blanks or turns off
the electron beams inside the CRT during hori-
zontal and vertical retrace time. As the beams are
moving from left to right across the screen, thisis
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 transis-
tor circuit, which receives a horizontal and verti-
_cal sampling pulse from their respective circuits.
This blanking transistor is connected directly to
the color video output transistors on the neck-
board. There are three transistors, one to drive
the red, another for green and also one to drive the
blue color guns {cathodes) in the CRT.

During blanking time, either the horizontal or
vertical pulse is coupled to the blanking transis-
tor. Then, its output turns or cuts off the video
output transistors. Therefore, the beams of re-
trace time are not viewed.

The beam limiter also is connected to the video
output 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.
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The beam limiter keeps the beam current within
a given operating range to prevent this from
happening. If the cathodes are made more posi-
tive, then less beam current flows and the bright-
ness is decreased. The beam limiter samples the
second anode current, then the CRT beam is
increased or decreased as needed.

Bally Midway Troubleshooting
Electrohome & Wells Gardner
Monitors (Part 3)

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 oscillator for correct picture
stability. The two signals are referred to as the
vertical and horizontal.

The vertical frequency is running at approxi-
mately sixty Hertz (cps, cycles per second). While
the horizontal 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 problem is in the
monitor or logic boards.

Here again, the horizontal incoming sync signal
need 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 break-
ing up and causes the display to go into diagonal
lines. *

The horizontal hold or frequency adjustment on

the monitor changes the frequency of the oscilla-
tor for stability. Not being able to correct the sync
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back to normal, isolate whether the logic or
monitor is at fault.

A raster scan monitor's vertical and horizontal
oscillators 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)
are 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 logic are 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 are on the three-pin
jack. The six-pin video connector and the three-
pin sync connector should plug in right beside
each other on the interface section of the monitor.

On Electrohome, the incoming sync signals are
amplified and inverted through the monitor's
sync interface transistors. These transistors cor-
respond with the schematic’s X301, X302, X305
and X306. Two fo 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 sec-
tions of the vertical and horizontal oscillator
circuit.

The 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.
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To separate the horizontal from the vertical sync
signal, 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 thie horizontal
oscillator circuit, a high pass filter {5 used to pass
the highs and rejects all low frequencies.

Vertical Circuit

The vertical circuit 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
waveform 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 connected to the monitor in order to
display 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 synchronized (or stable).

Unstable vertical sync display2d on the screen
has the picture rolling upwarc. or downward. To
correct, adjust the vertical hold.control lccated on
the monitor. With the picture still tollin:g, isolate
whether the wiring, logic or monitor is at fault.

The waveform produced to drive the output stage
is a sawtooth (ramp wavefcrm). Its rise time
should be linear. This allows the horizontal scan-
ning 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. Some-
times, the driver acts as another stage of ampli-
fication. The vertical amp gives the signal a boost.

Controls in the vertical circuit consists of the
vertical hold, linearity, and height. The Wells
Gardner monitor vertical circuit omits the linear-
ity adjustment.



The hold control adjusts the oscillator’s fre-
quency to that of the vertical sync from the logic
boards. This prevents the picture from rolling up
or dowmn. .

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 lager or wider than those on the other side.

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

Electrohome’s IC 501

Let's briefly discuss the integrated circuit, IC 501.
Inside the IC are many tiny circuits for the hori-
‘zontal 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
resistor (R509). The B plus is also referred to as
B1 on this monitor.

As the horizontal oscillator begins to run, the
necessary 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 different areas of the monitor.

The test point (B2) from off the {lyback delivers the
twelve volts DC to pin six of IC 501. This voltage
provides the VCC (supply voltage) to the vertical
half of the chip.

In the chip, the vertical oscillator and amp make
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,
determine the frequency of the oscillator - nor-
mally runs a tad lower than sixty cps. Off of pin
five, capacitor (C402) affects the screen’s linear-

ity.

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
waveformn about 1.4 volts peak to peak. This
waveform is sent on to drive the vertical output
transistors (X401, X402).
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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 transistor is off, the other is
on controlling the electron beams from the middle
half of the screen to the bottom.

A fusible resistor (FR401) passes power to the
output 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. If FR401 is open, check the’
output transistors, diode (D401) and possibly
capacitor (C412). With one of the output transis-
tors bad, replace the pair.

Other vertical collapse problems may be caused
from the wiring to the yoke. Possibly the yoke
itself. Capacitor (C411) is in series with the yoke
and the side pin transformer. These comnponents
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 a 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 result. )

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. loses the VCC
to the chip.

Wells Gardner monitors utilize a vertical-horizon-
tal board. This is a small additional plug-in PC
board. It connects directly to the main monitor
board.
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The plug-in boards are interchangeable with all
K-4600 series monitors. By swapping with an-
other good board, you can isolate whether the
problem is here or not. This makes troubleshoot-
ing the vertical circuit more convenient.

Both monitors need to produce a vertical wave-
form 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 monitor
is designed with transistors, whereas the Elec-
trohome uses both an IC and transistors. Here
the stages of the circuitry are 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 sig-
nals 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.

The purpose is to operate at the same rate as the
logic’s horizontal sync signal. This is needed for
picture stability. Secondly, to generate the proper
waveform 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. Its circuit also is 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
connected 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
horizontal collapse results. This leaves the screen
with a thin line going down the middle. The line is
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displayed across the screen being the shortest
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 waveform.

APC Circuit . :
The phase detector, also known asthe APC circuit
(automatic phase control), works with the hori-
zontal oscillator, but yet is independent of it,
meaning that the APC causes the oscillator to
change frequency as needed. However, a defective
APC circuit will not prevent the oscillator from
running.

The purpose of the APC circuit is to keep the
oscillator in synchronization with the logic's
horizontal sync signal. When thisis done, a stable
picture is displayed.

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

A comparison or control network is a dual diode
system (as used in Wells Gardner), or the circuit
is contained in a chip (as in Electrohome)..

The two signals coming into the APC circuit are
checked for a phase differeace. A difference be-
tween the two would cauz< the output of the APC
circuit to swing either to a higher or lower voltage.
The voltage determines whether the oscillator’s
frequency should be faster or slower.A defective
APC circuit may display a number of symptoms.
The picture may jitter, weave or have unstable

sync.

Horizontal Oscillator

Following the APC circuit is the horizontal oscil-
lator. The oscillator is inside the chip, connecting
to pins twelve and thirteen. Qutside of the IC, on
pin twelve, is connected the frequency determin-
ing 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 horizontal 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 volts peak to peak. This large AC
signal feeds into the flyback and also the horizon-
tal 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
voltage which could cause x-ray emission. The
base of X701 (transistor) is connected in line with
the B+ (120vdc). When the B+ voltage begins to
increase, so does the high voltage. As the voltage
increases, the zener diode (D701) begins to ava-
lanche. A larger base bias voltage begins to ap-
pear at X701. Soon as the base reaches .7vdc, the
transistor conducts shorting the collector to
ground.

The collector of X701 is connected to pin eleven of
the IC, which is the chip’s VCC supply. At this
time, the horizontal oscillator is defeated, pre-
venting any high voltage. The B+ will measure too
high with the protection circuit on.

Troubleshooting

If the monitor has a raster, this means the oscil- .

lator is operating. Yet with the picture tearing
horizontally, the oscillator is running at the
wrong frequency. First, adjust the horizontal hold
or frequency control. Getting 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.
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All oscillators have a frequency determining net-
work. This network is also called a feedback path.
The monitor's frequency determining compo-
nents are contained in the feedback circuit.
Making up the circuit are specific values of ca-
pacitors, coils and resistors. This gives the feed-
back 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 transis-
tor 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 com-
ponent. 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 tran-
sistor is good. However, an incorrect frequency of
the oscillator 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 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
supply 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
output section may cause. This is because its
output feeds into the yoke for deflection. Sec-
ondly, it feeds 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 trans-
former 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 will cause the compo-
nent associated with that side to be suspect.

The horizontal output transistor in the Wells
Gardner monitor can be checked out of circuit
with an ohmmeter. 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 junc-
tion should read like 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 two functions. First, the volt-
age potential 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 current 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.
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In case of a lower than normal high voltage, the
picture 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. Usually, turning the brightness con-
trol up makes the blooming condition worse.
Refer to the symptom diagnosis in the General
Troubleshooting section for causes of blooming.

Grid Bias Voltages

As in examining the flyback circuit, othervoltages
are needed for proper biasing of the CRT. This
would consist of the focus and screen (G2) volt-
ages.

The focus voltage is normally about twenty per-
cent (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 are biased at about one hundred volts
DC. Electrohome is approximately one hundred

and sixty.

On the cathodes, as the DC voltage decreases, the
screen begins to light up brighter. An extremely
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
dominant single 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
voltage is the heater or filament. Its purpose is to
boil off the electrons from the cathodes. There are
three heaters (one for each color). Remember,
they're connected in parallel with each other.

An external heatervoltage is taken from a winding
of the flyback transformer and is approximately
six point three volts AC (6.3). The heater voltage
can be measured 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 present at its primary winding. The
horizontal output transistor 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 fila-
ment or high voltage and the B+ measures too
high.

The flyback circuit also provides other voltages
to specific stages in the monitor. On the sche-
matic, look 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 inter-
face 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 transis-
tors (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.
Fifteen 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 transistors. 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 secon-
dary 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 present at the input.

Troubleshooting
Troubleshooting the high voltage section is the
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same concept as in checking the input and out-
puts 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, ora loss to the horizon-
tal output stage to the input of the flyback. 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 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 meas-
ured with a high voltage probe. All other DC
voltages can be checked by a standard VOM (volt-
ohm-multimeter).

Bally Midway Troubleshooting
Electrohome & Wells Gardner
Monitors (Part 4)

COLOR PROBLEMS

Inthe 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.
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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
picture 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 possibili-
ties to remedy the problem. First, by turning the
horizontal 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 neck-
board), 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 char
acters 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) are missing, or the
parts are of a different hue, then thein

L
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formation is missing. The problem would
like 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 gray
ish white raster.

Improper white balance can be deter
mined by turning up the color screen
controls on the neckboard, one at a time.
Each screen control, when turned up, in
creases the gain and brightens 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 neck
board, the socket, or the picture tube.
White balance set up procedure is out
lined in detail; check table of contents.

First, with a color missing, make sure all three
filaments 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 lighting 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 thislittle 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
the neckboard, remove all power first. Double
check the wire hookup before applying power.

When the collector of each color output transis-
tors 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 appear-
ing 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 the 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 problem lies anywhere between the color
input to the monitor through the base of the color
output transistor. Most likely an interface tran-
sistor is defective. There are two transistors for
each color, and a total of six altogether. Don't
forget a possible open connection in this area.

3. Domninate 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 dominant 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
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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 tran-
sistors before the color outputs. Remember, there
are two for each color.

Any dominant color caused from the monitor will
be either in the color interface section, video
outputs (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
phosphor 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
no other. A magnetic field can offset the purity of
the picture tube. This purity offset will give the
screen a discoloring 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 direction, 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 com-
ponents located on the neck of the tube, or
magnetize the shadow mask.

Finally, as the sides and top of the monitor are
degaussing, 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.

The Best Of S4#TJ: MONITORS © 1989



3 -20 e+ Bally Midway Monitors

When you're back about six to seven feet away,
turn the coil perpendicular to the game and turmm
off the coil. Degaussing the monitor is now com-
pleted. Anytime there is a purity problem before
going through the set-up procedure, 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.
Electrohome suggests using a red field, Wells
Gardner mentions a green field for purity adjust-
ments. 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 until 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 tube. The purity rings are located on
the sleeve assembly mounted between the deflec-
tion 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. Loose 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.
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4. Loose shadow mask causes an extreme purity
problem.

COLOR PURITY AND VERTICAL
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.

The monitor is equipped with an automatic de-
gaussing circuit. However, if the CRT shadow
mask has become excessively magnetized, it may
be necessary to degauss it with manual coil. Do
not switch the coil OFF while the raster shows any
effect from the coil.

Purity Magnets are used for Color Purity and V
Centering Adjustment.

1'3urity Adjustment procedure is as follows:
1. Remove R-G-B signal from monitor.

2. Turn Green Cut-off Control (VR404) on the
neckboard 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 Figure 1).

4. Move the two Purity Magnets and bring the
Magenta belt to the mechanical center of the
screen (see Figure 2). The vertical center position
should be set VRS to -5/64" (-2 mm) as shown in
Figure 3.

Insert service tip “N” on Neck circuit board to “S”
on Vert./Horiz. circuit board (see Figure 7). To
check, use the Green raster at low intensity. Be
sure to return the service tips to their original
positions for the next check.

5. Push the Deflection Yoke forward gradually
and fix it at the place where the Magenta screen
becomes uniform throughout.
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6. Turn Cut-off Control and Drive Control and
confirm that each color is uniform.

7. If the color is not uniform, readjust it moving
Purity Magnets slightly.

8. Move a pair of Purity Magnets at the same time
(do no change the angle of the pair), and adjust
the vertical center to center of screen.

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

10. Insert the temporary wédge as shown in
Figure 2 and adjust the angle of Deflection Yoke.

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 degaussthe affected area by means of a manual
degaussing coil. Move the coil slowly around the
CRT face area, then slowly withdraw for a dis-
tance 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 component 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 center position if a major component
has been changed.

Purity

1. Loosen yoke retaining clamp (Fig. 8), remove
adhesive material fixing wedges to CRT. Remove
wedges completely and clean off dried adhesive
from picture tube and wedges.

The Best Of SATJ: MONITORS © 1989



3 -22 e+ Bally Midway Monitors

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 instru-
ment 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 ad-
justments, the lock must be reset and/or a dab of
paint or nail polish must be reapplied to edge of
rings to prevent movement.

3. Connect an appropriate signal source, e.g.,
Electrohome RGB generator producing a white
field plus individual red, green and blue fields.

4. Bring the long and short purity tab protrusions
in line with each other to obtain near-zero mag-
netic field (Fig. 10). (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.

5. Turn off the green and blue fields and adjust
set-up controls to produce a red field. (See Fig. 9)

6. Pull the deflection yoke back so that a red band
appears in the center of the screen.

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 (approximate).
(See Fig. 11)

8. Slide the yoke towards the bell of the picture
tube slowly to obtain a uniform red field (pure in
color) across the entire tube face. Juggle back and
forth slightly as necessary. Lightly tighten yoke
retaining clamp.

9. Momentarily switch on a crosshatch signal and
rotate yoke to level the pattern on the face of CRT.

10. Return generator to regain red raster.

11. 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 all fields.

12. Tighten yoke retaining clamp to prevent yoke
shift or rotation. (Do not install wedges at this
time.)
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WHITE BALANCE

White balance give the raster a grayish white
screen with the video cable disconnected. Proper
adjustment 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 fur adjusting the highlights.
This adjustment can be accomplished with no
signal connected. First, set the two drive controls
(these are the controls for setting the highlights)
to their mechanical center. Turn the G2 screen
control and three color screen controls (also re-
ferred to as cut-offs) to minimum (fully CCW).

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 grayish screen s obtained. After
this is completed, turn down the G2 screen con-
trol just until the raster diminishes into black.
Turn off monitor, reconnect video cable and
power up. The colors of the game should now loock
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 and
VR402) to their mechanical center.

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

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

5. Slowly turn up the other two color cut-off
controls in turn to match the first,
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6. Remove ground from R/G/B inputs. Adjust
Red and Blue Drive Controls (VR401 and VR402)
for white screen.

ELECTROHOME WHITE BALANCE
(Gray Scale Tracking)
Refer to Figure 12.
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 mechani-
cal center and turn the common G2 screen con-
trol 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 remain-

ing set-up.

Slowly turm up the other two cut-off controls in
turn to match the first. This should result in the
faintest gray.

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

Adjust the red and green drive controls for “neu-
tral white” on high white picture areas. Generally
these controls will be left at mechanical center.

Note: When monitor is reconnected with the
game, the screen control (G2) may require a slight
adjustment to obtain proper black level. (The
black portion of picture just extinguished.)

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 be the
electronbeams strike. If the electron beams strike
the color phosphor outside of its color triad, then

The Best Of S*TJ: MONITORS © 1989



3 -24 <+ Bally Midway Monitors

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 convergence 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 generated 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 displayed, the correction
adjustments can then be made for proper conver-
gence.

There are two kinds of color picture tubes: a delta
and an in-line. These names are given from the
configuration of the electron guns. The Elec-
trohome GO7-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 con-
vergence. '

For static convergence, refer to the set-up proce-
dures 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 converges the red and blue
together.

There are two rings per pair. One ring will con-
verge the red and blue horizontal lines. The other
ring converges the vertical lines of the red and
blue. To converge 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
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the red and blue horizontally, the other vertically.
It may be needed to go back and touch us the red
and blue rings.

The static convergence is only for adjusting the
center portion of the screen. The dynamic conver-
gence 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 converge
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
manufacturer’s set-up procedures regarding
convergence.
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WELLS GARDNER
STATIC CONVERGENCE ADJUSTMENT

A recently developed Deflection Yoke and Elec-
tron Guns construction has been used on this
equipment in combination with In-Line Guns and
Black Stripe Screen to make a barrel-type mag-
netic-field distribution 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 con-
ventional unity-magnetic field distribution type
deflection yoke. 4-Pole Magnets and 6-Pole Mag-
nets are employed for static convergence instead
of a Convergence Yoke.

1. Across hatch signal should be connected to the
monitor.

2. A pair of 4-Pole Convergence Magnets are
provided and adjusted to converge the blue and
red beams. When the Pole opens to the left and
right 45 degrees symmetrically, the magnetic field
maximizes. Red and blue beams move to the left
and right oppositely. Variation of the angle be-
tween the tabs adjusts the convergence 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
degrees symmetrically, the magnetic field is
maximized. Red and blue beams both move to the
left and right.

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

OF DYNAMIC CONVERGENCE
(See Figures 14 and 15)

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
convergence (see Figures 14 and 15). :

NOTE: The temporary wedges may need to be
moved during adjustments.

4. Insert three rubber wedges to the position as
shown in Figure 13 to obtain the best circumfer-
ence convergence.

NOTE:

1. Tilting the angle of the yoke up and down
adjusts the crossover of both vertical and hori-
zontalred and blue lines. See Figure 14(a) and (b).

2. Tilting the angle of the yoke sideways adjusts
the parallel convergence of both horizontal and
vertical lines at the edges of the screen. See Figure
15 (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
Figure 13. ‘

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

6. Fix the rubber wedges with chloroprene rubber
adhesive. '

ELECTROHOME STATIC AND
DYNAMIC CONVERGENCE

NOTE: Static convergence is achieved by four
magnets located on the neck, nearest the base of
the picture tube, Figure 8. The middle pair of
magnetic rings are adjusted to converge the blue
and red cross hatch lines. The rear pair of conver-
gence rings (closest to the base of the picture
tube) are adjusted to converge the magenta (blue/
red) to the green cross hatch lines. Dynamic
convergence is achieved by tilting the deflection
yoke up-down and left-right.
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1. Ensure that the controls misadjusted during
purity setup (screen, cut-off, etc.) are set to give
white balance.

2. Switch generator to the cross hatch pattern.

3. 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 (Figures
20, 21, 22).

4. Turmn off green input and turn on the red and
blue input.

5. Rotate the 4-pole (middle) pair of magnets as a
unit to minimize separation of the red and blue
cross hatch lines around the center of the screen
(Figure 18). 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 3 above). '

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

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

8. 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-
0o1) :
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Bally Midway NFL Football Vertical
Roll with Slave Monitor

SUBJECT
Vertical roll condition when adding display moni-
tor (Slave Monitor on Top of Game).

MODIFICATION
1. Check for proper wiring on monitor interface
cable.

2. Change IPUBoard ICsatlocation 11D, 12Cand
12D from 14016 to 4066. (A080-91695-AA34).

3. If needed, adjust vertical rolling with vertical
roll pot.

Bally Midway Monitors
Differences, Parts and
Picture Tube Interchangeability

DIFFERENCES BETWEEN MONITORS
The easiest way to identify the brand of monitor
you are working with is to find the manufacturer’s
name or model number printed on the chassis or
chassis base. But what if the monitor was in a
Texas dust storm or burned in volcanic ash and
this information is no longer there? Fear not!
Each monitor has its own peculiarities and the
following should help to identify them:

The ELECTROHOME GO7-904 (19") and GO7-
902 (13") have their horizontal and vertical proc-
essing IC hidden under a silver can. A shiny metal
top behind the “VERTICAL HEIGHT" and “HORI-
ZONTAL FREQUENCY” control prove this is an
Electrohome monitor.

The WELLS GARDNER K4906 (19") and K4806
(13") have their horizontal and vertical processing
IC out in the open directly behind the “VERTICAL
HOLD" control.

The ZENITH CO19MXRFOS6 (19") monitor has its
horizontal and vertical processing IC way in back
by the picture tube. The monitor also has large
white cables going from the main board to the
neck board.

K4906 (1st TYPE) - This monitor’s identifying
tags have BLACK ink printed on a white back-
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ground. There is NO Vertical Damping Control.
(This control would be next to the Vertical Hold
Control, but this area is jumpered with a small
wire instead.)

K4906 (2nd TYPE) - This monitor’s identifying
tags have RED ink printed on a white back-
ground. There IS a Vertical Damping Control next
to the Vertical Hold Control. The Damping Con-
trol provides a few more lines on the top of the
monitor screen {monitor viewed as a normal TV
would be) for any video game that may need these
lines to fit the picture on the screen. Moving the
control may distort the top part of your picture (or
the side, depending on the game and how the
monitor is mounted) so go ahead and move it if
you are having this type of problem. To accommo-
date this new feature, there are a few circuit

changes.

ONE MAJOR DIFFERENCE BETWEEN THESE
TWO VERSIONS OF THE K4906 IS THE YOKE.
They look the same, but notice the part numbers:

-K4906:
WI'I‘HOUT the Damper Control: 2021111201

K4906
'WITH the Damper Control: 2021111258

Since the companies like to change part numbers
at the drop of a hat, the best thing to do is to
request whatever part number is written o your
yoke. If you should get the wrong yoke, the results
will be:
Picture distortion
Excessive brightness
Too much or too little vertical picture size

CONTROLS YOU MAY NOT TOUCH
Basically, on the Electrochome monitor, you can
move any control you want EXCEPT for the Bl
control. This sets the power supply voltage (ide-
ally at 120vdc) and is located right behind VER-
TICAL HOLD. The 13" Electrohome DOES NOT

- have this control. It may also be wise not to move

the VERTICAL LINEARITY since this distorts the
picture and is hard to reset perfectly. If you do
move it, turn on the Crosshatch Test Pattern of
your game and try to get the squares to the point
where they are equal in size by readjusting this
Linearity Control.



On the Wells Gardner monitor, brightness is
adjusted by the “SBLACK LEVEL" Control which is
right next to the Horizontal Frequency Control.
Under the Focus Control is the “SCREEN" Control
which you DO NOT touch. Yes, this control does
adjust the brightness, but it is used to set the CRT
bias and is adjusted at the factory. When Wells
Gardner sets it, they mark the position with a
black mark on the knob. If you move it, be sure to
realign the mark and THEN set the BLACKLEVEL
Control to the brightness you desire. So, other
than the SCREEN Control, you may adjust any of
the controls.

The Zenith monitor has a 95-volt adjustment
control. It is green and located behind the jack
labeled 3D3. To discourage you from moving it,
Zenith has placed a little glue on top of this
control.

PARTS INTERCHANGEABILITY
Some parts can be interchanged on all of the
monitors. Here are the rules:

1. You CAN swap any resistor between monitors
that have the same resistance, wattage rating and
tolerance.

2. You CAN swap any capacitor between monitors
that has the same capacitance and voltage rating.

3. You CAN swap many of the parts between the
19" and 13" versions of each manufacturer’'s
monitor. BUT, be certain to compare the manu-
facturer’s part numbers to be positive the parts
you want to interchange are identical. BE SURE
you have read the section DIFFERENCES BE-
TWEEN MONITORS.

4. You MAY BE ABLE to swap picture tubes
between monitors. In the past you could swap any
picture tube, but due to rampant engineering
changes and new monitor models being intro-
duced, you would need a computer to keep track
of what could be swapped. For more information
on this subject, go to “PICTURE TUBE INTER-
CHANGEABILITY.”

5. You CANNOT charge any part that is a safety
part, one that is shaded in gray on the schematic;
it MUST be IDENTICAL to the original. To do
otherwise IS DANGEROUS. For instance, the 13"
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Electrchome (GO7-902) monitor “flyback” looks
identical to the 19" Electrohome (GO7-904)
monitor “flyback.” In fact, there is even a 19"
Electrohome (GO7-905) monitor (which is an
obsolete model) with a similar looking “flyback.”
NONE OF THESE ARE INTERCHANGEABLE!

6. You CAN change any of the parts between the
GO7-904 and GO7-907. They're essentially the
same monitor except that the GO7-907 has a
vertically mounted picture tube.

If there is any doubt about what parts can be
swapped between each manufacturer’'s 19" and -
13" models, compare the manufacturer's part
number between each one. If they match up, they
are the same part.

PICTURE TUBE INTERCHANGEABILITY

13" MONITORS
There are currently two 13" monitors being used:
the Wells Gardner K4806 and the Electrchome
GO7-902. The picture tubes used are NOT inter-
changeable. The pins on the neck of the CRT will
not fit in the socket should you use the wrong
CRT.

Here is a chart for all the 13" color monitors Bally
Midway uses:

ELECTROHOME - GO7-902-370ESB22
WELLS-GARDNER - K4806-370KSB22

19" MONITORS
Here it gets a little tricky. All of the picture tubes
will fit no matter which is used. But if you use the
wrong one, you will have problems with purity
and/or dynamic convergence.

Purity trouble means that the color won't be true.
If you turn up the color control for one color,
instead of seeing that solid color, it will show
blotches or blobs of other colors on the screen.

Trouble with dynamic convergence means that
there will be color fringing around solid lines at
the edges of the screen.

The only way to ensure that you avoid these

problems is to get the right picture tube or the
right substitute. :
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Here is a list of the 19" monitors
and the CORRECT CRT numbers: Bally Midway Monitor

Connection Precaution

ALL ELECTROHOME GO7-904 -
19VMNP22 - RCA
19VMJP22 - Rauland
510UJB22 - Hitachi

SUBJECT
Zenith Color Monitor- Model CD-19MXRF06
(Sync Cable Hook-Up)

WELLS GARNDER K4906 -
19VLTP22 - RCA
19VMLP22 - Zenith
19VMKP22 - Phillips

1. 6-pin video connector to jack labeled “E.”
2. 3-pin video connector to jack labeled “D."

ZENITH CD1SMXRFO6 -
19VMLP22 - Zenith
19VLTP22 - RCA
19VMKP22 - Phillips

The pin jack marked as “X" is a 26 and 12 volt
source from the monitor. Do not connect the sync
connector to the “X" jack. Possible logic sync
damage may occur (See figure below).

The factory-recommended CRT-type could
change in the future for one reason or another,
but the listed picture tubes will work. As a matter
offact, you can call another picture tube company
- to see if they have a replacement number to
recommend but... caveat emptor - let the buyer
beware.
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Vectorbeam Monitors Demystified
(Part 1)

-Finally, all you've ever wanted to know about
vector displays but were afraid to ask! After
reading this three part article, your sex life will
improve, your car will never fail again, the price of
gasoline will go down and the hostages will be
released. Take it from some guys just like yourself
who couldn’'t pour water out of a pail with the
directions on the bottom:

“Who's Victor Bean, anyway?” - Larry Rosenthal,
MIT Graduate Inventor of this system

“I see thelight. Now get that match out of my face.”
--Don Wright, Customer Service Engineer

“Yes, uh, MacDonald’s? Could you send me an
application...”-Jim Larkin, Service Tech

VECTOR THEORY

Vector Vs. Raster :

On a typical, boring raster system, the beam is
constantly scanned horizontally across the face
of the CRT as shown below. It takes about 525
sweeps for the beam to cover the entire picture;
but only 425 lines comprise the actual viewfield.
In order to draw a character on the raster display,
the beam is turned on at the right point in the
scan pattern, and turned off otherwise. Hence all
images are displayed in horizontal “slices.” The
drawback is that slanted lines appear non-uni-
form and ragged due to this “slice” display tech-
nique, as shown:

4

Cinematronics
Monitors
Tips & Info

On an exciting vector display, lines drawn at even
smaller angles are perfect and exact. The resolu-
tion and detail possible is equivalent to that found
on a good oscilloscope, and, as a matter of fact,
the operation of both are identical when the scope
is used in the X-Y mode! This is because when a
line is drawn on a vector system, the beam is

it

e

Boring Raster Scan System

slanted
/' line
ragged

vertical line O.K.

end point

inttisl
point
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4 -2 e+ Cinematronics Monitors

initialized at one end of the line, turned on, and
deflected smoothly to the end point of the line
resulting in a perfectly smooth, scope quality
vector. Whom would you want your daughter
going out with: a raster man or a vectorbeam
man?

Vector Math

A vector system is so named because all the
characters are made of straight lines termed
“vectors” in math-talk A vector is simply a line
that has an initial starting point and a final end
point. If the face of the picture tube is divided into
so many horizontal counts and so many vertical
counts, the end points of a vector can be found by
starting in the center and going so many counts
horizontal and so many counts vertical. A piece of
cake, eh?

Let's divide the screen into horizontal and vertical
counts as shown:

In order to draw the ship, we need to specify the
initial point of the vector segment AB. To get to
point A from the origin, we need to go 6 counts
positive horizontally and 7 counts positive verti-
cally. Point A therefore has coordinates (6,7).
Similarly, B has coordinates (4,3). If the beam was
screwing off somewhere else in the picture, feed-
ing the deflection section of the monitor the initial
point A coordinates (6,7) would cause the beam to
fly to that point. Next we simply turn the beam on
and feed in endpoints (4.3) and the beam pro-
ceeds to that point. To complete the picture, we
just specify the coordinates for C and D. Now
wasn't that easy!
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The Beginning

Some smart guy discovered that a magnet placed
close to a beam of electrons caused the beam to
bend or deflect slightly off a straight course. The
stronger the magnet, the more the deflection.
From this he decided to take a beam of electrons,
a coll of wire, and some electronics to provide a
variable current source and make a device for
watching commercials. He now has no more
friends - but with his bucks, who needs ‘em.
Anyway, the figure below illustrates the device he
came up with:

Cinematronics Monitors « 4-3

The filament heats up a piece of metal called the
cathode. This excites the electrons which are
attracted by the 18KV potential at the face (anode)
of the CRT. What we actually see is the energy
released from the electrons when they strike the
phosphors at the tube face. Current €ntering the
horizontal and vertical deflection coils can posi-
tion the beam at any coordinate point on the face
of the tube. Afocus voltage narrows the beam into
a fine diameter.

Deflection Section INITIAL POINT

RC DRAWING

NETWORK

¥—’\ l s | DEFL
| !
' messase B EDGE
12 INPUT LINES | DAC 80 | AnALoG | | GAIN cum%nr YOKE
FROM LOGIC SWITCH I AMP
I
1 f LT
I END POINT

Vectorbeam Monitors Demystified
(Part 2)

MONITOR THEORY & TEST PROCEDURE

The circuits on the vector monitor can be grouped
into 3 categories: the deflection circuit, high
voltage oscillator, and intensity control. The most
common failure mode is blowing +-25V circuit
breakers CB1 & CB2. The breakers limit the
current going into the yoke to about 3 amps. To
troubleshoot, disconnect the yoke winding, reset
breakers and power up. The breakers should not
blow. If they do, the problem is one of the power
transistors on the left side panel heat sinks.

The deflection circuit receives numbers from the
logic board in digital form that represent the
coordinates for the beginning and end points of
each line segment. The output is.a current to the
yoke windings that is proportional to this num-
ber. So the purpose of the deflection circuitry is to
convert a binary coded number into a current.

O

vsocusT T v

18,000 VDC

6.3VAC (f\EB' t
1 .

V CATHODE

=
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4 -4 ¢ Cinematronics Monitors
DAC-DIGITAL TO ANALOG CONVERTOR

The first step is to convert the digital coordinate
number into an analog voltage. The DAC 80 is a
device that does this.

- Ylll : >——:;
Vi 5
LT

Y7

DAC 80 R101

W[ 8 >———— l—:"? 1.43K

Va6 >— X R130
W[:: [}

TZD@——_._L? 18

,JV\/\JBS :

B/ =T CI05
TANT T 22 ]

- +15V

ook

Pins 1 thru 12 can represent any number be-
tween -2,048 and +2,047. The output voltage
range is from -5 volts to +5 volts. When a DAC is
operating properly, the output signal is centered
about O volts and bounded between +-5 volts.

TEST PROCEDURE

Verify proper power on pins 13, 14 and 22.
Remove analog switch. A DC meter should read
approximately Ovolts at pin 15. Check pins 1 thru
12 with a logic probe, most of the lines should be

pulsing.

RC Vector Drawing Network
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The analog switch is the most active component
on the monitor. Both horizontal and vertical DAC
output voltages pass through this switch and
then become converted into currents to deflect
the beam to proper positions on the screen. It is
mounted in a socket for easy removal and should
be a prime suspect for amonitor that blows circuit
breakers.

The switch passes the voltage output of the DACs
through either of 2 channels: the lower channelis
for the initial position coordinate of a line seg-
ment, and the upper channel for the final coordi-
nate. The channels are controlled by the CPU:
initial position on pin 8 and line drawing {final
coordinate) on pin 1. If the upper channel in the
switch is defective, say, in the vertical section,
then there will be no vertical lines on the display.
The same is true for the horizontal.

TEST PROCEDURE
There should be a charging waveform centered
about O volts on the switch output pins. The
upper channel waveform should be of greater
peak to peak magnitude than the lower channel.
Replace the switch.

ANALOG SWITCH—LF13331
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The RC network is responsible for drawing
smooth, straight and precisely positioned vec-
tors. It combines the 2 channels of the analog
switch in the manner necessary to draw the
vertical and horizontal line segments.

Initial position voltages enter from the lower
switch channel directly across C101, which
charges to that level extremely rapidly. This volt-
age is converted to an initial position current that



positions the beam at the beginning point of a line
segment.

Final position data from the upper switch chan-
nel slowly charges C101 through R103 and line
length pot R102. As C101 charges from its initial
point value to its final value, a straight vector is
drawn. It's as simple as that!

Pot R102 varies the charge rate of the network,
and can lengthen (faster charge) or shorten
(slower charge) the vector for the “on” period of the
beam.

TEST PROCEDURE

Ifline segments are adjustable but bowed, replace
C101. If line segments cannot be adjusted to
intersect, verify proper resistance of R103 and
R102 as R102 is rotated.

R202 5K 7
Mr]—'is I‘c\zg/ﬁ

z-/
] s
/]‘ -15v

The edge gain amplifierv is the final stage before
the voltage to current conversion process. The
input onpin 3 is a waveform that is the composite

¥ 0201°K 0203

y D202 F 0204

ls

initial position and final position data signals.

The amplifier has an overall gain of about 2 at
output pin 6. The waveform should resemble the
DAC output but is bounded between +-2 volts,
centered about O volts.

Itis a property of the CRT that, near the edges, the
amount of current needed to move the beam, say,
an inch, is less than the amount required to
deflect the beam an inch off the center. Therefore,
less gain is required near the edges of the CRT.

The amplifier circuit reduces gain as the output
voltage increases, indicating a larger beam dis-
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placement, by switching on diodes D201 and
D202 for the left half of the screen, and D203 and
D204 for the right half. This places R206 and
R207 in parallel with R205, reducing its value
and consequently the gain. If a figure increases in
size near the display edges a diode is open.

R209 is the horizontal picture size control. By
picking off larger or smaller voltages, the width of
the picture is controlled.

TEST PROCEDURE

Observe signal at pin 3. Waveform at pin 6 should
be the same with an average gain of 2. Signal
should be centered and bounded between +-2
volts. Check D201-D204. (See illustration)

The deflection amplifier converts the pick off
voltages from the size pot into a current to drive
the yoke winding. The input is a differential stage
consisting of transistors Q101, Q103, and @102.
Q102 is a constant current source and a fixed
amount of current always flows through it. If this
current varies, the picture will be offset from
center. Too much offset will cause circuit break-
ers to blow.

This reference current is determined by the volt-
age drop across R119. Diodes D105 and D106
determine this drop. The voltage across one of the
diodes is cancelled by the base-emitted voltage of
Q102. R119 should constantly read .6 volts DC.
This means a constant flow of about 3ma through
Q102.

This 3ma bias must come from the emitters of
Q102 and Q103. Excess current is picked off at
the collector of Q101 and feeds pre-driver Q104.
The constant current source for pre-driver Q104
is Q105, D107, D108 and R116. Bias current
through R116 is about .22ma.

Current is delivered to the yoke in a push-pull
manner by transistor pairs Q108 and Q110 for
positive current transitions and Q109 and Q111
for negative current transitions. Q110 and Q111
are power drivers mounted on humongous
heatsinks on the left side panels.

Diodes D109,D110and D111 set up a crossover

voltage threshold to prevent both halves of the
push-pull output from turning on at the same

The Best Of S*TJ: MONITORS © 1989



4-6 ¢ Cinematronics Monitors

time. Should one of the diodes open, only half of
a display will be generated. Should they become
resistive, both power transistors will turn on
simultaneously and generate excessive heat.

If more than 3 amps are drawn through sense
resistors R120 and R121, transistors @106 and
Q107 turn on and shout off the power driver by
sinking the base current to drivers Q108 and
Q109. This protects the hardware against further
damage.

Voltage wise, the CRT is bounded according to the
above drawing. If there is a problem with the
upper half of the picture, it is with the circuit
elements connected to the -25 volt line in the
deflection amplifier. If, say, the last half of the
picture is missing, suspect the elements con-
nected to the +25 volt side of the horizontal
deflection amplifier.

TEST PROCEDURE

If the game is blowing circuit breakers the prob-
lem 9 times out of 10 is a transistor in the
deflection section. Recommended procedure is to
check each transistor in circuit with a transistor
checker. Lift diodes D112 and D113 to check
transistors Q106 and Q107. D212 and D213 in
the horizontal section.

If a 'scope is available, the defective channel can
easily be located. Step 1: Remove yoke connector
from display board. Step 2: Reset breakers and
power up game. With scope, prabe the cases of
transistors Q104 and Q204. There should be
pulses clipped at +25 volts and -25 volts. The
defective channel will not have these.

Replace the analog switch, IC1. This is the quick-
est manner to verify proper operation. Once the
channelislocated, start at the DAC's and proceed
forward according to the aforementioned theory.

Detlection Amplifier

¢25V) ‘\I’st

- R124
! & THAY

\
|
: R129
. ¢i04 a o
v,
§ Y nkdrs c102 1 100v VERTICAL
R109 A FILM
fig \ f DEFLECTION
1 1 R123 coiL
G103 T— 360 1w
2N5210 +25V
R120 o 114
102
01093 183
0s 5 N5210 W%m-zoos
R113 0110y 0115
0106 3 200 RI21 fmma
piny 183w °-25v
RI14
s.zxvzwﬁ
@25V)— \gm
NS876
D107 ¥ IN4003 \A
0108 ¥y IN40O3 6, -25 VOUTS VERTICAL
-
7]

SEE CAUTION — "

*25 VOLTS HORIZONTAL

-25 VOLY'S HOMZONTAL

*25 VOLTS VERTICAL

The Best Of S*TJ: MONITORS © 1989



Vectorbeam Monitors Demystified
(Part 3)

INTENSITY CIRCUIT

The beam can be turned on and off by applying
the proper voltage level to the CRT cathode. Beam
cut off is +90 volts DC. At this potential, the
electrons excited by the filament prefer to remain
on the cathode and none make it to the CRT.
Lowering this potential allows more electrons to
escape to the anode. We can then produce a
Normal Intensity level by lowering the cathode
potential to 40vdc and a Hi Intensity by lowering
the potential to, say, 20vdc.

The computer produces two intensity levels by
sending low pulses fo pins 1 and 3 of IC7. Pin 1 is
the HI INTENSITY channel and consists of IC7
and Q1. The NORMAL INTENSITY channel con-
sists of another part of IC7 and Q3.

A beam blanking voltage of +90vdc is generated
from pin 8 of the H.V.XFMR secondary winding,
D6 and C17. This half wave rectifier supplies this
+90 volts to one terminal of the brightness pot.
The wiper of this pot picks off the proper voltage
and sends it through the yellow cathode wire to
the CRT plug socket.

With Q1 and Q3 both off or Q2 off, current has no
path to ground and the wiper voltage will be +90
volts regardless of the brightness pot setting. For
a NORMAL INTENSITY vector, pin 3 of IC7 pulses

Cinematronics Monitors » 4-7

low. Pin 4 then pulses high to 2.75 volts, turning
on Q3. Current flows through R11, R9, R10 and
through Q3 to ground via Q2. This drops the
voltage at the cathode to about +40 volts with the
brightness pot full clockwise.

For a HI INTENSITY vector, pin 1 of IC7 pulses
low. Output pin 2 pulses high to 2.75 volts,
turning on Q1. Current flows through R11, R9,
through Q1 and to ground via Q2. This drops the
cathode level to about 20 volts with the brightness
pot full clockwise.

The yellow wire to the cathode should show a 90
volt DC base with negative going pulses that vary
as the brightness pot is tumed. For a no display
condition, suspect IC7{7406). The chip is an open
collector inverter and must have a pull-up resis-
tor on its output. Verify that 4-5 volts is always
present at the junction of R1 and R2. This voltage
is supplied by Q8, which is in an RC delay circuit
to allow all voltages to settle on power up before
a picture is displayed.

Q2 is designed to open the intensity circuit
immediately after power is removed from the
game. This prevents the +90 volt blanking voltage
from bleeding off before the high voltage bleeds
off, thus preventing a spot when the game is
unplugged. Q2 is kept on continually by a full
wave rectified, unfiltered signal from the power
supply through fuse F1 (.5A). For a no display
condition eliminate Q2 as a source of trouble by
jumpering it collector to emitter.

Intensity Circuit

_———-
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PROTECTION CIRCUITRY

Q2 can be considered as the master intensity
control switch. When it is deprived of its base
drive, the collector-emitter junction opens and
eliminates the ground path for the intensity
channels, cutting off the beam. The logic board
can fail in such a way as to cause the beam to
remain on continuously, buming the CRT
phospher.

R25 and C24 form an RC time constant of about
6.8ms. Since most of the vectors on the display
require only microseconds of beam time, any turn
on pulse from the CPU 6.8 ms or wider constitutes
a failure mode. The outputs of IC7-2,4 are
sampled by @6, which inverts the pulses and
feeds them to IC7 pin 11. IC7 is an open collector
inverter and its output stage looks as follows:

When the input is high, the output transistor
turns on and essentially shorts pin 10 to ground.
When the input is 16w, the transistor turns off and
opens the circuits. So, for example, a high pulse
at IC7-4 of 10ms duration becomes a low pulse at
the collector of @6. This causes IC7 pin 10 to open
the circuit, allowing C24 to charge. Since the
pulse width is greater than 6.8ms, C24 has ample
time to charge and turns on Q7, which shorts the
base of the master intensity switch Q2, killing the
display.

Another protection circuit involves R20, R21 and
pins 9 and 8 of IC7. Pin 9is normally held negative
by the voltage divider of R20 and R21. Should the
circuit breakers blow and we lose -25 volts, pin 9
goes positive causing pin 8 to short the base of Q2,
again killing the display.

Protection Circuitry
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TEST PROCEDURES

To isolate a no display condition to the intensity
circuit, probe the yellow cathode wire at the CRT
plug, turn the brightness full clockwise and ob-
serve a +90 volt base with pulses at 40 volts. If
pulses are missing, jumper Q2 collector to emit-
ter. If picture returns, check F1 in power supply.
Replace Q2.

Observe 2.75 volt pulses at pin 4 of IC7. If
missing, verify pulses at input pin 3. Check for +5
volts at junction of R1 and R2. Replace IC7.

If pulses are at +4 volts, replace Q2. The output of
pin 4 will exceed 2.75 volts if there is no load due
to a failed transistor.

HIGH VOLTAGE OSCILLATOR

. The integral elements of the HV oscillator section
are ICS, IC5, Q4 and flyback XFMR T1. The +-8
volt regulators IC9 and IC5 deliver 36 volts across
C18. The frequency of oscillation is dependent on
the winding characteristics of HV XFMR T1. As
current begins to flow through pin 4, a reverse
potential is induced in the tickler coil at pins 1
and 2, tending to shut off Q4. Q4 turns on again
after the R14/C19 time constant discharges,
repeating the cycle. The tank circuit of D8, R15
and C20 provide a protective sink circuit against
inductive spikes that must otherwise cripple the
TIP41C. Diode D7 protects against reverse cur-
rents.

The secondary windings generate an 800 volt p-
p waveform at pin 7 that is half wave rectified by
D10 and filtered by C22 to provide +400 volts DC
of focus control.

Beam cutoff voltage (+90 vdc) is supplied by a 200
volt p-p signal on pin 8, rectified by D6 and filtered
by C17.

TEST PROCEDURES

The vast majority of HV failures will be the
TIP41C. When this component fails, it will cause
the +18 volt regulator to shut down internally due
to a now excessive load request, say, if Q4
shorted. Remove pin 3 of the transformer wind-
ing. With the load removed, the +18 volt regulator
should read +18 volts. The -18 volt regulator will
read - 18 or-25volts. Replace Q4,C17,D7 and the
defective regulator all at once.

Cinematronics Monitors * 4-9

D10 and D6 are high voltage, fast recovery diodes
that will not read with an ordinary meter. To test,
lift cathode from circuit and observe rectifying
properties.

Congratulations. This is the end, You made it.

Cinematronics Monitor
Ribbon Cable Orientation

In Cinematronics monitors, the ribbon cable
connector (J1) may be mounted on the display
board facing front or back. Regardless of the
connector positioning, the ribbon cable is at-
tached to the display PCB in such a way as to
travel directly away from the monitor to its desti-
nation, the logic board.

If this cable is installed incorrectly to the monitor,
it can damage both the display Pcb & logic Pcb.

Cinematronics Monitor Service
Notes and Modifications

RIP OFF TEST PATTERN

There exists a test pattern in your Rip Off game
that is enabled by switch 7 on the dip switch
located in position E2 of the main CPU board (see
page 2-2 of manual).

The test pattern is for alignment purposes and
should be adjusted to fill the playfield.

To control the width of the display, adjust poten-
tiometer R209 on the monitor. R109 adjusts the
height of the picture.

Adjust potentiometers R102 and R202 so that all
vectors (line segments) neatly intersect. R202
controls horizontal line lengths. R102 adjusts the
length of all vertical lines. To center the picture,
adjust the magnetic positioning tabs on the yoke
housing.

CONTRAST ADJUSTMENT ON RIP OFF

There may be too great an intensity difference
between the fuel cells and the ships if your Rip Off
game is positioned in a low ambient light environ-
ment. This contrast problem can be solved by the

The Best Of SATJ: MONITORS © 1989



4 -10 ¢ Cinematronics Monitors
insertion of a variable resistor in the intensity
network.

Replace R10 (5.6K) with a 5K ohm potentiometer.
This will allow the fuel cells to be adjusted to an
acceptable level.

HIGH VOLTAGE SECTION- REGULATORS

On older Cinematronics monitors incorporating a
high voltage cage and associated components, a
substitution may be made for the +18 (7818) and
-18 (7918) volt regulators if unavailable.

IC3, the +18 volt regulator, may be replaced by a
+15 volt regulator, 7815. IC5, the -18 volt regula-
tor, may be replaced by a - 15 volt regulator, 7915.

There will be a 20% decrease in overall output
levels that does not degrade game performance.
Potentiometers R102 and R209 may be adjusted
to compensate for increased screen size. Verify
that resistors R12 and R13 are rated at 4 watts as
- there will be a 20% increase in power dissipation.

Cinematronics Cosmic Chasm
Monitor Cooling Problems

ASSEMBLY
Cosmic Chasm Cabinet/Electrohome X-Y Moni-
tor.

PROBLEM
Inadequate ventilationin rear of cabinet, causing
Electrohome X-Y monitor failure.

SOLUTION

Cut two 2", 45 degree notches in the wooden
monitor mounting bezel, one at each corner at the
rear of the cabinet. This will allow adequate
upward airflow along the back door of the cabinet.

Cinematronics Cosmic Chasm
Monitor Power Problems

ASSEMBLY
Cosmic Chasm Power Supply Plate/Electrohome
X-Y Monitor

PROBLEM

Short circuit between +10vdc and frame ground
on modified .Datapower power supply(PSI}, caus-
ing Electrohome X-Y monitor failure.
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SOLUTION

Measure resistance between case of Q1 (2N6577)
power transistor and frame of power supply. If
they are shorted, remove transistor and insure
that nylon insulating shoulder washers are cor-
rectly installed on the transistor mounting
SCrews. :

This problem may damage the Electrohome X-Y
monitor, causing the picture to “swim” off center
onthe screen. Check if ground trace on underside
of main circuit board near Q703 is burnt and
replace if necessary with insulated wire between
R735 and W19.

Cinematronics Dragon’s Lair
Intermittent Vertical Roll

All of our Dragon’s Lair games have exhibited an
annoying tendency for the picture to “roll” verti-
cally. during the first few frames of each episode.
This is very distracting and if the game is set for
increased difficulty, the player can be dead before
the picture stops rolling.

Changing the 0.33 uf capacitor C105 onthe NTSC
decoder board to a value of 0.01 uf will stop this
vertical instability completely.

This vertical roll is due to a temporary loss of sync
caused by an incompatibility between the disc
player and the sync separator circuit of the NTSC
decoder board.

When the disc player is searching for a particular
frame, it blanks the video, but maintains the sync"
signal so that loss of sync should not occur. The
problem stems from the fact that the DC level of
the sync signal changes when the video is
blanked. This change interferes with the normal
operation of the sync separator and several sync
pulses are lost.

Reducing the value of coupling capacitor C105
solves the problem by making the circuit more
tolerant of low-frequency changes in the DC level
of the sync signal.
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Electrohome
Monitors
Tips & Info

Troubleshooting The Electrohome Electrohome GO7-CBO DC Voltage
GO7 HVL Circuit Measurements

- Servicing the monitor with a B+ voltage of IC501
138.5vdc or more could be quite time consuming. PIN VDC PIN VDC

The troubleshooting method described below is 1 4V 9 GND
intended to facilitate repair. 2 IV 10 1.8V
3 4V 11 128V
1. Remove all power from monitor. 4 3.5V 12 6.6V
5 6.7V 13 ov
2. Disconnect the collector of transistor X701. 6 11v 14 3v
7 5V 15 6.6V
3. Apply power to monitor. 8 10.5V 16 12.2v
4. Check for a raster (lit screen). If no raster is
obtained, turn up the brightness control to verify
-a no-raster condition. Protector Beam Limiter Blanking
5. With a raster, measure B+ at the emitter of the X701 X303 X304
power regulator transistor X04. , E OV E 6V E OV
B .4V B7V B .35V
6. B+ normal with a raster, the problem will be in c126V cov cev

the protection circuit. Check X701 and D701.

7. B+ still high with raster indicates the problem

is in the power regulator circuit. Check X04, NECKBOARD TRANSISTORS
X901, X902, D905 and C905.

X101 X102 X103
8. With a no-raster condition, the problem will be E7V E7V E7V
in the horizontal section. Check from the oscilla- B 6V B 6V B 6V
tor to the horizontal output (IC501, X501, T501, C 166V C 160V C 167V

X01 and T502).

NOTE:
Remember to reconnect the collector of X701.
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TRANSISTOR DC VOLTAGES ON MAIN BOARD

Regulator Section
E 120V E 120.6V E7V
B120.6v.  B121V. ~  B76V
C 145V C 145V C71V
Vertical Section
X401 X402
E 45V . E OV
B 455V B .6V
Cl12v C 44.5V
Horizontal Section
X501 X01
EQV E OV
B .3V B .02V
CcCe7v C 120v

Electrohome Monitor Modification
Horizontal Sync Adjustment

PROBLEM
Horizontal sync will not adjust enough to properly
straighten out the picture.

CURE

On the monitor deflection board, replace the 390
ohm resistor at location R303 to a 1.8k ohm
resistor.

Replace the .1mfd mylar cap at location C303 to
a 10mid 35 volt electrolytic cap with the positive
side facing X305.

Replace the .001mfd cap at location C501 with a
.53mfd 50 volt capacitor. (A .47mfd cap will also
work.)

If you are experiencing trouble with the size of the
picturealso being too small, then replace the
.53mfd cap at location C515 to a .68mfd 200 volt
capacitor.

This modification was received from the Taito
Service Dept., and they advised us that they re-
ceived it from Electrohome.
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Older Monitor Alert

On Electrohome GO7 type monitors, the capaci-
tor on much older games (Super Cobra Cabinets
for instance) are baking their capacitors dry. Not
the largest one in the 130V B+ section, but at least
five in the horizontal and vertical sections.

Typical symptoms are a distorted picture in the
form of the raster being not quite rectangular. If
you are converting games, you might want to
change almost all of the electrolytic caps in the
horizontal and vertical sections. "

I know that I'm not mentioning specifics, but if
you have a cap checker of any sort, you can check
them before replacing them if you like.

Electrohome Monitor
Horizontal Wave

SUBJECT
Electrohome Monitor GO7-COB

RE:
Negative signal mismach.

PROBLEM
Horizontal wave or curl.

LOGIC

The negative sync signal of most logic sets are
slightly different than the GO7-CBO monitor
negative sync inputs. The resuit of this mismach
is a horizontal wave or curl.

CORRECTIVE ACTION

Join negative sync signal inputs J2 and J3 to-
gether using a jumper wire, then locate W102.
Solder a jumper wire from W 102 to J2 or J3. This
simple modification will result in perfect video.

Electrohome Monitor
Keystone Image Fix

SYMPTOM

On early Electrohome monitors, the raster is not
perfectly square. This is NOT the slight pull
associated with conversion kit sync problems.



Instead, it is a lack of squarenesson the whole
picture. This problem can probably best be de-
scribed as a very slight “keystone” of the image.

On games where the monitors are mounted ver-
tically, the scores across the top of the screen will
appear to “sag” down (from left to right) and
anything across the bottom of the screen will
appear to bow upward.

PROBLEM FOUND

C518 (a 220mfd, 16v electrolytic) dried out and
opened up. This cap is in the side pincushion
transformer circuit and is in parallel with C517 (a
100mfd, 16v electrolytic). If only one has dried
out, chances are the other is on the verge of failing
also.

"‘SOLUTION
Change C518 and C517 with equivalent replace-
ments.

Tips & Tricks
Electrohome Horizontal Tear

PROBLEM
Horizontal Tear that cannot be adjusted out.

EXAMPLE
Picture tends to wrap around screen.

CAUSE

When this monitor is used in a game or conver-
sion with Composite Sync, you may experience
this problem. This monitor was not intended to
work with Composite Sync, although they are
used as such in many games.

Most of the conversions I have done have Com-
posite Sync and the Horizontal section has to be
beefed up to correct this mismatch. Component
values have to be changed in a few parts to remedy
the situation.

SOLUTION .
There is a simple modification that can correct
this problem.

1. Change resistor R314 from 390 ohms to 1.8k.

2. Change capacitor C501 from .001 Mfd to .027
Mfd at 50v (mylar).

“C412
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3. Change capacitor C303 from .1 Mfd ceramic to
10 Mfd at 18velectrolytic. (The positive side of the
new cap should goé t6the collector of transistor
X305.)

NOTE _
When removing the old cap at C303. notice that
there is an empty hole {(which is soldered over).
Open this hole to accomodate the closer lead
spacing of the electrolytic.

This modification is frequently needed when
doing conversions. You may also have to readjust
the horizontal frequency control after the compo-
nent change.

Electrohome GO-7
Chassis Capacitors

The caps most likely to go out on an aged GO-7
chassis are mentioned below. Replace for im-
proved picture if baked open.

C517 100 ufd @ 16V (Pincushion Problems)

€518 220 ufd @ 16V (Pincushion Problems)

C408 4.7 ufd @ 50V

‘3.3 ufd@ 160V

‘47 ufd @ 160V (If bad monitor will shut
down.)

C511.

Electrohome GO7 Monitor
Picture Lock

PROBLEM

The picture cannot be locked into the correct
orientation. The particular monitor I encountered
would only lock in horizontally in such a way that
the ends of the picture would be in the center,
(i.e., the picture would be split in half horizontally
with the ends of the picture at the center of the
screen with a large black space separating it).

POSSIBLE CAUSE

The HA11244 horizontal/vertical processorhas-
n't, in my experience, failed very often - but in this
case the monitor was mounted in a cabinet in
such a way that some kids stuck a screwdriver
through the vent screen and adjusted the con-
trols.
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The controls for the Vertical Linearity and the
Vertical Height had to be replaced because they
came apart and some of the pieces were missing.
After Ireplaced these controls and readjusted the
other ones, I could get sufficient vertical height
and it would lock in vertically - yet the only way
the picture would lock in horizontally was in the
way described above.

In addition, the Horizontal Frequency control
almost had to be totally counterclockwise before
it would lock in, and even then it was none too
stable horizontally.

After checking everything I decided to replace
IC501, the HA11244 chip under the silver box.
This proved to be the problem, as I resubstituted
back in the suspect HA11244 and it went back to
the same problem.

The failure in this case was obviously the result of
tampering, but there is a tendency for a small
screwdriver to slip too far through the Vertical
Height control and make contact with the silver
box when the adjuster is trying to turn this
control.

Electrohome GO7 Five Year
Capacitor Clean-up

Electrohome GO7’s - Round ‘emn up!
Well pardner, I believe it’s time to corral all the
Electrohome GO7 monitors for their routine five
year capacitor change!

These monitors are dropping like flies now. If you
want your monitor to be looking as good-as-new
and trouble-free on the route, you need to order
a parcel full of each of the capacitors listed below
and install them all at once when you have the
chassis out on the bench.

C511

47 microfarads at 160vdc with radial leads. When
this cap bakes open you're on the down-and-out
until you replace it. Causes the high voltage to
come up then shut down. C511 serves a critical
function of regulating the 125vdc B+ voltage.
C517

100 microfarads at 16vdc with radial leads. This
cap, along with C518, provides the proper
amount of signal throughout in the pincushion
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section. When these dry out, the whole picture
becomes real hunkerjawed - you know, not rec-
tangular.

C518

220 microfarads at 16vdc with radial leads. See
517 description above. Don't want to be repeatin’
myself,

C408

4.7 microfarads at 50vdc with radial leads. Asso-
ciated with the vertical section. Not essential, but
when the chassis is out, why not replace it.
Probably bakes open due to the heat from the
vertical section. ,

C412

3.3 microfarads at 160vdc with radial leads.
Provides some filtering in the vertical section.
C523

1 microfarad at 160vdc with radial leads. Con-
cerned with the width section.

Cc107

10 microfarads at 250vdc with radial leads. This
one’s perched up on the neck board and causes
uneven intensity problems when it goes bad,
which is quite often.

Before you apply power to your recapped chassis,
check the correct polarity of the caps oryou might
have a real blast powering it up! Happy Trails.

Electrohome GO7 Flyback Failure

WHEN THE FLYBACK FLYS OUT THE WINDOW.

If you should, by the unfortunate chance, come
upon this chassis with F901, a small 1.25 amp
fast-blow/solder-tail fuse blown, in a majority of

cases this means that the flyback has gone out.

You shouldn't touch this fuse until you, WITH
THE POWER OFF AND THE MONITOR. UN-
PLUGGED, have jumpered across it momentarily
with a shorting cable, as the unregulated B+
capacitor is fully charged and is ever-so-willing to
have you break-dancing on the floor should you
come into contact with it!

After you have done this, ever-so-closely examine
the flyback for the tiniest of cracks with red stuff
oozed out and dried. Ifit is, you have a bad flyback
and it must be replaced before the monitor will
work again. If you only replaced F901 and power
it up, there is a very good chance the flyback will
go off with the sound of an M8O0 firecracker!



Midway Super Speed Race and Sea
Wolf II Color Monitor Connections

Reversed Image on GO-2 Color Monitor

Both Super Speed Race and Sea Wolf I use the
Electrohome GO-2color monitor. In Sea Wolf I a
mirror reverses the image from the monitor.

But in Super Speed Race the monitor is viewed di-
rectly. If the monitor in either game is changed
and the image comes up backwards, switch the
yellow and green wires at pins #1 and #2 on the
round male connector coming from the yoke
assembly to the geometry PCB #82-230010-05.
Pin #1 should be yellow and pin #2 green for
“direct” viewing.

Midway Galaxian Monitor
Service Notes

Color Monitors

1. The Wells Gardner 19 inch color monitor model

19K 4500is in the upright games.
2. The Electrohome 19 inch color monitor model
GO7901is used in the cocktail table games.

Wells Gardner 19 Inch Color Monitor

The four controls contrast, brightness, color and
tint are not used. These controls are located in the
upper right side of the monitor panel.

The brightness control is located on the interface
PC Board (85-X0134-001).

6

Midway
Monitors
Tips & Info

Color Monitor 117 Volt Line Cords

1. The Wells Gardner Monitor uses a Line Cord
Type plug and the Electrohome Monitor uses a
Molex Type Connector.

2. Since production uses either type monitor,
each game will have a Line Cord that is not used

(just hanging).

Midway Space Encounters
Monitor Adjustment

SUBJECT
Special Wells Gardner Monitor Adjustment to
prevent distortion.

1. Measure collector voltage at Transistor Q203
and adjust to 64vdc using the Video Biaspot R206
(with contrast control at minimum setting).

2. Adjust brightness control to a minimum setting
(counter-clockwise). ,

3. Adjust contrast control to 20 degrees of maxi-

mum (clockwise).

Midway Rally-X Monitor
Fuse Rating

To prevent intermittent fuse blowing, change the
117vline and monitor fuses located at the bottom
of the cabinet to two amp slow blow.
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Midway Pac-Man & Rally-X
Brightness Adjustment

1. To set the brightness level on a Wells Gardner
Color Monitor, use the Black Level Controllocated
on the interface PC Board. (P297)

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.

Midway’s X-Y Monitor
Troubleshooting Guide (Part 1)

INTRODUCTION

Welcome to the world of the X-Y monitor, an
electronic device that strikes terror into the heart
of many a technician. The main reason it is so
intimidating is that the Vector Beam, Quadras-
can, or X-Y monitor is TOTALLY UNLIKE the
Rasterscan monitor, or T.V. set as you probably
call it. Since many technicians are generally
unfamiliar with the circuit operation, they may
not be able to figure out when a symptom corre-
lates with (points to) a particular circuit. If you are
a technician, this information will certainly be a
life-saver (a modest opinion}. If you don't know
anything about electronics, just relax, because
these monitors are a lot simpler than a regular
monitor or T.V. set.

Vectorbeam or X-Y monitors are used because a

- regular Rasterscan monitor constructs the pic-

ture in a different way. For example, your T.V. set
has 525 horizontal lines on the screen from top to
bottom. Each line is a slice of the picture. If you
stare really close at the edge of a picture of a
curved object (a large ball) or an angular object
(the peak of a roof) on the screen of your T.V., you
will be able to see the individual slices that the
object’s edge is made up of. The edge of the curved
or angular objects will not appear to be completely
smooth, but will look like they are stepped.
However, at normal viewing distance, these same
curved or angular lines will appear to be smooth
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or straight and not stepped. Tomake sure that the
pieces or slices of the picture stay together just
like they were transmitted, T.V. sets have syn-
chronization circuits. Vectorbeam monitors don't
use ANY of this. Here, the electron beam smoothly
goes anywhere it is told to paint the picture. Is
DOES NOT go across the screen 525 times to
paint the picture in slices. Because of this short-
cut, the circuitry is less complex and the detail in
the figures will appear smoother. One drawback
is that the brightness level is intentionally de-
signed to be at a level high enough to burn or etch
right into the picture tube face. This will be
covered in more detail later.

If your X-Y monitor develops a problem, you can
go directly to the “SYMPTOM DIAGNOSIS" sec-
tion where you can match up your problem to the
problem described and the circuit that may be
causing it. From there you go to the schematic
diagrams for your particular brand of monitor
and troubleshoot the circuits mentioned in the
“SYMPTOM DIAGNOSIS” section.

If you are a technician who is unfamiliar with X-

Y monitors, you will want to read the “THEORY
OF OPERATION" section. This section IS NOT a

rigorous description of circuit operation, but a

simplified general description of major circuit

blocks. Some literature has been written on this

subject.

Electrohome’s instruction and service manual on
the GO5-801 is an analysis on one X-Y monitor
(which Midway Mfg. Co. does not use) described
from a engineering standpoint. All that is neces-
sary to understand it is a battery of U.N. interpret-
ers! Electrohome’s instruction and service man-
ual on the GO05-802 and GO05-805 monitors
(which Midway Mfg. Co. does use) is simpler and
more condensed. The best manual we have found
on this subject so far is Wells Gardner’s publica-
tion on their Graphic Display Unit, model
19V2000 (which Midway Mfg. Co. also uses).
Most technicians will understand it and it is very
complete. The above manuals are available on
request from your distributor or monitor manu-
facturer.

For those who know nothing of electronics, we
suggest that you read the “THEORY OF OPERA-
TION” section, and we definitely recommend that
you read the “TROUBLESHOOTING" section.



SYMPTOM DIAGNOSIS
1. Insuffictent width or height:
A. Horizontal line (due to “Y” amplifier
defect).
- Bad yoke.
- Bad “Y” amplifier output transistors.
- Blown “Y” amplifier fuse.
- Open fusible resistor in the “Y” amplifier.
- Yoke pins not making good contact {very
common).

B. Vertical line (due to “X” amplifier de
fect).

- Bad yoke.

- Bad “X” amplifier output transistors.

- Blown “X" amplifier fuse.

- Openfusible resistor in the “X” amplifier.
- Yoke pins not making good contact (very
common).

2. Picture spread out too far and/or crushed in
certain areas:
A. Controls for linearity (located on the
deflection board and set at the factory) are
misadjusted.
B. Bad yoke.

3. Poor focus:
A. Low focus voltage from the high voltage
board.
B. Defective diode off the flyback.
C. Defective focus control.
D. Defective picture tube (CRT).

4. Picture not bright enough:
A. If the CRT voltages are present, the
picture tube is probably bad. The surest
way to cure this on an X-Y monitor is to
replace the picture tube (CRT).
B. Weak 90 volt supply from the EHT .
power supply.
C. Loose wire to socket of CRT for G2
voltage.

5. Silvery effect to the white lines, or picture looks
dim, washed out:
A. If the CRT voltages are present, the
picture tube is probably bad. The surest
way to cure this on an X-Y monitor is to
replace the picture tube (CRT).

6. Increasing brightness causes an increase in
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picture size and weakens focus:
A. For the most part, this i{s normal in X-
Y monitors. But {f this should occur at
normal view levels, either:
- The CRT is defective.
- The high voltage rectifier is weak.
- Or the high voltage circuitry has poor
regulation.

7. Picture rapidly blinks on and off:
A. Internal short in the picture tube (arc

ing).

8. A dot on the middle of the screen - Red LED is
turned on (located on the deflection board):
A. The “X” and “Y” signals are not making
it into the monitor.
B. Check cabling, jacks, and logic boards.
C. “X” and “Y” amplifier failure. See
Number 1 above and check the fuses first.

9. Monitor won't turn on;
A. Open fuse(s).
B. A defect in the power supply, check:
- Fuse(s).
- Transistors.
- Open fusible resistor.
C. Check jack to make certain all pins are
obtaining their voltage from the other
game circuitry.
D. Check for loose foil, especially by D 100.

10. Blown 5 amp fuses:
A. Caused by bad luck. Change fuses.
B. If they keep blowing, check all power
transistors that are heat-sinked on the
side (as in the 19" version) or the bottom
(as in the 13" version) of the monitor.

11. Extremely bright picture; spider web-like re-
trace lines floating around on the picture:
A. Defective “Z” amplifier circuitry; check:
- The brightness and contrast controls.
- For peeled {oil on the deflection board.
- Semiconductors, etc.
B. See symptom 4, diagnosis “B” and “C”
ONLY. A bad EHT power supply or loose
G2 wire can cause the same thing.

12. Hazy blob of light that shimmers on the screen:
A. Open secondary on flyback winding.
B. Failure of some component in the high
voltage section.
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13. Comers of the picture are missing:
A. Yoke is too far back on the picture tube
neck.

14. Picture is too far up, down, or not centered

properly: -
A. Metallic yoke tabs need to be adjusted.

15. A shadowy image of the game remains on the
screen, even after monitor if off:
A. Picture tube has burnt phosphor.

16. 2-amp fuses keep blowing:
A, Check the large heat-sinked power
transistors.
B. Check D608 and D708.
C. Check semiconductors, especially the
transistors in the “X” and “Y” amplifiers.
D. Bad yoke.

17. Video information is distorted; letters and

figures are “crinkly” - like crumpled paper, and it

shakes slightly:
A. Bad 90 volt power being supplied by the
EHT unit. If everything looks good, check
the electrolytics.
B. The regulator control (R905) may need
adjusting.
- On the Wells Gardner monitor, the
anode voltage is supposed toread 14.5KV
High Voltage. That's 14,500 volts with the
beam current at zero. R905 adjusts this
output voltage. To read this voltage, your
meter needs a separate high voltage
probe. Follow the directions EXACTLY as
stated with the literature that comes with
the probe. If you don't, or you touch
something you shouldn’t, you're dead. If
this scares you, have someone qualified (a
technician) perform this adjustment for
you. Better SAFE than sorry.

- In the case of the Electrohome monitor,
the adjustment is complex and, of course,
potentially DANGEROUS. Basically, the
Electrohome anode voltage from the
flyback and rectifier is supposed to be set
at 12,000 volts with the beam current at
zero. That's right - THOUSANDS of volts!
To read this voltage, your meter needs a
separate high voltage probe. Follow the
directions EXACTLY as stated with the
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literature that comes with the probe. If
you don’t or you touch something you
shouldn't, you're dead. If this scares you,
have someone qualified (a technician)
perform this adjustment for you. Better
SAFE than sorry.

If you are still unsure, it may be best if you call
Electrohome at (519) 744-7111 and obtain exact
information from one of their staff engineers.

Midway's X-Y Monitor
Troubleshooting Guide (Part 2)

We continue this 3-part article with Part 2 -
Theory of Operation. Part 1 - Introduction, Symp-
tom Diagnosis, appeared in S*TJ’s last issue. Part
3 - Troubleshooting, will appear in our next issue.

THEORY OF OPERATION
To understand what goes on inside the monitor,
large general groups of circuits will be examined
instead of laboriously analyzing the branches and
small circuits that make up these groups. This
will help avoid confusion and aid in a basic,
concrete knowledge of what makes up a monitor.

THE POWER SUPPLY
The best way to begin explaining the innards of
the X-Y monitor is at its beginning, or the inputs
to the monitor. Ignoring the ground or common
tie points for many of the components, which
represents zero voltage, there are 30 volts AC
going in pins seven and ten of P100 - the input
jack. These voltages meet at DB100 which is a
device that has four diodes in it. The 30 volts AC
means the voltage and current alternate, or jump
up and down, going positive and negative with
zero voltage in between. DB100 and the capaci-
tors immediately after it make up the power
supply. Most of the circuits in the monitor can't
use power that jumps up and down, since your
picture would do the same thing. DB100 chops
up the wave form and capacitors C100 and C101

. build up the power that DB100 chops up. The

capacitors then leak it out so the power is smooth
and not varying. If any component fails in the
circuit, the usual result is blown fuses, burning in
this area, or just less power. The power supply
starts the whole ball rolling, but remember that
other circuits build up voltages that can be



tapped for those circuits that need more than this
thirty plus thirty volts AC from the game trans-
former.

THE “X” AND “Y"” AMPLIFIERS

Let's go back to the input jack, P100, again. Along
with the grounds and the two 30 volt AC inputs is
the “X” and “Y” channel video information. The
“X” input is about 10 volts AC and the “Y™ input
is about 7.5 volts AC. The “X” channel informa-
tion represents parts of objects from LEFT to
RIGHT on the screen. The “Y” channel informa-
tion represents parts of objects from TOP to
BOTTOM on the screen. To get complete objects,
then, you MUST HAVE both the “X” and “Y”
inputs. If this is so, then why aren't the input
voltages equal? Well, notice how a TV tube is
shorter than it is wide? The up and down voltages
(“Y” input = +/- 7.5 volts AC) don’t need as much
astheside tosidevoltages (“X” input = +/- 10volts
AC).

If we divide the picture into four quadrants, the
responsibilities of the “X” and “Y™” amplifiers may
be seen more clearly:

L X" and +Y" informatlon

The lower eﬁ:':' uadrant is: represented
o -X"- d -Y" mformation

- The lower right quadrant is represen, by .
+X" and =Y mformation. .

So let s say your monitor only has the right side of
the picture and the left side is missing. The top
and bottom right of the screen has “+X", “+Y” and
“-Y” information. The left side has “-X", “+Y” and
“-Y” information. But since the right side is OK,
obviously the only information missing is “-X.”
Therefore, there's got to be a problem somewhere
in the “X" amplifier.

From P100, the “X” or “Y™ signals each go through
aresistor and the linearity control of their respec-
tive channels. The Wells Gardner monitor only
has one linearity control per channel while the
Electrohome monitor has two linearity controls
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per channel. These controls are supposed to be
set at the factory. But sometimes they need
additional adjusting. The best way to do this is to
get a test pattern on the monitor screen, remove
the glue holding the control adjustments in place,
vary the controls until the size is right and the
lines are nice and straight, and then re-glue the
control adjustments so they cannot move.

After the linearity controls, the rest of the cir-
cuitry just corrects the signal for the picture tube
and amplifies it. The output power transistors
(two for each channel) are heat-sinked on the
bottom or the side of the monitor chassis. These -
feed the “X” and “Y™ signals in the form of current
to the yoke. The yoke then puts out two invisible
electromagnetic fields or forces. These fields pull
the stream of electrons that is spit out of the neck
of the picture tube to the various quadrants of the
monitor screen where they will write or paint a
picture. Just as you may use a magnet to pull
nails across a table, so does the yoke's magnetic
field pull the electron beam all over the picture
tube screen to write the picture. The “X" and “Y”
information we talked about earlier is what tells
the electron beam WHERE to write or paint the
picture. When the electron beam hits the phos-
phor coating on the back side of the front of the
picture tube or screen, the phosphor glows in
proportion to the electron beam intensity. In
other words, the more electrons in the beam, the
brighter the light that comes from the screen of
the picture tube where it is being hit by the
electron beam. This varying beam intensity is the
function of the “Z" amplifier.

THE “Z" AMPLIFIER

At pinone of P100, the “Z” amplifier signal voltage
is sent to the base of Q504 in the “Z” amplifier
circuit. This circuit amplifies the AC “Z" signal
and is then sent to the cathode of the picture tube.
This varying “Z" signal voltage in turn varies the
intensity of the electron beam producing at least
eight different amounts of brightness or “eight
gray scale steps” as the engineers would say.

In case the “X” and “Y” signals are missing, there
is a 90 volt DC power failure - from the high
voltage circuitry that feeds the “Z” amplifier, or if
any other missing signal condition should occur,
the “spot killer” circuitry comes on to effectively
turn off the electron beam, thus keeping the
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phosphor from being burned. At the same time,
the light emitting diode turns on informing you of
this. If the “spot killer” didn’t come on when any
of the above conditions exist, the electron beam
wouldn't be moved around and the phosphor in
the center of the screen would be burned from the
intense electron beam that is hitting it without
moving. Transistors Q500 through Q502 and
their circuitry affect the voltages on Q503 to turn
the beam current off. This DOES NOT mean you
have automatic protection against CRT burns
from too much brightness. Infact, it would proba-
bly be a good idea to keep the brightness and
contrast controls TURNED DOWN to the point
where the game looks good but not too bright. If
the picture is way too bright, fine spider web-like
retrace lines will follow the figures wherever they
move and you are headed for a burnt CRT. The
brightness control affects the DC voltage between
the cathode and G1 of the picture tube. The
contrast control varies the amount of signal to the

cathode. Both control picture intensity.

THE HIGH VOLTAGE GENERATOR
- OR - EHT SUPPLY
On the side of your monitor is a box-like cage with
a wire that goes to the CRT. This is the EHT
supply. It performs several functions, one of
which is to supply the high voltage for the CRT.

The input to the EHT supply is at pin eight of P900
where 40 volts of AC are fed through a large
resistor, R900. Actually, this is a VERY important
resistor because it limits the current to the oscil-
lator, keeping it from taking off on its own and
increasing the high voltage to the point where X-
rays are emitted from the CRT, which is DEFI-
NITELY NOT GOOD.

Did we mention an oscillator? What'’s an oscilla-
tor? Well, in this case, it is made up of: transistor
@903, the primary winding of the “flyback” trans-
former, and a few other components that toss the
voltage back and forth {(oscillate) 25,000 times
each second. By doing this, it electromagnetically
induces a bigger voltage in the “flyback” trans-
former's secondary winding since it is bigger. This
voltage is rectified (chopped up) by diode D904 to
get 12,000 volts DC in Electrohome monitors and
14,500 volts DC in Wells Gardner monitors. This
voltage is used to light up the CRT (picture tube).
The other transistors, from Q900 to Q902 and
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their circuit components keep the power to the
oscillator steady or regulated, as they say in
engineering. There is an adjustment control,
R905, to make certain the oscillator is fed the
proper power.

The “flyback” transformer also has an additional
secondary winding which generates more voltage
to power other circuits. At pin three of P900 there
is about 400 volts DC for focus voltage to the CRT.
This can be adjusted with R909, the focus con-
trol. From pin five at the other side of the “flyback”
transformer secondary winding, there is 90 volts
DC for the “Z" amplifier circuit. In between pins
three and five of PG00 there are two diodes and
capacitors that change the AC from the “flyback”
secondary winding to DC just like the power
supply. In fact, that’s just what it is, a “mini”

power supply.

THE CRT - (PICTURE TUBE)

The CRT has already been described indirectly.
However, to make a picture or turn the CRT on,
certain voltages are needed. Otherwise, it won't
work. These are: about 6 volts AC (note that’s AC)
is needed for the heater filament in the tube neck
to light up; the electron beam'’s intensity must be
controlled by the “Z" amplifier’s signal, which is
applied to the CRT's cathode; there must be
voltage at G1 of the CRT for brightness; there
should be about 400 volts DC at G2; there should
be focus voltage, which varies, but can go as high
as 400 volts DC; and there should be high voltage
at the anode of the CRT which runs into the
thousands of volts (this voltage can jump almost
one inch - so BE CAREFUL!).

Always remember that a 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 CRT or picture tube
itself is a glant capacitor, so avoid the flyback
anode plug hole. With the monitor on, the power
supply circuit and/or the flyback, which puts out
at least 12,000 volts, CAN BE KILLERS! Avoid
handling power transistors (usually output tran-
sistors), yoke terminals, and other high power
components when the monitor is on. '

WARNING: THAT PICTURE TUBE IS A BOMB!
When it breaks, first it implodes, 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. Discharge 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
screwdriver into the anode hole. Be prepared for
a fairly loud pop and a flash. But BE CAREFT'L,
picture tubes will hold a very healthy charge for at
least a week if not longer. Even after you've
discharged 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 qualified personnel.
Handle the side with the viewing screen against
_your chest when changing it. ALWAYS wear
safety goggles when handling the picture tube.

‘Midway's X-Y Monitor
Troubleshooting Guide (Part 3)

Troubleshooting monitors requires experience,
patience and luck. The first step is to match the
symptom the monitor displays to the diagnosis
next to it in the SYMPTOM-DIAGNOSIS subsec-
tion. This will pinpoint the circuit the problem is
probably 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 some-
thing 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:

2. Fusible resistors. =
3. Electrolytic capacltors
4. Resistors.
-5, Capacitors and colls.

Always remember that a 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
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power supply circuit and/or the flyback, which
puts out at least 12,000 volts, CAN BE KILLERS!
Avoid handling power transistors (usually output
transistors), yoke terminals and other high power
components when the monitor is on.

WARNING: That picture tube is a bomb! When it
breaks, first it implodes, 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. Discharge its voltage to ground by
shorting the anode hole to ground. Using 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 screwdriver into the anode hole. Be prepared
for a fairly loud pop and a flash. The longer the
monitor has been turmed off, the smaller the pop
and dimmer the flash. But BE CAREFUL. Picture
tubes will hold a very healthy charge for at least
a week if not longer. Even after you've discharged
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 re-
ferring servicing to qualified 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

supply can cause a fire, or picture distortion may
result from the wrong transistor being placed in
the deflection circuitry. Component manufactur-
ers offer specification sheets which are useful for
“mixing and matching,” but why go through all
the trouble? Order exact replacement parts! Serv-
ice 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
brightness or contrast control. If the controls
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have no effect at all, chances are there is trouble
with the control 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
(FORAT LEASTA 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 capacitors and transis-
tors have their leads connected in the right polar-
ity'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 problem with that device or a component
connected with it in the circuit. The next step isto
use the chmmeter 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, than on the collector. A normal
transistor will read either high resistance (infi-
nite), or little resistance (400 to 900 ohms), de-
pending on the polarity of this type transistor.
Then the leads should be switched, one remain-
ing on the base, and the other switched from the
emitter to the collector. Now the opposite condi-
tion should result: the resistance should be infi-
nite if it was lower when the other lead was on the
base.

Consistently infinite readings indicate an open,
and a short is demonstrated by 0-30 ohms on
most of these test readings. Finally, place onelead
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 typical on a bad transistor), indicates a
short.
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This all sounds pretty confusing, but a little
experience on a good transistor will make you an
expert in no time. Usually, the lowest chmmeter
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. It is also wise to check the transistor out of the
circuit just in case some component in the circuit
is affecting the ohmmeter reading.

Adiodeistested like a transistor except it only has
two leads. Again, there should be high resistance
one way and little resistance the other. If 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, espe-
cially 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
oscilloscope. BE CAREFUL: shorting their pins
can easlily destroy them.

Resistors are checked with an ohmmeter 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
conductive 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 resis-
tance. If you are sure a particular circuit is giving
you a problem and everything else checks out OK,
electrolytic capacitors are prime suspects. Sub-
stitute a new one and keep your fingers crossed.

What to do when you don't know
what to do - and other tips
If you are totally confused about where to begin to
hunt for a problem, and can't find the problem in
the SYMPTOM DIAGNOSIS subsection, there
may be another way to proceed.



Take a VOLTMETER and (if possible) an oscillo-
scope and begin probing the jacks. You can start
with the input jack to the monitor. Using the
oscilloscope, make sure both the “X” and “Y”
information is present (which it isn't during the
“SOUND" test).

NOTE: It is advisable to use one of the game’s test
patterns (obtained when you put the game in the
Self-Test mode) when using the oscilloscope. The
simple diamond one is a good choice. This way the
“X” and “Y" information at the above jack isn't
changing and a recognizable wave form is easy to
see if it’s there. The DC voltages tend to jump
around like crazy when the game is being played
or is running through its ATTRACT mode, so
using the test pattern tends to keep them still.

‘Next, use the volt meter to make sure the other
voltages are present at each pin. Similarly, you
proceed to P500 on the deflection board, and

. P900 on the EHT unit to make sure all the correct

voltages are present. Use the schematic to deter-

mine what the correct voltages should be.

Check the pins on the CRT to be sure the voltages
are getting this far. If everything looks good to this
point, perhaps the CRT is bad. DO NOT check the
anode voltage unless you have a special high
voltage probe or you may wind up repairing X-Y
monitors in heaven.

DO NOT BE FOOLED by the silent operation of
the monitor. Regular TV sets and monitors buzz
and crackle a lot when they're operating - this is
normal for them. BUT, vectorbeam monitors are
noiseless unless something is wrong.

Whatever you do, ALWAYS read the literature
that comes with any test equipment you use so
that you will not damage the equipment, the
monitor, and most of all, YOURSELF.,

PARTS INTERCHANGEABILITY
Quite a few of the parts between the Electrohome
and the Wells-Gardner monitorsmay be
swapped. The CRTs, for example, are completely
interchangeable. Also, many of the transistors
used in each monitor are the same. Certain
critical components in the power supply and the
EHT unit are dangerous to interchange. The best
thing to do is to compare both monitors’ parts lists
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to see if the descriptions of any two particular
parts you want to swap match exactly. Substitu-
tion manuals are available for transistors and
semiconductors, but you never know about them.
Sometimes they work and sometimes they don't,
depending on the critical circuit parameters. If in
doubt, order exact replacement parts.

Midway’'s X-Y Monitor
Troubleshooting Tips (Continued)

SOLVING VERY DIFFICULT
MONITOR PROBLEMS
Based on practical experience and a loud re-
sponse from the field, it would seem that the “X-
Y” monitor may be easy to understand but diffi-
cult to fix. And it is! While in service it may develop
the usual easy-to-fix problems, most of which
have already been covered in previous parts of
this series in Star*Tech Journal .

BUT - sometimes it develops almost impossible-
to-fix catastrophes. On one day they may be
found fairly easily; the next, you may not be so
lucky. To try to give you some insight into some of
these “catastrophes” and their cures, let’s peruse
the monitor circuit by circuit.

THE SPOT KILLER doesn't seem to cause much
trouble with the exception of the LED, D 504. It
can’t be checked by the usual cohmmeter method
because it reads infinite resistance both ways.

If your dipswitch test pattern does not want to
come in, or your brightness just doesn't seem
bright enough, and EVERYTHING EVERY-
WHERE ELSE checks good, pull out D 504.
Chances are you'll have plenty of brightness.

Poor brightness with retrace lines could mean a
defective D 504, or perhaps the “Z” signal wire
isn’t connected properly to the base of Q 504.

EHT OR HIGH VOLTAGE UNIT

It is reported that the weakest part of these
monitors is the EHT or High Voltage Unit. This
may be because the secondary windings tend to
open up or arc due to poor mechanical connec-
tions.
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POWER SUPPLY
If your picture appears as if the “Omegans” are
having a 4th of July fireworks display, it is
probably a bad power supply.

Trouble with C100 or C101 will cause the lines to
brightly streak around, possibly coming from a
spot in the center. If a proper picture is present on
the monitor but moves around and blooms, it
could be a partially open C100 or C101. The other
circuits are starving for voltage and not totally
doing their jobs.

“X"” AND “Y” AMPLIFIERS

If the top, bottom or sides of the display flutter
and try to move toward the center, again, check
the power supply. More often, though, this situ-
ationis due to abad transistor in the “X” Amplifier
(sides} or the “Y” Amplifier {top and bottom).
Sometimes these circuits will check good with an
ohmmeter.

So, if a team of engineers with sophisticated test
equipment are not available, this is our sugges-
tion: change Q707 and Q706 for the “X” Amplifier
- or - Q607 and Q606 for the “Y” Amplifier. Q605
and Q705 are also suspicious characters. If the
above doesn’t work, try them next.

When changing Q706, Q707, Q606 and Q607,
ALWAYS make sure you have each one in its
proper place with the correct lead placement. If
you do not, you may as well break out the hot dogs
because you WILL have a barbecued Deflection
P.C. Board.

If you should happen to barbecue a Deflection
Board, CHECK ALL SEMICONDUTORS in that
particular amplifier. Also check all resistors from
R721 at least as far back as R705 (“X” amplifier
circuit) or R621 back as far as R605 (Y™ amplifier
circuit). Otherwise, you may live to regret not
having done it.

Remember this. If at first you do not get a picture
and the LED on the monitor (D504) stays lit, every
time you go back to determine what else hasfailed
in this amplifier circuit, ALWAYS check the out-
put transistors Q608, Q609, Q708 and Q709
because you can destroy them as fast as you
replace them.
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SEMICONDUCTORS
A defective semiconductor that checks good on
the ohmmeter may also drag down the power
supply voltage. Check the collectors of the output
transistors. If two voltages are high and the other
two are low, it could be a defective transistor at
Q602, 9603, Q702 or Q703.

WELLS-GARDNER MONITOR
The Wells-Gardner Monitor has two large resis-
tors in the power supply, R100 and R101. R101
just loves to smoke and burn up. WHY? Check the
30-volt lines from the game. If one is open, there
will be a NORMAL picture and ONE VERY HOT
resistor.

Anocther symptom that can cause R101 to start
smoking is when the Daughter Board of the game
has an “X” or “Y™ signal riding on an excessively
high DC level.

Then again, any one of the conditions mentioned
previously pertaining to problems in the “X” or “Y”
amplifiers can cause R101 toburn up. Depending
on the problem, it may burn fast or it may burn
slow. Jumping these resistors may stop them
from buming up but it WILL NOT solve the
problem.

TRANSISTORS

- Transistors that CHECK GOOD with a meter but

are NOT GOOD in the circuit is a condition that is
generally rare elsewhere. But maybe not sorare in
the “X-Y” monitor. This is mentioned because we
know it is a problem encountered frequently with
the “X-Y” monitor and we want to bring it to your

- attention.

' VOLTAGES ,

For any of you who would like to try a little voltage
measuring to analyze the problem, the following
list contains EVERY Electrohome and Wells-
Gardner “X-Y” monitor transistor voltage. These
voltages were measured on correctly functioning
monitors with a hand-held portable digital mul-
timeter. So, these readings are accurate (but not
laboratory accurate) and will be closer to your
actual expected voltage measurement results.

For a test display, the diamond shaped test
pattern is used so that the voltage readings will
stay stable and not jump around as they would



with a moving game picture. Of course, you
cannot see a picture with a defective monitor, so
connect a DC voltmeter to the “X” channel on the
Daughter Board output. When you have the
correct diamond shaped test pattern, you should
be reading a steady - 2.23 volts on your meter.
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ELECTROHOME “X-Y” MONITOR

06018 — 03 Q7018 — 140 05008 — 13
E— 06 £ - 188 E 00
C+ 05 C + 0528 C +387
06028 — 0034 Q7028 — 06 Q501 B — 0655
€ - 0629 E-12 E 00
C +388 C +39.0 C +38.7
0603B — 0627 Q7038 — 06 05028 +388
E— 0034 E- 12 € +398
¢ +386 C +388 C+ 14
Q604 B —39.3 07048 —393 Q5038 + 2.1
€ —399 € —399 E+ 14
C-274 c -271 C+ 14
06058 +388 Q7058 +390 Q5048 + 23
€ +395 € +39.7 E+ 18
¢ +36.0 € +36.2 C +753
06068 +354 Q7068 +34.1 Q9008 +23.0
E +36.0 E +362 £ +221
C+ 022 c-10 ¢ +321
06078 —394 07078 —394 09018 +236
E —400 E —400 E +229
C—- 04 c- 172 € +318
06088 + 0246 Q7088 — 10 09028 + 92
E - 0075 E—- 134 £+ 87
C +41.1 C +41.0 C +24.1
06098 — 0464 Q7098 — 1.7 09038 - 34
E — 0.069 E— 13 E 00
C—412 ¢ —411 C +224

All Readings are DC Level Voltages
“X" INPUT DC LEVEL FOR DIAMOND TEST
PATTERN = -2.32 VOLTS DC
“y™ INPUT DC LEVEL FOR DIAMOND TEST
PATTERN = -0.08 VOLTS.DC
B = BASE E= EMITTER C = COLLECTOR
06028 — 0105 Q7028 - 0772 Q5008 — 35
£+ 072 E—- 139 E 00
¢ +322 C-289 . C +346
06038 — 0096 0703B-— 0783 Q5018 - 26
£— 0710 E- 137 E 00
C +324 C +324 C +346
06048 —295 Q7048297 Q5028 +345
£ -302 € —304 E+ 16
¢ -296 ¢ —289 ¢ +33.2
06058 +323 07058 +325 Q5038 + 0733
E +329 E +332 E— 016
¢ +305 € 4305 C+ 016
06068 +300 07068 +300 Q5048+ 23
€ +306 E —304 E+ 1.74
C + 0222 C- 14 ¢ +770
06078 — 054 Q7078-304 Q9008 +16.0
E -304 £ -297 € +153
€ -297 c- 209 C +242
Q6088+ 020 Q7088B— 134 Q901B +166
E— 013 E- 167 £ +16.0
C +346 C +347 C +24.0
06098 — 054 Q7098 - 208 09028+ 97
E- 014 E-— 168 £+ 92
C-315 c-317 ¢ +166
Q9038 — 38
E 00
C +15.0

Midway CRT Substitutions

GAME
All games with 19" color monitors

SUBJECT
CRT Replacements

Reviewing the difference in 19" in-line CRTs with
internal degaussing shield versus exterior de-
gaussing 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 CRTs with inter-
nal shieldsfor replacement purposes. This will
simplify Midway’s stocking requirement as well
as reduce possible replacement errors.
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Any of the below listed 19" in-line CRTs with
internal degaussing shield can be used as a
substitute for each other:

19VMNP22 (RCA)
19VMJP22 (Rauland)
510UJB22 (Hitachi)

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

19VJTP22 (RCA)
19VMBP22 (Rauland)
19VMAP22 (Vendor not known)
MV19VLGP22 (Vendor not known)

Midway’s Color TV Monitor Repair
(Part 1) '

This begins a three-part article which will be
published consecutively for the next three
months.

Part 2 Thebxy of Ope
‘Part 3 - Troubleshooting
, and D_;_l_ﬁ'erences Betwee

INTRODUCTION

This series has been designed to simply familiar-
ize you with one of the more mystical components
in your game - the TV monitor. If you are an
electronics technician who is quite knowledge-
able on the subject, you may decide to just go to
the schematics and start troubleshooting the
defective monitor. But if you are like most people,

' a monitor is a TV set, and that means a complex -

doo-dad that means big buck repairs. This isn't
necessarily so. This multi-part series will ac-
quaint you with the monitor and could just help
you repair it if you feel adventurous enough to
give it atry. If you have any knowledge of electron-
ics, especially the use of a voltmeter, the repairs
you can make are astonishing. Just keep in mind
that ELECTRICITY CAN BE DANGEROUS, SOBE
CAREFUL!!

If you want to understand how a monitor works,
Part 2 will contain the “Theory of Operation”
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section. If you wish, you can follow along with the
schematics. The information is presented in a
very basic manner, but more complete treatment
of the subject can be found in the technical
sections of bookstores.

Pay attention to all warnings and take them
seriously. The more equipment you have the
better, but a low cost Volt-Ohm-Milliameter can
often do the trick. Here are the steps to take:

1. Find the symptom that matches the problems
your monitor has in the “System Diagnosis” sec-
tion. 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, Part 3 contains the “Troubleshooting”
section to learn the procedure for finding the bad
part.

3. Next, find the schematic that matches your
monitor. It may be helpful toread the “Differences
Between Monitors™ section (Part 3) if you are
unsure of which monitor you have. Use the sche-
matic 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 problems that only a genius, the experi-
enced, or an experienced genius can figure out.
But be patient, follow safety precautions, and
remember that there is also literature available
from the monitor companies through your dis-
tributor or from Midway Manufacturing Com-
pany on request (1-800-323-7182).

SYMPTOM DIAGNOSIS
1. Insufficient width or height:
A. Horizontal line (due to VERTICAL CIR
CUIT DEFECT).
- Bad yoke.
- Bad vertical output section.
- Open fusible resistor in vertical section.
- Bad height control. :
- Bad flyback.
B. Vertical line (due to HORIZONTAL
CIRCUIT DEFECT).
- Bad yoke.



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

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

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
neckboard terminal.

5. Colors missing, check:
A, Interface color transistors.
B. Color output transistors.
C. Cracked printed circuit board.
D. Color circuits.
E. Video input jack.

6. Picture not bright enough:
A. Weak emission from picture tube.
{Turn horizontal sync off frequency and
put brightness all the way up for about 15
minutes. Occasionally this cures the
problem.)

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 anincrease in size
and poor focus:
A. Weak high voltage rectifier or regula
tion (high voltage unit).

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

11. Vertical rolling:
A. Vertical oscillator transistor, IC, or
circuit.
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B. No sync from logic board.

12. Horizontal line across center:
A. Vertical output circuit is dead (see
symptom No. 1 A).
B. Vertical oscillator is not putting out the
right wave form.

13. Picture bends:
~A. Horizontal sync needs adjusting.
B. Magnetic or electromagnetic interfer
ence.

14. Flashing picture, visible retrace lines:
A. Broken neck board.
B. Internal short circuit in the picture
tube (arcing).

15. Unsymmetrical picture or sides of picture:
A Defective yoke.

16. 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).

17. No brightness, high voltage present; check:
A. Heater voltage to the tube at the neck
board. v
B. Screen-grid voltage for the tube.

C. Focus voltage.
D. Grid to cathode picture tube bias.

18. No high voltage; check:
A. For AC input to the “flyback.”
B. Horizontal deflection stages.
C. Flyback transformer.
D. Yoke.
E. Power supply.

19. No horizontal and vertical hold: check:
A. Sync transistors and circuit.
B. Wires and jack from logic board to the
monitor.

20. Wavy picture - (power supply defect); check:

A. Transistors, diodes, electrolytic capaci
tors in the power supply.
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21. Moving bars in picture:
A. Ground connector off between monitor
and logic boards.
B. Defect in the power supply (see wavy
picture symptom).

22. 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.

23. Monitor won’t turm orv
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.

24. Can'’t adjust purity or convergence:
A. Use a degausser to demagnetize the
picture tube carefully following your de
gausser's instructions.
B. Picture tube defective.
C. Metal foreign materialis in picture tube
shield.
D. Nearby equipment is electromagneti
cally interfering.
E. The poles of the earth are pulling off the
purity.
F. Poor focus or width of picture.

Midway's Color TV Monitor
Repair (Part 2)

THEORY OF OPERATION
To understand what goes on inside the monitor,
large general groups of circuits will be examined
instead of laboriously analyzing the branches and
small circuits that make up these groups. This
will help avoid confusion and aid in a basic,
concrete knowledge of what makes up a monitor.

THE POWER SUPPLY
The AC going to the monitor from the game
transformer is just like the voltage and current
from your wall outlet. It jumps up and down going
positive and negative sixty times a second. But a
monitor needs nice, smooth DC; direct current,
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not alternating. So diodes chop up the AC and a
big electrolytic capacitor filters it out to make it
even smoother. Since the monitor is a big piece of
electronic equipment, with many circuits de-
manding a lot of power from the power supply,
there are also zener diodes and transistors to help
maintain a nice, constant, smooth voltage so that
the monitor circuits don’t jump around. And this
is what happens when you see a wavy picture.
There is AC creeping through the power supply,
so it must be malfunctioning. If the voltage from
the power supply is too low, the other circuits will
be starved for power and you may see a small,
wavy picture, or none at all.

Some circuits receive voltages that are higher
than what the power supply should put out. But
they come from the flyback transformer which
will be discussed later.

THE INTERFACE SECTION OF THE CHASSIS
The interface section of the chassis is fairly easy
to identify. Jt is right by the place where the video
jack(s) from the logic board(s) plug into. There are
sets of transistors that receive the separate red,
green, blue, and sync information from the cables
that come from the logic boards. The circuits jack
up the voltage and match impedances, or in other
words, prepare the logic board outputs for the
circuits that will really amplify them for the
output devices such as the yoke in the case of the
sync, or the picture tube that shows the colors.

An interesting aside is that our sync is composite
negative sync. That means two things:

1. The sync is a negative going wave form.
2. There are two pulses going at different speeds
over the same wire:
a. Vertical wave forms at 60 times per
second (or Hertz) and
b. Horizontal wave forms at about 15,750
times per second (Hz).

The sync is amplified by a sync amplifier transis-

- tor and sent on its way to the oscillators. The sync

or timing information will be explained along with
the oscillator shortly. ‘

The color information is sent via wires to the neck
board where the main amplification occurs. This
will also be discussed later.



VERTICAL AND HORIZONTAL DEFLECTION
After the sync signal is amplified by the sync amp,
it goes to two different sections, the vertical and
horizontal circuits. Basically, the sync signals are
for timing so the picture doesn’t mess up since it
is assembled like an orderly jigsaw puzzle, but so
fast that you can't see the electron beams for each
color painting the picture on the screen. This will
all become clear soon. For now, we will follow the
60 cycle component of the sync as it goes on its
journey to the deflection yoke.

The 60 cycle pulse goes to the vertical oscillator to
make sure this circuit goes back and forth (or
oscillates) at 60 times a second. Without this
pulse keeping the circuit at the correct speed, it
may get lazy and oscillate at 58 cycles or lower, or
get ambitious and oscillate at 62 cycles or higher.
At the wrong speed, the picture will start to roll up
or down.

A Wells-Gardner 13" or 19" color monitor uses
transistors for its sync section. An Electrohome
13" or 19" color monitor uses an integrated circuit
IC501 for its sync section. The idea is all the same.
The output of the vertical amplifying transistors
for all monitors must be a sawtooth wave form,
sort of like a bunch of pyramids, racing to the
yoke’s vertical coils at 60 times a second.

Along the way to the output transistors, the 60
cycle pulse is shaped and amplified to do the job:
the yoke magnetically pushes the electron beam
to fill the screen out sideways looking at the
screen with the greatest length going up and
down. Or viewing the screen sitting like a home
television set. The amplified vertical output fills
the screen up and down. Watching a monitor like

this, seeing only a horizontal line means a prob-

lem with the vertical coils of the yoke or anything
from the vertical output section on back to the
oscillator.

The horizontal section is very similar with a few
exceptions. The horizontal wave shape is more
like a square and has a frequency of 15,750 cycles
a second. Again, Wells-Gardner uses transistors
for the horizontal oscillator, and Electrohome
uses the other side of IC501. Still, the effect is the
same. If the oscillator isn't going at the correct
speed, the picture may move sideways, start to
slant, or tear up with slanted thin figures. With
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both the vertical and horizontal of all monitors,
there are variable resistors that change the speed
of the oscillators up and down. This way you have
controls that can make the correct frequencies to
keep the electronic jigsaw puzzle nicely locked in
place. If you're driving in a car and next to you
someone else is driving their car at exactly the
same speed, it will appear that they are not
moving. And this is why the sync frequency and
the oscillators’ frequencies must match, so the
picture doesn't appear to move.

The correct wave form is shaped and amplified in
the circuitry just like in the vertical section. But
the horizontal output transistor is a large power
transistor and not only serves to give current to
the horizontal yoke windings, it also feeds the
flyback transformer.

THE FLYBACK TRANSFORMER

(OR HIGH VOLTAGE UNIT)
The picture tube needs high voltage to light up,
and the power supply can’'t meet this demand.
The flyback transformer receives current alter-
nating at about 15,750 times per second from the
horizontal output transistor. The “flyback” jacks
up its input voltage and puts out a higher voltage
alternating at the same speed. But, in your
“flyback” there are diodes that chop up the alter-
nating voltage to make it a smooth DC output just
like in the power supply. This is what goes
through that thick red wire to your picture tube.
THIS AREA HAS ABOUT 18,000 VOLTS ON IT
AND IT CAN KILL YOU!

The “flyback” may be dangerous, but it is also
generous. It has extra output windings which give
voltage to the heater pins of the picture tube,
voltage for the vertical deflection circuits, and
picture tube screen-grid voltage. So in a way, the
high voltage “flyback” is like a second power

supply.

COLOR CIRCUITS

The color circuits are pretty straightforward. The
signals go into the interface section where some
amplification and impedance matching occurs.
These circuits are pretty sparse and simple. Each
color just has two transistors and a diode with
some resistors and capacitors. From here, the AC
color signal is sent by wires to the neck board.
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The color output circuits are on the neck board.
The color signals going to the transistors are
controlled by two variable resistors called drive
controls. There are only two, one for the red and
one for the green. The blue doesn't have one. In
the emitter part of each transistor is another
variable resistor that is the cut off control. These
controls vary the amount of amplified AC signal
that goes to the cathodes of the picture tube. The
more signal, the more color. The bases of each of
these transistors are connected together are all
connected to the blanking and beam limiting
transistors which are in the interface section.

The beam limiter helps control the brightness
level, and the blanking transistor rapidly turns
the picture tube on and off so that retrace lines
don’t show up on the screen. By turning up the
brightness on a good monitor, these four to six
retrace lines can be seen slanting diagonally
across the picture.

PROTECTION CIRCUIT

To protect the high voltage section against volt-
ages that are too high coming from the power
supply which could cause X-rays to be emitted
from the “flyback,” a circuit senses the higher
power supply voltage, and using a transistor,
turns off the horizontal oscillator. Since the hori-
zontal oscillator doesn’t work, the horizontal
output transistor has nothing to feed the
“flyback™ which in turn has nothing to feed the
picture tube. The monitor will be silent, have no
picture, and will appear to be off. BUT DON'T BE
FOOLED. There is still that excessive amount of
voltage coming from the power supply. To find
out, check the emitter on TR502 of the Wells-
Gardner monitors; or the emitter of X04 for the
Electrohome monitor. Here are the voltages you
should receive:

Wells-Gardner = 127VDC
Electrohome = 120VDC

The best place to measure this voltage on an
Electrohome monitor is at a pin marked Bl onthe
chassis. This is because a 13-inch color :lec-
trohome monitor, the GO7-FBO or GO7-902, has
an integrated circuit and very little else in the
power supply. Still, there should be 120VDC at
B1.
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THE PICTURE TUBE (OR CRT)
The picture tube or CRT is an output device. In
other words, the end result of the circuits’ work is
displayed by this part. Actually, the output of
other circuits is in the neck of the picture tube.

First, there is the heater. The heater boils off
electrons from the cathodes so that they (the
electrons) shoot up to the screen to excite the
phosphors so that the three phosphors emit three
colors of light.

The cathodes are next, and again they emit elec-
trons to turn on the tube phosphors, making it
glow. The cathode can arc or short to the heater
resulting in no picture and a defective picture
tube.

Next come the grids. The first grid is grounded.
The following grid is the screen grid which re-
ceives about 300VDC depending on the bright-
ness setting. The next grid closest to the picture
tube screen is the focus grid which gets about one
fifth.the amount of voltage that is applied to the
picture tube anode.

After jetting from the cathode through all these
grids, the electrons speed through a mask, a
sheet of material with tiny holes, and then excite
the tiny dots of phosphor in the inside surface of
the picture tube screen. The green electron gun
(or cathode and circuitry) spits out electrons
which head for the green phosphors only. The
same goes for the red and blue guns. The way the
phosphor light blends determines the color seen.
Should these electron beams become too intense,
they may bum the phosphor. With the monitor
off, this can be seen as a dark permanent image
of the video information on the tube screen.

Midway’'s Color TV Monitor
Repair (Part 3)

TROUBLESHOOTING
Troubleshooting monitors requires experience,
patience and luck. The first step is to match the
symptom the monitor displays to the diagnosis
next to it in the “SYMPTOM-DIAGNOSIS™ subsec-
tion. This will pinpoint the circuit the problem is
probably 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 some-
thing 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
(transistors, diodes & integrated circuits).
2. Fusible resistors.

3. Electrolytic capacitors.

4. Resistors.

5. Capacitors and coils.

Always remember that a 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 least 18,000 volts, CAN BE KILLERS!
Avoid handling power transistors (usually output
transistors), yoke terminals and other high power
components when the monitor is on.

WARNING: That picture tube is a bomb! When it
breaks, first it implodes, 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. Discharge 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
screwdriver into the anode hole. 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 CAREFUL, picture
tubes will hold a very healthy charge for at least
a week if not longer. Even after you've discharged
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 re-
ferring servicing to qualified personnel. Handle
the side with the viewing screen against your
chest when changing it. ALWAYS wear safety
goggles when handling the picture tube.
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To maintain the safety and performance of the
monitor, always use exact replacement parts. For
instance, the wrong components in the power
supply can cause a fire, or the wrong color output
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
brightness or contrast control. If the controls
have no effect at all, chances are there is trouble
with the control 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 usual 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 locks good up to this point, make sure
that diodes, electrolytic capacitors and transis-
tors have their leads connected in the right polar-
ity 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 problem with that device or a component
connected with it in the circuit. The next step isto
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 (infi-
nite) or little resistance (400 to 900 ohms), de-
pending on the polarity of this type transistor.
Then the leads should be switched, one remain-
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ing on the base, and the other switched from the
emitter to the collector. Now the opposite condi-
tion should result: the resistance should be infi-
nite if it was lower when the other lead was on the
base. Consistently infinite readings indicate an
open, and a short 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 typical on a bad
transistor), indicates a short.

This all sounds pretty confusing, but a little
experience 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. It is also wise to check the transistor out of the
circuit just in case some component in the circuit
is affecting the ohmmeter reading. '

Adiode istested like a transistor except it only has
two leads. Again, there should be high resistance
one way and little resistance the other. If 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, espe-
cially 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
oscilloscope. BE CAREFUL: Shorting their pins
can easily destroy them.

Resistors are checked with an ohmmeter 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 toreconnect the
conductive foil.

Capacitors are tricky. Their resistance goes up

when checked with an chmmeter which shows a
charging action. As they suck up current fro the

The Best Of S#TJ: MONITORS © 1989

meter, the voltage goes up and so does the resis-
tance. If you are sure a particular circuit is giving
you a problem and everything else checks out
O.K., electrolytic capacitors are prime suspects.
Substitute a new one & 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 are two circuit boards rising up from the
chassis toward to 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 a description 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 partslists, 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.”

PARTS INTERCHANGEABILITY
Some parts can be interchanged on all of the
monitors. Here are the rules:

1. You CAN swap the voltage regulator TR502 or
XO01 on any Wells-Gardner or Electrohome 19-
inch monitor. You CANNOT swap the voltage
regulator on the 13-inch Wells-Gardner or Elec-
trohome (GO7-902) since the Electrohome uses
an integrated circuit for the power supply.

2. You CAN swap any resistor between monitors
that has the same resistance, wattage rating and
tolerance.



3. You CAN swap any capacitor between monitors
that has the same capacitance, and voitage rat-

ing.

4. PICTURE TUBES:

Due to the fact that Electrohome is now (October,
1981) using a picture tube with an internal
shield, these picture tubes can be used in either
Wells-Gardner or Electrohome monitors.

However, a Wells-Gardner picture tube can ONLY
be used in a Wells-Gardner monitor. It will not
function properly if installed in an Electrohome
monitor. The picture purity will be off.

5. You CANNOT change any part that is a safety
part, one that is shaded in gray on the schematic;
it MUST be IDENTICAL to the original. To do
otherwise IS DANGEROUS. For instance, the 13-
inch Electrohome (GO7-904) monitor “flyback”
looks identical to the 19-inch Electrohome (GO7-
905) monitor “flyback.” Infact, thereisevena 19-
inch Electrohome (GO7-905) monitor (which is
an obsolete model) with a similar looking
“flyback.” NONE OF THESE ARE INTER-
CHANGEABLE!

6. You CAN change any of the parts between the
G07-904 and GO7-907. They're essentially the
same monitor except that the GO7-907 has a
vertically mounted picture tube.

If there is any doubt about what parts can be
swapped between each manufacturer’s 19-inch
and 13-inch models, compare the manufac-
turer's part number between each one. If they
match up, they are the same part.

Midway Tron Notes Video Cable

SUBJECT
Monitor Video Cable

1. The 9-pin monitor video cable interfaces the
monitor with the logic board.

2. The monitor video cable must be inserted to the
9-pin jack of the CPU board J2. (A084-90009-
A968)
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3. The 1/0 sound board 9-pinjackis for the audio
cable. (A084-90009-A968)

HUM BAR AND MS. PAC-MAN

SYMPTOM

One of my Midway Ms. Pac-Man games has devel-
oped a hum bar in the video. My first thought was
that the monitor had developed a problem. Sub-
stituting a different monitor did not eliminate
this. The PCB also checked out fine. After check-
ing out the static board, I still could not locate the
problem.

PROBLEM

“What is wrong then?” you may ask. The problem
was in one of the fuse blocks. The game will work
with one of the fuses missing!

HOW'S THAT?

This is because they use a center-tapped trans-
former with fused 7vac and 15vac outputs. This
is rectified and filtered for the +5vdc and the
+12vdc regulator inputs. With half of the input
wave missing, the filter cap may not produce a
high enough DC voltage. This was causing the
+5vdc regulator to “drop out” and the resulting
hum bar in the video display.

SOLUTION
Simply replace the fuse and restore full wave

power to the transformer assembly. Sometimes
the solutions are of the simple variety!

SO0
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Arachnid 6000 Monitor Cures

SYMPTOM
-Do you often get service calls saying that the
monitor is out but when you get there everything
is running fine. What usually happens is that the
bar owner turns the machine on, sees that the
monitor is not on, and calls. Five or ten minutes
later the monitor mysteriously comes up.

SOLUTION
When you arrive on location what you should do
is turn the machine on and off quickly.

What you should find is a thin horizontal line two
or three inches across that eventually expands to
-a normal raster. Replace C9 on the power supply
board and this will take care of the problem.

SYMPTOM

Another complaint is that the monitor's bright-
ness changesor fluctuates during the course of
the game, or it jitters, breaks up or turns yellow.

SOLUTION

This can be caused not by the monitor but by the
connection on the power supply. Resolder the
connections on the power supply board and these
should take care of the problems.

DEDA

7

Various
Monitors
Tips & Info

Centuri Eagle Monitor Notes

MONITOR

Electrohome GO-2
SYMPTOM

Loss of vertical deflection

CURE

Close visual inspection of monitor chassis will
disclose problem. Generally located on geometry
PCB coils mounted on this board break, or poor
solder connections found on bottom of geometry
PCB.

SYMPTOM
Loss of video focus or blows fuses.

CURE

Dynamic convergence PCB cracked or compo-
nents broken or loose. (Caution should be taken
not to disturb any adjustments on this PCB.

Centuri Targ Cocktail and Maxi .
Eagle Monitor Modifications

The Sanyo Monitor used in the Centuri Targ
Cocktail Table and Maxi Eagle is designed to
operate at 100 volts AC line voltage. Due to an
error in the wiring harness, early production of
these games may have been wired for 120 volts AC
operation. When the game in question has been
placed in alocation with a higher than normal line
voltage, the picture may appear for a short time
and then disappear until the game is shut off and
turned back on. This process will repeat itself
until corrected.
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The cure is to find the unused secondary tap on
the isolation transformer which usually is ex-
tended to the power connector at the monitor and
terminated with shrink tubing. This wire should
replace the wire on pin 1 of this connector for 100
volts AC operation.

Centuri/Konami Track & Field
Missing Video Cure

PROBLEM
Lower half of picture missing.

CAUSE

Because of .excessive vibrationof the panel from
people pounding on it, usually on games not
equipped with the special buttons, a certain
capacitor in the vertical section of the Wells
Gardner monitor, C313, a large electrolytic ca-
pacitor, willtend to break loose by either breaking
a leg off or breaking loose from the copper traces
on the bottom of the monitor PCB.

CURE

Repair the capacitor’'s failure condition and in-
stall pound-proof buttons on the game, or cush-
ion the capacitor against vibration.

Centuri Games Toei Monitor Model
CM-A20 Vertical Crunch

PROBLEM -

Crunched vertically rolling picture May stop roll-
ing after warm-up but vertical height still insuffi-
cient.

POSSIBLE CAUSE

There are many caps in this monitor which bake
open, but the capacitor that is involved with the
common problem mentioned above is C62.

CURE

Replace C62 with an exact or equivalent value
capacitor.
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Data East Monitor Spark Gap
Cleaning & Monitor Grounding Kits

MODEL
Deco Cassette System

GAMES
All machines with Nanao monitors (Neck board
#K(C920524(1/2), KB240163)

SUBJECT
Assorted loading problems, random freeze-ups
and random resets, caused by arcing of the spark

gap.

SOLUTION

CAUTION, the following procedure should be
done by a qualified technician, due to the possible
presence of VERY HIGH VOLTAGE.

B Remove the monitor neck board.

2. Using cornpresscd air or component

freeze spray, clean out the spark gap

“ thoroughly, and the entire board.

- 3. Allow condensation to dry completely.
4; Reinstall monitor neck board.

MODEL
Deco Cassette System

GAMES
All Cassette Systems

SUBJECT
Desensitize system due to monitor noise.

SOLUTION
Grounding of the CRT. Please specify monitor
type. Send for your FREE grounding kits which
contain wire and two special grounding clips.
CAUTION. This task should be done by a qualified
technician.

Data East Last Mission
No Vertical Deflection

SYMPTOM
No vertical deflection.



SOLUTION

Resolder connections on monitor PCB.

Data East’s Service Department has received
several calls regarding failure of the Wells Gard-
ner 18K5603monitor chassis used in the Last
Mission upright.

The Last Mission games that may be affected are
serial numbers 279800 to 280055.

The monitor suffers from bad solder connections
on the main PCB. This causes some components
to crack their solder connections and the monitor
may not operate when the game is received. The
usual failure mode is no vertical deflection, just a
horizontal line across the center of the screen.

Check and resolder the capacitor leads on C313,
and 100mf @ 160vdc electrolytic. This capacitor
is 2 inches tall and is subject to vibration. Wells
Gardner applies a silicon rubber adhesive around
- the base of this component to prevent it from
moving, however, some of the defective monitor
PCBs did not have this compound applied. Secure
this capacitor with glue if it has not been done.

Wells Gardner will no longer be supplying the
19K5603 chassis as they have developed a new
unit; the 19K7602 series. All subsequent ship-
ments of upright cabinets from Data East USA,
Inc. will be using the new Wells-Gardner monitor
or the Hantarex MTC900/E.

Data East Kid Niki Screen Size Tip

PROBLEM

We have received several calls regarding players
not being able to find their way out or complete
various screens in the Kid Niki game. This is
usually diagnosed to be a program problem or a
defective pcb, but this is not the case!

Chances are good that the player cannot see the
entire picture due to i.improper monitor adjust-
ments;

SYMPTOM

Kid Nikicontains scenes that have exits that are
at the extreme right side of the screen, thus if the
video is offset or adjusted too wide, the player may
not be able to see the exit.
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SOLUTION

It is normal to adjust the vertical and horizontal
size of the monitor so that the picture extends to
the four corners and does not over-shoot the
viewing area of the screen. This will ensure that
all of the picture will be visible to the player.

Data East Heavy Barrel
Video Wave

SUBJECT
Wavy lines in picture.

SYMPTOM

New game kit when installed develops wiggly lines
and cannot be adjusted out. A conflict of grounds
exists.

SOLUTION

Remove the earth ground strap going to the
monitor chassis.

Exidy Targ Monitor Harness Mod

ELECTROHOME TO WELLS GARDNER
MAIN HARNESSMODIFICATION

COLON ABAPTER PCE

21
IC{

MENITOR VIDED

GAN OK CRY
BLU, ON GRY
WHT 60 BRN
RED ON GRY

[1.1]
WHT ON GRY

GREEN BATA

SLUE DATA

NC (XC FUNCTION
RED DATA
GROUND

334 4

[oeeies

On J201, 6 Pin TV monitor connector:

1. Remove all Pins from connector housing.

2. Reinsert Pins as follows:
Green on Gray to Pin 1, Blue on Gray to Pin 2
White on Brown to Pin 3, Red on Gray to Pin 4
Green to Pin 5, White on Gray to Pin 6

On J21, 10 Pin color adapter PCB connector:
1. Remove Pin 5 and insert in Pin 4.

NOTE: With these alterations the sync split-pad
jumper on the color Pcb must be cut.
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Exidy Monitor Adjustment Procedure

To Freeze Picture for Monitor Adjustment
If you have to adjust the color on your monitor or
make other adjustments, youmay wish to “freeze”
the picture. The easiest way to do this is to
activate one of the coin switches. While the switch
isactivated, the picture will “freeze” on the screen,
and as long as you hold down the coin switch it
will remain frozen. Another way of doing this is to
jump the switch terminals together or remove
either of the wires and place it on the empty
terminal. Do your adjustments and then disen-
7age your coin switch.

Gremlin/Sega Space Fury Color
(G-80) X-Y System Redesign

Gremlin/Sega reports that all of the problems
encountered with the industry's first color X-Y
game Space Fury have been identified and solved.

The problems are centered around the deflection
{X-Y) amps. Underrated power transistors com-
bined with an extended “on” time during the
power-up routine resulted in damaging the
amplifier circuit.

The remedy includes a modification to the card
cage and replacement of the Electrohome Monitor
with a redesigned unit.

Gremlin/Sega will have replaced all defective
monitors and modified all game card cages by the
end of October.

Initial field fixes did not resolve the problem
entirely and Gremlin/Sega decided to undertake
the monitor replacement program.

Electrohome, the monitor manufacturer, will

replace monitors inthe Eastern U.S., while Grem-
lin/Sega will handle the Western U.S.
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Gremlin/Sega X-Y Timing PCB Mod

In order to eliminate occasional extraneous vec-
tors from the right edge of the Color X-Y monitor
display, please make the following corrections to
your Owner’s Manual (P.N. 420-0605), and the X-
Y Timing Board:

1. Add to the Parts List:

Item: Part # Oty
40 151-0002 2

" Description  Ref
Cap Ceramic C32, C33 100pf

2. On page 40, sheet 5, zone D4 & B4 of your
Owner’s Manual, add the capacitors to the sche-
matic and;

3. Install C32 between pin 2 and pin 6 of U2.
Install C33 between pin 2 and pin 6 of U3.

To insure that the vertical and horizontal outputs
of the G-80 X-Y Timing Board do not exceed a
preset level, the addition of 2 diodes is recom-
mended. The diodes, type 1N914, are installed as
follows:

1. Remove the G-80 Timing Board from the card
cage.

2. Solder the ANODE of one diode to pin 1 of the
Molex connector located on the front edge of the
Timing Board. It is recommended that the diode
be installed on the underside of the board.

3. Solder the CATHODE of the diode to a +5 volt
pad on the back of the board. This can be found
at the +5 volt pin on the closest IC.

4. Install the CATHODE of the second diode to +5,
in the same way. Then, solder the ANODE of this

diode to pin 4 of the Molex connector.
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Gremlin/Sega GO8-003 Color X-Y Monitor Voltage Analysis

DEFLECTION PCB

P 900 (EHT)
Pin | 2.8 VAC
2 3.5 VAC
3 =9.1 VDC
4 9.1 VDC
b} GRD
6 GRD
7 5.0 VAC
8 120 YDC
9 OPEN
10 400 VDC

D 401 — cathode 63 VDC

D 403 — cathode 63 VDC

D 400 — anode —63 VDC

D 402 — anode  —63 VDC

ZD 400 59 VDC
ZD 401 9.0 YDC
ZD 402 —~9.1 YDC

Q 400 — base 59 VDC, — emitter 58.8 VDC, — collector 63.5 VDC

Q 401 — base 9.7 VDC, — emitter 9.1 VDC, — collector 17 VDC

IC 600
Pin 1 0 10 0
2 4.2 VDC 11 0
3 0 12 =9.1 VYDC
4 0 13 0
S 0 14 0
6 9.1 VDC 15 0
7 1.5 VDC 16 0
8 0 17 0
9 0 18 4.2 VDC

Q 600 — collector  34.5 VDC

Q 700 — collector  35.9 VDC

Q601 — collector 0.8 YDC

Q 701 — collector 0.5 VDC

Q 602 — collector —0.5 VDC

Q 702 — collector —0.8 VDC

Q603 — collector 63.5 VDC

Q 703 — collector _ 63.5 VDC

Q 604 — collector —63.9 VDC

Q 704 — collector —63.5 VDC

Q605 — collector  63.9 VDC

Q 705 — collector  63.9VDC

— base 0.1 VDC

— base 0.1 VDC

—emitter 0.1 VDC

—emitter 0.1 VDC

Q 606 — collector —63.9 VDC

Q706 — collector —63.9 VDC

— base —0.1 VDC

— emitter —0.1 VDC

EHT PCB

1C 900

Pin 1 0.4 VDC 10 1.7 VDC
2 0 11 8.7 VYDC
3 0.1 VDC 12 8.7 VDC
4 =9.1 VDC 13 2.3 VDC
b} 9.0 VDC 14 9.0 YDC
6 0.7 VDC 15 0.5 VDC
1 1.7 VDC 16 0.1 VDC
8 1.5 YDC 17 8.7 VDC
9 0.1 VDC 18 0

7-5
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Leland Viper Vertical And
Horizontal Alignment

Although The Leland Corporation’s Viper is a
unique and exciting piece of equipment, it will not
reach its maxdimum eamning potential unless a
little time is taken to insure a correct player/game
(hardware/software) interface.

The following checks should be made each time
the game is collected:

A. Both horizontal and vertical encodersmust be
set at approximately 512 as per the manual when
the moving monitor of the action cabinet is cen-
tered and level. (Refer to your Viper manual and
enter the buttons and controls test - page 15 -
from the diagnostics menu.)

B. The horizontal and vertical indexes or flags
must be positioned so that the slot in these flags
is in the center of the optical sensor when the
moving monitor of the action cabinet is centered
and level. (The flags are the metal or plastic pieces
which move through the optical sensors on the
small encoder driver boards. See pages 24 & 25 of
the manual.

C. All gears (or sprockets on early versions of
Danger Zone) should be mounted securely. They
should have no “play.”

D. The monitor should be clean and properly
adjusted.

E. Audio volume should be adjusted to each
location. It is a must that the audio isloud enough
to be heard.

NOTE: Check that the integrated circuit (IC) on
each shaft encoder driver board is a 74LS14.
Some early versions of Danger Zone contained
encoder driver boards populated with 74HC14’s.
These must be replaced with 74L.S14’s.

The 74HC14's, if left in place, will fail and cause
failure of the opto couplers, resulting in loss of
vertical or horizontal scrolling. When replacing
IC’s, it is recommended that an IC socket also be
installed to facilitate ease of maintenance.

The Best Of S*TJ: MONITORS © 1989

Adjusting the Matsushita Monitor
Overvoltage Protection

The Matsushita 14-inch color monitor has a
crowbar overvoltage protection circuit that kills
the high voltage power supply when the horizon-
tal hold adjustment is not set properly. The coarse
horizontal hold adjustment is accessible from the
front of the monitor through a slot in the mount-
ing bracket. Use the following procedure to prop-
erly adjust the monitor. Refer to the monitor
manual for the position of the controls and fuse.

1. Misadjust the coarse horizontal holduntil the
picture loses sync, or the picture flips diagonally.

2. Rotate the coarse horizontal hold back slowly
until the picture straightens plus an additional 5
degrees of rotation.

3. Turn the game on and off several times to
ensure that the game will hold the adjustment
when it is first powered up.

Another possible cause of the screen blacking out
is the B+ supply being adjusted too high. The 115
volt DC power supply can only be adjusted when
there is a picture on the screen. This is because
a load for the power supply is needed. When the
crowbar circuit kills the high voltage, the B+
supply will probably be running at about 170
volts. To properly adjust the B+ supply, perform
the following steps.

1. Turn the game off with the AC interlock switch.

2. Set a DC voltmeter on the 250 volt range, and
attach the positive lead to F2 (the small 1A fuse
near the center of the monitor PCB). Attach the
negative lead to ground.

3. Find R812, the B+ adjustment It is accessible
through the slot on the CRT bracket on the front
of the monitor.

4. Turn on the game power and adjust the B+ to
114 volts DC as soon as you can see the screen
light up with a picture.

5. Turn the game off and on to ensure that all the
monitor adjustments are properly set.



Memetron Mat Mania
Washed-Out Video

PROBLEM

When converting machines with old style Wells
Gardner monitors (19K4600 Series) to
Memetron's Mat Mania, the picture is “washed
out” with many lighter colors appearing as white.

SOLUTION

The remedy is to remove R3, R4 and R6 from the
logic boards. These are located on the top board
next to TR1, 2, 3 and 4. This should be done to alt
boards prior to installation for best picture defini-
tion.

Note: Don't rernove R5 or you will lose your sync
signal.

Nintendo Monitor
Vertical Rollover

PROBLEM

Vertical rollover on Nintendo monitors, especially
older Nintendo games such as Donkey Kong and
Radarscope. In these games with the monitor
placed vertically, the vertical foldover will appear
on the left hand side. Attempts to adjust this
condition out by the use of the vertical height or
vertical linearity controls will result in frustra-
tion. This problem is also likely to appear in later
games such as Popeye and Mario Bros. only the
foldoverwill appear at the top instead of the left
side because the monitor is placed horizontally.

CAUSE

C407, a 10mfd, 160v electrolytic capacitor with
radial leads has failed. Also, C410, a 100mfd,
160v electrolytic with radial leads may need re-

placing.

CURE

Replace these above mentioned capacitors with
the same types and the same or higher voltage
ratings. Both are located near the back of the
monitor PCB. We have had enough of these
monitors come through the shop with the same
problem to warrant issuing a service notice.
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Monroe Birdie King 2
Video Display Tearing

PROBLEM

The right-most part of the Birdie King 2 display
starts tearing down or up and cannot be adjusted
out successfully with the horizontal hold control.

CAUSE

At the factory where the games are assembled,
only one line is used for the sync signal from the
board. This is a mistake, because the Wells
Gardner monitor requires a composite sync sig-
nal, which is negative for the Birdie King 2 logic
board togo to both the negative horizontal and the
negative vertical input. From the factory, only the
negative vertical syncinput is fed by the logic. The
factory tries to hide the jagged right edge by
excessive vertical height adjustment, but this.
sometimes hides the stroke information.

CURE .

Connect a jumper wire from the sync line to the
negative horizontal input so that both negative
sync inputs are fed. Consult the old figure (1) as
the way it comes from the factory and the correct
as shown in Figure 2.

FIGURE 1
Fectory Wiring {(Wrong)

“HSYNC

Y R
v SYNC ELLOW WIRE

GNO ————

+HSYNC ot

+VSYNC |

GND BLACK WIRE
BLUE
GRN
RED

MOMNITOR

BLUE WIRE

GRN WIRE

RED WIRE

FROM LOGIC

FIGURE 2
Modified Wiring (Right)

ADDED
SPLICE
WIRE  ere

NEG H SYNC 4 x
NEG V SYNC | &

YELLOW WIRE

GRQUND —————

POSHSYNC—{
POSVSYNC ¢
GROUND BLACK WIRE
BLUE
GREEN
REQD —4——oo—

BLUE WIRE
GRAN WIRE
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Nintendo VS System Upright
Monitor Interchangeability

The monitors in the VS. System Upright are
essentially the same as the monitor used in
Nintendo’s previous games except for two minor
differences: (1) the brackets which support the
CRT are angled differently so as to allow easier
mounting; (2) the right-hand monitor, as you look
at the front of the game, has the vertical and
horizontal deflection yoke wires swapped. This
allows the monitors to be mounted “top-to-top”.

The monitors are labeled “left” and “right.” To use
an older monitor to replace the left monitor,
simply change the CRT support brackets. To
change the right monitor, replace the CRT sup-
port brackets and swap the vertical (yellow and
green) wires & horizontal (red and blue) wires.

CAUTION: Do not get the horizontal and vertical
wires crossed as this can cause damage to the
electronic components.

Nintendo Playchoice 10 Top Monitor

It seems that for some reason the upper monitor
on a Playchoice 10 loses horizontal sync after
several months on location. I have encountered
this problem three times myself and another
routeman said this has happened to him on six
occasions.

Whether it's in the board or the monitor is not
important - what remedies the problem is adjust-
ing the horizontal hold control on the upper
monitor for a stable picture This control is be-
tween the flyback and the picture tube on the PC
board - it is not grouped with the other controls.
There is another control called “sub brite” that's
in the near center of the board, but the horizontal
hold control is between the flyback and the CRT;
you could probably use a flashlight and most
likely a pocket screwdriver for this one.

Nintendo Sanyo Monitor Distortion

PROBLEM
Large bright objectsdistort the horizontal lines.
Looks like a cap could be the problem.
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POSSIBLE CAUSE
I have encountered this problem several times.
The cap which is responsible for this is C166.

CURE
Replace C166 with an exact or equivalent value .

Nintendo Sanyo Monitor
Capacitor Failure (Pix Brightness)

TYPE
Nintendo Sanyo Monitor 20-EZV (R-C)

SYMPTOM

A new capacitor to replace: In addition to C407, a
10 microfarad at 160vdc capacitor with radial
leads baking open and causing vertical foldover
on one side of the screen, another capacitor is
going bad, causing bad picture brightness.

SOLUTION

This capacitor is C472, a 100 microfarad at
160vdc capacitor with radial leads. It is located
near the flyback transformer. Replace to restore
good picture quality.

Nintendo Monitor Video
Inversion Modification

PROBLEM

When using Nintendo cabinets for conversions, a
problem always occurs; the video is inverted
(video not sync). Since the video is an analog
signal, a simple TTL inverter cannot be used and
the old Popeye inverter boards have become
scarce.

SOLUTION
As an alternative, a modification to correct the
problem right on the monitor chassis is provided.

PROCEDURE

First remove the jumpers installed in place of TR
201 through 203, alsoremove R213 through 215.
Now you are ready to install the inverting section
on the monitor.

Install the parts as follows:
R201 through 203 100 K Ohms
R210 through 212 100 K Ohms



R213 through 215 820 Ohms
R217 through 219 560 Ohms
TR201 through 203 2 SC 1815
C202 220 uf 16 V
D210 IN 4004

Now the monitor will be ready to be used with
most new conversion kits.

Nintendo VS Hum Bars

PROBLEM

When installing two conversion boards into the
Nintendo, dual monitor, VS cabinets, you get a
very noticeable “hum bar” that rolls through each
monitor, that wasn't there prior to the conversion.

REASON

Small differences in the sync frequencies between
the boards cause the magnetic fields of the yokes
to “beat” against each other (i.e., influence the
deflection of each other). This is due to the fact
that the open frame monitors aren't shielded from
each other. Shielding wasn't needed originally
because the “Main” and “Sub” sides of the VS
board were run from a master clock.

SOLUTION

Place a piece of heavy sheet metal between the
monitors and make sure that it is well grounded
to both monitors, and that it has a direct line
running to the earth ground.

Sega Turbo Interface PCB
Display Solutions

TURBO-MINI INTERFACE PCB

There have been two models of video monitors
employed in Turbo-Mini, the Electrohome model
GO07-902(P.N. 200-0065) and the Nanao model
CI-20014(P.N. 200-0075). Please note that the
RGB Interface Board (P.N. 834-0277), located on
the left-hand side of the cabinet (viewed from the
rear compartment door), although present in all
games, is utilized only with the Electrohome
monitor. The Interface Board has been left in all
cabinets in the event that an Electrohome model
is used in a future replacement.

Various Monitors « 7-9
TURBO DISPLAY SOLUTIONS

If you are experiencing moving white vertical
barsover or at the location of buildings and/or
cars in the display, Sega recommends you per-
form the following procedure:

1. Tum the game off and visually inspect the 16
(sixteen) 100pf capacitors located in the area of
U50, U51, U43, U44 and U45 on the PROM Board
(P.N. 834-0111). This is the bottom board of the
stack, and the Component Location Diagram can
be found on page 112 of the Turbo Owner's
Manual (P.N. 420-0681). The PROM Board sche-
matic is on page 143, Sheet 1 of 10, Zone 4B-D.

2.You should be looking for a physical separation
(splitting} of one or more of these caps, primarily
C21, C27 or C28. If a faulty capacitor is found, it
should be replaced with a 100pf 1KV ceramic cap
(P.N. 151-0002) or equivalent.

3. If all caps appear good, reassemble the game,
turn it on and while watching the video display,
adjust VR1 and/or VR2 until the bars disappear.
These two potentiometers are bias level adjust-
ments and as such may have to be “tweaked” from
time to time as the components in the circuit age.

Sega Color X-Y Monitor
Zener Replacement

RE: 19" Color X-Y Electrohome Monitor
GO8-003(P/N 200-0025)

A higher than acceptable failure rate has been
noted for the Thompson CSF version of the
1N4739 Zener Diode used in the Deflection Amp
PCB Assemnbly. Sega recommends, therefore, that
future replacements of ZD402 be made with the
Motorola version {available through Sega Cus-
tomer Service Parts). Additionally, please amend
the part description to specify manufacturer, as
in the following example:

Part # Description Ref. Des.
481-0179 Zener Diode ZD402
9.1V, 1W, 5%,

Motorola 1N4739

This addendum applies to the following games:
Space Fury, Eliminator, 4-Player Eliminator,
Zektor, and TAC/SCAN.
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Sega Monitor Nanao MC-2000-S
Vertical Collapse

POSSIBLE CAUSE

More than anything else, the first thing to check
on the monitor with this problem is R416, a 22
ohm fusible resistor in the vertical section. If
open, it will result in no vertical deflection.

CAUSE

The cause of this resistor opening can be attrib-
uted to the failure or near fatigue of Q401 or
Q402, the vertical deflection transistors.

NOTE
Of course these transistors as a matter of routine
should be checked before replacing R416 and

Sega Electrohome Color X-Y Monitor
Deflection Amp Mod

Gamne/Assembly Affected: 19" Color X-Y Monitor
(P/N 200-0025-00) Elecrohome G08-003

SUBJECT
Deflection Amp PCB; R635 equivalent

ACTION

A single 3-ohm 20-watt resistor (P/N 474-0003-
00) may be used interchangeable with the exist-
ing pair of 1.5-ohm resistors (P/N 474-0150-00)
in the event of failure. The G08-003 Color X-Y
Monitor was used in the following games: Space
Fury, Eliminator, Zektor, Tac/Scan, Star Trek.

trying the monitor again.

Sega Space Fury Moving Lines
SYMPTOM

Every once in a while Space Fury gets faded,
moving lines on the right side of the screen.

1. Add to the Parts List:

lemNo.  PartNo.  Qtu.Reqd.
40 151-0002 2

2. On page 40, sheet 5, zone D4 and B4 of your
Owner's Manual, add the capacitors to the sche-
matic and;
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SOLUTION

In order to eliminate occasional extraneous vec-
tors from the right edge of the color X-Y monitor
display. please make the following corrections to
your Owners Manual (P/N 420-0605) and the X-
Y Timing Board:

Description Ref. Des.
CAP Ceramic - C32, C33
100 pf, 50V

3. Install C32 between pin 2 and pin 6 of U2,
Install C33 between pin 2 and pin 6 of U3.



Wells Gardner Monitor
Blooming Mod

‘A condition which is normally described as
“blooming” has been found in some Wells Gard-
ner 15V2000 and 19V2000 chassis series

This condition is caused by arcing within the high
voltage rectifier connectors. To cure this problem,
follow this procedure.

1. Switch off AC power and remove the monitor
from the game.

2. Remove H.V. cover secured by two screws.

-3. Unplug the H.V. rectifier from its holders and
inspect the holders to insure that the springs are
inside the holder.

4. Replace the rectifier with a new rectifier W.G.
part number 66X0067-002. The leads of the
rectifier must be cut and formed in the same
manner as the original:

5. Insert the rectifier firmly in its holders, banded
side toward CRT.

6. Inspect the lead dress of the transformer H.V.
wire. Wire must be dressed.

7. Inspect fuse F102 on main deflection PC board.
The fuse value should be 1.5 amp.

8. Replace the H.V. cover which was removed in
step No. 2.

8

Wells Gardner
Monitors
Tips & Info

New Input Protection Circuit for
Wells-Gardner Color X-Y Display

This display contains an additional small
printed-circuit board (PCB). The PCB is mounted
in “piggy-back” style on top of the Deflection PCB.

In input protection board was added to protect
the fuses in the display from damaging input
voltage conditions. Without this board, the dis-
play fuses might blow in the event of an intermit-
tent or long-term game PCB failure.

With this board, the screen will momentarily go
blank if the average X or Y axis voltage(s) exceed
a certain level. The screen then automatically
recovers for normal game play and earning when
the voltage(s) return to normal.

If this display is used in Atari Tempest games, be
sure to correctly adjust the X and Y SIZE and CTR
video pots on the Tempest Analog Vector-Genera-
tor (main) PCB. The instructions for these adjust-
ments are printed on the Tempest schematics -
Sheet 2, Side B - 3rd printing or later. Improper
adjustment may cause the screen to go blank
during normal game play.

Wells-Gardner Color X-Y
Shaky Display Tech Tip

SYMPTOM

Characters on the display are shaky or made up
of small dots, instead of smooth lines.
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SOLUTION
Replace capacitor C901 or C902, 100uf at 35
volts, in the high-voltage power supply.

Technical Tips Wells-Gardner
Color X-Y Display

SYMPTOM

After replacing a shorted transistor in the +28 volt
power supply (@100 or Q102), the 5-amp fuse
blows again.

CAUSE

You probably have shorted diodes ZD100 and
D104. After replacing a defective component, it is
always good practice to check all components in
the power supply prior to power up.

The same applies to the -28 voltage power supply
components Q101, Q103, ZD101 and D105.

SYMPTOM
Glitches or spikes on video display objects.

CAUSE

Defective components C901 and C902 capacitors
located on the circuit board in the high voltage
cage. Recommended replacement isa 100 uF, 50v
electrolytic capacitor.

Wells-Gardner Vertical Deflection
Circuit Revision '

I1dentification
This bulletin applies to those monitors with serial
numbers of 400001 and above.

They can be identified by the following:

A) The model number on the shipping carton and '

on the monitor is printed in red.

B) The part number on the deflection yoke is
either 2021111258 or 2021111264.

C) The flyback transformer stabilizing bracket is
labeled 611X0005-008.

D) There is an additional control, the VERTICAL
DAMPING CONTROL, immediately to the right of
the Vertical Hold Control.

Reason
The applicable monitors have an improved deflec-
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tion yoke which provides for faster vertical re-
trace. This permits more lines of video to be
displayed. The VERTICAL DAMPING CONTROL
permits the user to adjust the uniformity of
spacing of the additional lines.

Adjustment of the Vertical Damping Control
The adjustment of the VERTICAL DAMPING
CONTROL is important only if the vertical size is
adjusted such that the additional lines appear on
the screen. Turn up the Black Level Control such
that the raster lines can be seen. Adjust the
Vertical Damping Control such that the top raster
lines are spaced uniformly and not folded over.
Return Black Level Control to the desired setting.

Yoke Replacement

It is IMPERATIVE that deflection yokes with part
numbers 2021111258 and 202111264 be used
only with the chassis identified above. They may
not be substituted for deflection yokes with part
numbers 2021111194 or 2021111201. Con-
versely, deflection yokes numbered 2021111194
and 2021111201 may not be substituted for
deflection yokes numbered 2021111258 and
2021111264, Improper matching of chassis and
yokes will result in insufficient vertical deflection
or improper blanking operation.

NOTE: When requesting service parts or informa-
tion, be sure to mention the monitor's model
number and serial number.

Wells Gardner CRT Replacements

The Wells-Gardner color monitor (19" 19K4900
and 13" 13K4800 series)is equipped with a spe-
cial CRT, which is not interchangeable with any
19" 19K4600 or 13" 13K4700 series CRT.

CONDITION
Pin cushion distortion and dynamic convergence
(outer edges) will be incorrect.

Newer Wells-Gardner Monitors
19" 19K4900 series CRT# 19VLTP22

13" 13K4800 series CRT# 370KSB22

Earlier Wells-Gardner Monitors

19" 19K4600 series CRT# 19VJTP22,
19VMBP22, 19VMAP22, VM19VLGP22.

13" 13K4700 series CRT# 37DJB22



Troubleshooting the Wells-Gardner
Color X-Y Monitor Power Supply

Troubleshooting problems in the low voltage
power supply will be greatly simplified by follow-
ing the flow chart provided.

A good quality volt-ohmmeter and basic soldering
equipment will be required to perform the tests.

Blows F100, F101, 5-Amp fuses -
Jaulty low voltage power supply.

Remove
P100, P10Y
P800, P700

Are
0100, D101 Replace Fauity
0102, D103 !
OK?
Are
Q100, Q101 Replace Faulty
20100, ZD101 Component
C100, C101

Check For
Shorted

L Are Fuses YES
Trace

Still Blowing?

PIN 1 (Red) — Check AC IN
PiIN 3 (Grn} — Ck. R100, R102
PIN 8 (Blu) — Ck. R101, R103

PIN 7 (Vio) — Check AC IN

1. 33.8vdc, 3. 28.5vdc
6. -28.5vdc

Repiace Faulty
Q102, Q103
* Component
OoK? "
Check For T
Shorted
Trace
Check Check For
JIOOPIN § Shorted
—27.7vdc Trace
oK?
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Purity, Convergence and Tracking
Adj for W-G Color X-Y Monitor

All the adjustments can be made while the moni-
tor is mounted in the game. Allow 15 minutes
warm-up time before attempting these adjust-
ments. Remember to observe the precautions
regarding high voltages when you make any ad-
justments on this display.

A. PURITY PROBLEMS

1. Preliminary.

Turn the monitor so it faces north or south. In the
case of cocktail games, all adjustments should be
made with the monitor facing up. Then degauss
the picture tube with a hand-held degaussing
coil. Enter the self-test mode and advance the
screens until the horizontal and vertical checker-
board pattern is displayed. Then rotate the en-
coder wheel on the control panel of the game until
only the green pattern appears.

2. Green Purity Adjustiment

Loosen the yoke-retaining clamp so that the yoke
can move. Slide the yoke toward the back. Now,
remove the rubber deflection yoke wedges. These
are the small rubber wedges between the yoke
and the tube. These are glued to the tube, so you
will probably have to peel them off. These will be
used later in the final dynamic convergence pro-
cedure. Now, remove any glue that may be hold-
ing the purity and convergence rings in place.
These are 3 sets of 2 rings each, located behind
the yoke. The first set (the pair closest to the front
of the tube) are the purity rings, the second or
center pair are the red and blue convergence
rings, and the last pair are the green convergence
rings. Working with one set of rings at a time,
rotate one or both rings in a line so that they face
opposite directions from each other. In this posi-
tion, they are set for minimum deflection.

Slowly slide the yoke toward the front of the CRT
until the pattern displayed is an overall pure
green. Tighten the yoke clamp lightly, then rotate
the yoketolevel the pattern on the face of the CRT.

3. Red and Blue Purity Adjustments

Turn the encoder wheel until only the red pattern
is displayed, and slightly readjust the yoke for a
uniform and pure red. Then turn the wheel to the
blue pattern and adjust that the same way. Go

The Best Of S*¥TJ: MONITORS © 1989
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back and check the green and red patterns, and
check to be sure they are as pure as you can get
them. Some compromise will have to be made
here, as all 3 colors will probably not be pure, but
get them as close as you can. Now tightenthe yoke
in place, and you are ready to make the fine purity
adjustments. This is done by adjusting the purity
rings for the best overall purity of each color.
When all 3 colors are pure, put a small amount of
glue on them to keep them in place.

B. STATIC CONVERGENCE ADJUSTMENTS
(CENTER AREA);
1. Preliminary
Put the game into self-test mode and advance the
screens until the horizontal and vertical checker-
board appears. Advance the encoder wheel until
only the red and blue lines are displayed.

2. Convergence

Adjust the tabs on the center pair of adjusting
magnets so that the red and blue lines are super-
imposed oneach other (Do this at the center of the
screen). Next, turn the encoder wheel on the
control panel until the red, blue and green lines
are displayed. Adjust the tabs on the pair of
magnetic rings closest to the neck PCB (the green
convergence rings), so that the green line is
superimposed on the red and blue lines. (Do this
at the center of the screen). At this point, with all
3 guns on, the checkerboard pattern in the center
of the screen should be pure white. When this is
completed, put a small amount of glue on the
" rings to keep them in place.

C. DYNAMIC CONVERGENCE (OUTER AREA);
1. Preliminary

Put the game into self-test mode and advance the
screens until the horizontal and vertical checker-
board is displayed. Advance the encoder wheel
until the red, blue and green lines are displayed.

2. Convergence

Up/down movement of the yoke causes the outer
edges of the screen image to swivel clockwise or
counterclockwise. Side-to-side movement causes
the lines at the outer edges to expand and con-
tract. Move the yoke in the up/down and side-to-
side directions until the outer lines on the screen
are pure white. Then secure the deflection yoke by
putting the rubber deflection yoke wedges back in
between the picture tube and the yoke’'s white
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collar. Secure the wedges with glue or RTV, and
thentighten all screws holding the deflection yoke
clamp and magnets in place.

D. TRACKING ADJUSTMENTS (NECK PCB)

1. Preliminary

Put the game into self-test mode and advance to
screen #5 (seven groups of colored bars of various
intensities). Next, turn on all the pots on the neck
PCB to their full clockwise position. Turn the
brightness control to a level that clearly displays
the fifth line from the right of the center group of
lines. If the sixth line from the right is visible,
reduce the brightness. If the fifth line from the
right is not clearly visible, increase the bright-
ness. There are six pots on the neck board - 3 for
red, green and blue bias, and 3 for red, green and
blue drive. The bias pots are for controlling the
low intensity color mix, and the drive pots are for
the high intensity color mix. When properly ad-
justed, the color of a line should remain the same
whether it is bright or dim. In actual practice, a
line that is bright white will probably appear blue-
white when the intensity is decreased.

2. Bias Adjustments

Adjust the red, green and blue bias potentiome-
ters until the fifth line from the right (the high
intensity line) is pure white. These pots are la-
beled R bias, G bias and B bias.

3. Drive Adjustments

Adjust the red, green and blue drive potentiome-
ters until the first line on the right (the high
intensity line) is pure white. Drive pots are labeled
R drive, G drive and B drive. If you find it impos-
sible to get both the low and high intensity lines
pure white, adjust for pure white at the high
intensity level, and just get the low intensity level
as close as you can.

This completes the alignment procedures for the
Wells Gardner color X-Y monitor.

Wells Gardner Color X-Y
High Voltage Supply

I recently spent several hours diagnosing a prob-
lem with a Wells Gardner color X-Y high voltage
power supply. Transistors Q901 and Q902, and
resistors R903, R901 and R907 were burned.



After replacing the bad components, Q901 and
Q902 became very hot and burned out in less
than a minute. The defective component turmed
out to be C905, a 33mfd/150v cap. When meas-
ured out of circuit, this capacitor had deterio-
rated down to approximately 1.4mfd! The solu-
tion is to replace C905 with a 50mf/200v cap of
good quality. (I used a Mallory brand electrolytic.)

I have experienced this particular problem twice
in the last month; upgrading this cap has solved
the problem both times.

Wells Gardner X-Y Monitor
Final Solution

We all pride ourselves on the service we have been
able to offer our customers. The following modifi-
cations are , in our estimation, a final solution to
the Wells Gardner X-Y monitor problems.

Over the past three months, we have modified
every Wells Gardner X-Y monitor to cross our
bench and the rate of repeated failure is such that
only one has returned with a deflection problem.
These changes make the 19K6101 and
19K6103very reliable monitors and much better
suited for the environments in which they are
operated.

MODIFICATIONS FOR WELLS GARDNER
QUADRASCAN COLOR X-Y

1. INPUT PROTECTION CIRCUIT PCB ASSEMBLY
To ensure continued circuit operation, Atari Field
Service suggests that you perform the following
modifications: '

A. Remove the lead connecting the IPC board to
+27 volts onthe display printed circuit board. The
lead is located near Q1 and Q3 (see Figure 1.1).
B. Replace this lead with a 1K ohm, 1/4 watt
resistor (see schematic of Figure 1.1).

2. POWER SUPPLY CIRCUIT

The Low Voltage Power Supply is to be bypassed
in this modification. The input stages of the
deflection circuits used in this monitor are of the
differential type and exhibit a high common mode
rejection. This characteristic will filter out any
noise or ripple of the power supply.

Wells Gardner Monitors * 8-5

SCHEMATIC 1.1
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A. Cut diodes D104 and D105 out of the power
supply circuit (schematic 2.1).

B. Cut the wires at P100 leaving about two inches
at the plug.

C. Make a Rat Tail splice connecting the leads at
pins 1 & 4; also, splice the leads at pins 5 and 7.
D. Solder and cover the exposed wire with electri-
cal tape or shrink tubing.

E. Cut the remaining wires flush with the plug
(leads at pins 3 and 6).

NOTE: This modification will require readjust-
ment of monitor color, focus and the signal level
from the logic board. This is due to the higher
supply voltage now available at the deflection and
color drive stages. This modification will remove
about 45 watts of power from the bottom plate of
the monitor chassis and cause a noticeable re-
duction in temperature.

3. X CHANNEL CURRENT LIMITER

The X channel of this monitor must do more work
* than the Y channel. This modification limits the
amount of current that can be delivered to the
load and the X channel output transistors are
moved so they may be more efficiently cooled by
convection currents.

A. Remove the plug from J700 and reconnect at
J600. The cable of P700 will need to be lengthened
before this can be done. This move connects the
transistors on the bottom chassis plate to the Y
channel.

B. Transistors mounted on the side chassis panel
may now be connected toJ700. These are now the
X channel output transistors. The side panel
allows more air currents to pass over the transis-
tors and consequently more efficient cooling.

C. Remove the emitter lead from the transistor
sockets on the side panel and place a 0.2 ohm, 3
watt resistor in series with emitters of Q705 and
Q706 (as in schematic 3.1).

D. Place two SK3081 diodes in parallel with the
base-emitter-resistor circuits (schematic 3.1).

NOTE: When the currents through the emitter
resistors reach 3 amps the voltage drop is such
that the diodes across the base-emitter circuit
will start to turn on. This action will drain current
away from the base circuit and prevent transis-
tors Q705 and Q706 from passing too much
current.

The Best Of S*TJ: MONITORS © 1989

4. HIGH VOLTAGE POWER SUPPLY

These changes to the high voltage power supply
should reduce incidence of failure due to high
temperatures and/or low voltage power supply
failures.

A. Replace capacitors C901 and C902 with
220MF 50V capacitors (schematic 4.1).

B. Replace transistors Q901 and Q902 (sche-
matic 4.1) with transistor type 2N2102. Place a
heat sink for a TO-39 package on Q901. Take care
not to allow the two transistors to touch.

C. Replace C905 with a 50 MF 200V capacitor.
D. Solder an SK3081 diode across capacitors
C910 and C905 with the polarity of the diodes
opposite that of the capacitors.

E. Cut vents into the aluminum cover of the high
voltage unit (as illustrated in Figure 4.2).

NOTE: The last procedure is the most important
of these modifications. The vents will allow con-
vection currents to cool the high voltage section
reducing the thermal stress to these circuits.
Also, if the power supply modifications are per-
formed, this entire modification becomes manda-

tory.

Wells Gardner 19K4901
Flyback Xformer

For those of you that haven’'t memorized monitor
numbers, this is the later model monitor by this
company whose earlier more popular monitor
was the one with the parallel boards.

This model 19K4901 was a supposed improve-

ment over the older type of monitor except for one-
thing - the older monitor seemed to have a stur-

dier flyback transformer. This newer model has a

flyback transformer that with age loses it’s poten-

tial to develop a strong focus voltage, resulting in
a picture that cannot be focused sharply after a

while.

This note most concerns operators and conver-
tors who, after they install a new kit, can't seem
to focus the picture. I regret that the only solution
is to replace the flyback, which is an expensive
item.



Wells Gardner Sync
Board Modification

RE:

Modification to Wells Gardner Color Monitor
Positive Sync Board (vertical mount boards),
85x140B.

PROCEDURE
To change this board from a positive sync to a
negative sync board do the following:

e Cut the traces on solder side of board between
input pins 5 & 6 to the unbanded ends of diodes
X201 and X202.

» Add MPSA56 transistor as follows:

Collector to unbanded ends of diodes X201 and
X202, base to pins 5 & 6, emitter to banded end
of zener diode ZD201.

e Place a IN4148 diode banded end to emitter of
MPSAS56 and unbanded end to the base of this
transistor.

H X220l

Wells Gardner High
Voltage Shutdown

WELLS GARDNER K7000 MONITORS
Particularly those used in Sega’s Alien Syndrome
games. It seems that the high voltage shutdown
circuit is adjusted too close at the factory and will
cause shutdown at line voltages over 130Vac.

[ 've had to remove VRS, the 2000 ohm adjustable
pot, clean the sealing glue from it, and adjust it
upwards SLIGHTLY, just enough so that it won't
shut the monitor down at this higher line voltage.
Caution: Don't try to adjust it in circuit or you will
most likely break it.
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Wells Gardner 19K4615
Sync Problems

SUBJECT
Sync problems.

PROBLEM
Even though the proper negative sync is supplied,
the monitor still won't produce a stable picture.

CURE

Because of a possible hardware problem, the sync
signal isn't strong enough to synchronize the
monitor.

One solution which has worked for me is to place
a 1 microfarad axial-lead capacitor across resis-
tor R219 on the monitor interface board.

There are several different interface boards for
this monitor, so it may not be labeled R219, but
the resistor discussed is the first resistor encoun-
tered attached to either the negative vertical or
negative horizontal sync input.

The capacitor provides a signal bypass around
the resistor. I will also add, as a means of identi-
fication, that this is the monitor with the two
stand-up boards on it.

Wells Gardner 19K4675
Warped Picture

MONITOR ID
Two parallel boards type.

CAUSE

C613. a 220 microfarad at 25vdc radial-lead
capacitor and C614, a 33 microfarad at 25vdc
radial-lead capacitor are not performing their
proper function in the pincushion correction ckt.

Replacement of these capacitors is needed even
though they may check good with a capacitor
meter.

Note the unusual mounting of one of these ca-
pacitors (if not installed correctly, the horizontal/
vertical board will not seat properly when re-
placed).
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Wells Gardner 4600 Series
Capacitor Change

SYMPTOM

On these older Wells Gardner monitors you will
find that the picture is not rectangular. On a
vertically mounted unit the right side of the
screen will be the most effected. If it is mounted
horizontally the top of the screen is the worst.

PROBLEM
C614 has become leaky due to heat from R608.

SOLUTION
Replace C614, a 33mid at 25v. This capacitor is
located on main board under the horiz/vert Pcb.

Wells Gardner 4600
Black Level Control

PROBLEM

Over the past few months I have had many of
these monitors come into the shop with the same
problem. The monitor is running, but no picture.

SOLUTION

Replace the black level control. It is VR201,a 1.5k
ohm potentiometer located on the interface
board. I have had a hard time finding an exact
replacement for this pot, so I have been using
Wico #36-0011. This is a 1k ohm pot, but it works
fine in this circuit.

NOTE

On some monitors the black level control will be
mounted on the front of the board, and on some
it will be mounted on the back. If you will install
the new pot on the back of the board it will make
it easier to adjust the brightness in the future.

Wells Gardner 19K4901
Brightness Problem

PROBLEM
Rippled brightness or problems with brightness.

CAUSE

C702, a 10 microfarad capacitor at 100vdc with
radial leads has failed, causing bad filtering on
the B+ boost voltage supply to the final color
output transistors.
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Wells Gardner 19K 7901
Intermittent Fix

GAMES
After Burner U/R, Top Speed and all other games
that use the Wells Gardner 19K7901 monitor.

PROBLEM

Games come on ok, but after period of time the
picture goes blank. Logic and power are present,
but no CRT filament voltage can be seen

SYMPTOMS

This can be a very nagging and annoying problem
because often times the game will seem to work
fine, then when moved on location, or left on, the
monitor will go out. I first suspected that the over-
voltage protection had kicked in (high line volts).

CAUSE

However, this is not the case. I removed the
monitor chassis and gave it a physical exam and
noticed that on T1, the high voltage transformer,
Pin 1 had broken loose from the solder pad and
was making an intermittent contact with pad.

SOLUTION

I re-established a good solder connection with
this pad, and with some of the other pads, which
seemed to be breaking loose and I have had no
problems since. This problem has happened to 3
of the U/R After Burners and 2 of the Top Speed
monitors, possibly because of the high amount of
vibration & current demands put on these pads.

Wells Gardner 19K 7901
Cold-Solder Area

There is an additional area on the Wells Gardner
monitor where cold-solder problems have been
the cause of much downtime.

PROBLEM

Cold solder joints on R105, (thermistor, located
on the bottom left corner of the K7000 Color
Monitor Schematic Diagram), will cause arcing to
the monitor chassis just the same as when the
linearity coil (L2) has a cold solder connection.
The arcing will burn a hole in the PCB and shut
down the monitor.



. i
e 1 SO Fane
F e
e s
v
rSrEmtE e
e iy &t TNHOBO!
T 5 {




STARLITECH JourRNAL BAcK ISSUES
AND SERVICE MANUALS ON CD-ROM!

New releases available for PCs (Windows 95 &
Windows 3.1) and Macintosh computers.

Full Navigate, Zoom, Search and Print functions.

SUTJon CD-ROM V.2

24 issues (Volumes 17 & 18/ 95 - 97). Every page published in the last two years at your fingertips for
fast information retrieval. Keyword search for any topic, jump between pages, screen resizing, zoom
for close-ups and print out pages in laser quality. $188

Con-Op PiNnBALL REPAIR AND MAINTENANCE CD-ROM

All pinball machines manufactured during the past 10 years (‘86 - ‘96). A service manual with game-
specific fixes and modifications for pinball machines. Over 500 separate articles with symptoms,
solutions, changes, updates, precautions and troubleshooting tips for nearly every pinball released in
the last ten years. From such manufacturers as Bally, Capcom, Data East, Game Plan, Gottlieb,
Midway, Premier, Sega, Stern, Williams and more. The ultimate pinball repair, troubleshooting and
maintenance resource. Keyword search for any topic, jump between pages, screen resizing, zoom
for close-ups and print out pages in laser quality. $139

SERVICING VIDEO MoNITORS CD-ROM

Everything from theory-of-operation to troubleshooting is covered (from the very beginning!) for
black & white models, X-Y types and color monitors —low, medium and high resolution (US &
foreign). Including common failure modes, specificcomponent failures, suitable replacements, testing
methods, isolation techniques, modifications and enhancements for most every video monitor ever
used in the Coin-Op Amusements Industry during the past 17 years (79 - 96)! The most complete
resource ever published for the repair of video monitors. Keyword search for any topic, jump between
pages, screen resizing, zoom for close-ups and print out pages in laser quality. $149

CD-ROM ORDER FORM

Name: [0 SOTJ on CD-ROM V.2 $188
Company: [0 Coin-Op Pinball Repair  $139
Address: [0 Servicing Video Monitors  $149
City/State Zip: [0 All 3on 1 CD-ROM $399

Please add $4 s&h. Via Air Mail, please add $14. Order prepaid or COD (USA only) from Star Tech Journal, Box 35, Medford, NJ 08055. Phone: 609/654-
5544. Fax: 609/654-1441. Email: cd@StarTechJournal.com. Minmum System RequiRemenTs: Microsoft Windows 95 (8 MB of RAM/10 MB of available hard-

disk space). Microsoft Windows 3.1 (8 MB of RAM/5 MB of available hard-disk space). Macintosh (68020 or greater processor, or Power Macintosh, 7.1 or
later OS, 3.5 MB of RAM (5 MB for Power Macintosh/12.5 MB of available hard-disk space).
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