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INTRODUCTION

Servicing today’s TV, audio and video, cassette and CD players, and camcorders re-
quires more knowledge, constant use of the oscilloscope, and crucial test instruments.
Most of the latest consumer electronic products have crucial circuits with miniature surface-
mounted components (SMD), requiring dedicated troubleshooting. The components might
be crammed together and require removing different sections to access the defective com-
ponent. Each section must be isolated, tested, and repaired. This book is crammed with
service data, electronic tips, and how to make those difficult repairs within its 1200 pages.

The purpose of this book is to provide practical service data on consumer audio/video
equipment. It can help the beginning college student, intermediate, and experienced elec-
tronic technician further their knowledge with practical service applications of test equip-
ment. Examples are taken from many case histories in the electronic field. Different methods
of servicing the electronic chassis are given because each year many changes and modifica-
tions are included in TVs, audio equipment, cassette and CD players, and camcorders.

This large book is broken down into five different parts with an introduction to basic and
general troubleshooting, and a safety chapter. Part I explains “Getting Started.” Part 11 is
“Troubleshooting and Repairing Solid-State TVs.” Part 111 provides service data in “Trou-
bleshooting And Repairing Audio And Video Cassette Players.” Part IV explains how to
“Troubleshoot And Repair CD Players.” Last but not least, Part V winds up the book with
“Troubleshooting And Repairing Camcorders.”

How to troubleshoot and service the circuits in the modern TV, such as SAW filters,
comb filter, high-definition circuitry, chopper and switched-mode power supplies, start-up
circuits, scan-derived voltage, and stereo sound are included in *Troubleshooting And Re-
pairing The Solid-State TV Chassis.”

A wealth of detailed illustrations and photographs help you learn how to service defec-
tive horizontal and vertical sweep circuits, diagnose high-voltage circuit problems, iden-
tify and cure tuner malfunctions, perform AGC and sync circuit tests, maintain brightness
and picture tube problems, how to service remote-control transmitter and receiver circuits.
This incredibly complete workbench reference gives you practical information on how to
troubleshoot and repair the latest solid-state circuitry used by all major TV manufacturers.

The cassette player is used in every room of the house or office, outdoors, in the car, and
while running for more exercise. Inside the section “Troubleshooting and Repairing Audio
and Video Cassette Players,” you will find detailed coverage of a wide range of electronic
audio and video components, which includes personal and portable CD players, boom-box
and double cassette decks, home and car stereo cassette players, professional portable cas-
sette and microcassette recorders, and VCRs.

How to troubleshoot the cassette player without the exact schematic, and how to perform
speed adjustments, fix tape and erase head problems, demagnetize the tape heads, the erase
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head, and repair erratic switching, accidental erasing, defective recording circuits, non-
functional fast forwarding, weak stereo circuits, garbled recording, and noisy stereo chan-
nels are only a few of the symptoms included in this section.

Just about anyone can make the most simple audio and cassette repairs in these chapters.
Although certain cassette problems are provided in a given chapter, the same problem
might be included in another chapter and related to the cassette player you are now servic-
ing. Cassette troubleshooting and servicing methods are all here, so you can bring that cas-
sette player and recorder back to life.

The compact disc (CD) player has come a long way in the past 15 years. The little rain-
bow-reflecting disc has brought clear, crisp, noise-free reproduction of music to our ears.
The digital music source can now be reproduced with more depth, greater detail, and more
imaging than ever before. This new digital-to-analog technology has brought the ultimate
in glorious sound.

“Troubleshooting and Repairing CD Players™ covers the newest makes and models, ad-
dresses technological advance, with troubleshooting charts throughout. You will find
hands-on instructions on how to service servo systems, remove and replace the defective
laser head, how to locate the defective optical assembly, how to service the signal and system-
control circuits, and how to locate and replace the defective slide, load, spindle up-down,
magazine, chucking, elevator, and changer motors.

Compact disc players are loaded with special components, such as surface-mounted
parts (SMD), crucial large-scale integration (LSI) and integrated circuits (ICs), optical
lens-and-laser assemblies, and many different motor circuits. You should obtain these
parts through the CD distributor, manufacturer, manufacture service depot, or a dealer that
handles CD players. Very few universal components are used in compact disc players. Al-
ways replace these special parts with those that have the original part number.

All formats of today’s camcorders (8 mm, Beta, VHS, and VHS-C) are covered in the
section “Troubleshooting And Repairing Camcorders.” The various chapters include prac-
tical service techniques, video circuits, servo circuits, control systems, motor circuits, me-
chanical tape operations, mechanical adjustments, electrical adjustments, and camera
pickup circuits.

Like today’s compact disc player, the camcorder is loaded with special components,
such as SMDs, integrated [Cs, main MI-COM processors, COD and MOS image devices,
and special optical components. Besides correct test equipment, the schematic diagram
and service literature is a must-have item. Many manufacturers have special test equip-
ment and jigs to provide quicker camcorder service.

In the many pages of this book, you will find how to troubleshoot and repair 90% of the
electronic products in the consumer electronics field. Actually, this is four complete books
in one large volume. Servicing electronic products can be a learning experience, a life-
time job, and can be a lot of fun. This volume contains more than 40 years of practical ex-
perience with repairing data makes an excellent reference for anyone involved in
consumer electronic repair, professionally, or as a hobby.
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PRACTICAL TROUBLESHOOTING TECHNIQUES

The experienced electronic technician finds a symptom and ends up replacing the defec-
tive component. Just by looking at the TV screen or listening to a speaker, you can isolate
the stage where the trouble appears (Fig. 1-1). By using the three senses, you can some-
times pinpoint the possible stage on the block diagram or schematic. Knowing how to lo-
cate, remove, and replace the defective part saves service time.

Precious Time

Time is one of the electronic technician’s greatest factors. You can waste it or make
money with it. The time servicing the difficult or intermittent problem will determine
if the repair job is profitable. Any time that the experienced technician spends more
than one hour on a given electronics problem without locating the defective compo-
nent, time is lost. Lost time can also occur when a coffee break extends from 15 to 30
minutes (or even longer).

Call backs or repeated repairs cost the electronic technician extra money. Doing a thor-
ough repair job at the beginning eliminates repeated calls. Preventive maintenance can re-
duce call backs. Of course, I must admit that the electronic chassis does produce a lot of
service problems that can happen after a repair. Always charge for repeated service when
the original repair has nothing to do with the present problem. Remember, the doctor or
auto mechanic charges for the additional call.

FIGURE 1-1 By checking the TV screen, you can note the
symptom and decide the location of the trouble.
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1
IC501 22 3 IC901
capstan | 25 4| capstan 5 M | Capstan
speed driver motor
control

IC

FIGURE 1-2 The slow-speed symptom of a camcorder can point to a defective
speed-circuit capstan driver IC motor or belt.

The Symptom

On a TV, a distorted picture and mushy sound point to a defective IF or tuner within the
chassis. If the volume control is turned completely on and only weak sound within the
speaker of an audio amplifier can indicate that the transistor, IC, or coupling capacitor is
defective. Distorted and weak sound might indicate a dirty tape head or output audio stage
within the cassette player.

A camcorder with slow speed might have a defective speed circuit or motor (Fig. 1-2).
Improper or intermittent loading of the CD player or camcorder might result in a dirty or
defective switch, loose motor belt, dry gearbox, or a defective motor. The tape might not
rotate in the camcorder or cassette player if the motor is defective, capstan is dirty or dry,
or if the motor belt is loose. Just remember to watch, listen, and smell for the various
symptoms, before tearing into the electronic chassis.

The Three S’s

The three S’s might be your most important tool. Sight, sound, and smell can help you to
solve a lot of TV, cassette, camcorder, CD player, and microwave oven problems. You can
see burned resistors, fried flyback or power transformers, and lightning damage. A leaky
electrolytic capacitor might have a black or white substance oozing out at the bottom con-
nections. Poor board connections might indicate an overheated solder connection. Cracked
or overheated connections of a high-power resistor might indicate possible trouble. Defi-
nitely, you can see a spark gap, tripler unit, or high-voltage lead arc over. Above all, your
eyes identify the trouble symptoms from the front of a picture tube, overheated 1C, or tran-
sistor on the chassis.

Insufficient or distorted audio sound might be traced to the sound stages. Arcover at the
picture tube or high-voltage transformer within the TV chassis might be heard. The ear might
pick up the tic-tic sound of the flyback transformer with high-voltage or chassis shutdown.
Some TV technicians can hear the 15,750-Hz sound of the horizontal output transformer, in-
dicating that the horizontal oscillator stages are performing (Fig. 1-3). Noisy sounds from a
interstage or output transformer might indicate loose particles within the component.
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FIGURE 1-3 The 15,750-Hz sound from the flyback can be heard
by some people.

You might smell an overheated voltage-dropping resistor or degaussing thermistor within
the TV chassis. The ozone smell might be traced to the flyback transformer, tripler unit, screen-
focus assembly, focus controls, or the anode connection of the picture tube. The sweet smell of
the overheated power transformer in the cassette player might indicate lightning or power line
outage damage. Not only can you smell an overheated transistor or diode, but you can feel
them. Overheated components within the electronic chassis are always a source of trouble.

Isolation

Isolate the symptom to a block diagram. Begin troubleshooting procedures with the block
diagram. Upon checking the block diagram, you can quickly isolate the defective sections
in the TV, cassette player, audio amplifier, and CD player. You can see where the signal
path goes from section to section (Fig. 1-4). The block diagram can further be broken down
to show several blocks of one particular section. Not only does the block diagram illustrate
how the different sections are tied together, but it can be used to show how the circuits op-
erate in a given chassis.

After locating the defective section or circuits, locate the various components upon a
schematic diagram that might cause the electronic chassis to not operate. The first look at a
schematic of a TV or CD player might appear complicated, but if you break the schematic
down into various sections, servicing becomes more systematic. For instance, if the load-
ing motor in the camcorder is not operating, go directly to the servo or system control 1C
and trace the signal back to the driver and loading motor (Fig. 1-5). Each functional prob-
lem can be circuit-traced using the same logic.
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A lot of the manufacturers have the different circuits drawn in various colors, so they stand
out. Others use a variation of dotted lines to separate the various circuits. Most CD schemat-
ics have arrows or a thick color path of arrows, indicating the signal path throughout the var-
ious stages. Crucial voltages are found on the schematic or listed separately in a voltage
chart. Some schematics have voltages listed in red or green. If not, mark them directly on the
diagram before you start servicing procedures. After locating a defective component, circle
it, and draw a line out to the side to the margin area to record the service problem.

Locating the suspected component on the PC board chassis might be difficult if a parts
layout diagram is not handy. Sometimes the components are labeled and others are not.
The electronic components are often mounted on one board and the mechanical parts are
located on another assembly. Small components, such as transistors, capacitors, resistors,
and diodes might be difficult to locate because many are not individually marked. If you
do not have a service manual or schematic, you must trace out wiring and components,
which takes up a lot of valuable time.

T401
horiz-vert - horiz horiz
deflection driver output
Flyback
1 T402
+115V
+115V
FIGURE 1-4 Isolate the symptom to a block diagram and then use the circuit
diagram.
100 k
21 ARA, -
IC501 1C201 4 E

motor .
servo 100 k .
control 23 AN 6| drive
IC

ChD Loading
motor

FIGURE 1-5 Trace the dead loading motor symptom to the system control IC,
driver IC, and loading motor.

d3L1HVLS DNILLID [



PRACTICAL TROUBLESHOOTING TECHNIQUES

Service Literature

Schematics and service literature are a must for the electronic technician. Although many
TV technicians might service a TV or camcorder without a schematic, it is not practical
over the long run (Fig. 1-6). You can lose a lot of valuable service time without a good
electronic schematic. Several years back, the Japanese TV chassis was difficult to service
because wiring diagrams and parts were difficult to obtain.

This is not so today because most foreign imports are covered by schematics and service
literature. Howard Sams Photofacts cover most TV chassis. Manufacturers Profax
schematics are found in the pages of Electronic Servicing & Technology magazine.

Service literature, including detailed diagrams, is published by each electronics manu-
facturer. Here, additional data as to how each stage operates might clear up the tough job.
This service literature can be purchased yearly or for each individual electronic chassis.
You will also receive important production and modification information for each chassis.
Many electronic manufacturers hold service clinics several times a vear. Take a day off
and attend these meetings because they provide crucial servicing data. Besides, you might
talk to a fellow electronics technician who has just licked the same service problem that
has you stumped. A day away from the shop might bring future rewards.

SUBSTITUTE ANOTHER SCHEMATIC

When the exact service manual or schematic is not available, use another manufacturer’s
schematic diagram. Although the substitute is not exactly the same, it will give you differ-
ent test points to troubleshoot the circuit. Signal tracing audio circuits can be checked by

s

FIGURE 1-6 A schematic diagram is a must-have item when
troubleshooting a difficult problem.
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Filter
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FIGURE 1-7 Locate the low-voltage circuits by identifying the
large filter capacitor.

starting at the tape head winding and going from base to base of each transistor. The out-
put stages can be checked by starting at the volume control.

Usually, cassette audio stereo circuits are laid out on the PC board with the left channel
on the left and the right channel on the right. You can start at the speaker and trace the cir-
cuit back to locate the output transistors or ICs. Some of these power output transistors and
ICs are located on heatsinks. The supply lead from the IC or transistor can be traced back
to the power supply. The power supply can be identified with large filter capacitors,
diodes, and bridge rectifiers (Fig. 1-7). The suspected part can be checked against the iden-
tical one found in the good stereo channel.

Often the horizontal and vertical circuits within the TV chassis can be compared to an-
other schematic with very few changes. The different stages can be scoped with the same
type of waveforms as another chassis. Likewise, the voltage and resistance measurements
are quite common in the horizontal and vertical circuits.

Chassis Comparison

Many times the same chassis might be located in more than one different TV. This is es-
pecially true if you are servicing chain-store merchandise. It’s also possible to have trou-
ble with a new TV right out of the box. The new TV chassis might also be compared with
those in the showroom if you carry that certain brand of TV.
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FIGURE 1-8 If the correct schematic is not handy, compare the
defective circuits with those in a comparable chassis.

If, by chance, you are stumped on a new circuit or do not have a schematic handy, com-
pare the voltage and resistance measurements of the working chassis can help solve the
problem (Fig. 1-8). Many chain-store TVs are manufactured for them by another source,
and many TV brands actually have the same equipment. Of course, comparison checks
take a lot of time and should only be made when you have no other choice.

Spilled Liquid

After removing the back cover of a TV, you can quickly decide if some kind of liquid has
spilled down on the chassis. Besides being a big cleaning mess, the chassis might not be
repairable if liquid has been spilled inside the back of the TV. It is very difficult to clean
small resistors and capacitors that are soldered flat against the PC board. Often, the chas-
sis is turned on, causing arcing in the horizontal and high-voltage circuits.

Sometimes when a voltage arc between components occurs, the arc breaks down the PC
board and can cause burning of the board. The board can be saved by cutting out the
burned area. Use a pocket knife or drill out the burned area, then replace burned compo-
nents across the area. Place hookup wires around burned-out PC wiring connections. The
wiring schematic and component replacement charts can be handy with this procedure.

If a beverage is spilled in the chassis, the PC board and components become sticky and
can be difficult to repair. Place a fan near the chassis to dry the areas if water has been
spilled inside the TV. After cleaning and repairing the board, spray the entire area with
clear high-voltage insolation spray after the chassis operates for several hours. The chas-
sis should then be operated for several days to be sure that no further breakdowns occur.
Sometimes you will find that the TV cannot be repaired and must be replaced.
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Basic Test Equipment

Back in the vacuum tube days, many TVs were repaired with a tube tester, a VIVM or
VOM, and an oscilloscope (Fig. 1-9). Today, a digital multimeter (DMM), oscilloscope,
CRT checker, color-dot-bar generator, and tube-test jig are the basic test equipment. Cru-
cial voltage and resistance measurements can be made with the DMM. The DMM can
even check diodes and transistors in or out of the circuit. The oscilloscope is required to
look at waveforms in the various circuits. Most waveforms are checked with the color-dot-
bar generator connected to the antenna terminals to provide a signal. A tube test jig is ideal
to monitor when servicing the pulled chassis. A good CRT tester eliminates guessing
about the status of the picture tube.

As new circuits arrive and old test equipment is replaced, an older oscilloscope should
be replaced with a dual-trace 40- or 100-MHz unit. An isolation variable line transformer
is a must item when servicing a new integrated flyback chassis. A capacitance meter and
CRT restorer-analyzer are handy test instruments to have around. A frequency counter and
sweep-marker generator are required for TV-alignment purposes. To check high voltage at
the CRT, select a good high-voltage probe (Fig. 1-10).

With the latest portable and console TVs, the chassis can be loosened, slid backwards,
or tilted on edge or side for easy servicing. Often, the connecting lead wires and cables
from the TV chassis to other components mounted within the plastic portable case can be
untied and extended so that the chassis can be slid backwards or actually removed from the
cabinet (Fig. 1-11). Likewise, remove chassis bolts and screws so that the small TV chas-
sis inside the large TV console can be moved to test most parts within the wooden cabinet.

You might find that the busy electronics technician uses only three or four test instru-
ments in his daily service routine. Many other test instruments are collecting dust on the

FIGURE 1-9 A dual-trace scope, DMM, FET-VOM, and isolation
transformer are basic test instruments for an electronic technician.
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FIGURE 1-10 Check the high voltage at the picture tube with a
high-voltage probe.

FIGURE 1-11 Pull the portable TV chassis back or remove it for
easy access.

service bench and not being used. Knowing how to use the basic test equipment 1s the se-
cret to quick, efficient, and practical electronics servicing. One quick way to learn how the
test instruments operate is to attend the classes sponsored by many test instrument distrib-
utors and manufacturers. Check the list that follows for required basic test instruments.
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BASIC TV TEST INSTRUMENTS

1 Digital multimeter (DM M)

2 VOM, VTVM, or FET voltmeter
3 Oscilloscope (at least 40 MHz)

4 Variable isolation transformer

5 CRT tester and rejuvenator

6 Diode, SCR, semiconductor tester
7 Capacitance tester

8 High-voltage probe

9 Color-dot-bar generator

d3L1HVLS DNILLID [

REQUIRED AUDIO TEST INSTRUMENTS

Besides several screwdrivers, a pair of long-nose pliers and side cutters do the bulk of au-
dio work, combined with a VOM and DMM. The digital multimeter (DMM) can check
voltage, resistance, current, capacitance, diodes, and transistors; some testers even have a
frequency counter. A VOM or FET-VOM is ideal in audio alignment (Fig. 1-12). It’s
much easier to see the meter hand respond to the audio signal than the DMM. You will
find that the same TV test equipment can be used to service audio equipment.

BASIC AUDIO TEST EQUIPMENT

1 VOM and DMM

2 FET-VOM

3 Dual-trace oscilloscope

4 Noise signal generator

5 Audio generator

6 Sine-squarewave generator

Earphone
plug

[( ifi
Rlp i Amplifier

head

3KHz o
test :| >
tape

(™

Frequency
counter

FIGURE 1-12 The VOM, FET-VOM, and frequency counter are ideal for tape-
head and audio-alignment procedures in cassette players.
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7 Semiconductor tester
8 Capacitance meter
9 Audio signal tracer

10 Test speaker

11 Speaker loads

12 Test discs and cassettes

For those technicians who specialize in troubleshooting audio equipment, the additional
test equipment might speed up making crucial repairs and alignment:

1 Frequency counter

2 Function generator with counter

3 Audio oscillator and frequency counter
4 Distortion meter or analyzer

5 Wow and flutter meter

REQUIRED CD TEST EQUIPMENT

You need several test instruments to troubleshoot and make the necessary alignment ad-
justments in the compact disc player. Most of these test instruments are already common
to the average electronics technician’s service bench (Fig. 1-13).

1 Dual-trace oscilloscope
2 Optical power meter

FIGURE 1-13 Besides the test instruments found upon the TV
bench, the optical power meter, frequency counter, and AF signal
generator are essential for compact disc (CD) servicing.
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FIGURE 1-14 The optical power meter and special adjustment
tools are necessary for CD servicing.

3 Digital Multimeter (DMM)

4 Low-frequency AF oscillator

5 Signal generator

6 Capacitance meter

7 Frequency counter

8 Test discs

9 Special tools, filter adjustment circuits, wrist trap, manufacturer special jigs, etc.

The optical power meter, test discs, special tools, filter circuits and special jigs pur-
chased from the manufacturer for special adjustments are probably the only devices that
the established repair shop might not have (Fig. 1-14).

Special tools, such as a grating tool, feeler gauge, or special screwdrivers might be needed
for some adjustments. The focus and tracking, loop-gain harness, and special manufacturer
circuits can be handmade. Special manufacturers jigs, monitor devices, and test cables can be
purchased for certain tests required by the manufacturer. Although, each manufacturer might
require a certain test disc, the most common are the YEDS7, YEDSI18, and SZZP1014F.

The laser power meter is used to measure the laser diode output and infrared remote-
control units. The laser meter is particularly suitable for the service of compact disc and
laser disc players because of its narrow, tillable probe. The meter can be used to check the
function of cassette compartment LED in video recorders and transmitting diode in in-
frared 04 remote controls (Fig. 1-15). With the three measuring ranges of 0.3 mW, 1 mW,
and 3 mW, all laser light sources found in many CD players can be checked. The switch-
able wavelength of 633 nm, 750 to 820 nm, has an accuracy of 5%.

When measuring the laser light beam, do not look directly at the laser light. Remember
that CD and LD players emit invisible, infrared light. You simply cannot see the infrared
beam. Keep your eyes at least 1)4 feet away from the laser beam.

d3L1HVLS DNILLID [
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FIGURE 1-15 Besides checking the laser beam, the optical

power meter can help you to check the LED, transmitting diode, and
infrared remote-control units.

REQUIRED MICROWAVE OVEN TEST INSTRUMENTS

Several different test equipment is required to service and maintain microwave ovens. Be-
sides regular hand tools, torque and star screwdrivers, a microwave leakage tester and
magnameter are must-have test instruments (Fig. 1-16). Many of the basic tools you'll
need are found in the shop or on a TV repair bench.

1 Torque and star screwdrivers
2 DMM

3 Microwave leakage tester

4 Triac and SCR tester

5 Magnameter

6 Fuse saver

7 Test bulb

CRUCIAL VOLTAGE TESTS

No doubt, crucial voltage and resistance tests have been used to find more defective com-
ponents than any other tests. Most defective solid-state components, such as transistors,
diodes, and ICs can be located with crucial voltage tests. A quick voltage check across the
main filter capacitor can help vou to determine if the power supply of any electronic prod-
uct is normal or has an improper voltage source (Fig. 1-17). A leaky or shorted audio out-
put transistor or 1C can be spotted with a crucial voltage test.
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TRANSISTOR VOLTAGES AND RESISTANCE TESTS

Taking crucial voltage measurements on the transistor element can determine if the tran-
sistor is normal. Suspect that the transistor is open if the collector voltage is much higher
than normal, with no voltage on the emitter terminal. An open emitter resistor can produce
the same voltage readings (Fig. 1-18).
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FIGURE 1-16 The Magnameter can check the current,
high-voltage, and magnetron operation within the microwave oven.

R801

137V

Dmm

FIGURE 1-17 A quick voltage test of the large filter capacitors can indicate if
the low-voltage source is normal.
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FIGURE 1-18 An open emitter resistor can increase the voltage at the collector
terminal.

Connect the voltmeter across the collector and emitter terminals and mark down the
voltage measurements. Remember, the DMM can read these low-voltage measurements.
The collector terminal of a NPN transistor is positive, but a PNP transistor is negative.
Now short the base to emitter terminals together and the voltage should increase if the
transistor is normal.

Practically the same voltage measurements on all three terminals can indicate that the
transistor is leaky or shorted. The collector and emitter terminals become leaky in most
transistors. The voltage measurement on both terminals can be quite close with a direct
collector-to-emitter short. Discard transistors with any signs of leakage between any of the
terminals.

The transistor is usually good if normal base-emitter bias is found (Fig. 1-19). The sili-
con transistor will have a 0.6-V bias voltage between emitter and base, but a germanium
transistor will have a bias voltage of 0.3V between these same elements. You can quickly
check the bias voltage of each transistor within the electronic chassis and possibly locate
the defective transistor circuit. Of course, with an improper or no voltage source, very lit-
tle voltage is found on any transistor terminals.

First, measure the voltage on all three elements to common ground. Then check the
base-emitter bias voltage. If you're not convinced of the legitimacy of the results, remove
the transistor from the circuit and check it out of the circuit with a DMM or transistor
tester. Some technicians prefer to remove only the base terminal from the circuit and give
it another in-circuit test. Sometimes when the transistor is removed, or when the in-circuit
tester is applied to the transistor, the defective or intermittent transistor can test normal.

Besides using the voltage and resistance methods, the transistor can be checked in or out
of the circuit with any of the many different transistor testers on the market. The suspected
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transistor can be checked out of the circuit with resistance measurements of the VOM or
DMM (Fig. 1-20). Leaky or open transistors can be located with the ohmmeter scale.

A quick method to check a transistor in or out of the circuit is with the diode or transis-
tor test of the digital multimeter (DMM) (Fig. 1-21). Comparable resistance measurements
of the diode junction from base to collector and base to emitter will identify an NPN or
PNP transistor, and will indicate if a leakage or open junction occurs between the ele-
ments. The leaky transistor resistance might be low between collector and emitter or base
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FIGURE 1-19 Checkfora

normal forward bias voltage
(0.6 V) between the base and
emitter of an NPN transistor.
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FIGURE 1-20 Check the suspected transistor with a diode-junction transistor test
of DMM.
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FIGURE 1-21 Transistors can be checked with the ohmmeter or diode-junction
test of a digital multimeter (DMM).

npn
transistor

Leaky between Reversed

Leaky between emitter and collector test leads
collector and base

FIGURE 1-22 The leaky transistor might show low leakage between the base
and emitter or between the emitter and collector.

and emitter in both directions (Fig. 1-22). Most transistors become leaky between the
emitter and collector terminals.

The transistor might be open between base and collector or base and emitter terminals,
with no measurement on the DMM. A transistor with a high-resistance joint can cause a
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Collector

weak or dead response when the leakage is greater with one set of transistor elements than
the other set. A high-resistance joint exists when the measurement is different by several
hundred ohms between two elements and not the other two. Transistors can be quickly
checked with the DMM diode or transistor tests.

DIODE TESTS

A quick voltage test with the positive terminal of voltmeter at the positive terminal of sus-
pected diode and the negative terminal to ground can help you to locate a defective diode.
Likewise, a zener diode can be located in the same manner. The zener diode is used in a
circuit to regulate the voltage at a certain level. Really low voltages at the positive termi-
nal indicate that the diode is leaky or shorted.

The defective diode can be located with a low-resistance measurement. Low-voltage
diodes can be checked for open or leaky conditions with the diode test of a DMM. Be sure
that a power transformer winding, low-resistance resistor, or transistor is not across the
path of the diode when making in-circuit tests. It's best to remove one end of the diode for
accurate leakage test (Fig. 1-23).

Check the suspected diode with the red probe of DMM to the anode terminal of the diode
and the black probe to the cathode terminal. You should get a reading. Now reverse the pro-
cedure. No measurement or an infinite measurement is noted on a normal diode. When mak-
ing a diode test with the FET-VOM, start with the red or positive probe to the cathode and

= — ——— e —
0.461 1. 0.150 0.257
O, O, O, O,
N 4
Silicon Anode Reverse Leaky Collector IN34 Anode
diode leads silicon diode
normal normal diode normal
test

FIGURE 1-23 Remove one end of diode from the circuit for accurate open or leaky tests.
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black probe to the anode terminal. The normal diode will show a resistance measurement. 1f
a low-resistance measurement is found in any direction, the diode is leaky or shorted.

Most low-voltage and damper diodes can be checked for open or leaky conditions with
an ohmmeter or DMM. The RF, video, and audio detector diodes can be checked with an
ohmmeter and DMM, but will have a higher resistance measurement. Some older boost
rectifiers within the TV can only be checked for heavy leakage. The high-voltage rectifier
stick found in the black-and-white TV chassis and microwave oven cannot successfully be
measured with the VOM or DMM tests.

IC VOLTAGE AND RESISTANCE TESTS

The defective IC can be traced with voltage and resistance measurements. Check the sig-
nal in and out of the IC with the scope. The audio IC can be signal traced with audio in and
out tests of the suspected 1C with an external audio amplifier. Very low voltage on several
terminals of the IC can indicate a leaky component. A low voltage at the IC terminal sup-
plied directly from the low-power supply can indicate a leaky IC (Fig. 1-24). Remove the

1pF 470 pF
| {
10 k N %’“‘g 3 o+l
Vol
IC503 o Left spk
power |
output
470 pF
1/
+\

| Right spk

FIGURE 1-24 A low resistance at the voltage-supply terminal of an IC might
indicate that it is leaky.
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FIGURE 1-25 A leaky or open transistor might appear to operate
properly after removing it from the chassis.

terminal pin from the circuit and take another resistance measurement between the pin and
the chassis ground. Apply the soldering iron tip to the mesh material and suck up all sol-
der around the voltage-supply pin. Flick the pin with a pocket knife or small screwdriver
to be sure that the pin is free. Replace any IC that has a low-resistance measurement.

Internal open connections inside of the IC can cause it to be dead or intermittent. If the
signal is applied to the input and no signal or a low signal is at the output terminal, suspect
a defective 1C. Take accurate voltage measurements and check them against the schematic
to determine if the IC is defective. Sometimes voltage and resistance measurements are
normal compared to the schematic; replacing the IC is the only way to solve the problem.
Replace the suspected IC at once if it is a plug-in socket type.

Sometimes, with ohmmeter tests, you can locate a change in a resistor or leaky capaci-
tor from one pin to common ground. Be sure that IC is defective by taking signal-in and
signal-out tests, with crucial voltage and resistance measurements. Always compare these
measurements with the good channel in the stereo audio amplifier. Replacing the IC re-
quires a little more time than replacing a transistor.

CRUCIAL RESISTANCE AMPLIFIER TESTS

[f the audio amplifier keeps blowing a fuse and the chassis shuts down, sometimes it is dif-
ficult to take accurate voltage tests. Sometimes an [C or transistor will break down under
load and test normal within the transistor tester (Fig. 1-25). You might find that in-circuit
transistor tests with the DMM indicates that all transistors are normal. It is difficult in di-
rectly driven transistor or IC output circuits to locate the defective component without ac-
curate voltage measurements.
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The best method is to take in-circuit resistance measurements of the transistors and ICs.
Start at the speaker output terminals and take crucial resistance measurements to common
ground. Now compare these resistance measurements with the normal stereo channel.
Check each IC and transistor with resistance tests until you receive or have a different re-
sistance measurement. Sometimes a leaky capacitor or a change in resistance can cause the
amp to shut down. A leaky IC or transistor might be located with accurate resistance mea-
surements to common ground.

SCR RESISTANCE MEASUREMENTS

The SCR found in low-voltage power supply and high-voltage rectifier circuits can be
checked with resistance measurements (Fig. 1-26). A low-resistance measurement be-
tween the gate (G) and cathode (K) is normal. Replace the SCR if the measurement is be-
low 50 ohms. If any resistance measurement 1s found between the anode (A) and cathode
(K) terminals, replace the leaky SCR. Like the transistor, the SCR can break down or be-
come intermittent under load and should be replaced if you suspect that it 1s faulty.

TRANSISTOR AND IC REPLACEMENTS

Most transistors and 1Cs can be replaced with original parts or universal replacements. Use
original transistors within the TV tuner, control, and IF stages. Large, crucial ICs should
be replaced with those that have the original part numbers (Fig. 1-27). Foreign transistors
and ICs are found at most wholesale or mail-order TV part establishments.

After locating the defective transistor in the audio amplifier, the transistor must be re-
moved and replaced. Most transistors found in audio and radio circuits can be replaced
with universal replacements if the original part is not available. For instance, the common
AF transistor (2SC374) can be replaced with universal RCA SK3124A or ECG289A. The
AF transistor (2N3904) can be replaced with a universal RCA SK3854 or ECG123AP.

Look up the transistor number within the RCA SK series, NTE, or with Sylvania’s ECG
series replacement guide book (Fig. 1-28). Most universal solid-state transistors and ICs
can be replaced with RCA, GE, Motorola, NTE, Sylvania, Workman, or Zenith replace-
ments. Simply look up the part number and replace it with an universal replacement. Test
the new transistor before installing it.

After obtaining the correct replacement, remove the old transistor with iron and solder
wick from the PC board. Remove the mounting screws on the power output transistors,
then unsolder the emitter and base terminals. Be sure that you have the correct terminals in

SCR

A N\ K

A— A+ A+ A

Above - | =

3 MO T FIGURE 1-26 Check
Above + o+ 50 to 100¢2 the suspected SCR with
5 M1 = resistance tests or upon

G an SCR tester.
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Check IC
part number
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FIGURE 1-27 Replace large processors and ICs with those that
have the original part number.

3 e Line
Top of e lacement Guide

1976 Replace

Over 112,000 dom

FIGURE 1-28 Replace the defective transistors or IC with
universal replacements found in the RCA, GE, and NTE universal
solid-state replacement manuals.
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FIGURE 1-29 There are many different transistor terminal connections
found in signal and audio transistors.

the right PC board holes. Doublecheck the transistor wire terminals and the bottom base
diagram (Fig. 1-29). Do not leave the soldering iron on the transistor terminals too long.
Use long-nose pliers or heatsink tool to dissipate the heat, so as not to ruin the new re-
placement. Place silicon grease between the transistor, insulator, and heatsink before
mounting.

Look in the replacement guide for a universal 1C replacement if the original one is not
available. Handle it with care; the IC cannot be tested before installation. Leave it in the
envelope until it’s ready to be installed.

Remove the old IC with solder-wick and soldering iron. Start down the outside row of
contacts or pins and keep the iron on the mesh at all times. Move the mesh down as it picks
up solder. Then, go back and be sure that each contact is unsoldered from each pin to PC
board wiring. Flick the pin with a pocket blade or with a small screwdriver. Mark pin 1 on
the PC board with a felt pen. Lift the defective [C out by prying underneath the component.
Be careful not to damage other components nearby or break the PC wiring.

Check for the terminal 1 dot, while the line or indexes determine how to correctly mount
the IC (Fig. 1-30). Sometimes, only an index identification is found on the IC. When look-
ing down on top of the IC, pin 1 is to the left of the index. Pin 1 is indicated with a white
dot; on other PC boards, the number one and last terminal numbers are marked. Correct
mounting of IC is found in the solid-state replacement guide. Place silicon grease and
metal heatsink behind large [Cs.

CRUCIAL WAVEFORMS

The waveforms taken by the oscilloscope within the TV, camcorder, CD player, and audio
amplifier can quickly locate the defective stage and component. Crucial waveforms taken
within the horizontal, vertical, and color circuits of the TV can pin point a defective circuit
(Fig. 1-31). The horizontal drive waveform from the oscillator stage can be traced through
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the driver transistor to the final flyback output circuits. If one of the waveforms 1s missing
or if there is incorrect polarity and improper waveform, suspect trouble within the hori-
zontal circuits. Likewise, the TV wvertical circuits can be signal-traced with waveforms in
the same manner. Usually, these vertical waveforms are very unsteady.

A crucial waveform taken at the RF amplifier within the compact disc player can indi-
cate the correct RF or EFM waveform. The CD player will shut down if no EFM wave-
form is found at the RF amplifier output circuits (Fig. 1-32). Crucial waveforms taken in
the signal and servo circuits might indicate these circuits are functioning. A dead focus or
tracking coil circuit can be located with a correct waveform. The defective motor circuits
in the CD player and camcorder can be located with the oscilloscope.
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FIGURE 1-30 Check for a white dot, index, or white line to locate terminal 1 of
suspected IC.
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FIGURE 1-31 The missing or improper horizontal waveform
can indicate a defective horizontal circuit within the TV chassis.
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FIGURE 1-32 Check the EFM waveform at the RF amp IC of CD
player when the player comes on and shuts down.

The oscilloscope can be used for alignment and signal tracing circuits within the audio
circuits. The scope waveform can locate a weak, intermittent, or dead channel within the
stereo amplifier with a dual-trace oscilloscope. Just compare the audio signals in both
channels at a given point. If the waveform is improper or missing, you have located the de-
fective stage. Now take voltage, resistance, and transistor or IC tests to locate the defective
component.

TV SURFACE-MOUNTED COMPONENT (SMD) TESTS

Besides being used in CD players, camcorders, and cassette players, surface-mounted
components are used in TVs. Within RCA’s CTC140 and CTC145E, the main heavy com-
ponents are mounted on top of the chassis with surface-mounted components underneath
(Fig. 1-33). The surface-mounted components, such as resistors, capacitors, and diodes,
might have two or three ends to connect to the circuit. The microprocessor can have gull-
type wings or elements that solder directly on the PC board (Fig. 1-34). These ICs might
have more than 80 different soldered elements. Naturally, the surface-mounted transistor
has three leads, with a small body that mounts flat against the wiring.

The resistors, capacitors, and transistors are very tiny components that are either black,
brown, or white, and which are soldered into the circuit. It’s wise to acquire the exact part
from the manufacturer for replacement, although cards and bags of different-value capac-
itors and resistors are being sold for universal replacement (Fig. 1-35). Today, these tiny
parts can be bought by the tens, hundreds, or thousands.

You might find a part that looks like a resistor, but is actually a solid-tie feed-through
component. A double resistor chip contains two resistance elements of a different value in
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FIGURE 1-33 In the RCA portable TV, SMD components are
mounted upon the PC wiring underneath the PC board.

IC’'s SMDs, or
microprocessors

FIGURE 1-34 The microprocessor might have many gull-type
wings or elements that solder to the PC wiring.
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FIGURE 1-35 Small SMD replacement capacitors, resistors,
diodes, and transistors might be mounted on cardboard or found in
plastic bags of 10 or 100 components.

one chip. The small transistor might have all three elements out of the bottom, or the col-
lector out of the top. You might find more than one diede in the surface-mounted compo-
nent. A different hookup connection can be made with positive and anode connections.

The digital transistor might have the base and bias resistors mounted inside of the sur-
face-mounted component, but the standard resistor has leads directly to the internal ele-
ments. Notice that the PNP digital transistor has the base and bias resistors tied to the
emitter terminal. Likewise, the NPN transistor is the same. When making transistor tests
on digital transistors, allow for the resistor in series with the base terminal and a resistance
leakage between base and emitter terminals. Determine whether the transistor is a standard
or a digital type before testing (Fig. 1-36).

HOW TO READ SMD VALUES

Surface-mounted parts (such as resistors, capacitors, and transistors) might have numbers
and letters stamped upon the top side of the component. Fixed resistors can be marked with
white stamped numbers. A resistor with the numbers 123 has a value of 12 k€. The first
two numbers indicate the resistance value, with the last number indicating the number of
zeros that follow. In the last position, the number three equals 000, and a number 4 equals
0000 (Fig. 1-37). For instance, the number 692 equals 6.9 kQ.

Fixed capacitors and transistors might contain stamped letters and numbers on the top
side of the component. Notice that a feed-through SMD part can be easily mistaken for a
fixed resistor. When a resistance measurement is taken, a zero or shorted reading is ob-
tained. These chip components take the place of wire jumpers to tie two different circuits
together on the regular PC board. You might find round capacitors and resistors instead of
flat-chip components in some TVs.
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CD SURFACE-MOUNTED IC CHIPS

In addition to the optical pickup assembly, many IC processors, CPUs, and LSIs must be
handled with care, not only in testing, but also during removal and replacement of the
many terminal leads attached to the chip. Some have from 40 to 80 different terminal con-
nections found in the CD player (Fig. 1-38). After the defective IC has been located, be
careful not to damage the printed wiring while removing it.
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FIGURE 1-36 Determine if the transistor is a standard or digital type found in CD decks,

camcorders, and VCRs.
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FIGURE 1-38 Some microprocessors or ICs might have more than 80 terminal
connections.
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The LSI and ICs perform many CD player operations. The digital signal processing LS1s
can integrate up to 13 or more different digital functions in a single chip. ICs handle many
other functions, such as optical focusing, transport servo control, tracking, pulse width
modulation, and digital-to-analog conversion.

The large-scale integrated (LSI) and control-processing unit (CPU) components should
be handled with kid gloves, so to speak. Remove the solder around the leads with a solder
sucker or solder wick. Heat the area by laying the wick material along the row of termi-
nals. Slowly slide the wick along as the solder is melted. Now, remove the solder from the
same row of the other side. A solder sucker that fits over an IC terminal can quickly re-
move solder from around the pins, but it will not remove excess solder where several pins
are soldered together at a grounded area. Do not keep the soldering iron on one area for any
length of time to avoid lifting the wiring. Remember, 1Cs are sensitive to static electricity.
Keep them in the foil or static containers until you are ready to install them.

CD SURFACE-MOUNTED DEVICES (SMD)

Like the latest TVs, some of the CD chassis have surface-mounted components sol-
dered directly upon the board wiring. The surface-mounted parts can be resistors, ca-
pacitors, transistors, or ICs (Fig. 1-39). You might also see LEDs with a compact, thin,
leadless type of structure. These components are mounted flat on the board, then sol-
dered to the wiring.

White outlines of
SMD ICS

FIGURE 1-39 The surface-mounted devices found in the CD
player can be resistors, capacitors, diodes, transistors, ICs, and
microprocessors.
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Resistor
= 4.7 kilohms
| 472 I 47 X 102 = 4700 or 4.7 k
Ceramic capacitor Special marking
=1 %102 = 100 pF
—7 FIGURE 1-40 Check the
numbers and letters for the
A2 exact value of capacitor chip in
the CD player.

Many different surface-mounted devices are used in CD and cassette players. Some have
more than five different kinds of ICs. The SMD ICs might have gull-type flat terminals
with over 80 connecting flat terminals. Be very careful not to short them out when you take
voltage measurements on these terminals with test probes. Use small-pointed test probes
when making tests on SMD components. Often, terminal number one is indicated with a
dot on top or numbers stamped on the PC board.

The surface-mounted transistor might appear in a chip form with flat contacts at one
side, top and bottom, or on both sides. You might find more than one transistor inside one
chip. The same applies to fixed diodes and LED SMD parts. Two or more fixed diodes
might be found in one component. These transistors and diodes can be tested like any reg-
ular diode or transistor. The quickest and easiest method is with the diode test of a DM M.

Because many surface-mounted devices have similar shapes and sizes, it is quite diffi-
cult to identify them at a glance. The resistors appear as round, flat, leadless devices. The
ceramic capacitor is a flat, solid device with the terminal connections at the outside, tinned
ends. Always obtain these parts from the manufacturer because they mount perfectly. If
they are not obtainable, you might be able to secure these universal components from large
electronic wholesales or mail-order firms. The resistor has a number for identification with
lines at the ends, and the ceramic capacitor has a line at the top with a letter of the alpha-
bet and number (Fig. 1-40). Transistors and diodes are often identified with two letters.

REMOVING SURFACE-MOUNTED COMPONENTS

To remove a defective resistor or capacitor, remove the solder at one end. Grasp the end of
the component or lead and melt the solder from the other end. Hold the part with a pair of
tweezers and twist as the component is removed. Throw away all surface-mounted com-
ponents removed from the chassis. They should not be used after removal.

To remove a surface-mounted transistor or diode, melt the solder at one end and lift the
lead upward with a pair of tweezers. Do this to each terminal until all are removed. Some
larger components might be glued underneath. Remove jagged or overlapping solder from
the PC wiring with solder mesh material. Clean off lumps of solder from the wiring with
the soldering iron and solder wick.

Do not use a large soldering gun and solder wick to remove small surface-mounted com-
ponents. Use a 30-W pencil or regulated soldering iron (Fig. 1-41). Use extreme care so as not
to damage the PC wiring. Be sure that all solder is removed before lifting small components.
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FIGURE 1-41 Use a soldering pencil or regulated soldering iron
to replace SMD components.

REPLACING SURFACE-MOUNTED COMPONENTS

Do not apply heat for more than four seconds; vou might destroy the new chip or PC
wiring. Avoid using a rubbing stroke when soldering. Do not bend or apply pressure to the
transistors or IC terminals in the replacement. Use extreme care not to damage the new
chip. Do not drag the TV chassis over the bench because the surface-mounted components
can be damaged, mounted underneath a large PC board.

Replace all chip components, except semiconductors and ICs, by preheating them with
a hair dryer for approximately two minutes. Tin or presolder the contact points on the cir-
cuit pattern or wiring. Press down the component with tweezers and apply the soldering
iron to the terminal connections (Fig. 1-42). Apply more solder over the terminal if it is
needed for a good bond. Do not leave the soldering iron on the transistor or IC terminals
for too long; you might damage the internal junctions of the semiconductor. The large 1C
or processor should be flat and should mount right over each correct terminal connection.

Remove only one SMD component from the package because you might confuse the
values. Place it upon a piece of white paper so that you can see it. Check the new compo-
nent before installation. Use the smallest diameter of solder available for SMD connec-
tions. Lay the component over the end pads with a pair of tweezers. Be careful because
these tiny devices can flip out of sight. Tack in one end with solder to hold it in place. Now
solder the other end. Touch up both ends of the flat component with solder. Inspect the sol-
dered joint with a magnifying glass. Recheck the SMD after installation.

DOUBLE-SIDED BOARDS

The PC board with wiring on both sides can cause a lot of service problems if the board is
large and becomes warped. The PC wiring and SMD chip joints can pop or break, produc-
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ing a dead or intermittent chassis. A hair-line crack is difficult to see on a PC wiring con-
nection. Double-sided PC boards are used in small portable radios, camcorders, TVs,
VCRs, CD players, and auto receivers (Fig. 1-43).

In many of the compact CD players with only one large PC board, you might find wiring
and components on both sides of the board. Usually, the LSIs, CPUs, or ICs are surface-
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SMD chip

FIGURE 1-42 Hold the
SMD part with tweezers and
solder the ends with a low-
wattage soldering iron.

FIGURE 1-43 The double-sided board is used in portable radios,
camcorders, VCRs, CD players, and auto receivers.
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FIGURE 1-44 The SMD parts are used on double-sided boards
in the TV chassis.

mounted underneath. These components lay flat and solder directly to the wiring. In some
chassis, the single-sided board has components mounted on both sides of the board, so if
vou are having special difficulty locating a component, look under the chassis (Fig. 1-44).
However, most IC outlines are shown on the top side of the board. Locate the manufac-
turer’s parts layout section.

Double-sided wiring presents various service problems when troubleshooting the chas-
sis. [ test points are not provided on the top side of the chassis, the board must be removed
and turned over to access the various surface-mounted components. Cracked wiring and
surface-mounted element connections can break loose if the board has the opportunity to
warp or sag. You might need to make various voltage and signal tests on components on
the top side that feed through to the suspected component underneath.

Read and Study

With the electronic service business changing from year to year, the electronic technicians
must keep abreast of each new development. Besides attending the manufacturer’s service
meetings, they must read books and magazines on different electronic products. Howard W.
Sams, Parker, Hayden, McGraw-Hill, and TAB Books (an imprint of McGraw-Hill), cover
many subjects related to solid-state servicing. Subscribe to Electronic Servicing & Tech-
nology and Electronics Now magazines for additional electronics servicing information.
Set aside one hour a day for study. This hour a day can keep you abreast of new devel-
opments and provide more efficient use of yvour time in electronic servicing. Fifty years
ago, an old-time motor rewinder would study one hour each day. He would go to work at
7 a.m. and study from 7 to 8 a.m. Motors were brought to him from 100 miles around, he




PREVENTATIVE MAINTENANCE 37

turned down more work than he could handle and he was successful. He was efficient, fur-
thered his knowledge about motors, and made money.

Case Histories

The tough or unusual repairs on TV, camcorder, CD, audio, and microwave ovens will not
be forgotten if they are recorded. Some technicians place the repairs in a 3"-x-5" file-card
system. Today, the computer can keep case histories for easy reference. One quick method
is to list the problem along the side of the schematic diagram. Each part can be identified
on the schematic for easy reference. Long troubleshooting techniques can also be stapled
to the service literature.

One case history might save hours of time in the busy world of electronic servicing. The
same service problem might occur over and over again in another chassis. You cannot pos-
sibly remember all of the various problems related to a special TV chassis, so it’s wise to
keep a file or mark the case history on the schematic. Additional case histories can be
found in Electronics Now and Electronic Servicing & Technology magazines (Fig. 1-45).

Preventative Maintenance

Repeated call backs can be eliminated if preventive maintenance procedures are followed
in servicing the electronic chassis. Often, it takes just a few minutes to check various items
on the chassis after the original repair is made. Check for poor or burned connections of
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FIGURE 1-45 TV and electronic case histories are listed in
Electronics Now and Electronic Servicing & Technology magazines.
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components on the PC board or chassis. Check for good soldered connections of high-
wattage resistors. Check for poorly soldered terminals and hookup wires around high-
wattage resistors. Repair or replace burned terminal strips connected to various heated
components.

Always check each dial light and see if it is lit. Replace any dial light that comes on, but
remains black. This indicates that the bulb will not last very long. The same applies to
neon lights or neon bulbs. Check for a loose dial bulb assembly or poorly soldered con-
nections if the lamp is intermittent.

Do not forget to clean the TV tuner assembly after each repair job. Most rotary tuners
need to be cleaned once per year. Squirt an approved cleaning fluid inside of the volume,
tint, and contrast controls. Lubricate the tuner bearing areas. If a small control is frozen,
squirt silicone lubricant inside of the shaft area and work the control back and forth to free
it. Check each knob. Be sure that it fits properly and is not loose or falls off. Replace the
spring or the entire knob, if necessary.

Take a peak at each large electrolytic filter capacitor. If a white or black substance 1s
oozing out around the terminal connections, replace the capacitor. Enlarged areas on the
body of the capacitor might indicate the need for replacement. Check the ends of small fil-
ter or bypass capacitors for signs of deformed or cracked ends, where each terminal is in-
serted. Sometimes the capacitor can explode, leaving blown pieces laying around. Usually,
the ends come loose and make an intermittent connection.

Always clean the tape heads, capstan and tape areas after making repairs upon the cas-
sette player. Clean the capstan bearing and apply a drop of light grease on bearing area.
Recheck the tape speed. Likewise, clean the tape head, capstan, and all tape spindles after
servicing the VCR recorder. Check the motor drive belts for slippage and replace them, if
necessary. Last, but not least, polish and clean the entire television cabinet, picture tube,
control knobs and dial assemblies.
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The electronic technician servicing the electronic chassis can have fun, earn money, and
gain valuable knowledge within the electronic consumer entertainment field. Besides
making a good living, the electronic technician can live and work with danger. As in every
job, danger lurks just around the corner.

Remember, the electronic technician works on electronic equipment that is powered by
120-Vac power (Fig. 2-1). Although the high voltage generated in the TV chassis might be
above 32 kV, it might not kill, but it could cause severe shock hazards that might eventu-
ally cause a heart attack. The 3.6-kV peak voltage in microwave ovens produces heavy
current and it is very dangerous if you come in contact with it. Low- and high-voltage
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FIGURE 2-1 Be careful while working on electronic products
that operate from the ac power line.

sources found in the electronic chassis can be dangerous, just respect it, as you work
around it. Safety rules followed everyday can prevent numerous injuries. Get in the habit
of playing safe.

Safety Lessons

Besides having each service bench fused with grounded polarity outlets, the service tech-
nician must follow safety procedures when repairing the TV or microwave oven. Use an
isolation variable power transformer with all TVs. Today, most TV chassis are ac-
grounded without a power transformer. Keep the chassis away from grounded pipes or
metal bench posts. Work on a rubber mat to protect yourself not only from electrical
shock, but also to save those tired feet.

Think before you leap when working in the ac power line or high-voltage circuits. Be sure
that voltage test instrument cables are good, with no bare wires or exposed meter terminals.
Discharge the picture tube before attempting to remove it. Wear safety goggles when re-
placing a picture tube. It takes only one picture tube explosion to damage vour eyes for life.
Discharge filter capacitors before checking voltages in the power-supply circuits.

Be careful when replacing parts. A replacement electrolytic capacitor with lower voltage
than required might blow up in vour face. The same can occur if the capacitor is installed
backwards. Be sure that the power cord is disconnected if you touch a component (such as
the flyback transformer, tripler, or power-output transistor). Sometimes a leaky horizontal
or power regulator transistor can be red hot, and you will come away with a burned finger.
Look and think before placing a meter probe or your finger into the TV chassis.
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Before buttoning up the rear cover, be sure no leads or cables are laying on parts of
TV chassis. Tie cables up by folding long wires, then wrap them up with plastic ties and
rubber bands. Be sure that the speaker wires or cables are not pinched between chassis
and bottom side areas. Keep the high-voltage lead tied up away from components on
the chassis.

Take the antenna cold check and leakage hot check. For the antenna cold check, remove
the ac power cord, turn the ac switch on, connect one lead of the ohmmeter to the ac plug
prongs, and touch the metal tuner with the other probe. If the resistance measurement 1s
less that 1.0 MQ or greater than 5.2 M), something is wrong, and the problem should be
corrected before the TV is returned to the customer.

Make the hot current test as follows: plug the TV into the ac outlet, turn the power on,
connect the leakage current meter probe to the tuner, screw leads, or metal control shafts,
and then connect the other probe to an earth ground or water pipe (Fig. 2-2). This current
measurement check should be less than 0.5 mA. Now reverse the power cord in the outlet
and repeat the test. If the current reading is higher, check the component leakage to the
power-line components.

TV SAFETY CAPACITORS

Bypass and hold-down capacitors in the horizontal output transistor, yoke, and flyback
circuits should be replaced with factory-specified parts (Fig. 2-3). The safety capacitors
in the collector circuit of the horizontal output transistor prevents the HV from in-
creasing to a dangerously high voltage. Always replace with exact capacity and work-
ing voltage. If components with the manufacturer’s exact part number are not available,
use those with exact capacity and high-operating-voltage. Remember that the safety ca-
pacitors in the horizontal output transistor circuit hold down the high voltage at the fly-
back and anode terminals of the picture tube. Excessive HV can cause sharp cracking
of arcover voltage to the chassis, spark gaps, or to the picture-tube grounding strap. If
the exact capacity is not used, the high voltage can be raised extremely high or lowered
unacceptably.

Reading should T

not be above 0.5 mA !5.
] Leakage
Device current
being tester
tested
T

Test all exposed
metal surfaces

Also test with
plug reversed

using ac = ground
adapter plug FIGURE 2-2 Take a hot current test of the

as required TV from the chassis to the earth ground.
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FIGURE 2-3 Check the safety or hold-down capacitors in the collector circuit

or check the horizontal output transistor for open conditions.

FIRE DAMAGE

Always replace crucial components with those that have exact part numbers that have
shaded or star indicators. Some crucial parts are identified by a black triangle symbol in
some schematics &. These crucial components are used in the low-voltage power supply,
regulator, high-voltage, sweep, and horizontal output circuits of the TV circuits.

Safety components in the low-voltage power supply include capacitors, fuses, silicon
diodes, and power resistors. You can find oxide metal-film type resistors in voltage-di-
vider networks. Replace crucial capacitors and resistors in the horizontal output cir-
cuits with the exact type of part, or one with equivalent universal replacements (Fig.
2-4). High-voltage fixed resistors should be replaced with those that have the same

RL401
power
R401
F101 = 2.70 C414
* L401 7W D401 680 pF
-G\ o , ’ .
120 Vac 4A ' RT401
AN
AR b L2
Degaussing
G S— 470 uF
R412 C413 D402 C415
. 680pF 680 pF
470 k) P P

*Critical components

FIGURE 2-4 Replace all safety parts in the TV chassis.
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voltage and resistance ratings. Replace wire-wound resistors with those that have the
same or higher-wattage parts.

Route wires covered with PVC tubing, double insulated wires and high-voltage leads
away from components that operate fairly warm. Use specified insulated materials for haz-
ardous live parts; such materials include insulation tape, PVC tubing, spacers, and insula-
tors for transistors. Keep all loose wire and cables away from overheated components,
such as power transistors, heatsinks, oxide metal-film resistors, fuseable resistors, and
power resistors. Replace the new component in the exact space as the original. Do not
leave long leads on capacitors and resistors that can flop around. Make clean soldered
joints or bonds. Take pride when replacing those new components. Sloppy part replace-
ment can cause flames, resulting in extensive fires and even death.

HOT TV CHASSIS

Many components within the TV run warm in normal operation. Overheated horizontal
output and regulator transistors might be too hot to touch. Do not touch the metal body of
the horizontal output transistor while the chassis is operating. Although, the dc voltage
might not be greater than 150 Vdc, the peak voltage can cause shock hazards and make the
technician drop tools or break costly test instruments.

The TV chassis might be called a hot chassis, in references with a hot or cold ground (Fig.
2-5). The new ac/dc TV chassis can have a “hot” and a ““cold” chassis within the large overall

270
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AYAYAY.
- 270 15A 250
120 Vac | P — A Lo—AN 3 IC101 ) = +135V
-
2 11 5
. =100 uF
10KLS 2 560 oF 220 a§ 330
“Hot” ground
v
AV

FIGURE 2-5 The “hot” TV chassis might include the low-voltage power supply
and horizontal output circuits.
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chassis. Usually, the “hot” ground is insulated away from the metal chassis ground. The hot
ground is used in the ac power line, low-voltage power supply, switching and switched-mode
power supplies. The horizontal circuits within the TV chassis might operate with a hot ground.
Always use the “hot” ground as instrument ground when taking voltage measurements within
these circuits or the voltage measurements will be inaccurate. Suspect that the HV shutdown
circuits are defective if the chassis shuts down before the correct HV has been reached.

KEEPS BLOWING THE FUSE

Suspect an overloaded condition or a leaky component if the blown fuse has been replaced
and it opens again, at once. The blown fuse in the TV can be caused by leaky silicon
diodes, the filter capacitor, regulator, and horizontal output transistors. If both the line fuse
and secondary fuse is blown, suspect a shorted or leaky horizontal output transistor or fly-
back components. An improper drive voltage at the base of the horizontal output transis-
tor can blow both fuses (Fig. 2-6).

The primary line fuse in the ac TV power supply might be a 1.5-,4-, 5-, or 7-A fuse. Most
TV chassis contain a 4- or 5-A fuse. If the glow area of the fuse is black, check for a shorted
overload condition. A small break in the fuse internal wire might indicate a flash-over com-
ponent or power-line outage. Suspect lightning damage if the fuse holder is blown apart and
the PC wiring is stripped. Always replace the line fuse with one that has the exact ratings.
Never replace the fuse with a high rating because it could later on cause a fire.

TV HIGH-VOLTAGE SHUTDOWN

The TV chassis can shutdown with a high-voltage or low-voltage service problem. A de-
fective component in the low-voltage circuits can operate for a while and then cause chas-
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FIGURE 2-6 Check for improper drive voltage or waveforms at the horizontal
output transistor if the fuse keeps blowing.
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FIGURE 2-7 Measure the high voltage at the TV CRT.

sis shutdown. Excessive high voltage can cause the chassis to shutdown when the internal
HV shutdown circuits are operating. If loud cracking and arc-over sounds can be heard
around the HV cable, flyback, and CRT anode socket, suspect excessive high voltage. If
the HV shutdown circuits are functioning, the chassis should shutdown at once.

Improper adjustment of the low-voltage power source or B+ adjustment might cause HV
shutdown. If the B+ control is set too high and the power-line voltage increases by a few
volts, the high voltage will increase, shutting down the chassis. Readjust the B+ control for
the correct voltage applied to the horizontal output transistor. Locate in the manufacturer’s
service literature the correct low-voltage (B+) adjustment.

A defective HV shutdown circuit might cause the chassis to shut down at once or it
might not shut down the chassis at all. You would now hear a cracking and arcover symp-
tom with excessive high voltage. Be sure that the B+ voltage 1s correctly applied to the
horizontal output transistor. Measure the HV at the CRT anode button (Fig. 2-7). Suspect
a defective B+ circuit if high voltage exists and the B+ circuit voltage cannot be adjusted.
Repair the low-voltage regulator circuits.
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Suspect that the high-voltage shutdown circuit is defective 1f the high-voltage shuts the
chassis down at once. Usually, the HV shutdown circuits are coupled to a winding from
the flyback transformer. Remove one end of the reference diode or zener diode from the
circuits. Slowly raise the power-line voltage with isolation transformer. Measure the HV
at the CRT. Suspect a hold-down or safety capacitor 1s defective or open within the col-
lector terminal of the horizontal output transistor, if the high-voltage raises beyond the
critical level.

TV HIGH-VOLTAGE ADJUSTMENTS

After making TV chassis repairs, readjust the B+ voltage and check the HV applied to the
picture tube. Improper settings of these circuits can cause call backs and possible shock
hazards. Never return the TV to the customer without making these adjustments. Exces-
sive power-line voltage at the customer’s home can also cause high-voltage shutdown.

Check the high-voltage at the CRT rubber connection with a high-voltage probe. Do not
use a VOM or DMM for these measurements. Ground the wire-clip from the HV meter to
the outside ground that grounds the picture tube. The picture tube ground wire is flat
against the black outside glass area of CRT. If the meter ground wire is not grounded to the
picture tube, you could receive a terrible shock and drop the HV probe when the sharp
probe is inserted under the rubber HV wire. Often, when the probe is inserted under the
rubber insulator, the meter probe will stay put and B+ adjustments can be made.

Adjust the B+ or HV control with the correct B+ voltage set according to the manufac-
turer’s service literature. Now check the HV at the picture tube. Be sure that the brightness
control is set at a minimum. Readjust the B+ or HV adjustment. Recheck the HV at the pic-
ture tube and compare it to the manufacturer’s HV on the schematic. Return the brightness
and contrast control to a normal picture. Notice if the high-voltage measurement is below
the original. The high voltage at the picture tube should never go over the manufacturer’s
listed high-voltage measurement.

Be very careful when making HV tests and working around the picture tube. Discharge
the CRT before removing the defective tube. Carefully remove the back cover. Loosen the
top screws and then the bottom. Hold the back so that it will not fall down against the CRT
and possibly break or crack the neck of the tube. Remove the chassis.

Place the front of the tube or cabinet face down on a rubber mat or rug. Notice the
mounting of each component from the neck of the CRT and around it. Remove the picture
tube and lay it on its face on a rug or carpet so as not to scratch the screen area. Do not
carry the picture tube against your stomach. Two service technicians might be needed to
remove and replace the very large picture tubes. Always wear safety glasses or goggles
when removing and installing a new CRT.

TV STAR COMPONENTS

Look at the schematic to see if a star is shown beside component numbers. If so, only re-
place these components with exact replacements (Fig. 2-8). Often, these special parts work
in crucial voltage circuits, such as the power sources, horizontal circuits, and flyback cir-
cuits. Sometimes universal parts replacement of crucial circuits will not operate within cer-
tain TVs. Try to replace crucial safety-marked components with originals when possible.
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FIGURE 2-8 Replace crucial components with originals when marked with a
star or triangle.

CD PLAYER SAFETY PRECAUTIONS

For the continued protection of the customer and service technician, several safety pre-
cautions must be followed. Always make a leakage current check after repairs. Keep your
eyes at least one foot away from the optical laser beam (Fig. 2-9). Replace the crucial
safety parts identified by the safety symbol & with originals. Do not alter the design or cir-
cuitry of the CD player to where it could result in injury or property damage. Remove all
test clips and shorting devices around interlocks after repairs. Keep a conductive mat un-
der the test equipment and the CD player while servicing it.

With the ac plug removed from any source, connect an electrical jumper across the two ac
plug prongs. Place the instrument ac switch in the ON position. Connect one lead of an ohm-
meter lead in turn to each pushbutton control, exposed metal screw, metalized overlay, and
each cable connector. If the measured resistance is less than 1.0 mW or greater than 5.2 mW,
an abnormality exists that should be corrected before the instrument is returned to service.
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Laser assembly

FIGURE 2-9 Keep your eyes away from the CD optical assembly
while servicing the CD player.

Measure leakage current to a known earth ground (water pipe, conduit, etc.) by connect-
ing a leakage current tester between the earth ground and all exposed metal parts of the CD
player. Plug the ac line cord into ac outlet and turn the switch on (Fig. 2-10). Any current
measured must not exceed 0.5 mA. Repair the electronic product if more current is mea-
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FIGURE 2-10 The
current measurement of a
CD player leakage should
not be greater than 0.5 mA.
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CD LASER SAFETY

Be careful when working around the CD player to avoid laser-beam radiation exposure.
You can damage your eyes if you stare at the bare optical lens assembly while the player
is operating, so keep your eyes away from this arca. The laser-beam warning label is usu-
ally fastened to the back of the laser optical assembly citing danger. Remember, the laser
beam is not visible like that of an LED or pilot light.

HANDLE WITH CARE

Many ICs and especially the laser diode assembly are crucial components that are sensi-
tive to static electricity or high voltage, so be careful around them. Remove excess solder
with an anti-static suction-type solder iron or braid. Replace the sensitive devices and sol-
der them in with a low-wattage iron; the battery-operated solder iron is ideal. Clip the
metal part of the iron to the CD chassis to ground it. Wear a protective arm band and also
clip it to the chassis (Fig. 2-11). Use a conductive metal sheet or mat under the CD player
and test equipment to keep all units at the same ground potential.

CD TRANSPORT SCREW REMOVAL

The CD player optical mechanism is protected from excessive vibration or rough handling
during shipment with one or more transit or transport screws. These screws hold the
pickup assembly in position; if they are not removed, the player might shut off and not op-
erate. Look for these screws (and any labels identifying them) on the bottom chassis. Sim-
ply loosen the screw so that the mechanism is free. Some screws fall out, and others cannot
be completely removed. If the screws are removed, tape them to the back of the chassis
with masking tape. You should replace these screws (or tighten them if they were not com-
pletely removed) when you take the player in for repair or when you move it.

Check for tight transport screws if the player won’t operate. A lot of CD players have
been brought into the shop or taken back to the dealer for repairs with the transport screws

Ground conductive
wrist band for body

Soldering L
iron with
ground wire

Groundline ' FIGURE 2-11 Wear

?g%‘ha” a protective arm band
while servicing CD
players.
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gum mat
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FIGURE 2-12 Remove the
transport screws at the bottom
side of the CD player before
trying to operate.

still in place. A Phillips or straight screwdriver can usually be used to loosen these screws
(Fig. 2-12).

SAFETY CD INTERLOCKS

The safety interlocks are provided so that the operator or service personnel are not exposed
to any laser radiation that can damage your eyesight. Never look directly at the laser lens
assembly while servicing the CD player. Keep your eyes away from that area. Also be sure
that a disc is in the tray at all times.

The laser outputs are controlled by the injection or cut off of the constant voltage source
to the laser diode at pin 30 of IC501 (Fig. 2-13), and also by the automatic laser power-
control circuit. When pin 30 is in “H” (high) level, the laser emits the beam. When pin 30
is in “L” (low) level, the laser does not emit the beam.

Pin 30 is set in high level when the unit is loaded with the disc and is reading the index
signals or in the Play mode. When the plaver reads the index signals and the loading limit
switch has the disc tray loaded, and the pickup is located at the inside starting area, the
laser emits the beam. After these conditions are met and the index signals have been read,
the laser emits the beam when the Play key or remote-control transmitter is pressed, and
when the display is on.

Other interlock safety circuits and switches are activated when the tray is loading and
unloading. The interlock switch is open (disabling the laser) when the tray is out; it is
closed with the disc loaded when the tray is in (turning on the laser beam). In other play-
ers, the laser beam is not turned on unless a disc is placed on the spindle (Fig. 2-14). With
the tray empty, the light emitted by an LED can shine on a phototransistor and shut down
the lower assembly. When a disc is mounted on the spindle, it blocks the LED light from
striking the phototransistor and turns the laser beam on (Fig. 2-15).

It the disc motor starts to run with the tray open or no disc is loaded on the spindle, sus-
pect that the interlock switch is bent or damaged or a defective LED/phototransistor cir-
cuit. Check the phototransistor and LED with a DMM. The LED can be checked like any
ordinary diode. Always remove the shorting pin or piece of plastic that holds the interlock
switch engaged after servicing the portable CD player. Remember, do not look at the lens
assembly if the disc spindle is rotating with no disc in position.
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FIGURE 2-13 The voltage source to the laser diode is cut off by the interlock
of an unloaded disc.

FIGURE 2-14 The laser assembly will not operate until a disc is
loaded on the spindle or disc.
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FIGURE 2-15 The LED shines on the phototransistor and shuts
down the CD operation if no disc is loaded.

Safe Microwave Usage

To prevent the risk of burns, fires, and electrical shock, the owner or operator should ob-
serve the following guidelines:

Follow the microwave oven instructions before attempting to cook. Don’t forget that the
oven is a high-voltage, high-current appliance. You must be extremely careful at all times,
but this does not mean that you have to be afraid to operate the microwave oven.

Be sure that the oven is installed properly. Most ovens include a three-prong plug. You
can pick up one at your local hardware store or electrical dealer (Fig. 2-16). Do not, under
any circumstances, cut or remove the third ground prong from the power plug. The small,
flexible grounding wire with a spade lug should be screwed under the plate screw of the ac
outlet. Use a voltmeter to determine if the center screw of the ac receptacle is grounded.
Install a separate outlet from the fuse box for the microwave oven.

Do not use an ordinary two-wire extension cord to operate the oven. If you need an ex-
tension cord, contact a local electrician or the appliance dealer that sold you the oven. Be
sure that the ac power outlet is never less than 105 volts or more than 125 volts for proper
oven operation. The microwave oven is designed to operate from 115 to 120 Vac. Don’t
just plug the oven into an overloaded outlet if several appliances are already tapped into it.
If you do, the oven might operate erratically and never cook properly.

Install or locate the oven only in accordance with the installation instructions. Don’t in-
stall the oven where the side or top opening might be blocked. The hot cooking air must
escape, and fresh air must be pulled into the oven for normal operation. Don’t operate the
microwave oven if the power cord or plug is damaged. Repair the three-wire cord or install
anew cord, and be sure that the ground wire is intact. Check the continuity from the metal
cabinet to the ground wire terminal with the low range of an ohmmeter (Fig. 2-17).

Supervise children who are operating the oven. Most microwave oven problems are re-
lated to improper oven operation. Don’t use the oven outdoors. Do not let the cord hang
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over edges of table or cooking counter. Keep the ac cord away from heated surfaces or a
nearby cooking stove. Don’t use metallic cooking containers. Use only cooking utensils or
accessories of the type recommended by the manufacturer or microwave cookbooks.
Don’t use any material that might explode in the oven. Some sealed glass containers or
plastic jars could build up pressure and explode. A regular paper sack with food inside
might explode and cause a fire if steam or air holes are not punched in the top of the sack.

a3LHVYLS ONILLIAD [0

FIGURE 2-16 Ground the microwave oven with a three-prong
plug and ground wire.

FIGURE 2-17 Measure the resistance between the oven’s metal
case and the ground-wire terminal.
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A fire inside the oven might cause the plastic heat shields and front oven coverings to melt.
This could result in a fairly expensive oven repair. Keep the oven cavity spotlessly clean.
Cooking fatty items, such as bacon, might, in time, cause grease to collect behind the plas-
tic shelf supports on plastic microwave guide cover, resulting in excessive arcing and dam-
age. Do not operate the oven with nothing in it.

Use liquid window cleaner or a very mild detergent with a soft, clean cloth over the
oven's face and interior surfaces. Do not use any kind of commercial oven cleaner inside
of the oven area. Use a paper towel or sponge to blot up and remove spills while the oven
1s still warm. Pull the oven’s power cord out if fire is discovered inside the oven cavity.
Keep the oven door closed to help smother the fire. Clean out the top area or exhaust areas
for signs of food pulled up by the fan (Fig. 2-18). Have the service person brush out these
areas when the oven 1s serviced.

A collection of food particles might in time cause a persistent odor. Some odors can be
eliminated by boiling a one-cup solution of several tablespoons of lemon juice dissolved
in water in the oven cabinet.

Don’t change the operation of the oven while it is in operation. This is a good way to
blow the fuse of a microwave oven. Touch the Stop button and start the operation all over
again.

Don’t assume that the microwave oven is defective if lines are streaking across the face
of the TV in a nearby room. Most ovens cause some type of interference to nearby TVs.

When the microwave oven fails, be sure that the three-prong cable plug is installed in the
ac outlet. Plug in a lamp or radio to be sure that the outlet is alive. Go over the operation
instructions very carefully before calling the service person.

Don’t’ remove the back cover of the microwave oven unless you know what you are do-
ing. Keep the power cord pulled when the back cover 1s off. Discharge the HV capacitor
before trying to even change the 15-A fuse (Fig. 2-19). It’s possible to receive a dangerous

FIGURE 2-18 Clean food crumbs out of the oven exhaust area.
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FIGURE 2-19 Discharge the
HV capacitor before even trying
to change the open fuse.

FIGURE 2-20 Do not stick a tool or connect test equipment in
the oven while it is operating.

shock or possibly be killed because your hands are in the oven operation area. This capac-
itor can hold a dangerous charge for weeks after the oven has been shut off.

BASIC MICROWAVE REPAIR SAFETY TIPS

Before taking off the back cover or outside wrap, remove your wristwatch. Never stick a
tool or your hand inside the oven area while the oven is operating (Fig. 2-20). Before
checking any component or wiring in the oven, discharge the high-voltage capacitor, just
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like you discharge the CRT anode connection before working around the HV section of a
TV. The big difference between the high-voltage of a TV and a microwave oven is the am-
perage; you might be severely shocked or killed if the high-voltage capacitor is not dis-
charged. Always discharge the capacitor with an insulated-handle screwdriver before
working in the high-voltage area.

Be sure that the oven is properly grounded before attempting to service it. If you’re not
certain, clip a flexible wire from a water pipe or fuse box to a metal screw on the back
cover or metal chassis. Do not use a regular two-wire extension cord to operate the oven
while servicing it.

The microwave oven should not be operated with the door open (Fig. 2-21). Do not, for
any reason, defeat the interlock switches. Check and replace all defective monitors and
latch switches if the oven will not shut off with the door open. The oven should never be
operated if the door does not fit properly against the seal. Check for broken or damaged
hinges. Visually inspect the seal gasket for possible cut or missing pieces. Check the gas-
ket seal area for foreign matter. Be sure that the oven door is mounted straight and fits snug
against the oven. Readjust the door if it i1s loose between the door and oven. Always re-
member to check all interlock switch functions before the oven is returned to the customer.

While servicing a microwave oven, it’s best to have the service bench away from the
customer and not talk to anyone while working on the oven. Outside distractions might
cause you to make a mistake that could result in an injury. Always keep your hands out of
the oven operation area when the oven is operating.

After making any repairs or service adjustments, check the oven for excessive radiation
(Fig. 2-22). To ensure that the oven does not emit excessive radiation and that it meets the
Department of Health and Human Services guidelines, the oven must be checked for
leakage with an approved radiation meter. Especially check for radiation around the door

120 Vac
Magnetron
15-amp fuse T.C.0.
s S 4
Mf‘i” - _lz L Flame
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Y ’ Ground plug sensor
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L b
Lamp
W To HV transformer ~~

FIGURE 2-21 Check the interlock switches if the oven
operates with the door open.
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FIGURE 2-22 After repairs, check the oven door for possible
radiation leakage.

and vent areas. If by chance the radiation leakage is greater than 5 mW/cm? or if some-
one has been hurt pertaining to microwave radiation leakage, report this to the oven man-
ufacturer.

Although a few components can be substituted, most microwave oven parts should be
replaced with those that have the original part number. These can be obtained from the
manufacturer or oven distributors. When replacing control-panel circuits, do not touch any
part of the board because static electricity might damage the control. Usually these con-
trols arrive packed in a static-free wrap and carton (Fig. 2-23).

BASIC MICROWAVE OVEN PRECAUTIONS

When servicing an microwave oven, follow these basic safety precautions:

Do not try to operate the oven with the door open, an improper seal, and/or damaged
door hinges. If the oven has been dropped, inspect the door seal and hinges before you
do any other servicing on it. Be sure that the door closes properly and that no foreign
matter is inside the door. Check the door for leakage with a radiation leakage meter
(Fig. 2-24).

Always be sure that the oven is grounded with a three-prong wall receptacle. The oven
should operate from a wall receptacle directly fused by the fuse box. It is best to have a
competent electrician install the three-prong wall receptacle. Use only a three-wire exten-
sion cord between the oven and the wall outlet.

Never reach into the oven compartment area while the oven is operating. When making
ohmmeter or continuity tests, unplug the oven from the ac power line. If ac voltage mea-
surements are to be made, clip in the voltmeter while the oven is off. Do not touch the
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Protective  Control
wrapping board

FIGURE 2-23 Most control panels are packed in static-free
wrapping and carton.
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FIGURE 2-24 Checkthe
oven for radiation leakage
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voltmeter test probes while the oven is plugged in. It’s best to keep small VOM or DMM
testers out of the oven.

Before checking any components in the oven, short out the two capacitor terminals. Al-
ways discharge the HV capacitor each time that the oven is energized (Fig. 2-25). Failure
to discharge the capacitor could result in a severe electrical shock.

Do not defeat or bypass the interlock door switches. They are there to protect the opera-
tor. Each interlock should be checked for proper operation. Check each interlock with an
ohmmeter and the oven power cord disconnected from the wall socket. Discharge the HV
capacitor before checking any oven component.

The power transformer, HV capacitor, HV diode, and magnetron tube contain high volt-
age (HV) when the oven is operating (Fig. 2-26). Do not touch any component in the oven
while it is operating. When the oven shuts off, discharge the HV capacitor before attempt-
ing to perform any type of service. Be very careful when taking high voltages in the HV sec-
tion. Connect a Magnameter to the HV section for high-voltage and current measurements.

Check the magnetron level and secure bolts to eliminate hot spots or radio frequency
(RF) arcing. Always replace the RF gasket around the magnetron tube antenna when re-
placing the magnetron. Do not use metal tools near the magnetron because it can jerk them
out of your hands, sometimes breaking off the glass-enclosed antenna assembly (Fig. 2-27).

Always make a microwave leakage test with the approved radiation meter after all re-
pairs are made. This should be done before the oven front and side cleanup procedures.

FIGURE 2-25 Discharge
the HV capacitor each time
that the oven is turned on and
off.
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Control Magnatron Fan
panel tube blade

Power HV capacitor
tranformer and diode

FIGURE 2-26 High-voltage is present when the power transformer,
HV diode and capacitor, and magnetron are operating.

CHECKING THE POWER OUTLET

The microwave oven should have a separate outlet and be protected with a 20-amp fuse.
The outlet should be polarized and grounded. An improper ac outlet might electrically
shock the operator. Check the ac outlet for correct ac voltage (117 to 120 Vac) (Fig. 2-28).
Determine if the left side of the outlet is grounded. 1f the ac receptacle is wired correctly,
the right side of the outlet should be hot.

Always remember to pull the plug or cord before attempting to service the oven (Fig. 2-
29). Each time that the oven is fired up, pull the plug and discharge the HV capacitor be-
fore putting your hands in the oven. Pull the plug before clipping test equipment to
components in the oven. Pull the plug before taking continuity or resistance measurements
of oven components. If, by accident, you are shocked by the HV capacitor and you end up
with a metallic taste in your mouth, you will know how careless and how lucky you are.

DANGEROUS HV TESTS

Be very careful when making high-voltage tests in the microwave oven. Most manufac-
turers do not recommend taking high-voltage measurements. Do not use a VOM or DMM
voltmeter that can measure 3000 volts; the voltmeter can be damaged. Only use a Mag-
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nameter test instrument to take voltage and current measurements across the magnetron,
HV capacitor, and diode.

OVEN LEAKAGE TESTS

qa3LHVLS ONILLID [}

After the oven has been repaired, make a leakage test to protect the oven operator. Every
oven should be checked with a U.S. Government leakage standard survey meter (Fig. 2-30).
Most people are afraid of microwave radiation. So, check for leakage around the front door
and gap areas. When testing near a corner of the door, keep the probe perpendicular to the
surface, being sure that the probe end at the base of the cone does not get closer than two
inches from any metal. Slightly pull on the door while the oven is operating and notice if
there 1s leakage. The door might have some play that lets the microwave energy escape.
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FIGURE 2-27 Do not place metal tools near the glass
antenna envelope and magnet, to prevent breaking the glass

antenna assembly.
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FIGURE 2-28 Check the ac outlet for correct oven operation
(117 to 120 Vac).

FIGURE 2-29 Pull the ac plug before attempting to repair the
microwave oven.
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g FIGURE 2-30 Check the oven for
radiation with a U.S. government leakage
standard survey meter.

\

s

Conclusion

Servicing electronic products within the consumer electronic field can be quite rewarding
and profitable. Remember, the danger that lurks in corners, over a hot soldering iron, in
high-voltage areas, and within heavy-current components. Have fun and play it safe out
there.






"

TROUBLESHOOTING
AND REPAIRING
SOLID-STATE TVS

|
=
o)
c
o
-
m
wn
I
o
o
=
Z
o
b
=
=
=
m
v
2
2
=
o
wn
*]
-
4
n
-]
b
-
m
L |
<
n






SERVICING THE

LOW-VOLTAGE
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CONTENTS AT A GLANCE

I
Low-Voltage Power-Supply Symptoms B+ Voltage adjustment problems

Isolation transformer Lightning damage
The half-wave rectifier Hum bars
Full-wave rectifier circuits Chassis and high-voltage shutdown
Bridge rectifier circuits Shutdown horizontal lines
Hot chassis Excessive line voltage
The variable-frequency switching Insufficient image width

and switched mode power supplies Unusually low voltages
Regulator circuits “Tough dog” power supply
Chopper power supplies Standby power supplies
Flyback transformer low-voltage Servicing standby circuits

circuits Five new low-voltage power supply
Servicing the low-voltage circuits problems
Blowing fuses
Intermittent power supply Conclusion

The low-voltage power supply of the solid-state TV receiver supplies voltage to the tran-
sistors, ICs, and filament voltage to the picture tube (in some cases). In the latest solid-
state TV chassis, the filament of the picture tube and other circuits might be powered with
voltage developed from the flyback or horizontal output transformer. A power transformer

67
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Filter capacitor =~ Low-voltage
silicon diodes

FIGURE 3-1 Locate the low-voltage circuits by finding the large
filter capacitor and parts nearby.

was found in earlier chassis, and most of today’s low-voltage power supplies operate di-
rectly from the power line (Fig. 3-1).

Most line-connected low-voltage power supply circuits consist of either a half-wave sil-
icon rectifier or a full-wave bridge circuit that uses four different silicon diodes. Either cir-
cuit can have a zener diode, transistor, and SCRs in a filter regulator circuit. You might
find very large filter capacitors in line-connected power supplies.

The integrated or flyback low-voltage power supplies are rectified and filtered from a
separate winding of the horizontal output transformer. A single silicon diode rectifies the
high ripple voltage from the flyback winding. The horizontal circuits must be operating
before any voltage is developed by the output transformer.

The following test instruments are used for servicing the low-voltage power supply:

B VTVM, either VOM or DMM.

B Oscilloscope.

B Rectifier tester (could be included in DMM).
B Capacity tester.

B Isolation transformer.

Low-Voltage Power-Supply Symptoms

The low-voltage power supply is the heart of any consumer electronic product. Nothing
operates without power or voltage furnished from the low-voltage source. When trouble
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occurs in the TV chassis, most electronic technicians first check the low-voltage source. A
defective power supply can cause a dead, intermittent, hum and improper TV symptom.

The low-voltage power source can cause chassis shutdown because of excessively high
or low output voltage. Poor or narrow width can be caused with low power-supply voltage,
and high-voltage output can cause excessive width and high voltage at the CRT. Defective
or dried-up filter capacitors can produce hum in the sound and crawling pictures in verti-
cal circuits. Chassis shutdown can result from a defective component in the low-voltage
power supply.

ISOLATION TRANSFORMER

The isolation transformer is a must-have item when servicing the transformerless ac/dc
chassis. Besides providing direct ac voltage on the TV chassis, it will prevent fuse and low-
voltage circuit damage when attaching the test instrument (Fig. 3-2). If you do not use the
isolation transformer, ac-operated test equipment cannot be used directly on the live chassis.

Choose an isolation transformer with variable voltage taps or continuous voltage con-
trol. The isolation transformer can vary from 0 to 150 Vac with an isolated outlet. Some of
the transformers are fused with a 10-A fuse. Select an isolation transformer that has a 1.5-
to 5-A outlet. You might find that the isolated transformer is contained with the low-volt-
age power supply.

You can make your own isolation transformer by ordering a regular line isolation trans-
former (115 Vac to 115 Vac). These transformers might have to be ordered through an
electronics wholesale distributor. Of course, you might have to wait 30 days for delivery,
but they are worth it. Stancor and Thordorson sell line-isolation transformers. Remember,
these transformers weigh between 4 and 10 pounds.

Power
isolation
transformer

FIGURE 3-2 Always use a variable isolation transformer when servicing today’s
TV.
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Choose a line transformer from 115- to 125-Vac output for ordinary ac line operations.
Although this type of isolation transformer is not variable, it will isolate the ac/dc TV chas-
sis from the power line. Isolation is required when connecting test equipment to the ac/dc
TV chassis. If not, you might damage components in the TV.

The isolation transformer might be included in the same cabinet as the other power sup-
plies. A separate ac outlet is placed on the outside of the cabinet to plug in the TV chassis
or other equipment. With this method, the isolation transformer can be used without crank-
ing up the other power supplies.

THE HALF-WAVE RECTIFIER

The half-wave rectifier circuit was once found only in the portable TV. Today, the half-
wave circuit, such as the one in Fig. 3-3, can be found in both console and portable TVs.
In fact, a modern TV chassis is rather small compared to the early solid-state chassis. The
power-line operated power supply does not contain a heavy power transformer, large
choke filter, or several large filter cans (electrolytic capacitors).

The circuits of the entire receiver are usually protected by a 5-A fuse located on the main
chassis board. Most ac and dc circuits are fused instead of using circuit breakers. The
power plug is polarized to prevent a “hot”” metal chassis. Always use an isolation power
transformer when servicing a line-connected TV to prevent injury from the power line.

L900 and C900 (Fig. 3-3) prevent spurious signals from entering the power supply from
the power line. Power is applied to the TV chassis when the on/off switch (SW1) is closed.
The silicon rectifier (D900) rectifies one-half of the full cycle, and the ripple dc voltage is
filtered by L101, C901, and C902. Because silicon diodes have a tendency to radiate spuri-
ous signals, C903 keeps the diode from radiating noise lines into the picture. The half-wave
circuits have RC (resistance-capacitance) or LC (inductance-capacitance) filter networks.

Power
relay
3A F
270 O
120 Vac O 15 W
o)
—- 3 =] A
(g) = Er +115.7 V
° 150 IC 401 1A
g.lsr’?c T WAt Regulator [0 0= 115V
Degaussing % N w =y 370 uF 2 J-1
collc = =| | = |F H
(=] O o [m] = =
L402 sl |- s 12kﬁ§
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FIGURE 3-3 The low-voltage power supply might have one large power-line IC
regulator.
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Filter electrolytic capacitor

FIGURE 3-4 Hum bars in the sound circuits and crawling
pictures can result from defective filter capacitors.

The degaussing coil is energized through the R900 (3-€ cold thermistor). After a few
seconds, R900 heats up and increases in value to prevent current from entering the de-
gaussing coils. Thus, the face plate inside of the picture tube is degaussed for a few sec-
onds only when the receiver is turned on. This prevents spotted or magnetically
contaminated areas on the face of the picture tube.

F800 protects the power supply circuit if the horizontal output, damper, and flyback cir-
cuits become leaky. Besides feeding the horizontal circuits, the 140-Vdc supply can be
tied into transistorized or SCR-regulated low-voltage circuits. The low-voltage regulated
circuits can furnish voltage-to-sound, IF, video, sync, horizontal, and vertical oscillator
countdown stages. The power supply circuits are easily serviced by making voltage and re-
sistance measurements.

Fuse and silicon diode replacement are the most commonly needed fixes within low-
voltage power supplies. Always replace the blown fuse with another of the same current
rating. D900 can be replaced with a 2.5-A silicon diode. Some half-wave rectifiers are re-
placed with 3-A types. The fuse and diode can open because of overloaded components in
the power supply or in connecting circuits. The fuse and silicone diode can also be dam-
aged by lightning or power-line spikes.

The defective silicon diode can become leaky, shorted, or open. A shorted diode can
blow the line fuse and open the line-isolation surge resistor. The leaky diode with high re-
sistance might not blow the line fuse at once. Look for a shorted diode or electrolytic ca-
pacitor if the fuse is exploded, seared, or black. Besides a shorted silicon diode, the fuse
might open with a 1-watt voltage dc line regulator.

Hum bars or audio hum can mean bad filter capacitors (Fig. 3-4). Defective filter capac-
itors can cause unstable vertical rolling and horizontal sync problems. Chattering relays
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Fuse
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FIGURE 3-5 Connecttwo

electrolytic capacitors in parallel to
obtain the correct capacity.

700 wF -J[ 400 pF
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and improper operation of remote-control systems can also be caused by defective filter
capacitors.

The filter capacitors (C901 and C902) in Fig. 3-3 can be replaced with the same (or
higher) capacitance and voltage. Notice how large the filters are in the half-wave circuit
(700 uF/800 pF). If they are replaced with units of lower operating voltage, the capacitors
could run warm and blow up in your face. Replacing a filter capacitor with one of a lower
capacity rating can produce more hum and an unstable picture. Check the hum bar wave-
form with the scope if a larger-value capacitor is added to the filter circuit.

Filter capacitors can be paralleled to provide greater filtering action in most power sup-
plies. For instance, if you have a capacitor rated at 400 uF, 400 pF, 700 uF at 200 V, the
capacitor could be substituted for C901 and C902. Just connect the two 400-uF sections
together as a 800-uF capacitor (C902) replacement and use the 700-pF section to replace
C901 (Fig. 3-5). The original capacitors (C901 and C902) were rated at 700 puF and 800
WF with a 185-V operating voltage. Sometimes you might have to add more capacity to the
power filter circuits to eliminate the hum.

The defective filter capacitor can be located by checking the waveform with a scope or
by shunting another capacitor across the suspected one. Choose a capacitor with the same
or higher capacity and voltage. Most filter replacements are of a higher operating voltage
than the original one.

Use clip leads to clip a new filter capacitor across the suspected one. Observe correct ca-
pacitor polarity. Disconnect the power cord and discharge the shunted capacitor each time
that a different capacitor is shunted to prevent damage to transistor and ICs. Replace the
capacitor when hum bars or instability stops altering the picture.

FULL-WAVE RECTIFIER CIRCUITS

Although power transformers were used in the early solid-state chassis, very few were re-
placed unless damaged by lightning. In some chassis, a small power transformer might be
used to supply low-voltage circuits and a power line full-wave rectifier circuit is then used
to provide a higher voltage to the horizontal output transistor and the sound circuits. The
full-wave rectifier can use single silicon diodes or a bridge-type rectifier. Figure 3-6 shows
a typical full-wave rectifier circuit.

A 3-A fuse (F2) protects the entire TV receiver from the power line. L101 and L.102 pre-
vent noise signals from entering the TV from the power line. In many of the latest TVs, a
line-operated varistor (V201) protects the receiver from lightning or high-voltage surges
from the power line. If excessive voltage is found across V201, the varistor shorts and arcs
over, causing the 3-A line fuse to open. This prevents the high voltage from entering the
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120 Vac

primary winding of the power transformer. Capacitors CPR201 and CPR202 prevent sta-
tic charges from nearby metal objects to enter via the ground when the receiver is turned
off or on.

The power transformer (T201) has two separate full-wave power circuits supplied by the
power transformer in this special circuit. Terminals 1 and 5, with center tap 3, supply high
ac voltage to D201 and D202. Terminals 2 and 4, with center tap ground 3, provide another
full-wave rectifier circuit to D203 and D204 with a lower-voltage source and output. Each
single silicon rectifier can be replaced with a 2.5-A diode. Capacitors C110 through C113
prevent stray voltages from entering the TV chassis via the low-voltage power supply. The
four diodes can be checked within seconds with the diode tester of a DMM.

The full-wave 120-Hz ripple voltage is filtered out by capacitors C201A and C201B.
The filter choke L202, C201A, and C201B provide an LC filter network. F3 provides pro-
tection to the low-voltage circuits. The 40-V output can have zener diode or transistor reg-
ulator circuits attached to provide regulated voltage to crucial receiver stages.

The power transformer power supply can be serviced like any power supply circuit. If the
pilot light and the end of the picture tube light, you can assume that the power transformer
is normal. Check and replace the 3-A fuse if there is no pilot or dial light. Suspect a prob-
lem with the primary winding, on/off switch (SW1), or chassis wiring if replacing the fuse
does not solve the problem. Disconnect the power cord and measure for a low resistance
(50 W or less) across the power plug. This indicates that the primary winding is normal.

Measure the output voltage at capacitor terminals C201A and F3. An ac voltage mea-
sured at the anode terminal of each diode will indicate that the power transformer is normal.

F2

3A L101 SWi L202

- I_q-p_l._)_"ﬂo Vv
+] c201a+L c201B
1400 HFI 400 uF

340V

c113
0.001 wF

FIGURE 3-6 Full-wave rectification can use individual silicon diodes or one bridge
rectifier component.
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FIGURE 3-7 A defective 400-pF electrolytic capacitor caused the relay to chatter or
shut down the TV chassis.

Check each diode for leakage with the diode test of the DMM. A low voltage at C201A can
indicate a leaky diode or that the filter capacitor (C201A) is open.

If the 3-A fuse (F2) opens each time that the receiver is turned on, suspect an overload
in the secondary winding of the power transformer. A 100-W bulb can be clipped in place
of F2 to prevent replacing the blown 3-A fuse each time. Check each diode for leakage.
Disconnect the power cord and remove the collector lead of the horizontal output transis-
tor, or remove the transistor from the circuit. Suspect that a leaky horizontal output tran-
sistor damper diode loading down the high-voltage source of the low-voltage power
supply.

A shorted filter capacitor (C201A or C201B) will cause F2 to open. Most filter capaci-
tors open or dry out, producing hum and a low-voltage source. A white or black substance
leaking from the capacitor (or a bulging capacitor) indicates that the filter capacitor is de-
fective. Leaky filter capacitors cause severe power supply hum, with 60-Hz or 120-Hz
hum bars in the raster. An open filter capacitor can cause hum in the speaker—even if the
volume control is turned completely down. Replace the entire unit if any one capacitor is
found to be defective.

Besides hum and low-voltage problems caused by a defective filter capacitor, rather
odd symptoms can be found in the RCA CTC47 chassis (Fig. 3-7). You might hear re-
lay K201 chatter, and the picture might appear very noisy with the brightness turned up
or when the receiver is first turned on. A low whistle might be heard in the sound when
the on/off switch is turned off and on. These symptoms can be caused by a defective fil-
ter capacitor (C206). Shunt another 400-uF electrolytic capacitor across each section to
locate the defective capacitor. Remember, defective filter capacitors can produce odd
symptoms.
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BRIDGE RECTIFIER CIRCUITS

The bridge rectifier circuit can be operated from a full-wave power transformer or directly
from the power line (Fig. 3-8). The bridge rectifier can consist of four separate silicon
diodes or of four diodes molded into one component. Sometimes two silicon diodes are
found in one envelope, and it takes two separate units to complete the bridge circuit (Fig.
3-9). Replace the whole unit—even if it has only one leaky diode.

A 3-A fuse offers power supply protection of the full-wave line-operated power supply
in Fig. 3-10. Line filter L101 prevents noise from entering the power supply of the power
line. Thermistor T701 provides low resistance to the ac line voltage to energize the de-
gaussing coil for a few seconds. This happens whenever SW1 is turned on; then T701 in-
creases in resistance to shut off any current flow to the degaussing coils.

The ac input voltage is rectified by a bridge rectifier circuit (D401, D402, D403, and
D404). Capacitors C402, C403, and C404 bypass the silicon diodes to keep them from ra-
diating noise into the dc voltage source. C405 is a capacitor filter at the circuit output.

Sound IC Power regulator transistor
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Single diodes
form a bridge
©  cireuit

FIGURE 3-8 You might find four individual silicon diodes or a bridge rectifier in
the low-voltage power supply.

i D me o FIGURE 3-9 You might find two silicon

T diodes in one molded body of a bridge-type
rectifier. Two such rectifiers are necessary for
a full-wave bridge circuit.
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FIGURE 3-10 A typical remote low-voltage power supply with separate silicon
diodes.

o
= FIGURE 3-11 You might
P find a diode symbol on top of
ac € the bridge circuit.
ac€
dc
= FIGURE 3-12 Form the
bridge circuit with four
ac € separate 2.5-A silicon
Single diodes diodes.

A bridge-type symbol might be found in some of the Japanese models (Fig. 3-11). The
diode symbol “points” to the rectified output voltage. All four silicon rectifiers can be re-
placed with single 2.5-A diodes if one whole bridge rectifier component is not readily
available. Simply connect the diodes (as shown in Fig. 3-12) and solder them into the re-
spective holes of the PC board. Likewise, both rectifiers can be replaced (in the half-
molded bridge unit mentioned earlier) with two separate 2.5-A diodes.

HOT CHASSIS

The new ac/dc TV chassis can have a “hot” and a “cold” chassis within the large overall chas-
sis. Be careful when taking voltage measurements around these chassis. Often the “hot” chas-
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sis is above regular chassis ground and has a different ground marking (Fig. 3-13). If the “hot”
ground is not used and you use common chassis ground, the voltage measurement is incorrect.
Always use the “hot” ground when making voltage measurements on components in that area.

THE VARIABLE-FREQUENCY SWITCHING
AND SWITCHED MODE POWER SUPPLIES

The variable-frequency switching power supply (VIPUR) is used in the RCA and some
other TVs, but the switched-mode power supply (SMPS) is found in the Sylvania, Philips,
and some other TVs. The VIPUR circuits in most chassis are located on a separate PC
board. The variable-frequency switching power supply provides hot-to-cold ground isola-
tion between the primary TV power source (hot ground) and the video-audio input/output
circuits (cold ground).

The raw 150 Vdc (hot) is fed from the bridge rectifier circuits to the switching trans-
former (T1) and power MOSFET transistor (Q1). Regulator 1C U2 received the on and off
commands from the remote amplifier circuit or on and off switch. These regulators pro-
vide a drive signal to the gate of power MOSFET Q1 (Fig. 3-14). Likewise, this signal
switches Q1 off and on, causing energy to be stored in the primary winding of T1. The sec-
ondary windings of T1 develop a regulated secondary voltage of 20, 25 and 150 Vde. No-
tice that the secondary windings have a cold ground.

Another small step-down transformer from the power line provides a standby and run
voltage to operate the remote-control circuits. The run voltage is fed to the on/off switch
(Q2), Ul on/off optoisolator, and to the U2 regulator IC. IC U2 controls the overcurrent-
protection circuit that can shut down the regulator circuit, turning off all power to the TV.

Remember to use an isolation transformer while working on this chassis. If not, damage
can occur to the chassis or test equipment, or the technician could be injured.

Check for a shorted or leaky MOSFET output transistor (Q1) when the chassis is dead.
Measure the raw 150 volts applied to TV and Q1. Remove the MOSFET transistor from

4 A L101 1470

120 vac - - = - - 0.002 uF D101 —=0.002 uF & pio2
= +156.5V
0.002 uF D103 1~ 0.002 uF ¥ D104 i 330 uF
T i 200 V

2.7 MO g l Jy

=+ Cold ground Hot ground

FIGURE 3-13 Notice that the low-voltage power supply has both “cold” and
“hot” grounds.

SAL 3LVLS-AIT0S DONIHIVd3IH ANV DNILOOHSIT1aNOoHL [ 7/



78  PRACTICAL TROUBLESHOOTING TECHNIQUES

CR7
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rect.
-
CR11
P = 25V
T1
CR10
P = +150 V
Q1
Regulator power
U2 MOSFET

FIGURE 3-14 The block diagram of the RCA VIPUR power supply.

the circuit and test for leakage. In the early VIPUR chassis, CR7, CR10 and CR11 might
have poorly soldered connections. Check each diode for leakage with the diode test of the
DMM. Just resoldering the diode terminals might solve the problem of improper voltage
secondary circuits.

The switch-mode power supply (SMPS) found in the Sylvania chassis is a self-oscillat-
ing, transformer-coupled voltage regulator. Like the VIPUR power supply circuits, T401
is powered from a bridge rectifier circuit (Fig. 3-15). Magnetic energy is stored in T401
during the on time of the transistor, and is transferred to the secondary during the off time
of Q400. The amount of energy transferred is controlled by the self-oscillating frequency
of power supply under normal load condition ranges from 20 kHz to 40 kHz. Depending
on the load, the frequency can range from 10 kHz to 60 kHz.

Remember, there are two different ground systems in this chassis, and the isolation
transformer should be used. A chassis common signal ground connection can be made to
the IF area shield, and the “hot™ ac ground can be made at the emitter terminal of Q400
(TP19).

Check Q400 for leakage if raw dec voltage (155 V) is found at the collector terminal and
no operation. This voltage can be higher than normal when Q400 is open. When Q400 ap-
pears shorted or leaky, check D425 and D421 for burned or shorted conditions. Replace
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R422 (562) and R430 (56 ohm) for a change in resistance. Check all transistors and diodes
within the SMPS circuits. A blown fuse will almost always point to a leaky switched-mode
regulator transistor (Q400).

A shorted Q400 can cause D404 through D407 of bridge diodes to become leaky or open.
Always check Q403 and Q402 when Q400 fails. Test D422, D424, and D434 for leakage or
opens if one of the secondary voltages is improper or missing. Notice that the hot ground is
on the primary side of T401 and the common ground is on the secondary side.

REGULATOR CIRCUITS

A defective regulator circuit can cause low (or no) voltage, hum bars, intermittent opera-
tion, and chassis and high-voltage shutdown. The regulator circuit can consist of transis-
tors, SCRs, zener diodes, ICs, or a combination of these, to provide accurate voltage
regulation, regardless of the fluctuations of the power line. Most regulator circuits have a
B+ control that the technician can use to adjust the operating voltage applied to the hori-
zontal output and low-voltage circuits.

A typical B+ regulated circuit is shown in Fig. 3-16. Here a B+ regulator and error amp tran-
sistor provides 115-V, 114-V, and 12-V regulated voltages for the TV chassis. Adjustment of
R812 (115 V) places the exact operating voltage to the collector terminal of the horizontal out-
put transistor. The F1 fuse protects the power supply from an overloaded horizontal circuit.

D422
+130V
1 o T401
120 Vac noge .
rectifier
-
X iy
330 uF D424
g AN p - 24\

From D434 105V
Q402/Q403 --— 13V
control 11V

Q400
switch mode
regulator =

FIGURE 3-15 The block diagram of the Sylvania switch-mode power supply
(SMPS).
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FIGURE 3-16 A typical low-voltage regulator supply circuit with a B+ regulator and

error amp transistor.

The line-operated low-voltage power supply can be regulated with an IC circuit (Fig. 3-17).
A half-wave diode rectifier (D803) provides 135-Vdc to the regulator system, which con-

sists of IC801 and associated components. The regulated 115-Vdc voltage provides power
to the horizontal output transistor.

D803

120 Vac >——AN—o_f d—9—AN— 1

FIGURE 3-17
supply.

R801
10

F801
1.5A

R802
10

IC801 4 115V
2

I
¢

D805
R806

Rgo4 330

12 k()

N
R805 L cs01
47 kQ

1220 WF

IC801 regulates the output voltage in this line-operated power-
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To quickly check the IC regulator system, measure the voltages at the input terminal (1)
and at the output terminal (4) of [C801. Suspect a leaky 1C801 if there is low output volt-
age. Excessive high voltage at pin 1 and 4 of IC801 can indicate a leaky IC regulator.
Higher than normal output voltage on pin 4 can produce high-voltage shutdown. Check for
a leaky D805 diode with one terminal removed from the circuit board. If the chassis is hit
by lightning, inspect D803 and the IC for visible component body damage.

The defective line-operated regulator can become shorted, leaky, or open. A leaky or
shorted IC regulator to common ground can blow the line fuse, open the surge resistor, and
destroy silicon diodes in the power supply. Open or shorted components tied to the body
of the regulator might cause the TV to appear “dead.” The open regulator can cause im-
proper voltages to the horizontal output transistor.

The defective line voltage regulator might destroy the horizontal output transistor. These
regulators can cause chassis shutdown. A shorted or leaky regulator from input to output
terminals can place a high voltage on the collector terminal of the horizontal output tran-
sistor and destroy the transistor. Overloaded components or an overloaded flyback, yoke,
and horizontal output transistor can destroy the line voltage regulator. Intermittent opera-
tion and chassis shutdown can result from a defective regulator. Suspect that the flyback is
leaky if the line-voltage regulator is leaky and the output transistor is shorted.

CHOPPER POWER SUPPLIES

The chopper power supply was first used in Japanese TVs and now is used in many Amer-
ican TV sets. The main components of the chopper power supply are the chopper regula-
tor transistor, chopper transformer, regulator control transistor, x-ray latch, and overcurrent
shutdown transformer (Fig. 3-18).

e # R l.“. .'

FIGURE 3-18 The chopper transformer located in RCA’s
CTC131 chassis.
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FIGURE 3-19 A block diagram of RCA’s CTC131 chopper circuit.

A chopper-type regulator circuit is used in RCA’s CTC131 and CTC132 chassis (Fig.
3-19). Line (ac) power is supplied to a full-wave bridge rectifier circuit and a standby
power transformer (T101). It is active at all times when ac power is applied.

The bridge rectifier circuit supplies an unregulated B+ of 150 Vdc to the chopper out-
put circuit through chopper transformer T105. The standby transformer (T101) supplies
power to the tuner-control module and standby startup power to the chopper regulator 1C
(U401).

The pulse-width-modulated (PWM) chopper-regulated power supply is similar to the
horizontal deflection system found in many TVs. The regulator free-running oscillator fre-
quency of approximately 15 kHz is triggered by a horizontal pulse derived from the fly-
back, thereby locking it to the horizontal scan frequency (15734 Hz).

The output of the regulator circuit is applied to regulator drive transformer T103. In-
creased pulses on the secondary of T103, in turn, control the on/off state of the chopper
output circuit. The chopper output circuit is powered by the unregulated (“raw”) B+
(150 Vdc) developed by the full-wave bridge rectifier circuit. The on/off state of the
chopper output circuit causes a pulsating dc action to occur in the primary winding of
the chopper transformer (T105). Increased pulses in the secondary windings of T105
are then rectified to produce a number of dc voltages that power the TV. The 129-Vdc
source is fed back to the regulator control circuit, where it is applied to a voltage-com-
parator circuit. The voltage comparator output is applied to an error amp, which is used
to control the duty cycle of the pulse width modulator, thereby providing regulation for
the B+ sources produced by the secondary windings of chopper transformer T105 (Fig.
3-20).

Suspect an open input fuse or a leaky chopper output transistor (Q101) with a no
sound/no picture/no control symptom in the RCA CTCI31 chassis. Sometimes a voltage
isolation resistor ahead of the bridge-rectifier diodes will open. Check U401 for poor volt-
age regulation.
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FLYBACK TRANSFORMER LOW-VOLTAGE CIRCUITS

Today, many of a TV's low-voltage circuits are driven from separate windings on the fly-
back or horizontal output transformer. Several advantages are gained by tapping the fly-
back winding for a low-voltage source. A positive or negative voltage can be obtained by
reversing the low-voltage diode polarity. Voltages can be produced without large voltage-
dropping resistors in a regulator voltage network; thus, less heat is generated. Filtering is
less crucial because of the much-higher ripple frequency. Often, small filter capacitors
(less than 470 pF) are included in the flyback voltage circuits. You might find transistors
and zener diode regulators in some low-voltage circuits of the flyback winding. Remem-
ber that the horizontal deflection and horizontal output circuits must function before any
voltages are found at the flyback voltage power source.

A typical low-voltage flyback circuit has a half-wave rectifier diode with a capacitor filter
network (Fig. 3-21). Various voltages are tapped off with small resistor-capacitor filter com-
ponents. A zener diode can regulate the voltage source (6.8 V) that feeds the luminance and
chrome circuits. In other circuits, a transistor or SCR will regulate the low-voltage source.

Another voltage source from the flyback winding can supply voltage to the screen or color
output circuits (Fig. 3-22). Usually, this voltage is more than 200 V with a single half-wave
rectifier (D701). R702 and C111 form an RC filter network. A negative or low brightness is
a possibility if the voltage is missing at the color output stages. Sometimes only a faint color
can be seen in the raster. Check both D701 and R702 for leaky or burned conditions.

Remember, when secondary flyback voltage sources feed voltage to the horizontal os-
cillator 1C, the horizontal circuits must operate before any of these voltages are produced.
If no or improperly low voltages are found in the secondary sources, the horizontal oscil-
lator sweep IC, driver, horizontal output transistor, and flyback circuits might be defective.

FIGURE 3-20 A close-up view of the chopper components in
the RCA CTC131 chassis.
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FIGURE 3-21 Check the secondary circuits of the flyback
transformer for voltage sources feeding other TV circuits.

L701 D701
T701 F—P— v > 200V
R702 C111

120 14.? wF

FIGURE 3-22 Voltages feeding the color output
transistors and screen grid circuits of the picture tube are
developed in the secondary circuits.

Any one of these circuits or a combination of faulty components can result in no secondary
voltage source.

SERVICING THE LOW-VOLTAGE CIRCUITS

Three quick tests of the low-voltage power supply can locate the defective component or
dead chassis within seconds (Fig. 3-23).

B Take a peek at the fuse.
B Measure the voltage on the case of the horizontal output transistor.
B Measure the voltage at the output of the low-voltage power supply.

The fuse can open because of an overloaded condition inside or outside of the power
supply. A power-line outage or lightning can also open the suspected fuse. The fuse might
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open with a flash or arc over a component, and when replaced, restore the set to normal op-
eration.

After checking the fuse, test to see if a low dc voltage is present from the low-voltage
power supply. Quickly check fuseable resistor RF201 (3.9 Q) for an open condition if there
is no output voltage. With the digital multimeter (DMM) set at diode test, check all diodes in
the low-voltage circuit. A leaky diode will show leakage in both directions. The conventional
bridge, half-wave, or full-wave rectifier power supply can be checked within two minutes.

In J.C. Penney model 685-2033 (shown in Fig. 3-23), the 7-A fuse and RF201 were open.
Diodes D3 and D4 were shorted. The two diodes were replaced with 2.5-A silicon units.

Besides fuses and low-value resistors and diodes, look for an open switch or poor wiring
connections. If the on/off switch appears to be erratic, replace it. Disconnect the power
cord and measure it for continuity with the switch in the on position. Another quick
method is to plug in the power cord and measure the 120-V power line voltage across the
switch terminals. Replace the defective switch if the full power line voltage is measured
across the switch terminals in both on and off positions. A quick ac voltage measurement
across the bridge rectifier will help you to identify problems with an open fuse, low-ohm
isolation resistor, and power cord circuits.

You can locate a separate winding of the flyback transformer in the ac circuits of the
low-voltage power supply. The horizontal circuits are “kicked on” by ac applied to this
winding (Fig. 3-24). If the ac voltage cannot be measured across the diodes at points 1 and
2, suspect that a winding of T702 is open or that the board connections to the flyback
winding and R705 are bad.

BLOWING FUSES

Suspect overloaded conditions in the low-voltage power supply or connecting circuits if
the fuse blows immediately after replacing it. The most commonly leaky components in
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FIGURE 3-23 Check the low-voltage circuits by the numbers 1, 2, and 3 in a J.C.
Penney 685-2033.
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FIGURE 3-24 Suspect an open winding in T702, poor board connections, or an open
R705 if the ac voltage cannot be measured at numbers 1 and 2.

FIGURE 3-25 Take quick diode or resistance tests between the
collector (body) and the chassis ground to locate a leaky output
transistor.

the low-voltage circuits are the silicon rectifiers and filter capacitors. Outside of the power
supply, the horizontal output transistor and damper diode cause most fuses to open.

A quick resistance measurement between the horizontal output transistor collector ter-
minal (case) and chassis ground indicates if the leaky component is outside of the low-
voltage power supply and in the horizontal section (Fig. 3-25). Set the DMM at the diode
test and check the transistor case and chassis ground. A low-resistance reading indicates a
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leaky output transistor. Any resistance measurement below 500 Q indicates that the tran-
sistor or damper diode is leaky.

Suspect that the diodes in the power supply are leaky if the resistance measurement is
above 1 k€2 across the transistor and chassis ground. Check each diode for low resistance
in both directions. A leaky input filter capacitor can cause the fuse to open.

Another method to determine if the overloaded condition is outside the power supply is
to clip a 100-W bulb across the fuse terminal (Fig. 3-26). The light bulb will be bright if a
leaky component is inside or outside of the power supply. Under normal conditions, at first
the light bulb will appear bright and slowly go out because of the degaussing circuit action.
Remove the horizontal output transistor and notice if the bright light goes out. This indi-
cates an overloaded condition in the horizontal output circuit. Each circuit tied to the low-
voltage power supply can be cut loose. When the light goes out, you have located the
overloaded circuit outside of the low-voltage power supply. Even a shorted picture tube
can blow the main power fuse.

A really dark area inside of the glass fuse indicates that a direct short is ahead of the fuse.
If both the line fuse and secondary fuse open, suspect a defective component in the hori-
zontal output transistor circuits. You might find an open fuse and after replacement, the
TV chassis operates without any other problems. The loose fuse in the clip-type socket can
cause an intermittent or shutdown symptom.

INTERMITTENT POWER SUPPLY

Most intermittent problems in the low-voltage power supply are caused by improper com-
ponent connections, poor wiring connections, and defective transistors. Monitor the ac
voltage applied to the rectifier at point 1 and the dc voltage output of the low-voltage
power supply at point 2 (Fig. 3-27). If the voltage is missing from either or both circuits,
you know in what section the defective component is located.

Sometimes by just moving or tapping the TV chassis, the intermittent condition occurs.
Do not overlook a loose fuse holder. Suspect a defective relay or relay contact in TVs with
remote or relay-controlled ac circuits. Poor ac-cord interlock contacts can also produce in-
termittent low-voltage conditions.

100-W bulb

D1

120-Vac H 3 de
Fuse l

FIGURE 3-26 Clip a 100-W bulb across the fuse slips to
determine if an overload condition exists, if the line fuse
keeps blowing.
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FIGURE 3-27 Poor or corroded terminal connections to the flyback winding caused
intermittent reception in a Sharp C1950.

FIGURE 3-28 Check the PC board for broken eyelets and
component connections, which can cause intermittents.

Double-sided wiring boards have a tendency to warp. This cracks the printed wiring at the
feed-through eyelets in the low-voltage sources. Just touching or pushing on the board can
cause the raster or color to come and go. These intermittent wiring connections can be re-
paired with lengths of hookup wire fed through the eyelet and connected to the nearest cor-
responding component connection of the same broken circuit (Fig. 3-28). Low-resistance
tests between broken wiring connections can help you to locate the intermittent connection.
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B+ VOLTAGE ADJUSTMENT PROBLEMS

If adjusting the B+ control has no effect on the output voltage from the low-voltage power
supply, suspect component breakdown within the power supply circuits. The B+ control
will have no effect if the load is removed from the power supply. This is especially im-
portant to remember with the horizontal output transistor removed or if chassis or high-
voltage shutdown occurs.

Improper adjustment of the B+ control can cause hum bars in the raster or insufficient
image width. Incorrect setting of the B+ control can cause a very high voltage to be applied
to the horizontal output transistor, resulting in high-voltage shutdown. In some chassis, an
incorrect B+ control setting can cause the horizontal section to go out of sync (diagonal
bars) instead of causing high-voltage shutdown.

Check for leaky or open regulator transistors in the regulator circuit of the low-voltage
power supply with no B+ adjustment. Look for overheated zener diodes, which produce a
lower regulated voltage. Measure the resistance of each resistor in crucial low-voltage regu-
lator circuits. Always adjust the B+ control at the manufacturer’s required operating voltage.

LIGHTNING DAMAGE

Lightning or high-voltage power-line surges can destroy several components in the low-
voltage power supply. Usually, lightning damage occurs in the antenna lead or in the
power-line circuits. A heavy lightning strike can damage several sections of the TV. Sec-
tions of printed wiring might be stripped as a result of lightning damage.

Check for burn or smoke marks on the chassis and around the ac wiring connected to the
TV. Look for blown-apart components, such as transistors, [Cs, and resistors. Burned silicon
diodes and connecting board wiring can be signs of lightning damage. The receiver can be
repaired if there is only a little damage to the power supply or antenna terminals. Total the
cost of the TV if lightning damage is excessive and if the set cannot successfully be serviced.

HUM BARS

Hum bars of 60 Hz or 120 Hz can be caused by defective filter capacitors, leaky regulator
transistors, or by an improperly adjusted B+ voltage. One dark bar moving up the raster
represents 60 Hz, and two hum bars is a 120-Hz problem. Try to adjust the B+ control to
the proper voltage setting before tearing into the chassis. Suspect that the large filter ca-
pacitors have dried up in the half- or full-wave rectifier circuits.

Check each regulator transistor for leaks if either 60-Hz or 120-Hz hum bars are present.
Often the leakage is between the emitter and collector terminals of the regulator or APF
amp in voltage-regulator circuits (Fig. 3-29). After locating one transistor with leakage, re-
move it and test it out of the circuit. Then test the other transistors for leakage with in-circuit
tests. A leaky zener diode can also cause hum bars in the raster.

Shunt large filter capacitors with those that have the same capacity and voltage rating if
hum bars are found in the raster. Always shut the chassis down and clip the filter capaci-
tor in place to prevent damage to transistors or 1Cs. Clip across each filter capacitor until
the defective section is located. Replace the entire filter can if more than one filter capac-
itor is in the same container—even if only one capacitor is defective.
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FIGURE 3-29 Hum bars can result from leaky regulator
transistors in the low-voltage circuits.

CHASSIS AND HIGH-VOLTAGE SHUTDOWN

High-voltage shutdown can occur with too much voltage from the low-voltage power sup-
ply fed to the collector terminal of the horizontal output transistor. The chassis might shut
down instantly or operate for a few minutes. Check the B+ voltage adjustment. Some-
times, if the B+ adjustment is too high and the line voltage increases, the higher dc voltage
can cause the chassis to shut down.

Monitor the dc voltage at the collector terminal of the horizontal output transistor. Often
a 10-V increase in voltage at the collector can cause high-voltage shutdown. Lower the dc
voltage with a variable ac power transformer at the power cord. Set the transformer for
correct voltage at the collector terminal. If the chassis shuts down, lower the ac voltage by
about 10 V. Keep lowering the ac voltage as the dc voltage creeps up. If the chassis oper-
ates for 30 minutes without shutdown, notice the ac setting. If the chassis shuts down with
a low ac voltage, suspect a defective horizontal output or shutdown circuit.

In an Admiral 4M 10 chassis, the raster would collapse after operating for about 10 min-
utes. The B+ adjustment had no control over the high dc voltage (Fig. 3-30). The chassis
would shut down at 131 Vdc and operate normally at 120 Vdc. Voltages were high at the
collector and base terminals of the regulator transistor. After operating a few minutes,
D902 (125-V zener diode) should become warm and allow the voltage increase to 130 V.
Replacing D901 solved the shutdown problem. After replacing D901, the B+ adjustment
would vary the dc voltage from 114 Vto 130 V.

Leaky regulator transistors can cause chassis shutdown. Be sure that regular or zener
diodes in the regulator circuits are not damaged. Check for a leaky regulator IC in many of
the later TV regulator circuits. While the transistor is out of the circuit, check each resistor
for correct resistance.
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SHUTDOWN HORIZONTAL LINES

Suspect that the voltage is higher than normal at the collector terminal of the horizontal
output transistor and low-voltage power supply if the raster displays horizontal lines. Mea-
sure the dec voltage at the low-voltage source (Fig. 3-31). In some early solid-state TVs, to
prevent excessive high voltage at the picture tube, a shutdown circuit would make the pic-

. Leaky
R905 Qg01 ,f
From 1000 o control /
R907 w14 /A3 =B+ +131V
Y D902 130V
R900
22 k()
AN
) R901
+120 V reg.
1%953 Ca01 +|
350 pF T R902
18 k1
AA -

FIGURE 3-30 A leaky Q901 caused the raster to collapse after 10 minutes of
operation.

FIGURE 3-31 Check the high voltage at the anode of the CRT if
horizontal lines are present, indicating high-voltage shutdown.
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ture go into horizontal lines instead of complete chassis shutdown. These horizontal lines
cannot be removed with the horizontal hold control as long as the chassis is in shutdown.
To determine if the horizontal oscillator circuits are defective or if the chassis is in shut-
down mode, check the dc voltage applied to the horizontal output transistor. If the B+ ad-
justment will not turn the voltage down, suspect that the low-voltage regulator circuit is
defective. First, check all transistors and diodes for leakage. Next, measure the resistance
of each crucial resistor—especially those that have changed color and feel warm. Check
electrolytic filter capacitors with a capacitor tester for a change in capacity. Suspect hori-
zontal oscillator trouble if the dc voltage is normal at the horizontal output transistor.

EXCESSIVE LINE VOLTAGE

An excessive power-line voltage can destroy components and cause continued break-
downs. The ac power-line voltage should never exceed 125 V (Fig. 3-32). The TV was de-
signed to work on a 117-Vac to 120-Vac power line. Usually, an excessive power-line
voltage is found where the power line transformer is located nearby.

Check the power-line voltage where the TV plugs into the ac receptacle. Next, check the
power-line voltage at the fuse box. Most power companies will monitor the power-line
voltage for three to five days to determine if the voltage is high or low. Repeated service
calls or chassis breakdowns can be caused by a high power-line voltage.

INSUFFICIENT IMAGE WIDTH

Often, insufficient width is caused by component breakdown in the horizontal output cir-
cuits. The raster can pull in from the sides if insufficient low-voltage power is applied to
the horizontal output transistor. You might find that the B+ control is functioning, but the
dc voltage is lower than normal and cannot be raised above the operating voltage.

F801 SWB801
4 A on/off
\_A_A_A_S -
120 Vac - - oo :;O 3"'00[1
YV iodes
- A ——
S —
120 Vac
= ]

FIGURE 3-32 Check the ac voltage at the line input for
normal 120 Vac.
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R&03
180 (O, 20 W
AN
Fuse 1 A
120-Vac > l > 15V
R811 .
L 4 C812
ca07 _-_[. 47 k() I 33 uF
o R511 —
828&51 10 kil
: AN
R812
115-V adjustment
Q802
2 ki)
+ 220 ki)
3%802 R813
H l 5.6 ki

Note: Circled voltages were measured with Q801 open under load.

FIGURE 3-33 An open filter capacitor or regulator transistor can produce a low output
voltage.

A leaky regulator transistor can cause an increase in the dc voltage source. Although an
open transistor can lower the dc voltage, an open zener diode will let the voltage increase.
Suspect that a regulator transistor is open or a filter capacitor is defective if the dc voltage
cannot be returned to normal operation (Fig. 3-33). Sometimes these regulator transistors
will test normal, but will open under actual working conditions.
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UNUSUALLY LOW VOLTAGES

The 1.25-A fuse would blow in a K-Mart KMC1311G portable TV when the ac cord was
plugged in. A voltage check at the horizontal output transistor indicated low voltage, then
shutdown. A 100-W bulb was clipped across the fuse terminals. It operated with low sound
and no raster. This indicated that the horizontal and low-voltage circuits were functioning,
but without high voltage. A 2-A fuse was inserted and it blew at once. After two hours, a
3-A fuse was inserted. Right away, the picture tube started arcing in the gun assembly.

Although fuses with larger amperage should never be left in a TV chassis, the symptoms
here indicated a defective component in the high-voltage section. The larger fuse was tried
as a last resort. If left operating too long, the horizontal output transistor could have been
damaged. Use this method only to smoke out a defective component and only for a few
seconds. Installing a new picture tube solved the repeated blown-fuse problem.

“TOUGH DOG” POWER SUPPLY

Anyone who has spent hours trying to find the defective component in a TV will not for-
get the problem by the next time the same type of chassis comes across the service bench.



94

PRACTICAL TROUBLESHOOTING TECHNIQUES

D801 104, 10W

R803
180 2,20 W

R802

115V
c812

R256 -

B+ regulator
R811 XL
114V
— C256
R508 ':I::‘EO wF

R812
115-V
adjustment
2 kQ) C506

6.8 ki)

Note: Check circled components.

FIGURE 3-34 This Goldstar CNR-405 chassis required a lot of service time to locate all
of the defective components in the low-voltage circuits.

You might have one set that bothers you, but it might not be a service problem for the next
technician. Do not blame the manufacturer for a these problems.

The first time that a Goldstar CNR-405 chassis appeared on the service bench, it was
classified as a “tough dog” repair of the power supply circuit. Not only was servicing the
chassis without a schematic a great problem, but several different components were found
to be defective (Fig. 3-34). Now, servicing the same power supply circuit is a cinch and it
takes very little service time.

Check the B+ regulator (2SC1629) and error amp (2SC1573P) for leakage conditions.
Doublecheck for leakage after removing them from the circuit. The B+ regulator can be re-
placed with a universal ECG86 or an SK3563.

Zener diode D86 can become leaky and produce a higher-than-normal output de voltage.
When both D86 and the regulator transistor become leaky, the dc source can go to 143 V,
producing high-voltage shutdown. Check fuseable resistor R804. Other crucial power re-
sistors in the circuit of the low-voltage regulator transistor are R802 and R803.

STANDBY POWER SUPPLIES

If the remote transmitter will not turn on the TV and the remote is normal, suspect that the
standby power supply is defective. The standby power supply is found in many of the new
chassis to provide some means of turning the TV off and on by remote control.

In older remote TVs, the standby power was turned on with relays from a separate power
supply. Today, the standby circuits are switched on with switching transistors or ICs (Fig.
3-35). The IR remote transmitter signal is picked up by a photo transistor and fed to a re-
ceiver circuit within the mechanism IC.
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SERVICING STANDBY CIRCUITS

First, take crucial voltage measurements and observe the waveform of each component in
the standby circuitry. Place a jumper across the emitter and collector terminals of the mode
switch and notice if the chassis turns on. Test each transistor and diode with in-circuit
tests. If you notice leaky or open measurements, remove the collector terminal of each
transistor from the circuit. Likewise, check the suspected leaky diodes in the same manner.
Remember, most of the stages in the standby power circuits are either on or off.

FIVE NEW LOW-VOLTAGE POWER SUPPLY PROBLEMS

Here are five problems that occur in some common TVs.

Fuse keeps blowing Fuse F802 (1.2 A) would keep blowing after replacement in a
Samsung TC-2540 TV. All components in the 130-volt source tested normal. No B+ volt-
age was noted at the collector terminal of the horizontal output transistor (Fig. 3-36). High
leakage was found from the collector terminal of output transistor. Q402 was tested out of
the circuit and was normal.

Capacitor C414 (0.36 uF) was leaky. Replace both C414 and C415 if either one is shorted
or leaky. In another chassis, Q402 and C414 were replaced to prevent F802 from opening.

Intermittent RCA FPR2722T TV Sometimes the chassis would operate for days be-
fore quitting; when the chassis was touched or bumped, it came back on. The raw ac voltage

24V
D101 001 T.om% D103| vo‘”5012 y
120 Vac t+ D reg i-—12v
oo T.om,r.om* D104 Q) 0.1 uF
; T T
§1.2k 12.4 V L
Q4151
5V reg
5V
LS
D106 A @
e —= 1500 uF
B 10k |==10pF| 7|
| [
0.01 pF =< D107'A

FIGURE 3-35 A typical standby power supply in the latest TV chassis.
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L410
Q402 deflection yoke

horiz output

Drive
input

0.36 nF 0.36 pF
Flyback 200V 200V
Magnet R416
L408 4.7 kQ}

+130V

FIGURE 3-36 Check capacitors C414 and C415 for leakage if the main fuse
blows and the relay clicks on.

PW4700
SIP board

____________________

JM4700
T4100 ( ) { )
VIPUR 1 6

out

\_ CR4701 |

Check for bad
connections

FIGURE 3-37 Check all the silicon diodes on SIP board in the RCA
FPR2722T chassis for cracks around the terminals.

was monitored at the VIPUR output transistor (Q4100) and appeared normal when the
chassis ceased operation. No voltage was found at the 130-V source or horizontal output
transistor. PW4700 (a diode SIP board) was removed and a crack was found in the PC
wiring around L4700 and CR4701. All leads were soldered on the SIP board, solving the
intermittent and dead symptoms in several places (Fig. 3-37).

Dead Quasar ALCD177 chassis After replacing the main fuse, no voltage was
found at the +131-V source or horizontal output transistor. R801 and F002 (a 1.5-A sec-
ondary fuse) were also open. After being replaced, F1002 was blown, indicating that the
1C regulator or horizontal output transistor was overloaded. The horizontal output transis-
tor tested normal with a leaky IC801. Replacing the STR30130 line-voltage regulator
solved the dead-chassis problem (Fig. 3-38).
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A blown fuse in a dead Sony SCC-548D portable F001 (a 5-A fuse) opened
again after replacement, indicating that the low-voltage power supply was defective or that
the horizontal output transistor was leaky. Q502 (28D1555) was shorted in the horizontal
output circuits. The secondary fuse F602 (1.25 A) was replaced with the same results (Fig.
3-39). Low voltage was measured at filter capacitor C602 (560 pF, 200 V), but not on the

Leaky
R804
2200 |
c o Rso3 |
802 D801 803 2200 |
! ' Opfm AAA—
LJ-EH pF L 001uF] | D802 Rgpy FOO2 / Rgio
T /
001uF 820 1.5A/ 550 IC801
From K A 3 reg. 3 = +131V
Vou — 5W STR30130
,—[\D.CH pF 0.01 pF D803 10 kO 5 1 is __33 7
cs12 D812  cso2 G805, 1 /Vr
330 pF R802 00 R808
200V 150 kV 33 Q)
$ 220 k()
FIE!O?§
Vo470
+|_cso6

yza wF

FIGURE 3-38 R801 and F002 were found open in a dead Quasar ALCD177 chassis. The
cause was a leaky IC801 line-voltage regulator.

Open Power
/ RY&01 Open Open Open
l,!': I| I| I|

F601/ <o | . ]
5A/  T801
R602 |
120 Vac f f
221/ Re16 | FEO2 |

10W 220/ 125A]

+135V

L602

1 M}

FIGURE 3-39 A shorted horizontal output transistor (Q502) in a Sony SCC548D
chassis opened resistors R616, R602, and R603 in the low-voltage circuits.
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fuse terminal of F602. R616 (2.2 Q) was also found open. Replacing F601, F602, R616,
and Q502 put the TV back into operation.

Green light on—No picture In an RCA CTCI140 chassis, the green power light
would not turn off, with a no-sound/no-picture/no-HV symptom. Voltage measurements
in the VIPUR circuits were fairly normal. Replacing both CR4104 and CR4201 in the leg
of the VIPUR transformer (T4100) output circuits (Fig. 3-40) solved the problem.

Conclusion

Most problems within the low-voltage power supply can be located with a DMM, VTVM,
and a scope. A defective low-voltage power supply can prevent one or all other sections of
the TV from functioning. A 100-W bulb can be used to indicate overloaded conditions in
or beyond the power supply.

A poorly soldered connection or loose fuse can produce an intermittent voltage from the
low-voltage power supply. Hum bars can be created by a defective component in the reg-
ulator circuits, or by large filter capacitors in the dc power supply. Check all components
in the low-voltage power supply if it is hit by lightning.

Chassis or high-voltage shutdown can be caused by higher-than-normal voltage from the
dc power supply. Chassis shutdown can occur because of overloaded circuits connected to
the rectifier low-voltage power supply of the flyback transformer winding. The horizontal
and horizontal output circuits must function before secondary low voltage is developed in
the flyback low-voltage circuits.

JW4074

C410
.| 22 uF FB4100 T4100
VIPUR
- CR4104 output

= C4106

CR4201 FB4101
- () NC

FB

Replace

FIGURE 3-40 The green power light would stay on with no picture and no
sound in an RCA CTC140 chassis. The problem was caused by a defective CR4201
and CR4104.
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TABLE 3-1 USE THIS POWER SUPPLY TROUBLESHOOTING CHART
FOR EASY SERVICING

WHAT TO CHECK HOW TO CHECK IT

Inspect line fuse. Test in circuit with chmmeter.

Check voltage across filter capacitor. Test silicon diodes and isolation resistors.

Check output voltage at regulators. Check transistor regulator and zener diodes.

Check horizontal fuse to horizontal output Check fuse with ohmmeter if soldered in

transistor circuit.

Check voltage at horizontal output transistor. Open isolation resistor or coil and flyback
winding.

Overloaded circuits. Remove horizontal output transistor from
chassis. (Voltage should be normal or a little
higher with no output transistor in circuit.)

Always remember that defective components in the power-supply circuits can cause dif-
ferent symptoms in other connecting circuits. Do not overlook the possibility that a filter
capacitor is defective in the power supply. These capacitors cause strange things to happen
in other circuits. If in doubt, shunt or bypass each filter capacitor to help isolate power-
supply problems. Carefully visually inspect the components and wiring to locate the de-
fective part. Check Table 3-1 for a power-supply troubleshooting chart that enables easy
servicing.
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TROUBLESHOOTING

THE HORIZONTAL
SWEEP CIRCUITS

CONTENTS AT A GLANCE

Horizontal Oscillator Problems Checking the flyback in an RCA
CTC111L chassis

Horizontal Oscillator Circuits A GE 19QB chassis transistor blows

RCA CTC130C horizontal countdown Additional damaged parts
circuit
Horizontal oscillator IC tests Variac Transformer Tests
Poor horizontal sync High voltage too high
Crucial horizontal waveforms High-voltage shutdown
Horizontal off-frequency problems High-voltage shutdown circuits
The horizontal output transistor RCA CTC101A high-voltage shutdown
The flyback transformer Sanyo 91C64 high-voltage shutdown
Basic horizontal circuits RCA CTC97 blast-on shutdown
Holddown capacitors Tic-tic noise
The damper diode Defective deflection yoke
Crucial safety components Chassis shutdown
The dead chassis Poor focus
Intermittent raster Poor width
Keeps blowing the fuse Excessive width
Keeps destroying the output Poor high-voltage regulator
transistors Improper B+ or high-voltage

Red-hot output transistors adjustments

100
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CONTENTS AT A GLANCE (Continued)

Flashing horizontal pictures Pie-crust lines

Vertical white line Horizontal motorboating

Horizontal foldover problems Poor board connections

Peculiar horizontal noises Soldering IC terminals

Noise lines in the raster SCR horizontal circuits

Arcover and firing High-voltage problems

RCA CTC92L dark lines in picture Fire damage

Jail bars Six actual horizontal sweep problems

The most troublesome section of the solid-state TV chassis is the horizontal sweep sec-
tion; it also has the most interesting circuits (Fig. 4-1). After mastering horizontal sweep
circuits, most other electronic circuits are a cinch. New service techniques must be used to
ensure quick and proficient servicing methods. Servicing the horizontal section can be
fun—and very frustrating, at times.

Although many of the regular horizontal oscillator and output symptoms are the same,
several new circuits (which have the same symptoms) are used in today’s solid-state chas-
sis. Horizontal drifting and off-frequency symptoms can be caused by the horizontal os-
cillator circuits. The horizontal oscillator can be contained in one IC with both a horizontal
driver and vertical circuits. You might find a horizontal and vertical frequency-countdown
circuit in one IC.
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FIGURE 4-1 Eighty-five percent of TV chassis problems are
found in the horizontal and vertical circuits.
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The no-raster/no-sound/no-high-voltage symptom can be caused by just about any com-
ponent in the horizontal sweep or low-voltage stages. The no-raster, good-sound symptom
can be caused by a defective component in the high-voltage circuits. High-voltage shut-
down can be caused by the HV shutdown circuits, excessive low voltage, and defective
components in the horizontal output circuits. Chassis shutdown can be caused by a break-
down in the low-voltage or horizontal-sweep sections.

The integrated flyback can produce arcing when self-enclosed high-voltage diodes shut
down the chassis. The horizontal output transistor can be quickly destroyed by the flyback
before the fuse opens. With the new integrated flyback transformer, a breakdown in one of
the low-voltage circuits tied to one of the extra windings of the flyback can load down the
transformer, causing chassis shutdown. Today, the flyback transformer provides voltage to
many separate circuits and additional waveforms to other circuits.

Horizontal Oscillator Problems

A dead TV chassis can be caused by an open or leaky horizontal oscillator transistor or IC.
High-pitched sound can indicate that the horizontal oscillator is off frequency. After several
seconds, the horizontal oscillator might drift off frequency because of a defective transistor,
IC, or corresponding components. If the TV comes on with horizontal lines, the horizontal
hold control might need adjusting, the horizontal oscillator circuit might be defective, or the
horizontal stage has been shut down by a high-voltage shutdown circuit (Fig. 4-2). Exces-
sive pulling at the top of the picture can be caused by improper sync or filtering of the low-
voltage circuits. Check the sync or sync-control circuits if the picture moves sideways.

Horizontal Oscillator Circuits

The horizontal oscillator stage can be checked by looking at the sawtooth waveform at the
output terminal. The circuit might be one transistor in a Colpitts oscillator circuit or an IC
with oscillator and driver stage inside one component. In the latest IC circuits, a vertical-
horizontal countdown IC can contain a horizontal sync separator, AFC detector, horizon-

Hor. —— o
sl;?'ng — AFC % oscillator Hor. driver hO:- t
outpu
i
Hor.
hold control

FIGURE 4-2 The horizontal circuits consist of the AFC, horizontal oscillator or
countdown, horizontal driver, and horizontal output stages.
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tal oscillator flip-flop, horizontal amp, and x-ray high-voltage protection, as well as verti-
cal, luminance, and color circuits.

The horizontal frequency in a simple oscillator circuit (Fig. 4-3) is controlled by L601,
C609, and C610. L601 is the horizontal hold control. If the horizontal oscillator drifts off
frequency, suspect Q601, C609, C610, and L601. Spray Q601, C609, and C610 with
coolant and notice if the horizontal lines flop into a picture. Replace C609, C610, and
L601 with original replacement parts.

During the past 10 years, most horizontal oscillator transistors have been replaced by
ICs (Fig. 4-4). Here C605 is charged and discharged repeatedly to produce the horizontal
oscillator frequency. The charge time constant is controlled by R601, R603, R607, and
R609. A feedback pulse from the flyback transformer passes through R605 and C605 and
is turned into a sawtooth waveform that feeds the AFC circuits at pin 35. The sawtooth sig-
nal is compared to the horizontal AFC circuit output and kept in phase with the horizontal
pulse waveform at pin 24, feeding the horizontal drive transistor (Fig. 4-5).

To hlor. R613
drive 3.9 kO
circuits A A «— From AFC
L C609
0.012 pF
L601
+209V

FIGURE 4-3 In early low-priced TVs, a simple horizontal oscillator
circuit incorporated a plastic shaft as a horizontal hold control.

R405
IC1001 IF/SIF/video/chroma/vert/horizontal 180 To
10 A = yertical
vee otuput

2 lﬁ 3

= To hor. driver

R507
+6V 6.8 k(2

FIGURE 4-4 Today's horizontal oscillator or deflection circuits are
often located in one large IC with IF/video/chroma and vertical/
horizontal control circuits.
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Flyback transformer Horizontal output transistor

FIGURE 4-5 The horizontal circuits are close to the flyback
transformer.

RCA CTC130C HORIZONTAL COUNTDOWN CIRCUIT

Integrated circuit (IC) U401 performs the dual operations of horizontal synchronization
(oscillator) and vertical countdown. Along with other functions, U401 provides horizontal
drive for the horizontal output stage and vertical drive for the vertical output stage. The IC
(U401) is powered from the 26-V source via R116 (680 Q) connected to pin 5 (Fig. 4-6).
Internal to the IC, pin 5 is connected to a 10-V shunt regulator.

To determine if the horizontal oscillator is working, scope pin 16 of U401. If the chassis
is shut down and will not start, the horizontal oscillator should be checked by injecting

TP 403
R413 Q401 ?
2.2 kQ} Hor. driver
R415
U401
Detection 18 V4 1008 v
IC C420 T401
0.02 nF Hor.
R447 R422 = driver
1 k2 680 O transformer
5 =
R416 B
680 0 B+

FIGURE 4-6 The horizontal countdown circuit in the RCA CTC130C chassis.
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FIGURE 4-7 The horizontal output waveform at pin 16 of
U401 in the RCA CTC130C chassis.

26 V at pin 5 and scoping the horizontal drive at pin 16 (Fig. 4-7). Check the horizontal
waveform with that shown on the schematic. If there is no output waveform, replace U401.

HORIZONTAL OSCILLATOR IC TESTS

Take crucial waveform test measurements of the horizontal 1C oscillator, sync, and output
pulse waveforms. Check pin 17 for the horizontal oscillator drive pulse to the horizontal
driver transistor (Q601) (Fig. 4-8). Check for proper horizontal sync pulse from the sync
separator to pin 16. Check the AFC waveform at pin 14. Improper waveforms at any of
these pin numbers can indicate a defective 1C.

Go a step further and take crucial voltage measurements on the horizontal oscillator (pin
19) (12.5 V). A very low voltage at pin 19 can indicate that the IC is leaky. Check crucial
voltage test points at pins 17, 19, 15, and 18. If any pin has a low-voltage measurement,
disconnect the pin or component tied to that pin number to see if it is loading down the sus-
pected 1C. Sometimes voltage measurements can be quite close—even if the 1C is defec-
tive. Replacing the I[C is the only answer.

POOR HORIZONTAL SYNC

Although horizontal and vertical sync problems are covered in Chapter 7, the horizontal
sync covered here determines if a horizontal hold problem is found in the horizontal cir-
cuits. Check the AFC diodes by removing one end from the circuit and looking for leak-
age (Fig. 4-9). Remove one end of each resistor above 50 kQ in the AFC circuit to make
accurate resistance measurements. These large resistors have a tendency to increase in re-
sistance or go open. Check each small capacitor with a capacitance meter.

Short out the AFC diode to ground to determine if the AFC circuits or the oscillator is
causing the sync or off-frequency problem. Readjust the horizontal hold control to try and
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IC9701 y/c signal/horiz./vertical/deflection
14 AFC Horizontal 1st
: : oscillator : countdown
Horizontal 17
pre- driver RN
X-ray 18
protection
19
[ X9702
1
FIGURE 4-8 A waveform at pin 17 and 18 can indicate if the oscillator section
is working.
Q100
From sync horizontal oscillator .
separator R125 ;ﬂvheorrlzontal
AFC . 270 k() 0027¢R129
R153 C151 T
CR1
27 MQ 470 pF | =
R127 L101
2.2 Me} Horizontal
Ch2 i T hold
R126 1
R151 1 k2 -
27 k()
To flyback B+
= transformer 225V

FIGURE 4-9 Poor horizontal sync can be caused by AFC diodes CR1
and CR2.

lock in a picture. If the picture is fairly stable, the oscillator circuits are good. Now check
the AFC and sync input circuits for lack of horizontal sync. Scope the flyback waveform
fed back to the horizontal oscillator in some chassis (Fig. 4-10).

In today’s TV, horizontal and vertical sync circuits are included inside one large 1C with
video, brightness, color, tint, horizontal and vertical sweep, and x-ray protector circuits.
Check the input waveform of the sync separator terminal on the [C. If the sync is normal
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here, suspect that an 1C is defective or that the voltage source at the supply pin is improper.
This signal-processor IC can cause poor vertical and horizontal sync while other circuits
are normal. Often, poor sync is found with a poor video picture.

CRUCIAL HORIZONTAL WAVEFORMS

The horizontal sweep waveform can be traced from horizontal oscillator or countdown IC
to the collector output terminal of a horizontal output transistor with the oscilloscope. Fig-
ures 4-11A to 4-11D, represent the sweep output waveform from countdown sweep 1C.
The drive waveform is applied to the base of driver transistor, then is amplified and ap-
plied to the primary winding of the driver transformer. This drive signal is applied to the

C134 R136 29
0.001 puF 33 kQ) a
R132
82 k() CR110
R128
36 k) CR111
FIGURE 4-10 Poor
horizontal sync in the RCA
To pin 1 I 0.033 pF CTC97 chassis resulted in
of flyback p— insufficient waveform at the
transformer - base of Q29.

FIGURE 4-11A The horizontal pulse at the base of the
horizontal driver transistor (1 V p-p to 4.5V p-p in a 19-inch TV).
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FIGURE 4-11B The drive waveform at the base terminal of
horizontal output transistor (14 V p-p to 25 V p-p in a 19-inch TV).

FIGURE 4-11C The high-voltage waveform found by
placing scope probe near the flyback transformer.

base terminal of the horizontal output transistor, then is amplified and applied to the pri-
mary winding of the horizontal output transformer or flyback. If one of the waveforms is
missing, or if the polarity is incorrect and the waveform is improper, suspect trouble within
that horizontal circuit.
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HORIZONTAL OFF-FREQUENCY PROBLEMS

Most TV technicians can hear the horizontal oscillator when it has drifted off frequency.
Additionally, horizontal lines appear on the screen and there is no horizontal hold control.
Sometimes the oscillator will drift off after operating for a few minutes. This indicates that
a component is getting warm. Check the horizontal transistor or IC for leaky conditions.
Replace the resonating and coupling capacitors in the emitter-tapped oscillator coil circuit
(Fig. 4-12).

FIGURE 4-11D The horizontal output waveform applied to
the primary winding of the horizontal output transformer (70 V
to 250 V p-p in a 19-inch TV).

Q6 horizontal

oscillator
To horizontal
driver
From sync
separator
and AFC

Horizontal
hold

—
.

FIGURE 4-12 Check capacitors C6 and C8 in the horizontal
coil circuit if the circuit drifts off the horizontal frequency.
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FIGURE 4-13 Clip another capacitor across the one that

you suspect and notice if the picture returns in a Sharp
C1355A chassis.

Suspect problems in the IC, small filter capacitor, and RC time-constant circuits if the
horizontal oscillator is off frequency. First, adjust the horizontal hold control. Take a quick
voltage test on the supply voltage and horizontal oscillator pins of the IC. Replace the IC.
Next, check each small electrolytic capacitor in the circuit (Fig. 4-13). Test each bypass
capacitor with the capacitance tester in the circuit. Remove one end of each resistor for the
correct resistance measurement.

A dried-up or open electrolytic filter capacitor in the power source feeding the horizon-
tal circuits can cause poor horizontal lock or an off-frequency condition. Sometimes the
electrolytic capacitors tied to the horizontal oscillator circuit do not filter out the sync or
hash signal, producing funny horizontal pictures. Horizontal jitters can be caused by a
poor filter bypass capacitor. Suspect that the filter capacitor is defective if the horizontal
lines cannot be straightened up after all other tests are made.

Horizontal drifting and pulling Excessive horizontal pulling of the picture can be
caused by poor filtering in the low-voltage power supply. Higher-than-normal voltage ap-
plied to the horizontal oscillator transistor IC can be caused by a defective zener diode in
the power supply circuits. Horizontal flickering of the picture can result from poor voltage
regulation in the holddown or regulator circuits. Pulling at the top of the picture can be
caused by the malfunction of a small electrolytic bypass capacitor in the horizontal circuits.

Horizontal pulling with the frequency drifting in an Admiral M25 chassis (Fig. 4-14)
was caused by a small electrolytic filter capacitor in the 19.83-V power source. When ad-
dressing this problem, scope the B+ source and shunt another capacitor across the sus-
pected one to locate the defective capacitor. The same symptom was found in a General
Electric CD chassis, except that the voltage applied to the horizontal oscillator was too
high (Fig. 4-15). Often, with dried-up filter capacitors, the voltage source is too low. Here
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34.1 V was found at the collector terminal of the horizontal oscillator transistor (Q502).
Replacing the defective 22-V zener diode with a 5-W type solved the horizontal pulling
symptom. Do not overlook the possibility that horizontal pulling and lines is caused by ex-
cessive high voltage at the picture tube.

Can’t tune out the lines Suspect that the horizontal oscillator is off frequency or that
there is poor filtering in the low-voltage source if the horizontal lines cannot be adjusted
out of the picture. The picture might come on with uncontrollable lines or, after several
minutes, go into horizontal lines that cannot be straightened up. Determine if the horizon-
tal line problem is in the oscillator circuits, power supply, or other sources. Monitor the
voltage at the power source. If the voltage is either higher or lower than normal, check the
low-voltage source that feeds the horizontal oscillator circuits (Fig. 4-16). Check the low-
voltage circuits for poor voltage regulation.

Check the high-voltage and shutdown circuits for excessive high voltage. Simply
measure the voltage at the picture-tube anode terminal. In the early high-voltage shut-
down circuits, if the high voltage went too high, the horizontal circuit was shut down
and all you could see were horizontal lines. An improper setting of the HV or B+ con-
trol can cause the same condition. Raise and lower the brightness control and notice if
the picture goes into horizontal lines, indicating that too much high voltage is at the
picture tube.

In the RCA CTC46 and CTC48 chassis (Fig. 4-17), high voltage (greater than 30 kV) at
the picture tube can cause the shutdown circuits lines in the picture. Sometimes adjusting
the brightness control can raise or lower the high voltage, causing the raster to bloom with
a picture and then go into horizontal lines. Often the horizontal-line symptom is caused by
a leaky zener diode (CR5) or HV regulation transistor. Poor regulation transformer board
connections can cause horizontal lines with excessively high voltage.

5.6 k()

low-voltage source and shunt

> 19.83V
l FIGURE 4-14 Scope the
19-V C810

zener diode 10 uF another capacitor across the one
that you suspect to locate a dried-up
= = electrolytic.
R407
From 1.2 k)
low-voltage >22V
power source 29\ ' Co54

Y405

zener 47 pF
diode
Note: Circled voltage
caused by defective
zener diode Y405 = =
FIGURE 4-15 A defective Y405 caused a higher dc
voltage than specs, resulting in horizontal lines in the raster.
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Note: Circled voltage
caused by defective
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FIGURE 4-16 Low voltage in the scan-derived flyback
source produced horizontal lines in a Sony 1500.
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FIGURE 4-17 High-voltage shutdown and horizontal
lines result from a defective CR5 zener diode.

THE HORIZONTAL OUTPUT TRANSISTOR

Horizontal output transistors cause more service problems and are replaced more than any
transistor in the TV. The output transistor can be insulated from the metal chassis or bolted
directly to a separate heatsink on the PC board (Fig. 4-18). In some chassis, the separate
heatsink and chassis can be hot or above chassis ground (Fig. 4-19). All voltage measure-
ments made around the horizontal circuits must be made from the hot chassis—not the
chassis ground.

The defective horizontal output transistor can appear leaky, shorted, or open. A leaky
output transistor can blow the fuse or trip the circuit breaker. Take a low-resistance mea-
surement between the collector terminal (body) and chassis ground to check for a leaky
transistor. Only a few ohms should register on the DMM. Most output transistors leak or
short between the collector and emitter terminals. The output transistor should be removed
from the circuit for accurate leakage tests. Because the driver transformer secondary ter-
minals are across the base and emitter terminals, an accurate leakage test between base and
emitter cannot be made (Fig. 4-20).
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FIGURE 4-18 The horizontal output transistor is bolted to the
metal chassis or heatsink in the RCA CTC108 chassis.
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FIGURE 4-19 The horizontal output transistor is insulated above
the heatsink and might have a “hot” ground.
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FIGURE 4-20 A resistance or leakage test between base and
common ground might not be accurate with a transformer winding in
the circuit.

Open output transistor tests between the base and collector terminals can be accurate,
but not between the base and emitter terminals while the transistor is in the circuit. Re-
move the horizontal output transistor from its socket to test for leaks or opens. In addition
to the secondary driver winding in the base circuits, the damper diode in the collector cir-
cuit can produce inaccurate measurements.

An overheated horizontal output transistor can be caused by a shorted flyback trans-
former, open damper diode, or insufficient drive voltage. Suspect that a flyback is leaky if
the transistor heats up at once and shuts down. The leaky flyback can destroy the output
transistor each time that the transistor is replaced. Because the damper diode is shunted
from the collector terminal to ground, a quick resistance check with the DMM from the
collector terminal (body) to chassis ground can indicate an open if the chmmeter mea-
surement is low (Fig. 4-21).

You might find the damper diode inside the same case as the horizontal output transistor
(Fig. 4-22). This type of transistor is used in the latest TVs. Check the schematic diagram
if you find that the output transistor has some leakage. If the transistor is checked in the
circuit, a low resistance can exist between the emitter and base terminals. A low resistance
can be measured between the emitter and collector terminals, indicating that the transistor
is leaky under normal tests. In this case, however, the resistance measurement is of the in-
ternal damper diode in one direction. Remove the transistor from the circuit and make an-
other leakage test.

A quick voltage measurement at the collector terminal (body) of the horizontal output
transistor can determine if the transistor is defective. Low voltage can indicate a leaky out-
put transistor or no drive voltage at the base terminal. Higher-than-normal voltage at the
collector terminal can indicate that the transistor is open. No voltage measurement at the
collector terminal might indicate that the horizontal protection fuse, isolation resistor, or
flyback primary winding are open.

Always place silicone grease on both sides of the insulator and transistor when installing
a new output transistor. Wipe off all old grease and dust from the metal heatsink. Snug up
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the mounting screens, but not too tight, because sometimes the corner of the insulator can
break through, causing voltage leakage between the transistor and heatsink.

Testing horizontal output transistors with damper diodes In many of the
new TVs, the damper diode is inside of the output transistor. Do not be alarmed if you have
a low-resistance measurement between the emitter and collector terminals. Usually, when
a low resistance is found between the emitter and collector, the transistor is discarded (Fig.
4-23). However, the SK9119/ECG89 horizontal output transistor has a 480-£ resistance
between the emitter and collector terminals, with the positive lead at the emitter terminal.

FIGURE 4-21 Check the horizontal output transistor from the
collector (leaky) to common ground with the diode test of the DMM.

Q9502

horiz output 160V
-01V C9514

0.0068 uF T9502

T9501 ov ik flyback
Driver
transformer

= R9504 g
= 390

FIGURE 4-22 Notice that the damper diode is located inside the
horizontal output transistor (Q9502) 25D2331.
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Reversed
leads zero

Testing an SK91219 or
ECG89 transistor

FIGURE 4-23 Typical ohmmeter measurements across the
three elements when the damper diode is located inside of the
output transistor (SK9119 or ECG89).

Actually, you are measuring the resistance of a silicon diode inside of the transistor. If a
low-resistance measurement is found with reverse test leads, replace the output transistor.
Notice the 50-C resistance from the emitter to the base terminal. This measurement will be
found in both directions with the DMM diode test. Do not throw away the transistor. If the
reading in both directions is below 11 €, the transistor is shorted between the base and
emitter terminals.

THE FLYBACK TRANSFORMER

Today, the flyback does a lot more work than the old tube transformer used to do. The in-
tegrated high-voltage transformer (IHVT) can have several different voltage windings for
low-voltage sources and high-voltage diodes molded inside of the same plastic housing
(Fig. 4-24). Instead of a separate tripler unit with the low-voltage flyback, the integrated
transformer has diodes built inside the windings (Fig. 4-25).

The integrated flyback can run warm, pop and crack, and cause chassis shutdown. Like
the diodes and capacitors in the tripler unit, the high-voltage diodes break down inside the
transformer. Excessive arcover can cause overheating or arcing of the plastic material.
Sometimes the flyback arcs over to the metal core area.

The integrated transformer should operate fairly cool, unless it is overloaded by a leaky
horizontal output transistor or internal high-voltage diodes. An overload in one of the sec-
ondary voltages can cause the transformer to shut down the chassis.

Most flyback transformers should be replaced with those that have the original part num-
ber. Although the American-made transformer can be replaced with universal types, im-
ported transformers must be replaced with the original replacement transformer (Fig.
4-26). The Japanese component might include the screen and focus controls as one unit.
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Note: Circled voltage was measured with an open Q201 T201
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FIGURE 4-24 Collector voltage that is very low can indicate that the output transistor is
leaky. A very high voltage can indicate an open output transistor.
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FIGURE 4-25 No resistance can be measured in the secondary winding of the IHVT
flyback with high-voltage diodes in the circuits.
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FIGURE 4-26 The high-voltage diodes or secondary winding
can arc over to the metal core of the flyback, making a loud popping
and cracking noise.

Often the horizontal output transistor is damaged by a defective flyback transformer.
Use the variac transformer tests to locate a defective flyback and prevent damaging an-
other output transistor. Before replacing the flyback, check the output transistor and the
damper diode. Be sure that leaky secondary components are not overloading the flyback.
Sufficient drive and regulated low voltage should be found at the base and collector ter-
minals of the output transistor.

BASIC HORIZONTAL CIRCUITS

The horizontal circuits are made up of the oscillator, driver, output, and flyback transformer.
All stages consisted of transistors in the early circuit, or one IC and two transistors in the lat-
est circuits (Fig. 4-27). This type of horizontal circuit can easily be serviced by taking wave-
forms at the countdown oscillator (TP406) (pin 16), collector terminal of driver transistor
Q403 (TP408), base terminal of Q404 (TP404), and collector Q404 (TP407) (Fig. 4-28).

The horizontal driver transistor (Q403) provides high gain for the weak pulse from
U401. The driver transistor can be tested in the circuit for leakage or open conditions.
Voltage measurements at the collector terminal can indicate if the transistor is leaky or
open. Excessively low voltage at the collector terminal can indicate that the transistor is
leaky. A high collector voltage can indicate that the transistor is open, or if an improper
drive voltage is at the base terminal. Often R434 will become quite warm with either con-
dition. Shorted turns in the primary side can be caused by an overheated horizontal driver
transistor, indicated by a weak output waveform. Most defective driver transistors can be
located with crucial voltage and waveform tests. The universal transistor can be used ef-
fectively in the driver circuits.
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The peak-to-peak waveform tests at the base and collector terminals of the horizontal
output transistor can indicate if the stage is weak or dead. Remember, when taking a base
waveform with the transistor out of the socket, the waveform will look different from that
of a normally mounted transistor. Often, the leaky horizontal output transistor or flyback

Screen control Focus control

FIGURE 4-27 The screen and focus controls might be part of
the output-transformer replacement.
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FIGURE 4-28 Crucial waveforms and voltage measurements at the various test points
identify most horizontal circuit problems in the RCA CTC121 chassis.
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can load down the base waveform with the transistor in the circuit. At least with the tran-
sistor out, the horizontal driver output and base waveforms should be close to normal if the
preceding circuits are working.

HOLDDOWN CAPACITORS

In the early Zenith, Admiral, and Magnavox chassis, a four-legged collector-shunt capac-
itor could open, producing excessive high voltage or no voltage applied to the horizontal
output transistor (Fig. 4-29). These tuning capacitors had a tendency to open at one end.
Often, the horizontal output transistor was destroyed in the process. Always replace this
holddown capacitor if you find a leaky output transistor.

If the capacitor does open, the high voltage will increase, and it might shut down the chas-
sis. Besides the higher-than-normal B+ voltage applied to the horizontal output transistor,
check the holddown capacitor for excessive high voltage. High-voltage arcover can occur at
the picture tube or in the flyback circuits when the shutdown high-voltage circuits do not func-
tion because of a defective capacitor. This capacitor should be replaced with one that has the
exact capacitance and operating voltage. The voltage can be from 1.2 kV to 2 kV (Fig. 4-30).

In some chassis, the tuning capacitor can open and destroy the flyback and the output
transistor. It’s best, when replacing a flyback transformer (in the older models), to replace
the holddown capacitor and output transistor. Often, the fuse or isolation resistor opens be-
cause of a leaky transformer and output transistor (Fig. 4-31). Check the damper diode and
boost diodes when you find a leaky output transistor.

THE DAMPER DIODE

A leaky damper diode can blow the fuse or trip the circuit breaker. The open damper diode
can cause the horizontal output transistor to run warm and be destroyed. The diode can be

From
horizontal T801
driver Q601 C741A flyback
horizontal 0.015 wF transformer
output
T701 -0.05V CR713} CR718 1
C748 e
R746 C755 0V | Damper| 0.1 nF C741B
27k 2 0.01 pF 0.015 uF
L701 I =
18 kfﬂ: 0.01 pF % = =
= J; 130V
930-V
boost

FIGURE 4-29 A typical output safety circuit using the four-legged collector-shunt
capacitor.
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Flyback

Focus control Screen control Holddown or
safety capacitors

FIGURE 4-30 The voltage of the holddown or safety capacitor
can range from 1.2 kV to 2 kV with a 5% tolerance.
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FIGURE 4-31 Check the safety capacitor if the output
transistors keep shorting out.
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Flyback
T641 transformer
driver transistor Q640

Ce44
0.007
I )
R642 — R645
10 0)

FIGURE 4-32 Replace the defective damper diode with
one of a 1.8-kV or 2-kV rating.

checked with the diode test of the DMM or VOM (Fig. 4-32). Low resistance measurements
should be found in one direction; infinite resistance should be found with reversed test leads.
A leaky damper diode will have a low resistance in both directions. Replace the damper
diode with a 1.8-kV to 2-kV rated unit. Do not replace it with an ordinary power diode.

CRUCIAL SAFETY COMPONENTS

Replace (with original replacement parts) defective safety components in the horizontal
circuits. Check the manufacturer’s schematic for a star, diamond, or letters alongside each
safety component. Important components, such as the horizontal driver transformer, fly-
back, safety capacitors, bypass capacitors, metal-oxide resistors, the yoke, and the hori-
zontal output transistor should be replaced with exact replacement parts. Always replace
holddown capacitors and capacitors in the flyback and yoke circuits with exact replace-
ments. These crucial capacitors have a higher voltage measurement than ordinary bypass
capacitors.

THE DEAD CHASSIS

Most dead-chassis symptoms occur because of trouble in the horizontal output and low-
voltage power supply circuits. Check for low voltage at the collector terminal of the out-
put transistor and the low-voltage supply. Measure the low voltage at the fuse terminal that
protects the horizontal circuits. If you find no voltage at the fuse or collector terminal,
there are power supply problems. If the fuse keeps blowing, remove the horizontal output
transistor to determine if the horizontal circuits are defective.
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Measure the high voltage at the anode connection of the CRT if you find a normal volt-
age at the output transistor. Suspect that the yvoke is defective if the high-voltage current at
the picture tube is low. Check for an open yoke-return capacitor if there is no high voltage.
An open flyback transformer or capacitor in the flyback circuits can cause a dead chassis.
Usually, a leaky flyback or capacitor will lower the output transistor collector voltage and
can open the fuse.

Suspect an open horizontal output transistor if the voltage at the collector terminal is
higher than normal. The transistor should be removed and tested out of the circuit. Low
voltage at the collector terminal can indicate that the output transistor is leaky or that the
drive voltage is insufficient. Scope the base terminal of the output transistor. If you find an
insufficient waveform at the base terminal, check the horizontal drive and oscillator cir-
cuits for correct waveforms.

RCA CTC121 chassis The most common components that break down in the
CTC121 chassis are shown in Fig. 4-33. Check Q404 and CR408 for leaky conditions.
Low voltage at Q404 or chassis shutdown can be caused by a leaky T402. Improper drive
voltage at the base terminal can be caused by a leaky 403, an open T401, or a burned
R434. After replacing a leaky Q404, be sure that the base resistor (R436) is not open.
Sometimes Q404 can have a dead short, taking out R436, which is in series with T401.
Check for open horizontal winding of the deflection yoke or capacitor C447 if the chassis
is dead.

Montgomery Ward GGY16215A The dead chassis can be caused by high-voltage
shutdown. Sometimes the chassis shuts down at once and the technician does not hear the
high voltage come up. In a Montgomery Ward GGY16215A, the chassis was dead with

L404
horiz.
deflection

yoke

330 uF
ca21 I

Q403 Q404 C428 G425
horiz. driver horiz. output 470 pF 500 pF Red

T401 0.38V =5

T402

U401 16 [1.2kQ|-0.7V

Heflection

= R434
50 0 § ToHchrz; 00
o
127 V100 uF

FIGURE 4-33 The horizontal output circuit of the RCA CTC121 chassis.
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Q400
horiz. .
From horizontal ?432 R440 driver T440
IC IM 470 )
4 %
R448
1.2 k2
Disconnect
anode — — <
terminal — - B+
SCR430
4-\ shutdown
L C482
~ 10 nF
SC435 21y L434
H To flyback
winding
SC434 C434
SC433 .01 uF
123V W
R433
8.2kl —=
113V

FIGURE 4-34 SC435, SC434, and SC433 were suspected in a
Wards GGY16216A.

high-voltage shutdown. Nothing, not even a click, could be heard from the flyback or
speaker. One terminal of SCR430 was removed from the shutdown circuit (Fig. 4-34). The
high voltage and sound came on. SC435, SC433, and SC434 were all found to be leaky
and were replaced. Be sure to check the feedback pulse from the flyback at L434 to the
shutdown circuits.

Goldstar CR407 Voltage measurements (Fig. 4-35) at the collector terminal of the
horizontal output and driver transistor were too high (160.5 V). No drive waveform was
found at the base of the output or driver transistor. The horizontal drive signal was traced
back to the deflection IC (IC401). The voltage at pin 11 was only 1.5 V. High voltage was
found on one side of R508 (160.5 V) with only 1.5 V on the other. The resistance mea-
surement between pin 11 and ground was 54 Q. Replacing a leaky HA 11235 deflection IC
solved the problem.

Dead Sylvania 26C9 switched-mode power supply The fuse was blown in a
Sylvania C9 chassis with a leaky Q400 switched-mode regulator transistor. Q403 and
Q402 were also found to be leaky. After checking the diodes and small resistors in the pri-
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mary circuit, D425 and D421 were found to be shorted. R430 and R432 were burned, so
they were replaced (Fig. 4-36).

The chassis was fired up, but had no output voltage (130 V). R531 was removed and a
75-W bulb was used as the load on the power supply. All components in the secondary
were checked for open or leaky diodes and resistors. R434 (1 €2) was open and D434 was
leaky. The voltages on Q406 and Q407 were found to be normal when 24 V were injected
at the collector of D434. All other components were good.

Q400 was replaced again with a new fuse. The chassis was normal. The switched-mode
transistor was fine after replacing defective components R434 and D434 in the 24-V
power source.

Miscellaneous dead checks Poor pincushion and regulator transformer termi-

nals can cause a dead chassis. [f the connections are intermittent, the raster will narrow
down with low high voltage at the picture tube. Improper connections between the col-

FIGURE 4-35 A leaky

deflection IC (IC401) in a
1C401 Goldstar CR-407 caused
HA11235 the dead-chassis
11 symptom. A 54-ohm
@ 12.8V R508 resistance between pin
AN » +115yv 11 and chassis ground

6.8 k(} indicates that the IC is
leaky.

A
IC404 To Q400

R424
1 D419
T I:RAIM
Q402 : 1k T407
R417 R418 Switch
4’12*? 4 1.2 ki transtormer
Q403
Duty-cycle control
1 G422
R422 —
56 () ™1.8 uF
D425

FIGURE 4-36 Q403 and Q402 were found leaky in the switched-mode
power supply (SMPS) of the Sylvania 26C9 chassis.
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lector bolt and metal body of the output transistor can cause a dead raster with no volt-
age at the collector terminal. Sometimes, if the mounting bolts are too tight, the tran-
sistor can short through the insulation and ground out the collector voltage. Be careful
when taking voltage measurements at the horizontal output circuits in some chassis,
where the output circuits are above ground. Always measure the collector voltage at the
isolated ground terminal or chassis. Otherwise, low-voltage measurements will not be
accurate.

No raster, no sound, no high voltage With a no-raster, no-sound symptom, check
the high voltage at the picture tube with a high-voltage probe. If the high voltage is present
without a raster, troubleshoot the video and picture tube circuits. Go directly to the hori-
zontal output stages if there is no high voltage. Quickly check each horizontal stage with
the scope. Start at the base of the output transistor and go backwards toward the horizon-
tal IC to locate the lost signal (Fig. 4-37). When the signal is located, troubleshoot the pre-
ceding stage with voltage and resistance measurements.

Sharp C1335A with shorted output Most horizontal problems occur in the hori-
zontal output circuits. Check the voltage at the flyback transformer and the collector ter-
minal of the horizontal output transistor. Scope the input waveform at the base terminal.
Remove the output transistor and test it out of the circuit for opens or leaks.

In Fig. 4-38, Q602 was leaky on all terminals and was replaced with a 28D869, 2SD870,
or a universal ECGR89 transistor. R613 resistor was also open. The chassis will “motor-
boat” with R613 open. Also, check the secondary driver transistor for an open winding if
the output transistor is leaky.

Open output transistor in Magnavox T995-02 Often, a higher-than-normal low
voltage can be measured at the collector terminal of the output transistor with an open tran-
sistor. A lower voltage at the collector terminal can indicate that the output transistor is
leaky, the drive pulse is improper, or that the output transformer is leaky. Here (Fig. 4-39),

12.5 V p-p 900-175 V p-p
15V p o 180V p p W _/\_/\_
Q501 | Qs02 /
\Hor driver / T501 | Hor. output

IC301 21 130 Q
Hor. detection

4.7 kQ) 100 pF Flyback

15kﬂ

+131V +131V
FIGURE 4-37 Typical waveforms found in the horizontal circuit.
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T602
Q602 flyback
25D869 & &
horiz. output _L
ce11 Ao C612 A C613
500 pF —l— 0.0033 pF = 0.0033 pF =—y—
‘4/ 120V

120V

FIGURE 4-38 Q602 was found leaky in a Sharp C1335A chassis caused by a
shorted internal damper diode.
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measured with Q1 open.

FIGURE 4-39 Replace C4 a four-legged safety capacitor and
check damper diode D2 if you find a shorted output transistor (Q1) in
a Magnavox T995-02.

the low voltage had increased to 135 V, indicating that output Q1 is leaky. Q1 was re-
placed with a GE-259 transistor. Always replace C4 if the output transistor is leaky. Check
the condition of the damper diode D2 before replacing Q1.

Leaky tripler in Zenith 17FC45 With a leaky flyback or tripler unit, the voltage at
the collector terminal of the output transistor will be lower than normal (Fig. 4-40). First,
check the output transistor for leaky conditions. Be sure that a drive waveform is found on
the base terminal with the scope. Remove the input lead to the tripler unit. If the collector
voltage goes back to normal (144 V), suspect that the tripler unit is leaky. Check the fly-
back transformer if the voltage remains the same after removing the tripler input lead.
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Q202
horizontal
output
uiPs Input Output
Tripler p—
27.5 kV
F
R232 |
Focus
T206 820 O T MUQ
R228
4.7 M1
B+ =

FIGURE 4-40 A leaky tripler unit in a Zenith 17FC45 chassis
loaded down the output transistor.

No drive pulse in J.C. Penney 685-2012 (o directly to the collector terminal of
the driver transistor if no drive pulse is at the base terminal of the output transistor. Check
the waveform on the base and collector terminals. If a waveform is located at the base, sus-
pect that the transistor is leaky or that the voltage is improper at the collector terminal (Fig.
4-41). Measure the collector voltage. Zero voltage at the collector terminal can indicate
that R518 and the primary winding of T502 are open, or that there is no supply voltage.
Low voltage at the collector can indicate that the driver transistor is leaky or that the drive
waveform is improper.

Check TR503 for leaky conditions with an in-circuit transistor test. Remove the transis-
tor and test it out of the circuit. R518 might run quite warm with a leaky transistor. Mea-
sure R518 for a change in resistance. Shorted turns in the primary winding of T502 can
provide insufficient drive voltage at the base terminal of the output transistor. Most driver
transistors can be replaced with universal replacements.

TR503 o hor
horiz. driver Ts502 [0 horiz.
2SC15051 > output

From TR504
horiz. H519

oscillator 5.6 k()

Cc511
0.0018 uF T~ R518 —
— 820 1
100 V

FIGURE 4-41 TR503 was found leaky in a J.C. Penney
685-2012 with R518 (820 ohms) burned open.
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Realistic 16-410 improper drive pulse Check the horizontal circuits by taking
quick waveforms of each stage. Start at the horizontal oscillator, sweep, or countdown IC
terminal that contains the drive signal fed to the horizontal driver transistor. Sometimes a
large IC might contain a countdown horizontal signal with a drive amplifier inside of the
large IC.

In the Memorex 16-410 color TV/VCR portable, IC9701 contains the horizontal amp
pre-driver, which feeds a drive signal to Q1001. The drive signal is taken from pin 17 of
1C9701 to driver transistor Q9501 and driver transformer (T9501) to the base of the hori-
zontal output transistor (Fig. 4-42). No waveform was found at pin 17, indicating no hori-
zontal drive voltage. Low supply voltage (V) indicated that IC9701 was leaky.

No oscillator waveform in RCA CTC111A chassis Check the output of the os-
cillator transistor or IC with the scope. No waveform or an improper waveform can indi-
cate that a transistor, [C, or surrounding component is defective. Measure the collector
voltage of the transistor and the supply voltage terminal of the IC. Low voltage can indi-
cate that a transistor or IC is leaky.

Check all voltages tied to the 1C deflection circuit (U401). Notice if any voltages are
very far off from normal (Fig. 4-43). In this RCA chassis, zero voltage was found at ter-
minal 5 of U401. Terminal 5 was unsoldered from the PC wiring. A low resistance mea-
surement was not found from the terminal to chassis ground. A resistance measurement
across CR401 indicated that a diode was leaky. The leaky CR401 prevented Q100 from
starting and prevented IC401 from applying a sawtooth voltage to the driver circuits.

Bad connection in a GE AB-B chassis Besides locating defective components in
the horizontal section, do not overlook the possibility of bad board connections. A poorly sol-
dered connection where the component ties into the PC wiring or a broken wiring connection
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Q9502
Q9501 Hor. output

Hor. driver

725V T9501
R9510
Flyback
1C9701 17 2700 ng,og
Signal processor AN 0.4V
C9512 |

0.001 uF| T
R9512 g
1.8 k}

3.90

R9511 ;
1.5 k() +160 V

FIGURE 4-42 A schematic diagram of the horizontal output circuits within the
Realistic 16-410 portable TV/VCR.
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IC U401
deflection

Horiz. signal
To C413

R104
560 Q)
SN

[164 v
R105 & 238V i

@ Q100
startup 43y

R104 CR113
82 k() N
\; = 251V
164 V

Note: Circled voltages were found with a defective CR401

FIGURE 4-43 No horizontal drive signal at pin 7 was

found in an RCA CTC111 chassis. The problem was caused
by a leaky diode (CR401).

Break at
feed-through
T971 R975 eyelet
flypack Y972 3910 8/ 35.1 V to horiz.
s ? driver transistor

8.74 V
C555

pr 47 pFI

FIGURE 4-44 A break in a soldered eyelet of the PC

board resulted in a loss of voltage at the driver transistor in
a GE AB chassis.

can cause the loss of horizontal sweep. Crucial voltage measurements with scope wave-
forms can help you to locate the defective circuit. A break in the low-voltage power sup-
ply (35.1 V) of the General Electric chassis (Fig. 4-44) was located when no voltage was
at the collector terminal of the horizontal driver transistor.
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No raster, normal sound In older TVs, you could have normal sound with a defec-
tive horizontal section. Today, with the horizontal circuits and the sound powered from a
low-voltage source connected to the secondary windings of the flyback transformer, the
horizontal circuits must function to receive good sound. Check the high-voltage circuits
for possible trouble if the sound is normal, but there is no raster. A defective picture tube
or its circuit can prevent a normal raster. If the high voltage and picture voltages are nor-
mal, suspect a problem with the video circuits.

INTERMITTENT RASTER

An intermittent raster can originate in the horizontal or high-voltage circuits. A defective
gun assembly of the CRT or picture-tube circuit can produce an intermittent picture. The
intermittent raster can be caused by a poor regulated low-voltage power supply. Although
high voltage might be present, intermittent video components can cause an intermittent
raster. Poor board or wiring connections cause many intermittent problems.

An intermittent raster that changes constantly is fairly easy to troubleshoot and locate the
defective component. A TV that might take hours to quit working or only “dies” once a
week is very difficult to diagnose. Besides voltage and waveform monitoring, the inter-
mittent component might be found with coolant and heat applications. Moving the board
or prodding components on the board might turn up a poor board connection.

Transistors and 1Cs produce most of the intermittent problems in the TV. The horizontal
output transistor and the high-voltage regulator are likely suspects (Fig. 4-45). Of course,
any transistor in the horizontal circuits can break down. The suspected transistor can be

FIGURE 4-45 Check the waveform at the base and collector
terminals of the horizontal output transistor with a scope to
determine if the output transistor is leaky or open.
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@ Scope

? High-voltage
™ {0 CRT
Horizontal
ouput
From
horiz.
driver
High-voltage
probe

17 v

FIGURE 4-46 Monitor the intermittent chassis with the scope
and take crucial voltage measurements.

monitored with the scope and with voltage measurements. Monitor the low-voltage supply
at the horizontal fuse for intermittent power problems. Poor transistor socket connections
can cause intermittent problems. Bad component-to-board connections or bad double-
board feed-through eyelets can be located by pressing up and down on the chassis.

With difficult intermittents, the whole back side of the TV should be covered with a
blanket to add more heat so that the intermittent will act up. Raising the power-line volt-
age slightly can help. Monitor the low-voltage supply at the fuse or where dc voltage en-
ters the flyback transformer. Connect the scope lead to the base terminal of the horizontal
output transistor (Fig. 4-46). Insert the high-voltage probe to monitor the high voltage. 1f
the raster disappears, note which monitor indicates a poor measurement. No voltage at the
low-voltage meter indicates that trouble is in the low-voltage power-supply circuits. If the
waveform is not found at the base terminal of the horizontal output transistor, troubleshoot
the horizontal stages. The high voltage will disappear with horizontal problems. If the base
waveform is normal and the high voltage is low or absent, suspect a defective picture tube
or suspect the video and high-voltage circuits. In case the high voltage increases rapidly,
suspect high-voltage shutdown. Concentrate on locating the defective component after
isolating the intermittent to a given section of the chassis.

KEEPS BLOWING THE FUSE

Suspect that a component in the horizontal or low-voltage circuits is defective if the fuse
blows at once. If the fuse takes a few seconds to open, suspect a problem with tripler unit
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or a component in the high-voltage circuits. A leaky power supply diode or filter capacitor
can cause the fuse to repeatedly open. Remove the horizontal circuit fuse or output tran-
sistor to determine if the component is in the low-voltage or horizontal circuits.

Check the damper diode and horizontal output transistor if the horizontal fuse will not
hold. Measure the resistance between the collector (body) terminal of the output transistor
to chassis. Remove the transistor with a low measurement and test it out of the circuit. A
leaky flyback transformer can cause the case of the horizontal output transistor to run
warm before the fuse is blown. The leaky flyback test should be made with the universal
power-line transformer to prevent damaging a new output transistor. Isolate a possible
shorted yoke by removing the plug or the red wire connected to the yoke plug. 1t’s best to
remove the red lead if the yoke plug has a shorting wire for the B+ circuits.

Suspect that the tripler unit is leaky if the fuse does not blow until after four or five
seconds have passed. Simply disconnect the input lead from the tripler unit. If the fuse
does not open now, suspect that the tripler is leaky. In an Admiral 2M10C chassis, fuse
F102 (1 A) would open after four seconds. A voltage check at the collector terminal of
the horizontal output transistor was normal until the fuse opened (Fig. 4-47). A 100-W
bulb was clipped across the open fuse and it appeared fairly bright with the overloaded
component. When the output transistor and tripler lead were removed, the light went
out. Replacing the tripler with a GE-537 replacement solved the fuse-blowing problem.

J.C. Penney 682-2114 open fuse The F910 (1 A) fuse would constantly open
when a new fuse was inserted. The leaky component was beyond the horizontal output
transistor with the 100-W bulb test. At first, the flyback transformer was suspected. But
when the red lead of the yoke was removed from the circuit, the light bulb brightness
dimmed (Fig. 4-48). A quick measurement of the horizontal and vertical yoke connections
indicated a 2.7-€2 short between the two windings. Replace the deflection yoke with the
original replacement part.

y Pin 1 of
7 CRT
Focus
control
M100 Out High-voltage
v =] tipler F——> to%RT 9
R105 93D99-3
50 MQ n G
Flyback
transformer —_

FIGURE 4-47 After a while the fuse would blow if there is a
leaky tripler unit in the horizontal output circuits.
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Deflection yoke

2.7-() leakage between
horizontal and vertical windings

Vertical module

, Greer\
6 [Vertical out

B+

Green and white

R642
0.39 k2

To
flyback
and output

FIGURE 4-48 The deflection yoke leakage in a J.C. Penney
682-2114 chassis caused the line fuse to blow.

C413
L104  0.06 uF ﬂTgmk
b r‘g“b'\ I ybac
H transformer
SCR101
: L.C122
L403 trace switch 3900 uF
B_._

FIGURE 4-49 A leaky trace switch (SCR101) caused the
chassis to shut down in an RCA CTC59.

RCA CTC59 15-minute trip The circuit breaker would trip after 15 to 20 minutes of
operation, and sometimes when pushed in would kick right out. A 100-W bulb was clipped
across the open circuit breaker. The power supply and horizontal oscillator modules were
replaced without any luck (Fig. 4-49). When removing the mounting screws of the trace
switch (SCR101), the light went out. Replacing the intermittent SCR solved the intermit-
tent raster.

KEEPS DESTROYING THE OUTPUT TRANSISTORS

Most output transistors are destroyed by a leaky flyback transformer, an open damper
diode, or by open or leaky holddown and tuning capacitors. If the output transistor be-
comes warm without any high voltage present, suspect a problem with either component.
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Remove one end of the damper diode and test for open conditions. Replace the tuning ca-
pacitor if the output transistor is leaky or shorted.

Besides the most common components, do not overlook the possibility that the deflection
voke is leaky. Check the yoke-return capacitor for leaky conditions. Check the low-voltage
source. If it is quite high, the output transistor could be damaged by a defective high-volt-
age regulator circuit. Disconnect the boost diode and check for possible leakage. Check the
diodes in the secondary voltage sources for leakage before inserting a new output transistor.

The new output transistor might be defective. Before installation, check each transistor
or diode. The output transistor can be damaged because of lower breakdown voltage. If the
original transistor is not available, install one with a 1200-V or 1500-V rating. Many ser-
vice technicians use the higher-voltage-rating output transistors so that they will last
longer. If the case is warm when the transistor is operating, either insufficient drive or too
high of an operating voltage is applied to the output transistor. Checking the leaky output
transformer takes a little longer.

To prevent damaging another output transistor, use a variable line transformer at the
power cord (Fig. 4-50). Bring the line voltage up from 60 V to 80 V and check the volt-
age at the output transistor. Because only two-thirds of the line voltage is used, the dc
voltage should be down one-third from normal. Suspect that the flyback is leaky if the
dc voltage is low and under 400 peak-to-peak waveforms at the collector terminal of
the output transistor. Remove possible leaky secondary components on the transformer
winding with an integrated flyback. Simply remove each lead of the diodes that furnish
power to other circuits on the secondary windings and notice if the dc voltage returns.

Tuner subber Isolation transformer

FIGURE 4-50 Connectthe TV chassis to variable line

transformer and vary the voltage to about 60 to 80 Vac to check
horizontal circuit before it shuts down.
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RED-HOT OUTPUT TRANSISTORS

If the horizontal output transistor runs red hot and sometimes ends up with a dead short,
suspect that the drive waveform is improper, a driver transformer is faulty, or that a small
filter capacitor is bad. Determine if the waveform drive voltage is the same as shown upon
the schematic. Solder all terminals on the driver transistor. Check the primary resistance to
see if it is the same as in the schematic. The Sams Photofacts lists the primary and sec-
ondary resistance, but some manufacturers do not.

If the output transistor is still hot, replace the small electrolytic capacitor (usually a 1 uF,
4.7 uF, and 10 pF at 250 V) located on the primary of the horizontal driver transformer
(Fig. 4-51). Also, replace the filter capacitor connected to the primary of the flyback in the
B+ source. Replace the driver transformer after all other parts have been replaced. Do not
overlook the possibility that a flyback transformer is leaky.

CHECKING THE FLYBACK IN AN RCA CTC111L CHASSIS

To determine if the flyback transformer is defective in almost any RCA chassis with an in-
tegrated transformer, the following method can be used:

1 Short capacitor C113 with test leads (Fig. 4-52).

2 Connect a jumper across the gate and cathode terminals of SCR100.

3 Adjust the variable line transformer to 60 Vdc at the cathode terminal of SCR100.

4 The remote chassis will not function unless a jumper lead is attached across the relay
terminals (large red and white tracer).

5 Check the waveform at the base of the horizontal output transistor (15-V p-p) (Fig. 4-53).

6 Check the horizontal output transistor waveform (body) (450-V p-p). The waveform
should be clean and without ringing. If ringing is found, suspect a shorted high-voltage
transistor. Defective high-voltage diodes (inside transformer) can cause noise spikes.
Distortion or retrace spikes denote mistuning or a cracked high-voltage transistor core.

7 Ifthe waveform is clean, raise the ac voltage to a normal B+ 130 V.,

8 If heavy current is pulled, suspect a leaky horizontal output transformer.

Q452
From %g;ck
Hor. IC
Y
+135V

FIGURE 4-51 Check small electrolytic capacitors (1 yF to 10 pyF) in the horizontal
driver circuits if the horizontal output transistor runs red hot.
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FIGURE 4-52 Testing the flyback in an RCA CTC111L chassis.
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FIGURE 4-53 Check the waveforms at the base and collector
terminals with the scope of the horizontal output transistor.
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9 Check the flyback secondary voltages and diodes CR106, CR107, CR109, CR110,
and CR 112 for possible leakage.
10 Do not overlook the deflection yoke, pincushion, and centering circuits.
11 Replace a leaky flyback transformer with an exact replacement.

A GE 19QB CHASSIS TRANSISTOR BLOWS

Always replace the tuning capacitor in the chassis when the horizontal output transistor is
found shorted. If a new transistor is installed without replacing the capacitor, it will blow
again. Replace C234 with a 0.0047-pF unit at 1.2 kV or 1.8 kV. These capacitors can ap-
pear normal—even when they open up inside the ceramic case. Be sure that the tuning ca-
pacitor replacement has the correct operating voltage. This also applies to the damper
diode when it is replaced.

ADDITIONAL DAMAGED PARTS

With a leaky horizontal output transformer or with arcover in the chassis, check for sev-
eral parts that might be damaged. Often the chassis comes in with a no-sound, no-raster
symptom. You might find a leaky horizontal output transistor, damper diode, or an open
tuning capacitor and flyback transformer in the same chassis. High-voltage arc-over can
cause a chain of events that damages small diodes in the secondary winding, as well as the
output transistor and flyback. Look a little closer than usual because you might find sev-
eral components damaged under these conditions.

RCA CTC111H chassis damaged components This particular chassis (Fig. 4-54)
came in with a no-sound, no-high-voltage, no-raster symptom. Q404 was shorted and was
replaced. No collector voltage was found at the horizontal output transistor. SCR100 was
open and was replaced. The chassis was fired up and Q404 went out. Checking the output
circuit, CR408 was leaky and CR409 had a 2-Q leakage.

Q405 L404
pincushion driver

Q404

CR408 T402

flyback

CR409
= — 130V
FIGURE 4-54 Take crucial voltage and resistance

measurements to locate the leaky component in the
horizontal output circuits.
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After replacing both diodes with original parts, a line-voltage transformer was inserted
in the line. As the line voltage was raised, Q401 was pulling heavy current. Right away,
the flyback transformer was suspected (T402). The yoke assembly was disconnected with-
out any results. Next, the pincushion circuits were checked and transistor Q405 was found
to be leaky. The dc voltage came up at the output transistor, indicating that the overload
circuit was lifted. The blown 5-A fuse, Q404, SCR100, Q405, CR408, and CR409 were re-
placed to put the chassis in operation.

Variac Transformer Tests

The variac step-up (or down) power-line transformer is the ideal test instrument for locat-
ing intermittents with defective flyback transformers and in high-voltage shutdown cases.
With intermittents, the voltage can be raised above the normal powerline voltage to apply
more voltage or heat to the intermittent component. To prevent damage to another hori-
zontal output transistor, the dc voltage can be lowered until a leaky flyback or excessively
high low-voltage source is located. The high-voltage shutdown circuits or the other com-
ponents that are causing the shutdown can be found by applying lower voltage to the hor-
izontal circuits.

Sometimes, when raising the variac line voltage to around 90 volts, the chassis might op-
erate with narrow width, indicating that a line voltage regulator is defective. Monitor the
voltage at the output of the line voltage regulator as the line voltage is raised. Monitor the
base terminal of the output transistor with the oscilloscope. Suspect the line voltage regu-
lator when voltage is raised higher and the chassis shuts down. Also, suspect the regulator
if the chassis is dead and will only operate with about 87 to 90 volts applied from the vari-
able line transformer.

HIGH VOLTAGE TOO HIGH

Excessive high voltage in the TV can cause the chassis to shut down, turn the raster into
horizontal lines, arcover, and destroy components in the horizontal and high-voltage cir-
cuits. In the early HEW holddown circuits, the excessive high voltage would affect the
horizontal oscillator circuit and cause the raster to go into horizontal lines or off frequency.
Today, if the high voltage is too high, the high-voltage shutdown circuits shut the chassis
down.

A higher-than-normal high voltage can cause the raster to expand or go out when the
brightness control is raised in some TVs. The chassis might intermittently go into horizon-
tal lines when adjusting the brightness control. First check the high voltage at the picture
tube with the high-voltage probe. Adjust the B+ source or high-voltage control for lower
voltage. The chassis might be shutting down with too high of a low-voltage adjustment.

Some TV chassis shut down quicker than others. Connect the chassis to a universal line
transformer. Adjust the line voltage until the chassis shuts down. Under normal operation,
you might find a few chassis will shut down at 122 or 125 Vac, and others can operate at
up to 140 Vac. Monitor the high voltage with the high-voltage probe. Suspect a defective
shutdown circuit if the high voltage shuts the chassis down too early. Check the power-line
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voltage at the customer’s house for a higher-than-normal line voltage, which might shut
the chassis down at certain times of the day.

HIGH-VOLTAGE SHUTDOWN

The chassis might shut down with a high power-line voltage, with a defective component
in the chassis, or by action of the high-voltage shutdown circuits. Use a universal power-
line transformer to help solve the shutdown problem. Slowly raise the ac voltage and no-
tice at what voltage the chassis shuts down. Start all over and keep the line voltage lower
than shutdown to determine what section is causing the chassis to shut down. A 100-W
bulb in series with the open fuse can help you to locate the shutdown component.

To determine if the chassis is shut down by another component or if it is actually high-
voltage shutdown, use the universal power-line transformer or remove a diode in the shut-
down circuit. Often, one end of a diode or transistor can be easily removed from the
shutdown circuit (Fig. 4-55). Monitor the high voltage with a probe and monitor the dc
voltage source to the horizontal output transistor with a voltmeter. Be very careful at this
point. Hold on to the ac plug as the chassis is plugged in. Do not leave the chassis on too
long, so as to prevent damage to the picture tube, high-voltage, and horizontal circuits. No-
tice the high-voltage and low-voltage source measurements. If high-voltage shutdown is
causing the problem, the chassis will remain on during this test. After making repairs, do
not forget to replace the diode or transistor lead to the shutdown circuit.

Suspect that a component in the low-voltage source is defective if the dc voltage is
higher than normal. If the low-voltage source is normal and the high voltage is too high,
suspect a problem with the high-voltage regulator SCR, or the tuning or holddown capac-

Q411
horizontal C420 Part
output 150 pF of
— XT2 XT1 s flyback
C411 E:l R445 winding
— 100 O 10
0.015 nF =
AN * R434
R447 | g7 2ok 00 Rds
100 k2 0.1 pF Q413 2.2 k()
, x-ray latch
Remove emitter 321V - —
terminal for Q412 -
high-voltage X-ray
test 326V
R433 C433
1 k(2 270 uF & CR408
452V 45 2V

FIGURE 4-55 Remove one end of the diode or transistor from the circuit to
determine if the high-voltage shutdown circuits are shutting down the chassis.
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U400
IF-SIF-Chroma-Ver.-Hor.-Aft

11185V
D404

T4402
flyback shutdown circuits will shut down
the chassis.

FIGURE 4-56 Short the two
Part of . .
X connections to see if the

itor in the horizontal circuits. Look for a defect in the high-voltage shutdown circuits if the
high voltage is normal and the chassis shuts down.

HIGH-VOLTAGE SHUTDOWN CIRCUITS

Most high-voltage shutdown circuits operate the same way, although some can be quite
complicated and use several transistors and diodes. If the high voltage becomes too
high, the shutdown circuit turns the chassis off. If the high-voltage shutdown circuits
have a defective component, causing overloading, the chassis might shut down by it-
self. Disconnect the shutdown circuits momentarily to see if the high voltage at the pic-
ture tube is normal.

Some high-voltage shutdown circuits use a silicon-controlled rectifier (SCR) to kill the
horizontal oscillator stage. Other circuits can kill the drive pulse at the horizontal drive
transistor or at the defective 1C. The primary concern of the high-voltage shutdown cir-
cuits is to protect the operator from radiation at the picture tube because of excessive high
voltage.

Excessive high voltage can be caused by higher-than-normal low voltage at the horizon-
tal output transistor. A leaky high-voltage SCR can apply excessive voltage to the output
transistor. If the tuning or holddown capacitor goes open, the high voltage will increase.
Use a universal line-voltage transformer to determine if the high voltage is shutting the
chassis down or if the problem is a defective chassis component. A leaky or defective in-
tegrated horizontal output transformer can cause high-voltage shutdown.

Reconnect the diode or transistor terminal to the shutdown circuit after making repairs.
A defeated high-voltage shutdown circuit is too dangerous to leave unattended. Be sure
that the high-voltage shutdown circuit is working by shorting out a component. In Fig. 4-56,
the shutdown circuits can be tested by shorting test points XT2 and XT1 together. Most
chassis have an easy method to check the high-voltage shutdown circuits. The chassis
should not operate with these two test points shorted. 1f the chassis does not shut down,
suspect a faulty high-voltage shutdown circuit.
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RCA CTC101A HIGH-VOLTAGE SHUTDOWN

With the variac transformer in the power line, this chassis would not shut down until 30
kV was measured at the CRT. One end of the holddown diode (CR419) was removed from
the circuit to verify high-voltage shutdown. The collector voltage at Q100 was 139 V and
should be about 121.5 V. In this model, a new regulator resistor trim component kit was
installed to lower the dc voltage. CR115, R113, R114, R115, R116, and R117 were re-
moved from the circuit. New components from the regulator kit (CR115, R113,and R117)
were installed (kit number 146399)

SANYO 91C64 HIGH-VOLTAGE SHUTDOWN

The chassis and sound came on for only a few seconds and shut down. To determine if the
chassis was shut down by high voltage, disconnect the collector terminal of shutdown tran-
sistor Q403. Use solder wick to remove the terminal from the wiring. Measure the high
voltage if the chassis stays on (25 kV to 27 kV). If the high voltage is above 28 kV, sus-
pect the high-voltage shutdown circuit.

Check the voltage at the horizontal output transistor (normally 114 V). Try to lower the
dc voltage with low-voltage control. If the dc voltage is above 120 V to 150 V, the chassis
will shut down. Suspect that a low-voltage regulator circuit is faulty if the low voltage can-
not be adjusted or is too high. Notice if the high voltage varies with the low-voltage regu-
lator control.

If the low voltage and high voltage can be adjusted and are normal with a 120-Vac line,
suspect trouble in the high-voltage shutdown circuit (Fig. 4-57). Check for zero voltage at
pin 8 of LA1461. Any voltage measurement at pin 8 indicates a defective high-voltage
shutdown circuit.

Test Q403 in the circuit and replace it if it is leaky. Check all diodes—especially D404
(33-V zener), D405, D415, and D406. Remove one end of each diode for accurate leakage
tests. Be sure that 12 V is found on the anode side of D405. Check all 1% resistors in the
shutdown circuits. Doublecheck the emitter voltage on Q403. It should be lower than the
base terminal.

RCA CTC97 BLAST-ON SHUTDOWN

Suspect that the flyback transformer is leaky if the sound blasts on, then the set shuts
down. Often the horizontal output transistor is shorted and SCR101, the high-voltage reg-
ulator, is leaky. Remove the collector lead of Q38 to see if the chassis has high-voltage
shutdown. If the high voltage does not come up and the chassis shuts down, insert a uni-
versal transformer in the power line. Slowly increase the ac voltage to 60-V or 80-Vac.
Feel the case of the horizontal output transistor. Shut the chassis down if it gets warm. Re-
place the leaky flyback with a 145722,

TIC-TIC NOISE

If, with one ear close to the flyback transformer, a tic-tic noise is heard, the horizontal circuit
might not have sufficient drive voltage to the output transistor, or it could be a defective fly-
back transformer, leaky tripler unit, or a loading down of the flyback in secondary circuits. In
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1C401
LA1461

¢ 8 | Holddown

R439 oV

180 k() 14.6 V Holddown

Q403 Part of

2SAB02A flyback
T403
130 k(2 1 kQ =
434 D404
1 uF 7 33V D4os
N
120 V

& Topini2

I 7 of flyback
C438

FIGURE 4-57 Check components C434, 1C401, D415, D404,
and D406 if chassis shutdown occurs in a Sanyo 91C64 chassis.

the modular chassis, remove each module, except the horizontal oscillator, to locate the de-
fective module that is loading down the low-voltage circuits in the secondary voltage source
of the flyback. Remove the transformer input lead to the tripler unit with a tic-tic noise to de-
termine if the tripler is loading down the output transformer. Check the waveform at the base
terminal of the output transistor to determine if horizontal circuits are normal (Fig. 4-58).

Take an in-circuit diode test with the DMM of each low-voltage diode tied to the sec-
ondary low-voltage source before suspecting the flyback transformer. A leaky diode or
component tied to one of the low-voltage sources can load down the secondary circuits.
Often, with a leaky secondary component, the high voltage will come up with sound, then
die down in a few seconds.

DEFECTIVE DEFLECTION YOKE

A leaky horizontal yoke winding to the vertical winding can cause the fuse to blow in older
solid-state TVs. Shorted turns in the horizontal deflection yoke can cause shutdown in the
latest TV. Often, the chassis might operate for a few seconds before the defective yoke
shuts down the chassis. The raster might come up, or only a quick flash might be in the pic-
ture tube before it shuts down.

Usually, the yvoke loads down the flyback and horizontal output transistor with some of
the high voltage with the variac transformer in the power line. The output transistor might
run warm with an overloaded, leaky yoke assembly. Remove the red lead from the yoke
assembly. The voltage will increase right away if the yoke is defective. Of course, the high
voltage will be quite low with the yoke out of the circuit. Remove the voke assembly and
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FIGURE 4-58 Check the drive waveforms in the horizontal
circuits with the scope, all the way up to the flyback.

check for leakage between the horizontal and vertical windings. It’s very difficult to locate
a shorted turn or two with the ohmmeter because the horizontal windings have a very low
resistance. If the yoke loads down the voltage at the collector terminal of the horizontal
output transistor, replace it. Do not overlook the possibility that a pincushion circuit,
which is tied to the same spot as the yoke assembly, is leaky.

CHASSIS SHUTDOWN

Practically any component in the horizontal circuit can produce chassis shutdown. The
horizontal output transistor, high-voltage regulator, flyback, and IC oscillator are the most
likely to fail. The chassis might shut down if the component terminal connections are poor
or if the transistor sockets are loose. Chassis shutdown can occur at once or several hours
later. Check for arcing sounds in the flyback if the chassis shuts down. The defective com-
ponent might be intermittent.

Approach the shutdown problem as an intermittent or high-voltage problem. Use a vari-
able line-voltage transformer in IHVT circuits. Take scope waveforms with crucial volt-
age measurements. Isolate the high-voltage shutdown circuits temporarily to a defective
chassis component by removing the lead of the transistor or diode from the high-voltage
shutdown circuits.

RCA CTC93 chassis shutdown After an hour or so, this RCA chassis would quit op-
erating (Fig. 4-59). At the collector terminal of the horizontal output transistor, no voltage
was measured when the chassis shut down. The open high-voltage regulator (SCR600) was
located with voltage tests at the collector and anode terminals when the chassis shut down.
Poor socket connections in an RCA CTC87A chassis would intermittently shut it down.
Either replace the socket or solder the SCR terminal pins to the socket temporarily.
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POOR FOCUS

Poor focus can result from a low high voltage at the CRT. Check the anode and focus volt-
age at the picture tube with the high-voltage probe. Intermittent focus problems can be
caused by poor picture tube pin connections. A defective focus control can produce erratic
focus problems (Fig. 4-60). [solate the focus problem to the focus or horizontal circuit with
low high voltage. A defective IHVT can cause poor focus problems.

C673
2200 uF

H

From _  ~~~~ m » 10 Hor.
flyback i C620 circuits

SCR600 oy
regulator +| C619
“T~1000 uF

To RD =

FIGURE 4-59 Regulator SCR600 caused the chassis to be
intermittent in an RCA CTC93 chassis.

Focus control Screen control
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FIGURE 4-60 Check the focus control for erratic focus and
replace it with a new one, if necessary.



146

TROUBLESHOOTING THE HORIZONTAL SWEEP CIRCUITS

POOR WIDTH

Check the high-voltage regulator circuits for poor picture width in the latest TV chassis.
The high-voltage regulator transistor, SCRs, and zener diodes in the regulator circuits can
produce insufficient width. Poor solder connections at pincushion, regulator, and driver
transformers can result in poor width. Low voltage applied to the horizontal output circuits
can cause poor width. Open bypass or coupling capacitors in the horizontal and high-volt-
age circuits also can cause poor width.

EXCESSIVE WIDTH

Although most width problems result in a narrow picture, sometimes a chassis comes in
with excessive width. Most of the new solid-state chassis do not have a width control.
Check the B+ or high-voltage adjustment for correct high voltage at the CRT. Excessive
low voltage can increase the width of the raster. This can be caused by a leaky low-volt-
age regulator transistor or an open zener diode. Excessive width can be caused by a high
B+ boost voltage. Check the small filter capacitor in the boost circuit.

POOR HIGH-VOLTAGE REGULATOR

An improper voltage applied to the horizontal output transistor can result from a poor
high-voltage regulation circuit. Leaky or intermittent high-voltage regulator SCRs can
produce poor regulation (Fig. 4-61). A high regulated voltage applied to the horizontal
output transistor can cause chassis shutdown in the IHVT chassis. Check the high-volt-
age regulation circuits for poor voltage fed to the horizontal output stage. Replace the
high-voltage regulator module for poor regulation in a modular chassis (Fig. 4-62). A
regulator transistor or zener diode in the regulator circuit can cause poor high-voltage
regulation.

RCA CTC68 cannot adjust high voltage The horizontal frequency was off and
the raster would go into horizontal lines intermittently in this chassis. The high-voltage
control could change the high-voltage setting, but the high voltage would constantly shift
high and low. The open Q401 was replaced and it immediately burned out (Fig. 4-63). Re-
placing the open CR404 and Q401 solved the poor high-voltage regulation problem.

IMPROPER B+ OR HIGH-VOLTAGE ADJUSTMENTS

You might find both a B+ and a high-voltage adjustment control in early TV sets. Some of
the latest TVs do not have either control. Adjust for the correct voltage at the horizontal
fuse or collector terminal of the horizontal output transistor with the B+ control. Set the
high-voltage control with correct voltage at the anode socket of the picture tube. These
voltages are listed on the schematic.

Lower the B+ voltage if the line voltage is high at the customer’s home. This often happens
with rural power lines. Now readjust the high-voltage control. Suspect that the high-voltage
regulator circuit is defective if the B+ voltage has to be lowered with higher-than-normal
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Regulator SCR

FIGURE 4-61 Suspect a high-voltage regulator if the voltage is

-]
-
o
c
-]
F
m
wun
-
(=]
(=]
-
=
7]
o
z
o
m
u
2
2
=
7]
(7]
(=]
e
-
w
-‘
missing at the horizontal output transistor. 3
m
-y
<
w

HV regulator module

FIGURE 4-62 Replace the high-voltage regulator module if
no voltage is at the horizontal output transistor.

voltage at the collector terminal of the horizontal output transistor. The wrong zener diode
replaced in a high-voltage regulator circuit can produce improper high voltage. Dou-
blecheck the voltage of a replaced zener diode. Lower the B+ voltage as far as possible
(while retaining adequate raster width) in extreme high-voltage areas.
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Q401 T402

High-voltage
regulator

SN

CR404

82.6V

FIGURE 4-63 The high-voltage adjustment will not vary the
voltage if CR404 is leaky or shorted.

FLASHING HORIZONTAL PICTURES

Check the flyback transformer for poorly soldered connections or loose wires if the picture
is flashing. Often the whole raster will flash off and on. The raster might flash across the
screen and go dead. Poor PC wiring or board connections can cause a flashing picture. In-
spect the yoke socket for poorly soldered or loose wire connections. A poorly soldered in-
put terminal connection from the flyback to the tripler can cause flashing in the horizontal
circuits. Discharge the CRT and refasten the high-voltage cable to the picture tube. Some-
times the high-voltage cable is not correctly inserted into the CRT socket.

VERTICAL WHITE LINE

A horizontal white line is caused by insufficient vertical sweep, but the vertical white line
results from no horizontal sweep. The flyback and high-veltage circuits must be working
to receive a white line. Most vertical white-line symptoms are caused by an open yoke,
yoke terminals, or yoke return capacitor. First check the horizontal winding and connec-
tions of the yoke plugs into a socket. Do not overlook the possibility that a pincushion
transformer is open in series with the horizontal yoke return winding.

RCA CTC76A white line Only the up and down white line was found with no hori-
zontal sweep in this RCA chassis. After the yoke winding and terminals were tested, the
yoke return wire was traced to the pin-phase transformer, RS, or L401 (Fig. 4-64). A
poorly soldered connection of L401 to the PC wiring resulted in the vertical white-line
symptom.

HORIZONTAL FOLDOVER PROBLEMS

Horizontal foldover can be caused by a defective damper diode, safety or holddown ca-
pacitors, capacitors in pincushion circuits, and the pincushion transformer. A leaky hori-
zontal output transistor, trace or retrace SCR, or flyback can cause foldover. Open bypass
capacitors in the high-voltage regulator or SCR horizontal circuits can cause some type of
horizontal linearity or foldover. Open or poorly soldered terminals of reactors and the reg-
ulation transformer can cause horizontal foldover (Fig. 4-65).
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PECULIAR HORIZONTAL NOISES

Many different horizontal noises are caused by a component in the horizontal circuits. A
high-pitched, high-voltage squeal or a ringing noise can be caused by loose particles or by
vibration in the flyback transformer. Sometimes the flyback bolts need to be tightened to
eliminate the noise. Pinning the flyback winding core with toothpicks and glue might solve
the vibration or singing problem. Replace an IHVT flyback that suffers from loose parti-
cles (Fig. 4-66).

f‘\

‘ L401
pincushion
transformer

E I

! Y6 To brown
I ire (pin 6
| ofyoke
! %

I

FIGURE 4-64 Check the pincushion terminal connections for
bowing or a white line in the picture.

T401
Flyback Check for

poor connections
F’mcushlon/
Q403

T40
D401 / To Hor.
Pin buffer

= Output
i % transistor
Q402

Switch R407

Ve Q404 I

Leaky | Pin Output

FIGURE 4-65 Solder all pincushion transformer terminals and check
the pin output transistor for leakage in late-model pincushion circuits.
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Flyback transformer

FIGURE 4-66 A defective IHVT flyback can cause squealing and
ringing noises.

Noisy C518 C507
Q502 A U'USL% rF  0.0039 pF
Hor. output /“ \‘A 2kV

\
\ o !
7 -.
T501 114V / i i/
From Hor. -0.1V / T
driver C510 — T 1 Flyback

/0.0015 uF 7
/ 2 kV

ov

1.5k =

+115V
+115V

FIGURE 4-67 Ferrite beads within the horizontal output circuits can
come loose and cause noise in the chassis.

The tic-tic noise in the flyback indicates that the chassis is in shutdown mode or that
there is no horizontal sweep. Small spitting noises can be caused with high-voltage arcover
inside the flyback or the lead to the focus control (Fig. 4-67). A high-pitched, intermittent
whistle noise can be caused by a vibrating ferrite bead (FB) component over the leads of a
diode or transistor element in the horizontal circuits. The “firing” noise with a high-

pitched squeal can be caused by arcover in a focus control.
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NOISE LINES IN THE RASTER

A firing flyback transformer can cause noise lines in the picture—even if you cannot hear
the internal arcing noise. Poorly soldered connections on the flyback terminals can cause
line noise in the raster. Be sure that the picture tube shield is grounded to the metal TV
chassis. Check the high-voltage cable to the CRT for breaks or for a loose screw in the an-
ode clip. Notice if the high-voltage lead is clipped properly into the picture tube.

Excessive arcing inside the focus control can cause firing lines in the raster. Simply ro-
tate the focus control and notice if the lines disappear. Replace the defective focus assem-
bly. Horizontal lines that look like auto ignition noise can be caused by open filter
capacitors in the B+ voltage-regulation circuits. Remove the antenna lead to determine if
the noise is picked up or if it occurs within the TV.

ARCOVER AND FIRING

High-voltage arcover can occur at the CRT, flyback, or tripler unit. Often, you can see it arc-
ing over. Sometimes the high-voltage arcover at the picture tube anode will show lines of fir-
ing down to the banded area of the CRT. Replace arcing flyback and tripler units. Arcover can
occur at spark-gap assemblies, which indicates excessive voltage or a defective component
nearby.

Usually, arcover inside the picture tube gun assembly indicates that a tube filament is
open or that an assembly is open. After replacing the defective component that is causing
the arcover, check the B+ and high voltage. Service the high-voltage regulator or low-volt-
age circuits that produce excessive voltage at the picture tube.

RCA CTC92L DARK LINES IN PICTURE

Two dark lines appeared at the top and bottom of the screen and rolled upward. It looked
like 120-Hz hum. All filter capacitors were shunted and the results were the same. CR305
was found to be leaky in the startup diode circuit at T201 (Fig. 4-68). Any one of the

CR305 Leaky
CR304 CR303 N/
P j¢ n

&
® \_/
Run Start Start T201
CR302
é
A

Run

FIGURE 4-68 Check for a leaky startup diode, which
will cause two dark lines to roll up the screen.
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startup diodes can cause the dark bars in the raster. Replacing the start diode solved the
noisy line problem.

JAIL BARS

In the tube chassis, vertical bars to the left or right of the raster indicate Barkhausen oscil-
lations. A defective flyback or horizontal output transistor can cause vertical firing lines in
the raster. Check the horizontal output and high-voltage components for vertical lines in
the raster.

Sony KV-2643R jail bars Several dark vertical bars to the left of the raster were visi-
ble on this TV (Fig. 4-69). Sometimes, if the contrast and brightness were adjusted, the bars
could barely be seen. Resistor R812 was found burned in the pincushion circuits. Replacing
both electrolytic capacitors (C535 and (C539) in the horizontal output circuit solved the
problem. Both of these capacitors are mounted close to the flyback transformer area.

PIE-CRUST LINES

The pie-crust lines often appear to the left side of the picture. These lines can be intermit-
tent and can vary with the brightness control. The pie-crust effect can occur with open re-
sistors across the clamp diodes or poor filtering in the horizontal stages.

J.C. Penney 685-2041 horizontal pie-crust lines These unusual pie-crust hori-
zontal lines were caused by a defective electrolytic capacitor in the horizontal oscillator
circuits (Fig. 4-70). The 3.3-uF capacitor was replaced by one with a 250-V rating.

T503
25D725 fiyback g4 N
Q902 pincushion 7
horiz. output 25A733AP 3o vy
c535 |+ +] C539
10 uF T 33 uF
L512 ?
— hd
N 4
135 V 197V 123V

FIGURE 4-69 Open electrolytic capacitors cause “jail bars” to the left side of
the picture.
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Horizontal oscillator
R511

To horiz.
driver

From
AFC

R510
1kQ
cs507 L
33uF T
1 cs06
T 0.033 uF

Horiz. oscillator

_3 coil )|

R525
8.2 ki)

e

FIGURE 4-70 Replace C507 in a J.C. Penney 685-2041 that
shows horizontal “pie-crust” lines.

HORIZONTAL MOTORBOATING

A putt-putt noise in the horizontal output circuit can be caused by a defective output
transistor or by a corresponding component. Check for an open emitter or base resistor
in the horizontal output transistor circuit. Replace the output transistor when no emit-
ter resistors are located in the circuit. These transistors might test normal and still os-
cillate under load.

Montgomery Ward C1935 motorboating The neon dial lights would blink,
demonstrating that the B+ voltage was unstable. At first, the trouble suspected was poor
low-voltage regulation. When Q602 was removed from the circuit, the motorboating
sound quit. Replacing the horizontal output transistor (2SD870) did not solve the problem
(Fig. 4-71). Installing a new emitter resistor (R615) solved the motorboating condition.
Evidently, Q602 had shorted, taking out the emitter resistor.

POOR BOARD CONNECTIONS

Poor board or component terminal connections can produce a dead chassis, intermittent
horizontal section, and high-voltage troubles. A poorly soldered connection around a reg-
ulator or pincushion transformer can cause the raster to narrow. The poorly soldered ter-
minals of any horizontal transistor can cause an intermittent picture. Check all eyelet
feed-through terminals that can cause improper voltage to a horizontal circuit.
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Horizontal output

From
: Q602 To flyback

driver > 25D870 Y

transistor
T601
104 Q g 0.2 0
R615
R614 0.27 )
1.5 k() —

120V

FIGURE 4-71 Check R615 for “motorboating” in the
output circuit with the damper diode inside of the output
transistor.

PC wiring might break at a flyback transformer lug connection, killing the high voltage.
Sometimes the wiring will break at feed-through eyelets. The PC board might break where
the flyback transformer is mounted, if the chassis is dropped or knocked off the TV stand.
Often, heavy components, such as transformers will cause the board to crack when the TV
is dropped. Repair the PC wiring with short lengths of hookup wire across each broken
area. Check for broken PC wiring where the wiring joins a large terminal post. Check for
PC wiring breaks at the various controls if the set is dropped on the front side.

SOLDERING IC TERMINALS

Look for cracked board areas around large [C processors. Repair the cracked wiring with
hookup wire. Sometimes the intermittent symptom might be caused by poor pin connec-
tions of the IC. If the chassis is carried or moved around, the contacts might break.

Solder each pin with a small soldering iron. The battery-operated iron is ideal for small,
delicate connections (Fig. 4-72). Use very small solder (0.015) for IC work. Do not hold
the iron on too long, just long enough to make a good, flowing joint.

SCR HORIZONTAL CIRCUITS

In the early modular chassis, two SCRs were used in the sweep circuit in place of a regu-
lar horizontal output transistor. The same SCR components were used in the RCA chassis,
starting with the CTC40, CTC46, CTC48, CTC58, and CTC68 chassis (Fig. 4-73). You
will find the same sweep circuits in Philco, Coronado, J.C. Penney, and other models dur-
ing this same period. Although the SCR sweep circuits were fairly reliable, most defective
components were common to all chassis.

Retrace and trace switch SCRs provide a horizontal sweep pulse to the flyback trans-
former. Often SCR101 is open and SCR102 becomes leaky. CR402 and CR401 provide
damping action for SCR102 and SCR101 respectively (Fig. 4-74). If CR402 goes open,
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SCR102 will become shorted. Replace the small insulator with silicone grease when in-
stalling a new SCR.

Take a voltage check at the case of each SCR with a dead symptom. Normal voltage
at SCR102 and no or low voltage at SCR101 can indicate a normal retrace switch with

FIGURE 4-72 Solder the pins around the IC terminals with a
low-wattage soldering iron.

FIGURE 4-73 Two SCRs developed the drive to the flyback
transformer in the early TV chassis.
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a defective trace component. Low voltage at SCR101 can be caused by a leaky tripler
unit. Remove the tripler input lead for further tests. A quick scope test at SCR101 will
indicate if the normal drive pulse is applied to the flyback. Remove both SCRs and test
them out of the circuit with no drive pulse. Disconnect one end of CR402 and CR401
and test for leakage.

HIGH-VOLTAGE PROBLEMS

Excessive high voltage will cause these chassis (Fig. 4-75) to go into horizontal lines. The
horizontal might sync in when the brightness is raised and lowered. Try to adjust the high
voltage with R412. If not, troubleshoot the high-voltage regulator circuits. Check Q401,
CR402, and CR404 for leakage. Remove one lead of each diode for accurate leakage tests.
Check the primary of T402 for a correct resistance of 37 Q.

Poor horizontal and vertical sync can occur with 32- to 35-kV high voltage at the picture
tube. Excessive high voltage can be caused by poorly soldered terminals on T402. Poor
terminal connections on T402 and T401 can produce intermittent and high-voltage prob-
lems. Replace CR402 with a 13-V, 1-W zener, diode. If CR404 opens, Q401 is destroyed.
Q401 can be replaced with a universal SK3024 transistor if the original cannot be found.

Servicing the RCA CTC110A chassis Many of the latest RCA chassis can be ser-
viced in the same manner as the CTC110A chassis. For that matter, several different
brands of TVs can be serviced with the following service procedures. After blown fuses
have been replaced in sets with a no-high-voltage/ no-raster/ no-sound symptom, deter-
mine if the chassis has high-voltage shutdown or a defective component. With this partic-
ular chassis, the flyback circuit must perform or no voltage is applied to the horizontal
oscillator and other circuits.

Leaky, Check for
replace 13-V poor terminal
R413 Zener connections
300 0 hi r?‘m': at PC board T402
igh-voltage
CR405 regulator
13V regulator \‘
R412
180 ﬂ/k\
Check for
open
Can go open
R411 0.012 pF or leaky and
560 Q2 repll-:catlak&ith can ruin Q401
— SK3024

A

FIGURE 4-75 Check the various components in the
high-voltage regulator circuits.
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From
Q403

Note: Circled voltage
measured with

Horiz. driver 98.9 R430

0.015 pF

Use a universal power-line transformer to set the voltage at about 60 to 80 Vac. Notice
if the chassis has high-voltage shutdown. Another method is to remove the emitter termi-
nal of the x-ray latch transistor (Q414) to prevent high-voltage shutdown. If the high volt-
age does not come up, suspect that a horizontal circuit is defective.

Take a waveform check at the output transistor. Without a drive pulse, measure the volt-
age at the collector terminal of the output transistor (Q412). A normal voltage should be
around 121 V (Fig. 4-76). A lower voltage can indicate an output transistor or damper
diode is leaky. Remove Q412 from the circuit and test both components for leakage. If the
voltage is high, suspect that the drive signal is improper or that the high-voltage regulator
circuit is defective. In this particular case, 159.7 V was found at the regulator with output
of 132.5 V at the collector terminal of the output transistor, indicating that the high-volt-
age regulator circuits were working.

A low collector voltage was found at Q411 (4.8 V). This indicated that no drive signal
was at the base of the horizontal driver or that Q411 was leaky. Because the flyback cir-
cuits were not working, the 19.9 V feeding the horizontal was missing. To determine if the
horizontal or output circuits were defective, the external voltage supply must be connected
to the 19.9-V supply. The low-voltage source must function to provide drive signal to the
horizontal output circuits. A universal power source is ideal in this situation.

Remove the power cord and connect the external voltage source to the 19.9-V source in
the horizontal circuits (Fig. 4-77). Adjust the external voltage to 19 V or 20 V. The hori-
zontal output transistor (Q412) should be removed for these tests. Check the waveform at
the base of the horizontal driver transistor (Q411) with the scope. Now plug the chassis
into the power line. Signaltrace the waveform from the horizontal switch through to the

Cca17 T402
0.0058 pF  fiyback

119V CR405

Q412
horiz.
output

Q411 Ly

C411

—_ R429
R428 0.18 2

4.3 ki)

defective T401. L, - 121 VW

N
121V Note: Check waveform with scope.

FIGURE 4-76 Check the voltage source and waveform at the collector terminals
of Q412.
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Horizontal

. ) Waveform
Hosnzlontal driver check points
From Q403 10 kQ 27 pF horiz. output
Q402
— To
T401 flyback
ﬁ -
.
) ]
5
R414 =
2.7 kQ RaS4 m
0.18 {2 g
Disconnect — R428 R429 o
. emitter 47kl S 0.68 k() 2
199V ¥ ofQ414 = =
- CR406 = =
1N L :
= . R437
=
Universal p 4 560 kO -
power m
supply w .
To Q414 o
19-V to 20-Vdc X-ray transistor 121V E
FIGURE 4-77 Connect an external power supply to determine if the horizontal circuits 3
are working. E
@
base of the output transistor. Suspect problems in the output circuits if a normal waveform E:
is found at the base of Q412. m
In this particular case, the drive signal was good at the base of Q411 and no signal was .
)

found at the collector terminal. Q411 was checked for leakage out of the circuit. Q411 was
replaced and still no waveform was found. Both R428 and the primary winding of T401
were checked for the correct resistance. When the chassis was reconnected, the waveforms
were good at the base of the output transistor and collapsed in 30 minutes. The primary
winding of T401 had an internal short, yielding a resistance of 0.05 €, instead of 98.9 Q.
Replacing the shorted driver transformer solved the no-raster/no-high-voltage symptom.
The TV chassis with a flyback transformer (IHVT) must be serviced in a slightly differ-
ent manner than the standard output circuit. First, determine if the chassis is shut down
with high voltage or a bad component in the chassis. Use a universal power-line trans-
former or remove a leg of a transistor or diode in high-voltage shutdown circuit to deter-
mine if high-voltage shutdown is the problem. Next, determine if the horizontal circuits
are functioning with an external power source and monitor the circuits with the scope.

FIRE DAMAGE

Components that can cause fires in the TV chassis are the deflection yoke, flyback trans-
former, degaussing coils, overheated resistors, large power resistors, and transformers. Re-
place these defective components with parts that have the exact part number as the
originals. A stuck relay or relay transistor circuit can cause the relay to stay on and apply
power to the TV. A defective relay with a weak release spring or broken leaf assembly



160

TROUBLESHOOTING THE HORIZONTAL SWEEP CIRCUITS

might let the relay on and not shut off. A shorted yoke or flyback transformer can cause the
windings to burn other components nearby.

Red-hot resistors close to the PC board or liquid spilled down inside TV can cause the
PC board to undergo a slow burning process. Shorted diodes in the low-voltage power sup-
ply can overload power transformers and produce fires. Always replace line and secondary
fuses with replacements of the exact amperage. Do not place larger-amperage fuses that
might not open with a leaky component in the voltage sources.

SIX ACTUAL HORIZONTAL SWEEP PROBLEMS

Here are six typical problems with horizontal sweep circuits.

Dead-shorted output transistors After replacing the fuse, the chassis groaned and
out went the fuse again. The horizontal output transistor was checked to common ground
and showed a 0.13-Q short (Fig. 4-78). Q401 was replaced and the variable isolation trans-
former was slowly raised to 65 volts. The horizontal output transistor became warm, with
very little drive waveform. After several attempts, it was found that the flyback trans-
former (T408) was knocking out Q401. Replacing the fuse, Q401, and T408 solved the
Sylvania 25C504 problem.

Destroys output transistor in a few hours After the horizontal output transistor
was replaced in an Emerson MS1980 TV, the chassis shut down in about three hours.
Again, Q401 was checked, and it was found to be shorted. Replacing the transistor once
again and slowly raising the line voltage with the variable isolation transformer did not
cause the chassis to shut down.

Crucial voltage and waveform tests were made on Q401 and the horizontal driver tran-
sistor. The collector voltage upon the driver transistor was too high, according to the
schematic. C435 (1 pF, 160 V), an electrolytic capacitor, was replaced, which eliminated

128V Hor. output /'/ Leaky
L468 R400 129V /

T408
Ca57 Flyback
312V | 470 pF T
+312V

l C453 0465

+130V T‘m“ﬂ_\ggm wF

FIGURE 4-78 A shorted Q401 was caused by a defective flyback (T408) in a Sylvania
25C504 chassis.
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Leaky

25D870 |
Qao2 | C420 c421

Hor. output / 0:0081 uF 0.0022 F | eaky

I

IC401
Hor. deflection Q401 T401

23 Hor. driver  driver

/
T T T403
L 1 Flyback

+125V

+125 vV

FIGURE 4-79 Replacing Q402, C420, and T403 solved the horizontal problems in a
Samsung K-25 chassis.

the damaging of the high-output transistor. Replace small-capacity capacitors in the col-
lector circuit if they keep destroying the output transistor

Blown fuse—shorted output transistor The main line fuse in a Strung K-25 chas-
sis would open after replacement, indicating an overload in the power supply or horizon-
tal output circuits. Q402 (25D870), a horizontal output transistor was found to be leaky.
After replacing 402, the chassis still blew the main fuse. A resistance measurement to
collector of Q412 and common ground indicated (.27 € (Fig. 4-79).

The output transistor was removed and it tested normal. Again, a resistance test was
made from the flyback and collector terminal with the same resistance. C420 and C421
checked normal. T403 was found to be shorted. Before the repair was finished, the main
fuse, line-voltage regulator (IC801), Q402, and T403 were replaced.
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Dead, no start—RCA CTC109A The TV chassis (Fig. 4-80) seemed to want to start,
but only a buzz could be heard in the flyback transformer. High voltage was found on the col-
lector terminal of Q412 (137 V). The high-voltage regulator was checked, with 178 V at the
anode terminal of SCR101 and 137 V at the gate and cathode terminals. Although the volt-
age was high, the high-voltage regulator SCR was functioning with a voltage drop of 41 V.
Often, a higher voltage found at the output collector terminal is caused by a defective high-
voltage regulator circuit or by open output transistors. Because the regulator circuit was work-
ing, Q412 was checked for opens and leaks. Remove Q412 from the chassis because T401’s
secondary winding will show a short between the base and emitter terminals. Replacing the
open output transistor (Q412) between the emitter and base terminals cured the dead chassis.

No regulator voltage—RCA CTC115A No voltage was measured at the output
transistor in a 9-inch portable color TV. Voltage measurements of 117.6 V were found at
the gate and cathode terminals of the high-voltage regulator (SCR101), and no voltage was
found at the anode terminal. Because U401 triggers SCR101, voltage measurements were
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found low at pins 5 and 17 (0.5 V). After pins 5 and 17 were removed from the PC wiring,
a leakage of 54 €1 was found from pin 5 to the chassis ground. Replacing R401 with a
149253 IC kit solved the no-picture/no-sound regulator problem (Fig. 4-81).

Output transistor keeps blowing After replacing the horizontal output transistor
(Q402) in the RCA CTC149 chassis, the fuse would blow and the horizontal output tran-
sistor was shorted. After applying an external voltage source to the deflection IC, no ver-
tical or horizontal output pulses were noted. After several hours of frustration, the
countdown crystal (Y3301) was found to be defective.

Q411
Hor. driver Q412

Hor. output
Erom PUt  cRr405

Hor.osc. T401 1 '
. Flyback

- R402

33 (

R429
0.68 Q)

B+

FIGURE 4-80 Remove Q412 from the chassis for an accurate open test.

U401
5 [ 17 ’ 7 .
. } To pin 1 of
101V 101V T462
 S— .
SCR101
high-voltage
C161 G regulator
0.012 pF
W K
To Q466 I
startup
; C108
transistor 470 pF % l ‘%
= T101 i
- 1176V

Note: Circled voltages were measured with a leaky U401

FIGURE 4-81 A leaky ICU401 caused chassis shutdown in the RCA CTC115A
chassis.
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New horizontal
output transistor

FIGURE 4-82 The new horizontal output transistors might look

the same as the originals on the schematic, but they have a TO-218
body.

TABLE 4-1 CHECK THE HORIZONTAL SWEEP CIRCUITS
TROUBLESHOOTING CHART

WHAT TO CHECK HOW TO CHECK IT

No horizontal sweep. Check voltage to flyback and horizontal output
transistor.

Voltage normal, no sweep. Check waveform on base of output transistor.

No waveform on horizontal driver transistor.  Check output waveform on sweep IC.

Check voltage on horizontal sweep IC. Check low voltage source (V..) to sweep IC.

Is sweep IC defective? Inject dc voltage to IC sweep and monitor output
with a scope.

Check circuit diagram for correct voltage Unplug ac cord for this test.

applied to sweep IC.

The new horizontal output transistor The new horizontal output transistor from
the latest TV circuits resemble the same type on the schematic, except that it has a TO-218
mounting. This output transistor looks like the TO vertical transistors. Q4400 (179743)
found in the RCA CTC140 chassis is an NPN, silicon, 8-A, 1500-V replacement (Fig. 4-82).
Although the universal replacements can dissipate 125 watts, they seem to run warmer
than the older output transistors. See Table 4-1 for the horizontal troubleshooting chart.
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Problems with HV Circuits Arcing in the focus control
Flyback transformer problems Secondary flyback circuits
The high-voltage probe Quick high-voltage circuit checks
Removing and replacing the flyback Voltage supplies to CRT
Picture-tube filament circuit Check components before replacing
Tripler problems flyback
Keeps blowing fuses Five actual case histories
Loading down—Magnavox T995-02 Overloaded secondary circuits
Poor focus
High-voltage arcing Conclusion

Problems with HV Circuits

Although the high-voltage circuits do not produce quite as many problems as in the old
tube chassis, some new and old service problems still arise. Because the tripler unit re-
places the high-voltage rectifier, fewer flyback transformers need to be replaced in the new
TVs. The tripler unit, which had many service problems at first, was replaced with the in-
tegrated flyback transformer with high-voltage diodes molded inside (Fig. 5-1). These
transformers have produced various service problems.

Besides the high-voltage rectifier molded inside the flyback transformer, additional
windings are wound on the same core, providing low voltage to many dc circuits (Fig. 5-2).
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FIGURE 5-1 The modern integrated horizontal output
transformer (IHVT) contains high-voltage diodes molded inside the
flyback.

Part of T501

: - 4210V
D501 %220 ma
D503 220
- - 12V
L{ %4?0 uF
2 % 560 pF 1800 i - 11.3V
3 220 pF
56 k) T
5 0.01 uF = oy
560 pF ZD103 aS LLEEU nF
: T 7T
6 _’__Lﬁ_ AN _T_ _L = 35V
7 % D511 19 220 uF T Ttl?[] wF

FIGURE 5-2 The IHVT can supply voltages to the screen grid and focus grid, and
provide several different low-voltage sources from separate windings on the secondary of

the flyback.
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You might find a separate filament winding for the CRT on the flyback transformer. These
additional windings shutdown the chassis if the circuits are overloaded by a leaky compo-
nent in the connecting circuits. Do not overlook the possibility of a high-voltage shutdown
problem in the flyback secondary circuits.

A defective tripler unit and integrated horizontal output transformer can destroy hori-
zontal output transistors. The tripler or flyback can arc over, producing a loud arcing noise.
Sometimes the defective integrated flyback only makes a tic-tic noise with chassis shut-
down. Poor focusing of the CRT can be caused by a defective flyback or tripler unit. Ser-
vicing the new high-voltage circuits might require different troubleshooting techniques,
but they are rather easy to service after a few have crossed your service bench.

FLYBACK TRANSFORMER PROBLEMS

The horizontal output or flyback transformer is physically small, compared to the old tube
TV transformers. Very few service problems are found with the flyback transformer tied
into a tripler unit (Fig. 5-3). These transformers operate at a very low voltage, compared to
the integrated flyback. This reduces breakdown problems. The RF output voltage is usu-
ally under 10 kV, but the integrated transformer can be over 30 kV. The tripler unit breaks
down more than the transformer.

The integrated transformer with several low-voltage windings and molded high-voltage
diodes can cause a lot of service problems. Suspect that the flyback transformer when the
horizontal output transformer is arcing or begins to run warm. The insulation between
windings can break down, producing high-voltage arcover in the new transformers. A
breakdown of the high-voltage diodes molded inside can cause arcing or a warm flyback
transformer.

With the new high-voltage shutdown circuits, the chassis can come on with a blast of
sound and then shut down. In some transformers, all you can hear is a tic-tic noise. An in-
termittent squealing noise can indicate a defective flyback or a whining noise can be
caused by loose particles inside of the transformer or by loose mounting bolts. Replace the
noisy transformer because most ceramic cores are held together with metal tabs.

The tripler flyback transformer secondary winding can be checked with the low-resis-
tance scale of the VOM or DMM (Fig. 5-4). The resistance of the high-voltage winding
can vary from 55 € to 350 €. This depends on the output voltage and the manufacturer.

Typical To focus
tripler hookup /' circuit
To CRT o
anode connection @ED::EID: Ground
26 KV to 31 KV ™ 0
Out ollIn

1 From flyback
= transformer

FIGURE 5-3 The high-voltage tripler contains capacitors and
diodes to provide a higher ac voltage for the anode terminals of
the CRT.
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Flyback
with
tripler

IHVT
Horizontal
output
transformer

-

o

FIGURE 5-4 Disconnect the input lead from the tripler
and measure the secondary HV winding to see if it's open.

Although the resistance measurement does not indicate a shorted turn, the measurement
does show us if the winding is open. In the integrated transformer, winding continuity can-
not be measured because of high-voltage diodes in the circuit.

The output lead of the tripler transformer can be checked by creating a 0.25-inch arc be-
tween a screwdriver blade and the input lead removed from the tripler unit. A high-voltage
measurement at the anode CRT lead can indicate high voltage with the integrated trans-
former. If the integrated transformer is in shutdown, the transformer’s condition must be
checked with a universal line voltage or variac transformer. All circuits in the secondary
winding of the horizontal output transformer are covered in this chapter.

A defective flyback can destroy the horizontal output transistor or produce a high-volt-
age shutdown. The shorted flyback can cause an excessively bright raster with heavy re-
trace lines because of a leaky path to the core of the transformer. Because there is no high
voltage, the defective integrated flyback can cause pulsating blooming of the raster.

A defective flyback in an RCA CTC97A chassis produced a pulsating and blooming
raster that was out of focus. Only 12 kV were measured with the high-voltage probe. A
normal voltage was measured on the horizontal output transistor, indicating that the high
voltage at the picture tube was improper.

THE HIGH-VOLTAGE PROBE

A high-voltage measurement at the anode connection of the CRT indicates that the high-
voltage and horizontal section is working. The ground lead of the high-voltage probe must
be grounded to the chassis or you will receive a jolt. A high-voltage shock can injure you.
Never use a low-voltage VOM or DMM in the high-voltage tests. Be extra careful when
working around high-voltage circuits (Fig. 5-5).

The VTVM can be used as a high-voltage meter when a special high-voltage probe is at-
tached, instead of the regular voltage probe. Again, clip the ground wire to the metal TV
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FIGURE 5-5 Monitor the high voltage with the high-voltage
probe at the anode terminal of the CRT.

TABLE 5-1 THE HIGH VOLTAGE LEVEL, PICTURE

TUBE, AND MODEL NUMBERS OF
SEVERAL DIFFERENT TV CHASSIS

MAKE MODEL OR CHASSIS HIGH VOLTAGE
Bohsei 13B081R 19.9 kV
J.C. Penney 685-2048 22.5 kV
Panasonic GXLHM 29.5 kV
RCA CTC130C 25.8 kV
RCA CTC117 24.2 kV
Zenith L1740W 26.5 kV

chassis. Always choose a high-voltage probe that will measure up to 35 kV because many
of the new TVs generate about 31 kV. Discharge the CRT at the anode terminal before
working in the high-voltage circuits. Remove the anode lead. Isolate it on heavy insulation
or on a cardboard box to prevent arcing when the high-voltage measurement is low. A leaky
picture tube or circuits might be pulling down the high-voltage measurement (Table 5-1)

REMOVING AND REPLACING THE FLYBACK

Be sure that the flyback transformer is defective before installing a new one because re-
placements take time to remove and install. Mark down all color-coded leads to each ter-
minal on a separate piece of paper. List each component and the tie points that solder
directly to the transformer terminals. Many integrated transformers solder directly into the
circuit of the PC board.
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The flyback transformer in the latest RCA chassis mounts into soldering eyelets on the fiber
chassis (Fig. 5-6). Long lugs from the transformer fit into the evelet and then are soldered. The
best method is to use a solderwick material with a 150-W (or higher wattage) soldering gun.
If the solderwick mesh does not have enough soldering paste, apply extra soldering paste to
help suck up the melted solder. A desoldering tool can be used to pick up the melted solder.

Start about 0.5 inches down the braid of the solderwick and apply heat to the first eyelet.
Slowly go around the terminal with the iron tip pressed tightly against the wick material.
Make a complete turn around the eyelet and pick up excess solder. If the wick material is
full, start down another inch and pick up the remaining solder from the eyelet. Keep the
heat applied as the solderwick goes around the terminal. If excess solder is left in the hole,
the terminal is hard to remove and it might crack the board or wiring when it is removed.
Disconnect each terminal with the same method.

Be careful not to misplace or break components on the top side of the board when re-
moving the transformer. A screwdriver blade slipped under the metal or plastic body of the
transformer can help to loosen each terminal. Most transformers will pop right up if all ex-
cess solder is removed. Suck out or remove all excess solder from each eyelet before in-
stalling the new transformer. Cut off the focus and screen cables, as well as any other wires
found on top of the chassis connected to the transformer. Leave the leads long enough to
identify the color code of each wire.

Route the filament wires down at the bottom side of the transformer and through the
back metal brace area. An improper voltage might be placed on the filament wire if it is
left high around the plastic belt of the flyback. Sometimes this can burn out the picture
tube. Solder the filament wires before soldering the bottom transformer lugs.

Keep the transformer tight against the PC board while soldering the eyelet terminals. Be
sure that each eyelet is full of solder all around the terminal. Now check each terminal to

g

FIGURE 5-6 Remove excess solder from the output transformer
eyelet or pin connection with a large iron and solder wick.

-]
-]
o
c
-]
F
m
(2]
- 1
o
o
-
=
o
>
=
o
)
m
)
-]
2
=
o
w
o
-
)
L
-
-
-
m
-
<
w




170

HIGH-VOLTAGE TESTS

Bottom mounting of
flyback transformer

Possible Low
breakage | |ohms

FIGURE 5-7 After
installing a new flyback,
check each terminal with
the corresponding foil
wire to be sure that no
foil is broken at the
transformer
connection.

the PC wiring for a broken connection. Sometimes the wiring will break right at the eye-
let. Take a continuity check with the low-resistance scale of a VOM or DMM from the
transformer terminal to the nearest component tied to each terminal of the transformer
(Fig. 5-7). This check can save a few hours of troubleshooting if the transformer does not
work after installation.

PICTURE-TUBE FILAMENT CIRCUIT

In the tube chassis, the picture-tube filaments are taken from a power transformer or are in
series with the power line. Today, the filament voltage is taken from a separate winding on
the flyback transformer. No light at the end of the picture tube can indicate an open tube
filament or transformer winding.

The raster was out in a K-Mart SK1310A with no light at the end of the CRT. The pic-
ture-tube filaments were checked across pins 6 and 7 with the socket removed (Fig. 5-8).
The tube was normal, except that transformer and lead continuity was found to be open at
pin 10. Cleaning and soldering the connection solved the problem.

Only a very dim light could be seen in the end of the picture tube in a Montgomery Ward
GA1-129940 with normal high voltage (Fig. 5-9). Because RF filament voltage cannot be
measured accurately on the picture-tube socket, the socket was removed and continuity
checks were made. Practically a dead short existed across pins 9 and 10.

Flyback
T602  winding
8 6 FIGURE 5-8 Poorly soldered
CRT connections at the flyback
> filament transformer or poor pin contacts
in the CRT socket can produce

10 7 intermittent or no filament voltage
Poor connection in the CRT.
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A normal filament winding measurement should be around 2.8 € with voltage-dropping
resistor R115 in the circuit. Diodes D102 and D103 were replaced because they contained
white burn marks on the body and measured a dead short across each diode.

TRIPLER PROBLEMS

The defective high-voltage tripler unit (Fig. 5-10) can cause many problems within the
TV. A leaky tripler can keep blowing fuses or it might cause the fuse to open after several
seconds of operation and keep tripping the circuit breakers. Very little or low high voltage
can result from a defective tripler unit. A defective tripler can load down the horizontal cir-
cuits, destroying the horizontal output transistor or causing a low voltage at the collector
terminal.
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T101
flyback
transformer
R115
270,10 W
NN
D104 R1021 C1007
0.05 1) D102 150 k() 0.1 pF
D105 _T_
D103 -
D106 141V
9 10
CRT
filament

FIGURE 5-9 Overheated diodes in a Wards GA1-12994C
caused a very low filament light.

FIGURE 5-10 Several different types of tripler units are found in
the various high-voltage chassis.
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Remove
Ho?ig?pul Flyback
. T500 Tripler Out
Erom < Dss1 ——= 26.5 kKV
driver lE FVR
transformer - To focus
pin on CRT
1 . . Focus
10 O L?:{\?F
180 k2
+115V =

FIGURE 5-11 Remove the “in” lead from the tripler to determine if the
unit is loading down the horizontal output circuits.

Feel the outside case of the suspected tripler. After pulling the power plug, replace it if
it is running quite warm. All tripler units should run cool. Intermittent or constant arcover
can occur inside of the tripler. Suspect that the tripler is defective if the flyback makes a
tic-tic noise with no high-voltage output. Firing lines can appear on the raster with an in-
ternally arcing tripler unit.

A defective tripler can be isolated by disconnecting the input terminal from the flyback
(Fig. 5-11). If the tripler unit was causing the fuse or circuit breaker to open, the voltage
will be restored at the collector terminal of the horizontal oscillator transistor with no shut-
down. A normal 0.25-inch arc can be drawn from the input transformer lead with the blade
of a screwdriver. This indicates that the horizontal circuits are normal. Do not touch the
metal blade to the chassis.

KEEPS BLOWING FUSES

The horizontal output transistor and fuse was found blown in an RCA CTC92. After re-
placing both components, the fuse blew again. To determine if the horizontal circuits are
causing the fuse to open, remove the horizontal output transistor (Fig. 5-12). Clip a 100-W
bulb in place of the fuse. The light will stay bright with an overloaded component. Check
the output transistor. If the light comes on bright, check for a leaky tripler. Remove the in-
put terminal of the flyback transformer to the tripler. Install a new tripler unit if the light
goes out.

LOADING DOWN—MAGNAVOX T995-02

Only 87 V were measured on the collector terminal of the horizontal output transistor be-
fore the circuit breaker tripped in a Magnavox TV. The leaky horizontal output transistor
was replaced with the same results. After the flyback input lead was removed from the
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tripler, the voltage was normal at 114 V without shutdown. Replace the tripler component
with one that has the original part number or use the correct universal replacement.

POOR FOCUS

A defective tripler or components in the high-voltage circuit can produce poor focus prob-
lems. The leaky flyback transformer with enclosed high-voltage capacitors can have low
high voltage, resulting in a poor focus voltage. A defective focus control or bad high-re-
sistance dropping resistors can cause poor focusing. Check the focus pin at the tube socket
for poor connections.

First, measure the high voltage at the anode terminal of the CRT. Poor focus will result
if the high voltage is low. Normal high voltage with poor focus can be caused by a poor fo-
cus assembly or picture tube. Check the focus voltage at the focus pin of the CRT socket.
Place the end of a paper clip inside of the focus socket and measure the focus voltage from
it. A low focus voltage can be caused by a poor socket or spark-gap assembly inside of the
CRT socket (Fig. 5-13).

Heat
shield

Horizontal
output
transistor

FIGURE 5-12 Remove the horizontal output transistor to
determine if the horizontal circuits are blowing the fuse.

-]
-]
o
c
-]
F
m
(2]
- 1
o
o
-
=
o
>
=
o
)
m
)
-]
2
=
o
w
o
-
)
L
-
-
-
m
-
<
w




174 HIGH-VOLTAGE TESTS

FIGURE 5-13 Check all the pins in the CRT socket for
corrosion—especially in the focus and filament terminals.

Y701
T701 10 CRT
255 kV L Y
. 5
I I
: sG_ 7| _ _ _
6.5 kV 1 1
Flyback Focus =

Spark gaps part
ereen of CRT socket

FIGURE 5-14 The focus voltage should vary from 3.5 kV to
6.5 kV; in newer TVs, this voltage should be as high as 9 kV.

The average focus voltage should vary between 3.5 kV and 6.5 kV. With the latest pic-
ture tubes, the focus voltage can vary from 6 kV to 9 kV (Fig. 5-14). Check the focus volt-
age with the high-voltage probe. The normal focus control should vary the voltage by at
least 1 kV at the CRT focus terminal.

When the focus voltage compares to that found in the schematic, suspect that the picture
tube is defective. Check the picture tube in the tube checker. Measure the crucial voltages
at the picture tube terminals. A weak or gassy picture tube can cause poor focus. Suspect
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a problem with the focus spark gap or focus control if the focus voltage at the CRT socket
will not change the focus. Blow out the socket and the focus spark-gap assembly. Do not
overlook the possibility of poor heater terminals.

HIGH-VOLTAGE ARCING

Excessive high-voltage arcing can cause high-voltage shutdown with excessive high voltage
at the picture tube. Use the variable line transformer to help locate the arcing shutdown
problem. The leaky tripler can arc between the plastic case and chassis. Insulate the tripler
with a pasteboard box or tube carton to see if the chassis is operating normally. Do not try to
apply putty or high-voltage insulation. Simply replace the leaky tripler. It might break down
later under hot and humid weather conditions if it is repaired with putty or insulation spray.

Poor focus with high-voltage arcover can occur in a defective focus control or spark gap.
Remove one terminal of the spark gap to determine if it is defective. In a Philco C-
2518KW, excessive arcing could be heard across the spark gap mounted on top of the
tripler unit (Fig. 5-15). The spark gap was removed and cleaned. The tripler unit was re-
placed. The integrated horizontal output transformer can arcover internally, with firing
lines in the raster or with a no-high-voltage symptom. Check the outside case of the trans-
former for signs of arcing or melted plastic (Fig. 5-16). The integrated transformer can run
warm, with high-voltage arcover of the molded high-voltage diodes. Sometimes tapping
the transformer with the insulated handle of a screwdriver will make it act up. If the arcing
can be heard but not seen, darken the area around the flyback and focus-screen units so that
the defective component can be identified.

Anode of CRT HV lead

Focus socket Focus control

FIGURE 5-15 Check for arcing in the flyback, tripler,
high-voltage lead, and picture-tube anode terminal.
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Flyback transformer

FIGURE 5-16 Check for signs of arcover on the flyback
transformer mold case area.

ARCING IN THE FOCUS CONTROL

Thin white lines or dark zigging lines going across the screen horizontally can be caused by
high-voltage arcing or poor connections to the focus controls. Some of the RCA focus and
screen controls are located in one component that mounts on the TV chassis. Improper sol-
dering of the focus control leads or a cracked ceramic or plastic base that the printed con-
trol is placed on can cause fine-line arcing (Fig. 5-17). Carefully inspect the control and feel
it for warm sections. The inside elements of both controls can be ordered and replaced.

SECONDARY FLYBACK CIRCUITS

In the latest horizontal circuits, startup and secondary power supplies taken from the fly-
back transformer are found in practically every manufacturer’s TV chassis. This means
that the horizontal circuits must function before voltage is applied to the various circuits
(Fig. 5-18). A breakdown of components in any power source can cause the chassis to shut
down. In most cases, secondary voltage-source shutdown occurs a little later than high-
voltage shutdown. Usually, there are a few minutes of lag, with the sound blasting on and
high voltage coming up before shutdown.

Try to isolate the defective power source before it shuts down, if possible. If the picture
and raster are normal for a few seconds, but there is no sound, suspect the sound circuits
are loading down the flyback transformer. A blast on of sound with normal high voltage
and no picture before shutdown can be caused by the luminance or vertical circuits. Check
for high-voltage shutdown if the chassis immediately shuts down.

Isolate the shutdown problem with a variable line or variac transformer. Slowly bring up
the line voltage and notice what circuits are working. Check the horizontal and low-volt-
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Focus-screen assembly

FIGURE 5-17 Check the focus and screen control assembly for
cracks and corroded terminals that could arc over.
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0745'_.% Second video
220 pF L amp
—> 20-V source

Vertical
L108 oscillator

7?5{: —15.3-V source

R718 -
IF/video
270 pF tuner

,‘I #10.6-V source
C714 Sound/AGC
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source T >12.5-\ source
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= 130V

FIGURE 5-18 The horizontal output transistor could be overloaded if a shorted or
leaky component is in the secondary voltage sources.
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Horizontal
driver
transformer

age circuits for no high voltage. All horizontal and high-voltage circuits must be function-
ing before any other voltage source is developed. Often, the high voltage might be lower,
with improper width and an overloaded secondary voltage source.

Go directly to the secondary power source if the circuits are not operating or appear to
be dead. Be careful not to cut off any dc voltage connected to the horizontal circuits. Mea-
sure each voltage source. A low measurement can turn up the defective or overloaded cir-
cuit. Shut the chassis down and remove this circuit from the flyback circuit. Simply
remove one end of the diode rectifier to disconnect it from the horizontal output trans-
former. Remember, these voltages are lower than normal because the universal line trans-
former is adjusted lower before chassis shutdown.

You have located the overloaded circuit if voltage on the circuits drastically increases.
Check for an increase in voltage at the collector terminal of the horizontal output transis-
tor. Now raise the line voltage to 120 Vac. Locate the defective component in the over-
loaded circuit before connecting into the circuit.

Only a tic-tic noise could be heard at the flyback transformer in an RCA CTC835 chassis.
The chassis would come on with sound and then shut down. Only a horizontal white line
could be seen before shutdown. Because a vertical sweep collapse was noticed, the verti-
cal module was replaced. With the module out of the circuit, the horizontal and high volt-
age were normal. Replacing the leaky vertical module fixed the problem.

QUICK HIGH-VOLTAGE CIRCUIT CHECKS

With a no-raster, no-sound symptom (Fig. 5-19), check the high voltage at the picture tube
(1). If high voltage is normal, notice if the picture-tube filaments are lit. Now go to the
video circuits if the CRT and high voltage are normal. If no high voltage is measured, take
a voltage measurement at the collector terminal of the horizontal output transistor (2).

T101 @
Q401 @ @ Tripler |
horizontal In Out High voltage
@ 24 kV to

output
P 28 kV

FIGURE 5-19 Check the high-voltage circuits by the numbers, and use high-voltage
and resistance measurements.
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FIGURE 5-20 Plug the chassis into a variable power transformer
to determine what is shutting down the chassis.

Check the tripler circuits if the horizontal voltage at the output transistor is a little low or
normal. Remove the tripler input wire from the flyback if you suspected that it is loading
down the secondary circuits (3). Fire up the chassis and draw a small 0.25-inch arc from
the flyback input cable. Take a resistance continuity check of the flyback winding if there
is no voltage (4). Replace the defective tripler if the flyback seems normal (5).

[f the line fuse or circuit breaker keeps tripping, remove the horizontal circuit fuse or hor-
izontal output transistor. Now if the fuse or circuit breaker holds, suspect that the horizontal
or high-voltage circuits are defective. Replace the horizontal output transistor and remove
the input terminal to the tripler unit. If the fuse or circuit breaker is normal, replace the leaky
tripler unit. Always use a variable power transformer as B+ for these tests (Fig. 5-20).

Check the high-voltage circuits with the integrated horizontal output transformer in the
very same manner (Fig. 5-21) (1). If the transformer has a tic-tic noise and is in chassis
shutdown, connect a variable line transformer to the chassis (1). Slowly bring up the ac
voltage and notice at what voltage shutdown occurs. Check the chassis for high-voltage
shutdown with a higher-than-normal low or high voltage. Check the voltage at the collec-
tor terminal of the horizontal output transistor (3). Determine if the secondary voltage cir-
cuits are overloading the flyback in chassis shutdown. Disconnect each voltage source
until the overloaded circuit responds with normal voltage at the horizontal output transis-
tor (4). Do not overlook the possibility that the horizontal output transformer is defective.

VOLTAGE SUPPLIES TO CRT

High voltage is supplied to the anode terminal of the CRT from the horizontal output trans-
former. Focus and screen voltages are fed to the focus and screen grids of picture tube
from an HV divider network, consisting of separate focus and screen controls. In some
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High voltage 27 kV to 31 kV

T701 H @

Focus
@ contrdl ¥ Focus voltage | 4.5kV 10 6.5 KV
Horizontal NC
output 930-V boost
— screens 930V
HL Video output 215V
@ transistors
Variable
80 100 — NC
60 120

D717 Video
@ @ :H @ vertical 20 V
Line voltage @ horizontal

R788

ac transformer 20 0) @
Line voltage } To sound |
:D,U transformer ™ :1;83
120-Vac @ Video
chroma 128V

FIGURE 5-21 Check the horizontal output transformer circuits by the number
to locate a defective component.

TVs, high boost voltage is supplied to the CRT from a lower winding of the flyback. One
or two turns of large heater wire is wound around the horizontal output transformer core to
develop heater or filament voltage, which is then fed to the heater pins of the CRT. Be sure
that all these voltages are found on the picture tube before you replace anything.

CHECK COMPONENTS BEFORE REPLACING FLYBACK

Before replacing the horizontal output transformer, be sure that proper driver voltage is ap-
plied to the base of the horizontal output transistor. Test and, if necessary, replace the out-
put transistor. Check for proper collector voltage at the output transistor. Remove the red
lead of'the yoke assembly to determine if the yoke is defective. Check the continuity ofthe
primary winding or flyback (Fig. 5-22). Determine with the variable power-line trans-
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former if the output transistor and flyback are loading down the horizontal output circuits.
Feel the horizontal output transistors and flyback and see if they run warm at 60 to 90 volts
applied to the collector of the output transistor. Remove each secondary-derived voltage
from the flyback to determine if a low-voltage component is loading down the flyback
voltage source. Replace a defective flyback with a part that has the correct part number.

FIVE ACTUAL CASE HISTORIES

The following are five actual problems and their solutions.

Pulses off and on The RCA CTCI167 chassis would pulse off and on and then shut-
down when first turned on. This problem occurred in many of the RCA TVs. Check all
diodes within the sawtooth generator circuits. CR4101 caused the chassis to pulse off and
on; in another chassis, CR4103 and C4108 became leaky (Fig. 5-23). Check diodes
CR4103 and CR4101 if the chassis pulses on, then shuts down. C4108 has caused shut-
down problems in a few other RCA chassis.

Intermittent width—shutdown In an RCA CTCI145 chassis, the picture width
would pull in sometimes, and would remain normal at other times. Finally, the chassis shut
down with a blown fuse. No dc voltage was found upon the collector terminal of the hori-
zontal output. Sometimes resistor R4413 (680 ) would run red hot. In checking over the
flyback winding and yoke circuits, capacitor C4415 (0.25 uF) was found to be intermittent
and leaky (Fig. 5-24).

125V p-p

175V p-p

Hor. output
Q502

Hor. driver
Q501 T501

| O | .
1 Gesl
€506 C508 C509

560 pF
Drive 5 KV T 0.0027 p.FT T 680 pF 'Fr?ig )
- = - y ac

input

+131V

FIGURE 5-22 Check waveforms, voltages, resistances, and all components in
the horizontal circuits before replacing the horizontal output transformer.
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Q4103
saw tooth R4108 Leaky
generator 29 k CF14101
. AVATAY
i 'I'rﬁm
24 V
0.34
| CR4103 04103
CR4112 / g wF
Leaky Leaky
To Q4101 +33V

FIGURE 5-23 Check CR4101, CR4103, and C4108 if an RCA CTC167
TV pulses off and on, then shuts down.

R4415
1k
m
To
D501 ™ T4402
Hor. yoke L4402
Q4402
Hor. output
Flyback
C4415 +140 V
0.25 pF R4413
680 |
Intermittent = +140V
+140V

FIGURE 5-24 Intermittent width in the RCA CTC145 chassis resulted from
a leaky C4415 (0.25 pF) capacitor.

Low filament voltage—Panasonic CT-1320W No brightness was indicated in this
portable, with 22.3 kV of high voltage measured at the anode of the picture tube. After the
picture tube was checked and found to be good, voltage measurements were fairly normal on
all elements of the CRT. In fact, no filament light could be seen at the glass of picture tube.
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A continuity check was made across the filament of the CRT and was normal. Remov-
ing the CRT socket and taking another measurement across the filament winding yielded
a measurement of 210 . Resistor R372 (2.4 Q, 2 W) was found corroded and was re-
placed, solving the no-filament voltage problems (Fig. 5-25).

Chassis normal—HV shutdown The chassis in a Quasar NTS-989 chassis would
come up and look normal, then shut down. A quick HV test and scope waveform test at
horizontal output transistor Q501 was made and the voltage was monitored at the line-
voltage regulator STR380 (IC801) to determine what section caused the shutdown.
Slowly, the line voltage was varied by the isolation line transformer; when it was
brought up to 90 volts, the chassis shut down.

To eliminate the voltage shutdown circuits, one end of D513 was removed from the cir-
cuit (Fig. 5-26). Again, the line voltage was raised and the chassis operated at 120 Vac.
This indicated problems within the high-voltage protection section. Q554 was tested and
proved to be leaky. Q553 tested normal, but both Q554 and (3553 were replaced to cure the
HV shutdown problem.

No HV—no picture, no raster Although low voltage was found at the collector ter-
minal of output transistor Q602, no HV was measured at the picture tube. Q602 was found
to be open and was replaced with a universal ECGR89 transistor. Now the chassis blew the
main fuse F701 (4 A). All safety components were checked in the output collector circuits
and all tested good.

Q602 was replaced again. Slowly, the line voltage was raised to 60 Vac. Q602 began to
get hot (Fig. 5-27). The drive waveform was fairly normal, indicating an overload in the
flyback circuits. The red lead of voke DY 601 was removed from the circuit and the results
were the same. Replacing flyback T602 with the exact replacement in the Sharp 19F90
model solved the no-HV problem.

370KLB22
CRT
7 6
. =
T502 R372
Part of AN § 2.4 ()
flyback
L Corroded

FIGURE 5-25 Very low filament voltage in a Panasonic CT-1320W
was caused by corroded resistor R372.
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Replace

Over protect Over protect

R532 Q553 » To hor. IC401

32.4 kQ 6.6 V
_ le5V
J_ 129V
C531
D513 & T‘” wF 1R25i?1
L Part of
R531 g ZD512 flyback
47 Q 6.8V T551

+121V

FIGURE 5-26 High-voltage shutdown was eliminated by replacing Q554 and
Q553 in the overvoltage-protection circuits in a Quasar NTS-989.

Q602
Hor. output Cé612 C613 Te02 HV
Erom T601 CS11_T_ rect. = 26.5 kV
hor.

driver 500 pF .
Defective
flyback

+120V
P —
R613§ 0.0039 uF | | 0.0039 pF

0.27 {2

FIGURE 5-27 The no-high-voltage/no-raster symptom resulted from a leaky
flyback T602 in a Sharp 19F90.

RCA CTC166—high-voltage shutdown After replacing horizontal output transis-
tor Q4401 in an RCA chassis, the high-voltage shutdown circuits were tested by shorting
1 and 2 of J4901. The chassis would not shut down. In this circuit, the HV is monitored by
CR4901, which rectifies pulses from the horizontal output transformer, T4401 (Fig. 5-28).
When the high voltage increases, the rectified voltage at the cathode of CR4901 increases;
with an increase of rectified voltages, zener diode CR4902 triggers to conduct, which
shuts down the set.

To troubleshoot this shutdown circuit, remove one end of CR4901 from the circuit.
Raise the line voltage with the variable isolation transformer and increase it to around 85
to 90 V. Repair the shutdown circuits. Both CR4902 and CR4901 were replaced. Now
raise the line voltage up to 125 to 130 Vac, and see if the shutdown circuits are working.
Test the shutdown circuits by shorting | and 2 terminals of J4901 together.
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CR4902 is an 11-volt zener diode and should be replaced with original part number
159429 or NTES5019T1; SK9970 is the universal replacement. Replace CR4901 with a
general-purpose 1-A silicon diode.

OVERLOADED SECONDARY CIRCUITS

Remember, overloaded circuits within the secondary winding voltage sources can shut
down the chassis or damage the horizontal output transistor. Any low resistance be-
tween a leaky 1C, transistor, capacitors, or regulators in the secondary circuits, such as
sound, brightness, horizontal, color, IF, and video circuits, can cause chassis shutdown.
Often, there will be a lag or delay in shutdown with either a no-sound or no-picture
symptom.

For instance, if the picture went down to a white line before shutdown, check to see if
the vertical circuits are overloading the flyback circuits. If the picture goes black with a de-
lay in high voltage in the CRT, suspect that a video component is leaky. Likewise, in chas-
sis that depends on a secondary voltage source to supply voltage to the deflection IC,
check the IC for leakage leading to shutdown.

The sound was distorted before the chassis shut down in an Emerson MS250R portable
(Fig. 5-29). Because the picture was normal for a few seconds with distorted sound, the
sound voltage source was monitored. [C1203 had only 0.75 volts at pin 2 when fired up,
indicating that an IC (AN5836) is leaky. The AN5836 IC was replaced with RCA SK9731,
a universal replacement.

U1001 IF/luma/chroma/deflection/processor

59 1
R4320 |
22 k) Q4905 i C4804

C4321 F

0.0022 pnF ’I\

CR4305

Part of
T4401

. flyback
4 y

L L]

2 1 7

J4901  J4901

Replace

FIGURE 5-28 High-voltage shutdown in an RCA CTC166
chassis was caused by CR4901 and CR4902.
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AN5836

IC1203 audio control | —_ Leaky
ll"“IISC

f’ 2
L
- R1258 gmzm

330 T100 nF
5 T302 c321
Part of 560 pF

flyback
R312 R228
430 56 )
AN 1 —>
D307 L c1218 :L
C250 =

100 F
1000 uFT wFl

FIGURE 5-29 A leaky IC1203 overloaded the 11.9-V source of the secondary
winding of flyback T302, shutting down the chassis of an Emerson MS250R.

TABLE 5-2 FOR EASY SERVICING, CHECK THIS TROUBLESHOOTING
CHART FOR HIGH-VOLTAGE CIRCUITS

+11.9 VA

+11.9VB

|

WHAT TO CHECK HOW TO CHECK IT
Check HV at crt with high voltage probe. Check flyback and horizontal circuits.
Check focus and grid voltages. Check flyback circuits.
Check continuity of flyback primary winding.  Open winding or isolation resistor.
Disconnect red yoke wire or lead. Check horizontal sweep circuits and voltages.
Check waveform on base of output transistor.
Repair horizontal circuits.

Conclusion

Measure the high voltage at the CRT anode connection with the high-voltage probe on a
TV with a no-sound/no-raster symptom. Next, check the collector voltage at the horizon-
tal output transistor. Remove the input lead to the tripled unit with low voltage at the out-
put transistor to determine if the leaky tripler is overloading the horizontal output circuits.
Draw a small arc from the input lead with a screwdriver blade to see if the flyback is nor-
mal. Replace the horizontal output transformer if the horizontal output transistor runs
warm with low (or no) high voltage. Feel the molded body of the transformer and, if quite
warm, replace the leaky transformer. Check Table 5-2 for a high-voltage troubleshooting
chart.




REPAIRING
THE VERTICAL
CIRCUITS

CONTENTS AT A GLANCE

Vertical Circuit Problems Intermittent vertical sweep
Crucial test points Vertical pincushion problems
Types of vertical circuits Vertical foldover
Vertical frequency-counter IC Vertical rolling
Vertical output circuits Vertical crawling
Vertical output IC Black top half
Horizontal white line Shutdown after horizontal white line
Vertical oscillator IC problems Bunching vertical lines
White line—output circuits Vertical-related problems
Crucial vertical waveforms Troubleshooting vertical IC circuits
Vertical voltage injection Five actual case histories
Servicing directly coupled vertical
circuits Conclusion
Insufficient vertical sweep

Vertical Circuit Problems

After the horizontal section, the vertical stages rate next as causing the most trouble in the
TV. A horizontal white line and insufficient and intermittent sweep are the most common
vertical problems. Vertical foldover, crawling, and rolling of the picture can occur in the
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vertical circuits. Black and white bars in the raster are a little more difficult to locate in the
latest solid-state TV chassis.

A horizontal white line can be caused by many crucial components in the vertical cir-
cuits and is the result of no vertical sweep. Insufficient vertical sweep can appear as from
I to 8 inches of raster. The top and bottom portion of the raster cannot be adjusted with ei-
ther the vertical height or the linear controls to fill out the screen. Improper vertical sweep
can be caused by a leaky output transistor, burned resistors or diodes, and improper volt-
age in the vertical output circuits. An intermittent vertical sweep can result from transis-
tors, ICs, or poor board wiring connections. Check for leaky output transistors with
improper bias resistance for vertical foldover. Vertical crawling and rolling can be caused
by defective filter capacitors and improper sync signal.

The horizontal white line indicated by a no-vertical-sweep symptom is the easiest verti-
cal trouble to locate. Intermittent vertical sweep and foldover are more difficult to find. Of-
ten, insufficient vertical sweep symptoms are caused by abnormal voltages and can be
located with the DMM or VOM. Look for poor filtering in the vertical voltage source caus-
ing vertical crawling.

The most useful test instruments are the oscilloscope, DMM, and VOM (Fig. 6-1). The
crosshatch generator is ideal to check vertical height and linearity. Crucial waveforms
taken by the scope can indicate where the waveform is missing. Low voltage and resis-
tance measurements with the DMM can quickly locate the defective component. You can
test the transistors and diodes in the circuit with the DMM. Of course, the correct
schematic diagram is a must when servicing the vertical circuits.

FIGURE 6-1 The DMM and scope can help you to locate most
problems in the vertical circuits.
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Q301

@ Ver. drive Q303 @

Ver. output

IC501 26
Ver. deflection

32_TL lBS

+80V

@ To yoke

vertical
+ . .
220 uF winding

®

8.3V

Q305
Ver. output

FIGURE 6-2 Troubleshoot the vertical section by the number, take
waveforms at 1 and 3, and take crucial voltage measurements at 2 and 4.

CRUCIAL TEST POINTS

Three crucial test points within the vertical circuit can determine where and if the vertical
section is functioning (Fig. 6-2). Take a scope waveform of the vertical oscillator and out-
put stages to determine where the improper vertical sweep symptom occurs. Measure the
supply voltage to the vertical circuits.

A voltage measurement on the heatsink or metal collector terminal of the vertical output
transistor can indicate improper or no B+ power source with no vertical sweep. A lower-
than-normal power source can produce insufficient or vertical foldover problems. No volt-
age at a given stage can indicate that transistor (or other component) is leaky.

The waveforms taken at the output of the oscillator transistor indicate the beginning of
the sweep circuit. A waveform check at the vertical coupling capacitor shows that the ver-
tical stages do not have yoke problems or corresponding component problems. If a wave-
form is found at the oscillator transistor and not at the output stages, look for the defective
component between the two test points. A low-amplitude waveform can indicate that the
vertical sweep is insufficient. Scope waveforms taken throughout the vertical circuits, es-
pecially with feedback circuits, are useless in these type circuits.

TYPES OF VERTICAL CIRCUITS

The vertical blocking oscillator circuits are used extensively in the early tube circuits with
capacitor coupling to the final output stage. Many of the early solid-state chassis used the
single transformer-coupled output transistor (Fig. 6-3). Then came the multivibrator cir-
cuits. Today, many of the vertical circuits contain a relaxation oscillator circuit, using an
NPN and a PNP transistor (Fig. 6-4). In the latest solid-state chassis, you might find the
ICs as both horizontal and vertical deflection in a frequency-counter circuit (Fig. 6-5).
The relaxation oscillator and frequency-counter circuits are directly coupled to the trans-
formerless (OTL) output stages. No large output transformer is found in these vertical cir-
cuits. A PNP transistor is used as the top vertical output transistor, with an NPN transistor
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Vertical output
transistors

Horizontal transistor

separate heatsinks in the vertical section.

Vertical

N
sync’

input

Vertical
oscillator
PNP

Vertical
oscillator
NPN

FIGURE 6-3 The vertical output transistors are mounted in

Vertical
output
top

Vertical
error amp

Vertical
preamp

Vertical
to yoke
assembly

Vertical
output
bottom

FIGURE 6-4 A block diagram of a transistorized vertical circuit, from the oscillator to
the vertical output transistors.

as the bottom vertical output (Fig. 6-6). Direct or capacitor coupling to the vertical yoke
section completes the vertical deflection operation.

VERTICAL FREQUENCY-COUNTER IC

The vertical output signal is developed inside an IC frequency-counter chip (Fig. 6-7). The
vertical drive signal is generated by charging C702 through the vertical height control
(R705) to ground. The charging and discharging of Q702 generates a sawtooth voltage.
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The sawtooth voltage is amplified by a vertical amp in the IC; this voltage is fed to the base
terminal of the bottom vertical output transistor (Q703).

Check the sawtooth waveform atpin 18 of IC701 (Fig. 6-8). If there is no waveform, mea-
sure the dc voltage on pin 17. Go to the 24-V voltage source in the low-voltage power sup-
ply with no or improper voltage at terminal 17. Suspect I[C701 of leakage if the 24-V source 2
is fairly normal and low voltage exists at terminal 17. With normal B+ voltage and no saw-
tooth signal, check the vertical sync waveform at pin 24. If the sawtooth signal is fairly nor-
mal at pin 18 and the vertical sweep is insufficient, check the vertical output stages.

VERTICAL OUTPUT CIRCUITS

In the tube and early solid-state chassis, the vertical output circuits were transformer-coupled
to the yoke assembly. In the 1970s, two transistors of different polarity were incorporated in
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' . : y
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Vertical feedback

FIGURE 6-5 A frequency-counter IC can provide signal and drive for the vertical
and horizontal output transistors.

(PNP)
Vertical Vertical Vertical
sync > oscillator output
To vertical
Vertical | _| Vertical | } a yoke
preamp drive ' assembly
Vertical Vertical
oscillator output
(NPN)

FIGURE 6-6 The vertical output circuits are coupled directly to the vertical yoke
winding or through an electrolytic capacitor.
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U\ Ve

FIGURE 6-7 The latest TV chassis contains a vertical output IC
on a heatsink, instead of transistors.

Vertical
blankin
.I ¥ Vertical height
sync input 15 MQ
To top
24 23 21 vertical
IC701 output
horiz./vertical ) 20
frequency counter
and amp
—1;7 18 Q702
12V bottom
vertical
Vertical drive output
R723 R709
62 (1 - | Vd l 680 ()
N -
24V

FIGURE 6-8 Check the vertical drive signal at pin 18 with the scope.
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a transformerless (OTL) vertical output circuit (Fig. 6-9). Each transistor conducts only one-
half of the input signal and cuts off with reverse polarity. One transistor sweeps the bottom
half while the other transistor sweeps the top half of the raster. You might find one IC con-
taining all vertical input and output circuits in some of the latest TVs (Fig. 6-10).

A separate vertical driver transistor can be found between the 1C oscillator and the ver-
tical output transistors (Fig. 6-11). In the latest vertical 1Cs, the vertical amp is built right
in the IC. Thus, the amplified sawtooth signal applies directly to the base terminal of the
vertical output transistor.

Most vertical sweep problems are related to a defective component in the vertical
output circuits. A horizontal white line, insufficient vertical sweep, intermittent sweep,
and foldover can be caused by a defective output transistor or component. Usually, the
vertical output transistors are mounted on a separate heatsink or metal TV chassis. You
might find a top-hat or flat-mounting vertical output transistor (Fig. 6-12). The flat
transistors can be insulated from the heatsink with small pieces of insulation. These
flat-type transistors have a tendency to break down under load and still test normal
when out of the circuit.

Troubleshooting the vertical output stages is fairly easy with a known oscillator saw-
tooth signal. Check the input waveform and output signal with the scope. With a fairly nor-
mal sawtooth voltage at the output of the vertical IC and no waveform at the vertical output
transistors, suspect problems within the vertical output stages. Measure the voltage at the

Vertical drive IC Heat sink Vertical Heat sink  Vertical
output output

FIGURE 6-9 The vertical output transistors on separate
heatsinks with different voltages on the collector terminals.
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FIGURE 6-10 The entire vertical assembly could be included in
one large IC in today’s TV chassis.

IC501 deflection Q501
Vee R 1,3\’% ~ Ver. output
13J_ 5 1
N Q502
180 Ver. driver To \ée_f-
» winding
yoke
12V
560
.
! $18ka
560 0 = 22 uF
+47 V

FIGURE 6-11 Q502 drives the single vertical output transistor in this
vertical output circuit.
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FIGURE 6-12 Older vertical circuits have flat-top and top-hat
transistors, but the new chassis have one power-output IC.

metal collector terminals of each output transistor. The collector terminal of one transistor
is usually grounded, with the other having a high B+ voltage. Correct voltage measurements
on each transistor can determine if the transistor or surrounding components are defective.

VERTICAL OUTPUT IC

Today, most vertical output circuits consist of one fairly large power IC (Fig. 6-13). The
vertical output IC is mounted to a separate heatsink on the TV chassis. The vertical 1C re-
ceives a drive pulse from a vertical countdown or sweep 1C and is coupled directly to the
input terminal. The output terminal of the vertical power output IC is coupled to the verti-
cal winding of the deflection yoke.

The wvertical IC may have one or two different voltage sources at voltage supply pins
(V). When the supply pin voltage is low, suspect that a vertical output IC is leaky or that
the voltage from the supply source is improper. Take voltage measurements at all pin ter-
minals and compare them to the schematic. Check the drive waveforms at the input and
output terminal of the vertical output IC (Fig. 6-14). If you don’t find the input waveform,
check the vertical sweep IC circuits. Suspect a defective vertical 1C with adequate input
waveform and no output waveform. Check the yvoke winding with a fairly normal output
waveform from the vertical output IC.

HORIZONTAL WHITE LINE

No vertical sweep is the easiest symptom to locate in the vertical circuits. Practically any de-
fective component in the vertical circuit can produce a horizontal white line. First, measure
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G501 22 15V, ic401 | Tovertial
deflection 4 Vertical output 2132V winding of yoke
ovitov|s 6 3 7
1.5V 26.7V |285V
. | D401
+—

|33 wF == 1000 uF

330N Y
+28.5 10

FIGURE 6-13 The vertical output circuit consists of a few capacitors, resistors, diodes,
and the vertical power-output IC.

FIGURE 6-14 The vertical output pulse at the output IC
and as it applied to the vertical yoke winding.

the B+ voltage that feeds the vertical circuits. You might find a different voltage supply-
ing the vertical 1C and the vertical output circuits. Improper voltage at any stage can cause
no vertical sweep.

Only a horizontal white line was found in the raster of a Sharp 19D72 (Fig. 6-15). No
voltage was found at either vertical output transistor. A voltage check at the 48-V voltage
source indicated that R520 (a 22-£ resistor) overheated. D503 was leaky when tested in
the circuit with the diode test of the DMM. Replacing both R520 and D503 restored volt-
age and proper vertical sweep to the vertical circuits.

Another common problem is when no waveform is at the vertical output transistors, but
there is a vertical sweep. Check the oscillator waveform at the transistor or 1C oscillator
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stage. Check for a waveform at the base and collector terminal of each transistor within the
vertical circuit.

No waveform was found at the collector terminal of TR602 in a Montgomery Ward
12926 (Fig. 6-16). A normal signal was found on the base terminal. TR602 was checked
in the circuit with the diode transistor test of a DMM. High internal leakage was found be-
tween the emitter and collector terminals. TR602 was replaced with an ECG159 universal
transistor.

In directly coupled vertical circuits where vertical feedback controls the vertical oscilla-
tor circuits, the scope is useless. If you find no waveforms, check each transistor in the cir-
cuit with the DMM diode test. The vertical transistors can be checked within seconds with
the DMM. If leakage is noted between two elements, check the schematic for resistors or
diodes across the two elements that are causing the leakage measurement. If in doubt, re-
move the emitter terminal with solder wick and take another measurement. The open or
leaky transistors can be found within a few minutes in the vertical circuits.

Burned Y 470 pF
22 () .7
' 485V
D503
~ - C506
T 47 nF
Part of
T602
‘ FIGURE 6-15 Leaky diode
D503 and burned resistor R520
prevented the dc voltage from
To horizontal reaching the vertical output
circuits circuits.
TR601
Q
Input R631 TR602
25A673B To TRE03
"ﬁ o]
A R605
R635 470 ()

FIGURE 6-16 The circled voltages occurred with a leaky TR602
in a Wards 12926.
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VERTICAL OSCILLATOR IC PROBLEMS

Check the vertical oscillator IC with a scope and make voltage tests. Check the vertical
sawtooth waveform fed to the vertical driver or output transistor. Improper or no wave-
form signal can indicate that an IC is defective, surrounding components are bad, or that
there is no voltage input. Next, measure the B+ voltage at the IC terminal. If the voltage is
low, suspect that the IC, components, or voltage source is faulty. Remove the voltage
source at the B+ pin. Suspect that the 1C is leaky if the correct voltage returns.

Only a horizontal white line with no vertical waveform at pin 7 was found in a Sharp
19C81B (Fig. 6-17). Only 2.7 V was noted at the B+ voltage source (pin 11). Pin 11 was
removed from the circuit with a solder wick. The supply voltage increased to 18 V, indi-
cating that IC1501 was leaky. Extra care must be exercised when replacing the defective
IC with a universal replacement. Sometimes the new replacement can be damaged during
installation or the new chip can be defective. If the replacement IC does not work, try an-
other one. Replacing IC1501 with one of the original part number (RH-1X0094CEZZ)
solved the no-vertical-sweep problem.

Q501
vent. driver

16V

v 18V To
} Q503
7 vert. output
Vert./horiz.
) deflection 225 E{%
IC1501
10 11
12V g
0.68 n.F
w l R504
39 k()
= R720
33 k()
§ R720
R503 22 k) Note: Circled voltages
100 k2 were measured with
vert. hold a leaky IC 1501.

FIGURE 6-17 No vertical waveform was found at pin 7 in a Sharp
19C81B.
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vert. driver

vert. output
25V

D318

From vert. D304 |24V 123V
oscillator To
4 F—— vert.
c316 yoke
254V
Q304
vert. output
43.7V —
D308 L301 i ;
From power rU-U-\ N 437
source ¢ H MW ’ to vert.
R318 R316

FIGURE 6-18 Check the resistor (R318) that provides voltage to the output
transistor in a K-Mart KMC1921G.

WHITE LINE—OUTPUT CIRCUITS

Check the vertical output circuits if the proper vertical oscillator or driver signal is feeding
the output transistors. Measure the voltage at each collector terminal. Go to the power
source if no voltage is at both collector terminals of the transistor. A low collector voltage
on both transistors can indicate that a transistor is leaky. Test each transistor in the circuit
for an open or leaky condition with the DMM diode test.

Suspect that bias components have failed: burned resistors or leaky diodes. Remove one
end of each resistor or diode to check for correct resistance. Bridge crucial electrolytic by-
pass and coupling capacitors in the output circuits. If trouble still exists, measure the re-
sistance of each resistor in the vertical circuits, removing one terminal to check for correct
resistance.

A horizontal white line was found in the raster of a K-Mart KMC1921G (Fig. 6-18). No
voltage was found at the collector terminal of the driver transistor ((Q303), and high volt-
age was measured at the collector terminal of Q305. The 43 Vdc was missing from the out-
put circuits. R318 (10 €2) in the 43-V power supply was open. Replacing the open resistor
did not solve the no-sweep problem.

A quick in-circuit transistor test of both transistors revealed that Q305 was open and
Q304 was leaky. Although the transistors were out of the circuit, the bias diodes and re-
sistors were checked for leakage and correct resistance. Replacing both transistors and
R318 solved the no-vertical-sweep problem. Always replace both vertical output transis-
tors if one is defective.
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Q300
Vert. oscillator vert. output

and driver amp 27.5V

1V
R354

15011

R376
10

W

=

]
—wA—sy

Note: Circled voltages
were measured with an open C342.

FIGURE 6-19 Open capacitor C342 (2500 pF) produced a horizontal
white line in a Sylvania E08-1 chassis.

Although most sweep problems in the vertical output circuits are caused by the output
transistors, this was not the case in a Sylvania E08-1 chassis (Fig. 6-19). Both Q300 and
Q302 tested normal in the circuit, with higher-than-normal voltage on both collector ter-
minals. A sawtooth waveform was fed to the base of Q300. All resistors within the verti-
cal circuits were normal. The full raster was restored when C342 (2,500 pF) was bridged
with a good capacitor.

CRUCIAL VERTICAL WAVEFORMS

Defective transistor output waveforms are difficult to obtain or read if a defective compo-
nent is again the vertical output circuit. You can check the output waveform and see (if the
waveform is visible) what is feeding to the vertical yoke winding. In the vertical output
ICs, crucial waveforms can help you to determine if the vertical input or output 1C circuits
are defective (Fig. 6-20).

With no vertical sweep (a horizontal white line), scope the output terminal feeding to the
deflection yoke. If there is no waveform or an improper waveform, attach the scope probe
to the output IC’s input terminal. Next, scope the vertical drive waveform from the sweep
or countdown IC. Notice the peak-to-peak voltage at each waveform. Correct vertical out-
put waveforms can help you to determine what stage or circuit is defective.
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VERTICAL VOLTAGE INJECTION

The vertical sweep IC and output IC circuits can be serviced when the voltage source is
taken from the flyback secondary winding by voltage injection. Check the schematic for
the voltage-supply terminal of the sweep [C and vertical output 1C. Inject a voltage that is
shown into these V. terminals from an external universal power supply. Two different
voltages must be injected at each 1C. This means a dual variable power supply, or separate
battery pack. Trace the scope waveform at the vertical sweep output terminal to the de-
flection yoke winding.

R4410
180 O :
> 1C1001 Ver/hor. deflection - ~AAA— o 10 Vertical
57 { output
Output
waveform of 1.8Vp-p

ver. deflection IC

FIGURE 6-20A The output drive waveform from the deflection
IC to the vertical output IC.
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R4410
From N2 IC1002 Vertical output  |———= To yoke
~— A ertucal outpu
IC1001 P 2 y

/ 6

Input waveform

15V p-p to 1C1002 output

FIGURE 6-20B The input waveform at the output IC.

6 IC1002 Ver. output 44- To yoke

\

Ver. output 52Vpp FIGURE 6-20C The
wf;rﬂ:oarlmwtiﬁc}:gke vertical output waveform
9 that drives the vertical
deflection yoke winding.
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SERVICING DIRECTLY COUPLED VERTICAL CIRCUITS

In many of the early TV chassis, directly coupled transistors formed the vertical circuits.
The vertical oscillator might be a multivibrator type with vertical error and preamp circuits
between the oscillator and output circuits. The feedback circuit from the output to the os-
cillator or error amp stages must be before or after vertical operation circuits. Practically
any one component in the vertical circuit can keep the vertical circuit from functioning.

Scope waveforms are useless in these circuits. Only the vertical output check can indi-
cate that vertical circuits are normal. No vertical sweep indicates yoke problems. If there
is no vertical output signal, start with voltage tests. Check for positive voltage on both col-
lectors of Q506 and Q507 (Fig. 6-21). No or low voltage on vertical output transistor Q506
(top) can indicate that a transistor is leaky or that the low-voltage power supply (116 V) is
defective. If B+ voltage is present, suspect that resistor R526 (15 k€2) is bad.

Some technicians inject a vertical signal at the base of Q507 (bottom) and notice if the
vertical sweep returns (Fig. 6-22). If the vertical sweep returns, suspect vertical error, pre-
amp, or oscillator transistor circuits. When the vertical sweep does not return, check the
output transistors. If the collector voltage of Q506 (top) is very high, suspect that either
Q506, CR508, or Q507 are open. Only one of these components might be open. Test both
output transistors (Q506 and Q507), CR503, CR510, CR506, and CR508 in the circuit. If
any one does not test normal, remove the collector or cathode lead from the circuit and
check it again.

Sometimes one of the output transistors will test normal, but it then breaks down under
load. Also check the deflection yoke (CY 100), CR505, C424, and pincushion transformer
T403. Check the vertical windings of the yoke and pincushion transformer with the low-
ohm scale of the ohmmeter (Fig. 6-23).

The vertical multivibrator oscillator circuits must oscillate before there is any vertical
output sweep signal. Check Q501 and Q502 when no signal is applied to the base terminal
of the error amp (Fig. 6-24). Remember, vertical waveforms are not very steady—even
with the best scopes. When the vertical oscillator is off frequency, check electrolytic ca-

Q506
Ver. output DSfm ‘ o ver
IC541 ' " yoke
Hor. and Ver. processor 220 144y o150
D547
P51 4 147V 25.1V Ve?g?lt?put

D549

\|
/1
0.0033 pF

25.9V

FIGURE 6-21 Take crucial voltage measurements on Q506 and Q507 if a drive waveform
is found at the input.



VERTICAL CIRCUIT PROBLEMS 203

FIGURE 6-22 The correct vertical output waveform applied
to the yoke winding.
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FIGURE 6-23 A multivibrator circuit with Q501 and Q503 as oscillators.



204

REPAIRING THE VERTICAL CIRCUITS

FIGURE 6-24 Vertical drive waveform from the directly
coupled oscillator transistor to the base error amp.

pacitors C508 and C509, the vertical hold (R4206), and C424 (Fig. 6-25). Dried-up or
open electrolytic capacitors can produce weak or no vertical oscillation.

Crucial voltage measurements on the transistor terminals can indicate a leaky or open
transistor. Remember, in directly coupled circuits, the voltage on one transistor can di-
rectly affect another. Inject the internal voltage to the vertical oscillator circuits from a
separate power supply when vou find the scan-derived voltages (Fig. 6-26).

For vertical foldover or linearity problems, check C506, C507, C508, C509, and C424.
Check the feedback circuits and bias resistors in the vertical output transistors. Check
R521,R533, CR510, CR506, and CR508 for foldover and linearity problems. Do not over-
look the possibility that the service normal switch (8701B) is dirty or open if there is no
vertical sweep and only a white horizontal line.

INSUFFICIENT VERTICAL SWEEP

Often, insufficient vertical sweep and linearity problems are located within the vertical
output circuits. Improper drive voltage can cause insufficient vertical sweep. Vertical
sweep might be only two or three inches in height, or the raster might lack a fraction of fill-
ing out the top or bottom area of the picture tube. Poor vertical linearity (Fig. 6-27) at the
top or bottom of the raster can be caused by leaky top and bottom transistors or a change
in the bias resistors. If the vertical IC (or components tied to the IC) are leaky, they can
produce insufficient vertical sweep. Check for the correct sawtooth waveform at the verti-
cal IC output terminal.

Sometimes those flat-type vertical output transistors will test normal in the chassis and
then break down under load. Replace both transistors if voltage tests are good. Only 1.5
inches of vertical sweep was found in a Sanyo 31C41N (Fig. 6-28). Both output transistors
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FIGURE 6-25 The vertical drive waveform at the output
transistors to drive the vertical yoke winding.
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FIGURE 6-26 Inject the external dc voltage from a dual-power
supply when the vertical circuits are powered by the secondary
circuits of the flyback.



206  REPAIRING THE VERTICAL CIRCUITS

FIGURE 6-27 Poor vertical linearity can be caused by faulty
output transistors, ICs, or an improper dc voltage source.

Q455
Ver. output

Ver.
to yoke
winding
Ver. output
110V
2.2 ki)
R475
2.2 ki)
FIGURE 6-28 D454 was
found leaky in a Sanyo 31C41N
+112V vertical output circuit.

(Q455 and Q902) were replaced with GE-32 universal replacement transistors. Now the
height lacked 2 inches at the top of the raster. A voltage measurement indicates only 0.57
V at the base of (902, which should be around 46 V. Replacing a leaky diode (D454)
solved the insufficient-vertical-raster problem.
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INTERMITTENT VERTICAL SWEEP

Of all the vertical problems, intermittent vertical sweep symptoms are the most diffi-
cult to locate and fix. The intermittent symptom can be caused by transistors breaking
down, poor board connections to a loose collector transistor mounting screw, or many
other things. Suspect that the board connection, component terminal, or evelet or
griplet connections are bad or loose if the raster collapses when the chassis is touched
or moved. Try to narrow the intermittent to a certain section of the board. Intermittent
transistors and ICs can be located by application of several coats of coolant. Monitor-
ing the vertical circuits with the scope and DMM can help vou to locate the intermittent
stage and component.

Sometimes the raster would go to white line; at other times, a white horizontal line
would appear in the picture with normal sweep in an RCA CTC68AF chassis (Fig. 6-29).
The vertical drive signal from the MAGO001B module was fairly normal when the raster
went to a white horizontal line. A voltage test with the collapsed raster found higher-than-
normal voltage on the base and emitter terminals of Q101. Replacing leaky Q101 and
Q102 solved the intermittent raster problem.

Both vertical output transistors should be replaced when one is found to be leaky or
open. The collector voltage can be quickly checked by measuring the voltage at each
heatsink (Fig. 6-30). Often, heatsinks mounted in the center of a board are not grounded
directly to the metal chassis. Suspect a vertical top output transistor if the top part of the
raster pops down with a normal bottom half.

Q102
Ver. output
0.46 V

Vertical . 22V
drive module Fl604
6
CR102 129 L
+ : To Ver.

yoke
R128 CR416
0.47 4 470 pF

—h

CR106 A
CH105 Q101
Ver. output
Circled voltages .@
with leaky Q101
725V

Leaky

FIGURE 6-29 Check for leaky or open output transistors if there are
improper voltages on all terminals.
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-----

Metal heat sink

FIGURE 6-30 The metal heatsink of the vertical output IC is
grounded.

Intermittent vertical sweep—Sylvania E21 The picture in a Sylvania E21 chas-
sis would operate for several hours, and then collapse. Again, the chassis might operate for
days. The vertical output transistors were suspected, so both were replaced. Sometimes
these output transistors test normal, but can still open up (Fig. 6-31). Q300 was replaced

Q300
Bottom
Ver. output
IC302 R358
Ver. deflection |10 28.7V 10
6
B+ _ To vertical
~ yoke
Q302
Top Ver.
output R356

10

FIGURE 6-31 1C302 was found intermittent in a Sylvania E21
chassis.
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with an RCA SK3083 and Q302 was replaced with RCA SK3054. Everything was normal
for several days, but again the raster collapsed. When [C302 was in the intermittent state,
several coats of cold spray were applied. The picture popped in. Replacing intermittent
vertical driver IC302 restored the TV.

VERTICAL PINCUSHION PROBLEMS

Check the pincushion circuits if the sides of the picture are pulled inward. The pincushion
circuits prevent TV picture distortion, in which each side of the raster can sag toward the
center of the screen. Usually, pincushion problems do not cause too much trouble in small-
screen TVs. Special pincushion circuits are used in 27-inch or larger screens.

Pincushion problems are caused by a defective pincushion transformer or poor solder
joints. A narrow or bowed picture can result, with a shorted primary winding of the trans-
former. Replace any pincushion transformer that constantly emits a high-pitched squeal.

Solder the terminal connections of the transformer in all pincushion circuits. Check the
primary winding resistance and compare them with the values listed on the schematic. In
transistorized pincushion circuits, test the pin output transistor for leakage and improper
voltages on the collector terminal (Fig. 6-32). Test all other transistors in the circuit for
leakage or open conditions. Often the pin output transistor becomes leaky if the horizontal
output transistor is shorted.

VERTICAL FOLDOVER

Check for leaky output transistors and improper bias resistors when vertical foldover oc-
curs. Improper negative and positive supply voltages applied to the vertical circuits can
produce vertical foldover. Most vertical foldover problems occur in the vertical output cir-
cuits. Vertical foldover can occur at the top or bottom of the raster. Usually, vertical
foldover occurs with insufficient height problems.

The raster was down 5 inches at the top with vertical foldover in a J.C. Penney 685-2124.
This particular chassis was made by General Electric (Fig. 6-33). The complete vertical

Leak
Q4804 Y L4801
Q4803 Pin output ,f/ NN TOHor
Pin buffer yoke winding
From
Pin amp R4801
10 kQ)
—— C4802
0.50 pF
: Y
26V To pin amp

FIGURE 6-32 Vertical blowing was caused by a leaky pin output
transistor in a CTC140 RCA chassis.
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Ver. output . Ver. output
transistor Shields transistor

FIGURE 6-33 Vertical foldover can be caused by a defective
output transistor, bad IC, or by malfunctioning electrolytic
capacitors in the output and feedback circuits.

chassis can be removed for transistor and component tests out of the circuit. The vertical
output transistor (Q267) was found to be leaky. Q267 was replaced with an SK3054 and
Q268 with an SK3083 universal transistor. Again, replace both vertical output transistors
if you find that one is defective.

VERTICAL ROLLING

Insufficient vertical sync can cause the picture to roll vertically up or down. Scope the ver-
tical input circuits for correct vertical sync pulse. Check the low-voltage supply that feeds
the vertical circuits for excessive rolling and crawling in the picture. Suspect that the volt-
age is improper or that the resistance has changed in the base and collector circuits if the
picture rolls only one way. Remove one end of each resistor for accurate resistance mea-
surements. If the raster collapses to a white line when adjusting the vertical hold control,
suspect an open vertical hold control.

Excessive vertical rolling and pulling of the picture was noticed in an RCA CTC81C
chassis (Fig. 6-34). A scope check of the vertical dc supply indicated poor filtering. The
picture was restored when C305 was shunted with a 4000-puF electrolytic capacitor.

VERTICAL CRAWLING

Scanning lines slowly moving up the picture with a dark section is called vertical crawl-
ing. A dark bar might be at the top or bottom of the crawling area. Improper filtering in the
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low-voltage source feeding the vertical circuits produces vertical crawling. A lower dc
voltage goes along with poor filtering. Check the speaker for additional hum in the sound.

Scope the low-voltage power-supply circuit to locate the defective electrolytic capacitor.
Each filter capacitor can be shunted to locate the defective one. Always discharge the ca-
pacitor before clipping across the suspected one. You can damage transistors and IC cir-
cuits while shunting filter capacitors with voltage applied to the circuits. Some of these
filter capacitors might have values greater than 1000 pF.

Vertical crawling was found in a Motorola D18TS chassis with the picture pulled down
from the top of the screen (Fig. 6-35). The negative supply voltage feeding the vertical cir-
cuits was low. The picture returned to normal when another electrolytic capacitor was
clipped across C809.

BLACK TOP HALF

You might find the top or bottom half of the picture missing in the newer vertical circuits.
Go directly to the top vertical output transistor if the top section of the picture is black.
Likewise, check the bottom vertical output transistor if a black area is at the bottom por-
tion of the picture. With heavy retrace lines at the top of the raster in directly coupled ver-
tical circuits, check the switch driver transistor.

R204
Part of g'onzos F203 82 O
T201 P Go—e—AAN -
flyback L
ybac éi C205
: /T 4000 uF
Defective

FIGURE 6-34 Dried-up filter capacitor C205 caused
vertical pulling and rolling in this RCA CTC81C chassis.

ac p—
D802

Lt

y —355V
I cso9  *
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l To vertical
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T 1000 pF
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To regulator - =

circuits

FIGURE 6-35 Vertical crawling was caused by a bad
capacitor (C809) in a Motorola D18TS chassis.
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—> To yoke

Vertical
Q408
top output
Q407
top driver

%
. |

C425 faso
R448 100 pF
§220 m‘[ 100

Ny % CR416
197 V L

FIGURE 6-36 Leaky transistors Q408 and CR416
caused the top half of the picture to be black.

The top half of the picture was black in an RCA CTC93E chassis (Fig. 6-36). The volt-
ages of the top output transistors were way off. Q408 was removed from the chassis and
was leaky. The transistor was replaced that had the same part number (142691). The re-
sults were the same. Q407 was replaced with the same results, a black top section. An in-
circuit diode test of CR416 revealed that it was leaky. Replacing both transistors and
CR416 solved the black section at the top.

After a General Electric 10JA chassis was on for 10 minutes, the top part of the screen
appeared black with no vertical sweep. Each vertical output transistor was sprayed with
coolant. When coolant was applied to (Q268, the picture was normal. Heat was applied to
the top vertical transistor and the top portion collapsed. Application of coolant and heat
spray helped to locate the defective top-half output transistor (Fig. 6-37).

SHUTDOWN AFTER HORIZONTAL WHITE LINE

The raster went into a horizontal white line and then the chassis shut down after being on
for several minutes in a J.C. Penney 685-2084. This chassis was manufactured by Sam-
sung Corporation. After the set shut down, a variable line transformer raised the ac voltage
to 80 Vac, and any higher voltage made the TV shut down. Before shutdown, the raster
would go into a white horizontal line.

The voltage measurement on the deflection IC (IC501) (Fig. 6-38) indicated the 12-V
source at pin 3 was very low (5.6 V). A resistance measurement from pin 3 to chassis
ground was 71 Q. To determine if the IC was leaky, pin 3 was removed from the circuit
with solder wick and a soldering gun. The low-resistance reading was still measured, indi-
cating that IC501 was leaky.
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Because 1Cs have a tendency to break down and become leaky, the 12-Vdc terminal (3)
was removed from the circuit with the low-resistance measurement. These IC terminals
can be easily removed with a mesh solder-removing material. Of course, C252 and R225
could have caused the low voltage at pin 3. The leaky vertical IC was placing a heavy load
on the flyback winding of the horizontal output transformer, causing shutdown. A low-re-
sistance measurement on any IC terminal that is not grounded can indicate that an 1C is
leaky.

Q267
vert. bottom

From - 106 V
Q266
ov
¢ T > To yoke
1 Bias
061V

R293

150 Q2

Co781. 109V \0.9 V'

470 nF T
>_ H I Intermittent
Q268
top half

FIGURE 6-37 Q268 was found intermittent with an
application of temperature extremes.

12V I Ch522
470 uF
§ R225 16V
= 12V
|[. 3
IC501 TA7644BP
D408
T444
16.5V I —jof- ANA part of FIGURE 6-38
" 470 pF R408 flyback Irf'lpro_per voltages at
25 \/ 10 transformer pin 3in IC501 caused a

horizontal white line in
= = a J.C. Penney 685-2084.
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Q607
Ver. output

- 276V
+65V

To
'E ™ ver. yoke

c619
100 pF
27V
FIGURE 6-39 C619 (100 pF)
Q609 s .
Ver. output produced bunching lines in the
raster of a General Electric portable
= TV.

BUNCHING VERTICAL LINES

The symptom of heavy scanning lines was found at the top of the picture in a General Elec-
tric ECA chassis. After a 10-minute warmup, the bunching lines would appear. The pic-
ture was normal until the set had been operating for awhile. Adjusting the vertical height
control would take out the lines, but insufficient height would remain.

All voltages were normal with the driver and output transistors. Because the output
transistors have a tendency to cause various lines in the raster, Q607 and Q609 were re-
placed (Fig. 6-39). The bunching lines still remained. Bias and emitter resistors were
checked for correct resistance with one terminal removed from the circuit. The vertical
output coupling capacitor (C619) was shunted with another. This capacitor turned out to
be defective.

VERTICAL-RELATED PROBLEMS

Sometimes insufficient or absent vertical sweep can happen outside the vertical circuits.
An open yoke winding can produce a white horizontal line. A leaky or shorted yoke can
look like a trapezoid pattern on the TV screen. Poor yoke socket wiring can develop into
an intermittent vertical problem. Remember, a bad electrolytic capacitor in the conver-
gence circuits can produce insufficient vertical sweep.

Only one inch of vertical sweep was found in an RCA CTC74AF chassis and it looked
like a soft drink or liquor was accidentally spilled inside the chassis. Often, components or
board arcing can develop when liquid is spilled inside the TV chassis. Cleaning the chas-
sis did not cure the vertical problem.

The vertical output transistor and voltages were normal. A fair-sized sawtooth output
waveform was found on the scope. When troubleshooting the yoke and pincushion com-
ponents, a burned control was found in the pincushion circuits (Fig. 6-40). Replacing the
500-£2 control solved the insufficient-sweep problem.

Troubleshooting the Sharp 19C81B vertical section From the TV screen of a
Sharp 19C81B insufficient vertical sweep was indicated, with only 2 inches of sweep (Fig.
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6-41). Although the sawtooth waveform at the vertical amp terminal (7) of the deflection
processor [C was fairly normal, very little waveform was found at the output coupling ca-
pacitor (C507). A waveform test at the driver transistor (Q501) was normal, pointing to
possible trouble in the output transistor circuits.

A voltage measurement at the collector terminal indicated higher than normal voltage.
Both collector terminals had about the same voltage (52 V). The voltage on Q503 should

L |
be around 20 V. Q502 was tested in the circuit with the transistor test of the DMM and was g
found to be open. Q503 tested good in the circuit. Both transistors were replaced with a =
universal ECG373 replacement, which restored the full picture. -
-
=]
L1 Yoke FIGURE 6-40 Check 3
Pincushion socket the outside of the vertical E
coil circuits for vertical >
R3 R2 problems within the Z
390 500 O pincushion or yoke r:r’l
circuits. ]
=
]
— z
o
w
18y From e
Verzj ;{l}gput flyback 5
transformer »
§§?5§ % 25C2481 @ Ro13 >
m
-]
Q501 P
vert. driver
25C1959

> To yoke

IC501 v
vert. amp )
and oscillator ! D501
1V EE) Q503
vert. output
2502481

e

R510 )

22 k Note: Circled voltages
R517 were measured with
2.74Q an open Q502.

FIGURE 6-41 An open C502 produced only a two-inch vertical sweep in a Sharp
19C818 chassis.
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8 CR106
S 26V
g Tom ™77 o
M vertical
6 —I— sweep
- circuits
| N 243V
11 “AANA >
R509
— 12 ()

FIGURE 6-42 R509 caused intermittent vertical sweep
after several hours of operation.

Unusual vertical problem The customer complained that the picture in an RCA
CTC120 chassis would go down to a horizontal white line after several hours of operation.
Sometimes the set would operate for days without any problems. When the TV chassis
was on the bench, no vertical sweep was found on the TV screen. Pushing around on the
chassis did not cause the raster to pop out. A normal vertical waveform was found at ver-
tical [C401.

Both transistors tested normal in the circuit with the transistor test of the DMM. A dc
voltage check indicated that there was no 24-V source. R509 was found to be open (Fig.
6-42). R509 was replaced with a 12-£2, 1-W resistor. Because one of the vertical output
transistors might have temporarily broken down, opening R509, both transistors were re-
placed. The TV chassis operated for a week and was returned to the customer.

Three weeks later, the set was returned to the shop with only three inches of vertical
sweep. The chassis played in the shop for five days and finally collapsed again. R509 was
running red hot (Fig. 6-43). Coolant was applied to 1C401, Q502, and Q501 without any
results. Next, each diode was sprayed and the raster went to a full screen. Heat was applied
to CR504 and the sweep collapsed. Replacing CR504 solved the intermittent vertical
sweep problem.

Difficult vertical problem Only four or five inches of vertical sweep was noticed in
a J.C. Penney 685-2020. In fact, the only vertical sweep was below the center of the verti-
cal raster. The top half of the raster was missing.

Checking the schematic, the vertical sweep section has a top and bottom transistor out-
put stage (Fig. 6-44). Both vertical output transistor Q22 and Q24 tested normal in and out
of the circuit. Because the vertical transistor stages were directly coupled, all transistors
were checked in the circuit with the diode transistor test of the DMM.

The switch driver ((Q19) and retrace switch (Q20) were found to be leaky. After replac-
ing both transistors with the original parts, the chassis operated for two minutes and went
back to insufficient vertical sweep, with a bright horizontal line at the top. The retrace
switch transistor (Q20) was operating red hot. Again, Q20 was replaced because it was
possible that it was defective. The results were the same. After a few seconds, Q20 began
to get very warm.

All voltage measurements were quite close, and some were off only a volt or two. Both
bias diodes in the base circuit of Q21 checked normal with one terminal lead removed.
Next, PT101 (62-£2 cold) and R120 (680 ) were checked for correct resistance. R117 and
R115 were checked in the circuit and were fairly close in resistance.
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C507
0.01 pF
Q502 R514
bottom
output
C401 —> To yoke
CRs04 o0 o 108V
Q501
top output
- 265V
CRs01 2%
Note: Circled voltages R511 R506
was measured with a 100 15 k()
leaky CR504.
y
243V 118V
FIGURE 6-43 Coolant sprayed on capacitor CR504 caused the picture to
become intermittent, then collapse.
Q22
Q21 top output To yoke
top driver

From
vertical
oscillator
circuits

&—

FIGURE 6-44 Replacing leaky transistors Q19, Q20, and R117 restored the
missing top half of the vertical sweep.
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Actually, the culprit was located by removing each resistor lead from the circuit board.
Each resistor was checked for correct resistance. When R117 (220 k) was checked again,
it was found to be open. Sometimes we overlook a high-resistance measurement that might
be quite close to the resistor we are checking in the circuit. Always remove one end of a
diode or resistor to check for correct resistance.

TROUBLESHOOTING VERTICAL IC CIRCUITS

Vertical IC output circuits are much easier to service than transistor output circuits. Just
take a vertical drive waveform at the vertical sweep IC and trace it to the input of vertical
output IC (Fig. 6-45). If no waveform is at the sweep or countdown IC, repair this sweep
circuit.

Next, take the output waveform at the output terminal IC that feeds to the vertical
yoke winding. Suspect that the output 1C (or corresponding components) are defective
or that the voltage source is improper with a normal input waveform and no or a weak
output waveform. Measure the supply voltage (V. .) and voltage on all other pin termi-
nals. Check all resistors and capacitors that connect to each pin terminal. Replace the
output IC with normal components and input vertical sweep signal. Be sure that all
electrolytic capacitors are normal on the pin terminals of output [C. Suspect the yoke
winding and return circuit components if the output waveform is normal, but the verti-
cal sweep is improper.

10V p-p

1Vpp M\\

UL /

1C9501
Ver. output
1C9701 23

Signal processor IC VGC
6 |1 2’ #9
+235V
Ver.
yoke
. winding

L Ros501
- 1000 wF
1.80Q C9510

R9507
1.8 8

FIGURE 6-45 Check the output waveform of the vertical signal IC and the
output of the vertical power IC for correct vertical waveforms.
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Leaky
C506
0.75 V LA7830 1pF
) 1C501 137yRB02  R503 LW
Input —s—2- Ver. output MV Vv ) yoke
) +| cs502
5 |1 [8Bosay]3 7 T T uF
12V ‘ .% f_ 16V !
C501 C504
1 D501
0.001 ,LFT 100 wF
2 +255V
+255V

FIGURE 6-46 A leaky IC501 caused a lack of vertical sweep in an Emerson
EC10R TV.

FIVE ACTUAL CASE HISTORIES

The following case histories are actual vertical problems that have occurred in different
TVchassis. Each trouble has a different symptom with quick servicing methods.

No vertical sweep—Emerson EC10R Only a horizontal white line was visible on
the screen of an Emerson EC10R TV. Voltage measurements were taken upon the output
terminals of vertical output [C501 after a fairly normal waveform was fed into pin 4 (Fig.
6-46). The voltage in pin 3 was very low, indicating that the output 1C was leaky. When
pin 3 was removed from the foil, the voltage source measured 26.7 volts. IC501 was re-
placed with original part number 4152078500.

Insufficient vertical sweep—Goldstar CMT 2612 The vertical drive output IC
was suspected in this Goldstar chassis with insufficient sweep. The scope wave input
waveform at pin 8 was fairly normal, indicating that the output [C (or corresponding com-
ponents) were defective (Fig. 6-47). IC301 was replaced with an ECG1797 universal IC

1C301 LA7831 Ver. yoke winding
Input —-—B Ver. output m

C328 :
D310 C314 R329
e = T 0.001 uF 180

C313 = B

220 uF
Replace

+24V

FIGURE 6-47 Replace D310 for insufficient sweep in the Goldstar CMT-2612.
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and the results were the same. D310 was found to be leaky and replaced with a general-
purpose 1-A silicon diode (SK3311).

Vertical foldover—Sharp 19J65 At first, a Sharp portable had very little vertical
sweep with low voltage on pin 6 (1.7 V). 1C501 was ordered out (X0238CE) because there
was no universal replacement. The input waveform was fairly normal, with no waveform
at output pin 2.

After IC501 was replaced, the vertical picture had a foldover problem. C512 was re-
placed, curing the foldover problem (Fig. 6-48). Check C505, C506, C509, C510, and
C512 in the vertical circuits for possible foldover or poor vertical linearity.

Vertical lines at top of picture—Emerson MS250XA Several horizontal lines
were found at the top of the picture in an Emerson MS250XA portable TV. All voltages
were fairly normal. One end of D305 and D304 were removed and tested good (Fig. 6-49).
Q303 and Q302 were tested out of the circuit. Electrolytic capacitor C305 (4.7 uF) was al-
most open, causing lines at the top of the picture.

Unusual vertical problem—RCA CTC145 The vertical sweep was intermittent,
the picture would collapse to a white line, there was insufficient vertical sweep, and some-
times there was no sweep at all. This intermittent problem might occur after the set has run
for a few hours.

U4501 was monitored with the scope at pin 4 and a voltmeter was clipped to pin 8. When
the vertical section went into the intermittent state, very little output waveform was found,
with practically no voltage change. Before replacing IC4501, all components were checked
on each terminal. C454 is mounted quite close to the LA7831 IC, and this IC runs fairly
warm (Fig. 6-50). When C454 was shunted, the picture returned. Several of these elec-
trolytic capacitors have acted up in the recent RCA chassis and should be checked in the
event of vertical problems. Replace C454 with longer leads and bend it away from U4501.

Replace
IC801 08V 116V
w28V IC501 SRR
Ver. deflection | Rrs1g 4| X0238CE Ver. output 2
100 ©2
3 5 1 oV
23.3V NE! 235V |23V
.

A R519 SR511
Defective 1 ki)

replace

FIGURE 6-48 Vertical foldover in a Sharp 19J65 chassis was caused by
C512. Also check C505, C506, C509, C510, and C512 if the unit displays
vertical foldover and poor linearity.
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C304
680 pF Q302
Qsof Y Ver. output Replace
Ver. driver 7| ey
223V Iy 5V

+[ C305
lr—H—G
Input ,—@ D306 T4'7 wF

€303 A D304
10 pF T 293y t20V
! el V|
] I

203y G303 Ver. deflection R309

. yoke :
220
299V Q303 220 uF
Ver. output L

FIGURE 6-49 Vertical lines formed at the top of the picture because of a defective C305
(4.7 yF) in an Emerson MS250VA TV.

Ifnput LA7831 Ver. yoke winding
rom
u1001 " 6 U4501 Ver. output m
Pin 54 C4508 +1C4503
9 5 8 123 |7 TQ?OPF 680 uF
454 R4505
30
100 uF | cR4s501 + L c4512
; < . ’I‘* 0.001 pF =
R4513 L
C4510
200 () 47 uF
R4515
200 ()
Replace
+25V

FIGURE 6-50 Replace electrolytic capacitor C454 (100 pF) across pins 9 and 5, leave
longer leads, and bend the component away from U4501.

Conclusion

Scope the vertical oscillator and output transistors to isolate the defective stage. A voltage
measurement on the collector (metal) terminals of the vertical output transistors will indi-
cate if the transistors are defective or if there is no dc voltage source. Remember, the ver-
tical output transistors can break down under load. Automatically replace them if all other
components appear to be normal. Check outside of the vertical circuits for a defective ver-
tical component. Do not overlook the possibility of a problem in the convergence circuit
with insufficient vertical sweep or a horizontal white-line symptom. Check for easy meth-
ods of servicing the vertical circuits in troubleshooting chart Table 6-1.
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TABLE 6-1 USE THIS VERTICAL TROUBLESHOOTING CHART
FOR EASY SERVICING

WHAT TO CHECK

HOW TO CHECK IT

No vertical sweep.
Check waveform on base of output transistor

or|C.
Check for open yoke winding.
Vertical foldover.

Insufficient vertical sweep.

Check waveform at output of transistors or IC.

Check low voltage source to vertical circuits.
Check drive waveform on vertical sweep IC.

Test output transistors.
Check voltages on output IC.

Check for open ground return capacitor or
resistor.

Sub all electrolytic capacitors in output and
feedback circuits.

Power supply source.

Check output transistors.

Measure bias resistors.

Check capacitors and diodes in output circuits.




HOW TO

CHECK IF AND

VIDEO CIRCUITS

CONTENTS AT A GLANCE

IF Circuits
IFICs
Saw filter network
IF trouble symptoms
Troubleshooting the IF stages

Latest IF video circuits
IF alignment

Video Test Equipment
Video problems
Video IC circuits
Comb filter circuits
No video, normal sound
No video, no raster
Weak or washed-out picture
Weak picture, red outline

Loss of picture and sound
Intermittent video
Intermittent black screen

Troubleshooting SAW filter circuits

Washed-out picture, retrace lines

Intermittent video, audio ok
Fuzzy pictures
Very little brightness

No brightness, normal high voltage

Can’t turn down the brightness
Brightness with retrace lines
Cannot turn down brightness
No brightness control

No control of the luminance IC
Video IC replacement

Very low brightness

Faint picture with no contrast
Intermittent brightness

No brightness after one hour
Very bright screen and shutdown
Brightness shutdown

Smeary pictures

An unusual video problem

Five actual video case histories

Conclusion
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The biggest problem when servicing the intermediate frequency (IF) stages is just get-
ting to these circuits. Often, the IF circuits are found directly under the bell of the pic-
ture tube and are enclosed in metal shields (Fig. 7-1). After separating the chassis from
the picture tube mounting braces, the IF stages are fairly easy to service. Sometimes the
chassis can be serviced from the bottom. In console models, the chassis can be pulled
back or removed. Accurate in-circuit voltage and transistor tests can solve most IF re-
pair problems.

The low voltages found in the [F transistor stages can be checked with the DMM. Of-
ten, collector voltages can change or the collectors can be difficult to access in the IF
circuits. Accurate voltage measurements on the emitter terminal can indicate if a tran-
sistor is leaky or open (Fig. 7-2). These voltages are very low (1 to 3 V) across the emit-
ter resistor. If there is no voltage, the transistor might be open or the dc voltage applied
to the collector terminal might be incorrect. Check the emitter resistor for an open or
incorrect resistance with the low-resistance scale. Often, the emitter resistance can vary
from 1 k€ to 47 k€.

Besides the DMM, a scope with a demodulator probe, sweep marker, and color-bar gen-
erator is useful when servicing IF circuits. The oscilloscope with a detector or demodula-
tor probe can be used to signal trace each IF stage with the color broadcast signal or from
the color-bar generator. The tuner-subber can be used to inject signal at the IF input and to
the base of the second IF amp transistor with the picture tube as a monitor to locate a de-
fective first or second IF stage. The sweep-marker generator can be used for complete IF
alignment.

IF shielded area

FIGURE 7-1 Most IF stages are shielded, with components
inside of the shielded area.
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| SAW | IC501 _ | Video To
Tuner —=1 fiter [ IF/AGC/AFT/Video amp|[ | buffer [ video amp 2
FIGURE 7-2 A block diagram of the IF amplifiers and video buffer circuits. ;:;
c
]
SF201 202 m
/1 pre-IF IF amp/video L
From tuner SAW filter ~ amp T202 O gg;lz amp/detector 5
IF input TR y 1c203 =
o —t — AGC z
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= A 1 10 k() = v
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FIGURE 7-3 The SAW filter network is connected between the tuner and IF stages. o
-|
<
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IF Circuits

The IF circuits can consist of three or four transistor stages or one IC (Fig. 7-3). The con-
ventional IF circuits might contain a tuned output or some form of tuned input with tran-
sistor RC-coupling methods. In earlier solid-state TVs, stacked IF circuits were quite
common. Today, the 1C has taken over the IF circuits.

The output signal of the tuner is fed through several tuned traps and connected to the
base circuit of the first IF video transistor (Fig. 7-4). The amplified IF signal is trans-
former-coupled to the second and third IF video stages. Notice that the second IF video
stage is controlled by AGC voltage from 5.5 V to 7 V. The video detector is a fixed-diode
transformer that is coupled to the first video amp. The sound take-off coil can be tapped at
the collector terminal of the third IF video or video amp.

Although universal transistors can be used as replacements in the IF section, it is best to
use parts with the original part numbers. In some RCA chassis, universal transistors can-
not function as IF amplifiers. You will save time by using the right part because original
transistors will work every time. The universal transistor terminal leads must be cut to the
exact length of the original and spaced for mounting. Do not mount the IF transistors un-
derneath the chassis. Replace each defective IF transistor inside the shielded area. They
are easier to replace under the chassis, but they must be shielded. Always replace shields
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SAW filter
Q155 0.01 pF__2501
PIF amp |/ 2 21 IC501 To video
I\ 4 L L PIF/SIF/Video amp
T T | 1 k§ L103 |20
390 n§ L101 L y
- I\
390 0.01 uF

§33011

Y
FIGURE 7-4 Today's PIF amp, SAW filter, and IC501/PIF/SIF/video IC.

and solder banded areas to prevent stray signals from entering the IF section (Fig. 7-5). IF
alignment is not required with direct transistor replacement.

IF ICS

In the early solid-state IF stages, the first and second IF video circuits were contained in
one IC (Fig. 7-6). Later on, the tuner was coupled to the IC [F stages with a single input
transistor. Today, the IF input amp transistor is located between the tuner, SAW filter net-
work, and IF AFT-AGC IC circuits (Fig. 7-7). The RF and IF AGC circuits are developed
inside the IC.

You can use a complete plug-in IF module with the modular TV chassis. Simply remove
and plug in a new IF module if there are IF trouble problems. These same 1F modules can
be found in the newer one-piece chassis (Fig. 7-8). Be sure that all [F terminals plug into
and are firm on the TV chassis. Fasten the module to the chassis with mounting screws to
prevent future intermittent [F problems. Check for a voltage adjustment on some models
when replacing the IF module.

SAW FILTER NETWORK

Today, a new circuit found in the IF stages is called the surface acoustic wave SAW
network. The SAW filter component is made up of a piezoelectric material with two
pairs of transducer electrodes. One is the input and the other the output transducer.
Voltage applied across the positive and negative terminals causes distortion and me-
chanical waves. The SAW filter establishes the proper IF frequency, which, in turn,
eliminates IF alignment. Here, the SAW filter is located between the IF preamp and the
IF processor IC (Fig. 7-9).
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Varactor
tuner IF

FIGURE 7-5 Notice the shielded IF with varactor tuner nearby.
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FIGURE 7-6 The IF stages might consist of a picture IF amp, SAW
filter, and IC501 (which contains PIF/SIF/video), and a deflection IC.
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FIGURE 7-7 The SAW filter does not require alignment.

Varactor tuner

FIGURE 7-8 The varactor tuner has replaced the tuner module
in many TV front-end circuits.

IF TROUBLE SYMPTOMS

The most common troubles in the IF section are no picture and no sound with white raster;
a faint picture and garbled sound, or a smeary picture with multiple ghosts; and a snowy
picture with fair sound. Weak or no color can result from a defective IF stage. In earlier
tube and solid-state chassis, a “birdie” type sound could be heard with a defective IF stage.

Most [F symptoms can be seen on the picture tube.
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The same symptoms can be found with defects in the tuner, detector, video, and AGC
circuits. A snowy picture can be caused by the first or second IF stage or by a defective
tuner and AGC circuit. The faint and weak picture symptoms can occur in the IF picture
detector and first video amp (Fig. 7-10). Similar symptoms can be found in the IF circuits.
Improper IF AGC voltage can cause a snowy picture or weak, garbled sound with a poor
picture, indicating the IF circuit is defective.

Before attempting to repair the IF section, be sure that the tuner and IF AGC circuits are
normal. Substitute the suspected tuner with a tuner-subber. Measure the IF AGC voltage
at the 1F test points or in the AGC circuits. Clamp the [F AGC voltage with the internal
power supply to determine if the AGC circuits are normal. After determining that the IF
circuits are defective, locate the correct schematic and voltage chart. The defective IF
stage can be located by scope waveforms and voltage measurements.

C101
27 pF Z101
Ff°m> i SAW [ IC201 .
preamp 1\ filter 8| IF/SIFnideoichroma [+ T° Videoamp
l R105 9 [0.1]7 [10]24
R101 § = 170 Q
270 Q) 1
Y :
1 A
= “
8.5V

FIGURE 7-9 The SAW filter (Z101) establishes the correct frequency.

4

FIGURE 7-10 The SAW filter network is located close to the IF
section.
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TROUBLESHOOTING THE IF STAGES

A dead or weak IF stage can be located with a strong local station tuned in and scope
waveforms taken at each IF stage. The oscilloscope must have a demodulator or detector
probe attached. The color-bar generator is clipped to the antenna terminals and the signals
are traced in the IF subber signal at the input terminal of the [C. Notice the picture on the
screen (Fig. 7-11). Check the scope waveform at the output terminals of the IF section with
a strong station or the color-bar generator signal. Often, IF I1C terminals can easily located
under the chassis with the IF section shielded and covered in a metal box. Accurate volt-
age measurements on the [C terminals or on the emitter terminal of the [F transistors can
help vou to locate the open or dead stage.

TROUBLESHOOTING SAW FILTER CIRCUITS

Although the SAW filter network does not cause too much trouble, you can check it with
the VOM and crystal checker. It’s best to remove the SAW filter from the circuit because
low-wvalue resistors are found in the input and output circuits (Fig. 7-12). The primary leak-
age can be checked with ohmmeter probes across terminals 3 and 4. Likewise, the output
circuit can be checked across terminals 1 and 2. No significant resistance should be mea-
surable across these terminals.

A resistance check does not necessarily indicate that the SAW filter is functioning.
Check the SAW filter in or out of the circuit with a crystal checker. The crystal checker
will determine if the SAW filter is oscillating (Fig. 7-13). Check the input and output ter-
minals in the same manner. The crystal meter will provide a high reading when tested out
of the circuit and a lower reading in the circuit. You can build your own crystal checker by
following the instructions found in Build Your Own Test Equipment (McGraw-Hill).

FIGURE 7-11 A tuner subber can be used to locate a dead or
open first or second IF transistor stage.
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SAW filter
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4 2
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R x 100
@ 2 .3 1,
l Crystal

checker

FIGURE 7-12 Test the SAW filter with resistance and a crystal checker.

FIGURE 7-13 The crystal checker can check both input and
output terminals of SAW filter.

Servicing RCA CTC130C IF circuits To determine if the tuner section or IF
stages are defective, connect a tuner-subber to the IF cable. Plug the IF cable into the
subber and tune in a local station. If there is no sound or picture, but normal raster, sus-
pect problems within the IF stages. If the picture at the CRT screen is normal, repair the
tuning system.

Inject an IF signal at the IF input cable and check for a picture signal at the CRT. If it is
normal, check the tuner, AFT, AGC, and tuner AGC. Scope the video waveform at pin 12
of U301 (Fig. 7-14). If there is no signal, check the waveform at pin 16 of the IC. If there
is still no signal, proceed to the collector of the IF preamp (Q301). Although the signal will
be quite weak, you can still determine if the [F preamp and tuner circuits are normal.
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IF preamp .
. transistor Video
IF input 43V out B
C A | 12 304
(o) saw [ a7V e 1 o
filter : U301
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E processor @ @
IFAGC TP307
14 14 T
o
VCC
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'

12V
FIGURE 7-14 Service the RCA CTC 130C IF stages by the numbers.

An improper IF AGC voltage can shut down the IF picture stages. Measure the AGC
voltage at TP307. This voltage can vary between 7 and 11 Vdc. If there is no video wave-
form at pin 12 (U301) or at the base of the video amp, inject AGC bias voltage at TP307
orat pin 14 of U301. If the video waveform appears with external bias voltage, suspect that
the AGC system is defective. If the picture does not return with proper AGC voltage,
check the voltages in preamp transistor Q301, and look for a shorted IF cable or an open
L309, L302, R306, or R307.

Check all voltages on pins 1, 3, 11, 12, 14, and 16 of the IF processor (U301). If the IF
signal is entering the IF processor and not coming out, suspect a problem with the IC. Reg-
ular TV broadcast signals can also be used to scope the preamp and U301 circuits with a
demodulator probe and scope. Check the SAW filter (SF301) with a crystal checker, if you
are in doubt.

RCA CTC157 IF circuits The IF output signal is taken from the tuner to the IF pre-
amplifier (Q2301) and the output is applied to a SAW filter network (SF2301). The IF sig-
nal from the SAW filter is applied directly to the CTV processing IC (U1001). Inside
U1001, the signal is amplified and passed on to a video detector circuit (Fig. 7-15). Both
AFT and AGC voltages are developed internally by U1001. The AFT voltage is routed
back to the A1U control (U3300) in the system-control circuit. This voltage determines if
the tuner frequency is correct for a given channel by the A1U system. The AGC voltage is
applied to the tuner to control tuner amplifier gain.

IF or tuner? The no-picture/no-sound symptom can occur if the tuner or IF video com-
ponents are defective. Connect a tuner-subber to the IF cable. If the picture is normal with
the subber, suspect the tuning system. If there is still no picture, troubleshoot the IF and
video circuits. The tuner-subber can be used for signal injection to the IF IC.

Tuner-subbers were used constantly years ago and there were several different manu-
facturers. Today, it’s difficult to locate a tuner-subber. You can make your own out of a
transistorized VHF tuner and power source. How to build a tuner-subber is described in
Build Your Own Test Equipment (from McGraw-Hill). The tuner-subber can save a lot of
valuable service time, which means money!
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Snowy pictures Besides the tuner, check the first and second IF stages for a snowy
picture. Measure the I[F AGC voltage without a signal to the tuner. An improper AGC volt-
age can produce a snowy picture. Take accurate voltages on the emitter and collector ter-
minals. Check the dc voltage source fed to the IF section for low voltage. If possible, make
an in-circuit test of each transistor with the DMM. The snowy picture can be caused by an
open or leaky IF transistor.

In an RCA CTC44W chassis, all VHF stations were snowy. The local UHF station pic-
ture contained a little snow. A quick in-circuit test of each transistor located an open sec-
ond IF transistor. Besides transistor tests, accurate voltage measurement can locate that
leaky or open IF transistor.

Brightness, no picture, garbled sound A smooth white raster with no snow or
noise ripple is caused by the IF stages. Usually, a rushing noise in the sound and some
channel noise is seen without a station tuned in. Garbled sound indicates poor sound take-
off at the IF stages. The dead IF stage can be caused by an open or leaky IF transistor or
IC.

The sound was garbled, with a white raster in a J.C. Penney 685-2124. The IF stages
were signal-traced with the scope and demodulator probe. The video signal was found at
the base and none at the collector terminal of the third IF video transistor (Fig. 7-16). Zero
voltage was found at the emitter terminal, indicating that Q103 or R136 was open. The col-
lector voltage was high, at 20 V. Q103 was found to be open and was replaced with an
SK3018 universal transistor replacement.

AGC or video A pulling, washed-out picture can be caused by a defective AGC or
video IF circuit. Often, the picture is out of sync and the AGC control has no effect on the

\

- Q2301
IF processor
System SF2301
control Tuner SAW filter
| A
AFT AGC
U1001 A A
CTV
processor Y
IF amp/video/detector

FIGURE 7-15 A block diagram of the RCA CTC157
IF circuits.
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FIGURE 7-17 Leaky C114 caused a pulling, washed-out
picture in a J.C. Penney 2857.

picture. First, check the AGC voltage at the base of the first and second IF transistors. If it
is normal, the AGC circuits are working.

With voltage measurements in the IF stages of a J.C. Penney 2857, low voltage was
found at the collector terminal of the second IF transistor (Fig. 7-17). A forward-bias
voltage between the emitter and base terminals indicated that the transistor was normal,
but the transistor was doublechecked with an in-circuit transistor test. A resistance
measurement from the collector to ground was 939 Q. Capacitor C114 was found to be
leaky to T104. Removing and replacing C114 solved the AGC and video look-alike
picture.

LATEST IF VIDEO CIRCUITS

The video IF circuit might be included in a single large 1C that covers many different
circuits in the latest TV chassis. [C1001 contains the [F/LUMA/chroma/deflection cir-
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cuits in one large processor. Besides these circuits, AGC/AFT/sound IF and preamp
circuits are found in one section of the 64-pin IC. This processor I1C, when found de-
fective, can be replaced with an ECG1790, SK9850, or NTE1790 universal replace-
ment.

The large IC might have an IF preamp transistor and SAW filter within the input circuits,
between tuner and 1C1001 (Fig. 7-18). RF and IF AGC circuits are included with picture
[F input pin 21, RF AGC out pin 46, RF AGC delay pin 18, picture AGC pin 22, RF sup-
ply voltage pin of 9 volts (19), PIF AGC TC pin 23, video detector tank pin 45, AFT out-
put 42, and pin 47 of video output.

To troubleshoot, inject a video signal at the IF input and check for video on the face of
the picture tube. If no video is at the CRT, check the video waveform at the base of the
video buffer transistor. When video is missing at the base, inject AGC bias to pin 22 of
IC1001. Check all voltages, waveforms, and components at [C1001, pins 18 through 47.
Connect a bar sweep generator to the antenna terminals and check for correct waveforms
in IF video circuits.

IF ALIGNMENT

IF alignment should be checked after all circuits are found to be normal in the IF stages
when there are faint, smeary, fluttering, or oscillating pictures. Do not try to adjust IF cores
or capacitors to improve a weak or faint picture. These adjustments do not change unless
someone turns them. [F alignment should be done with a sweep-marker generator. If you
do not have the correct alignment test equipment, it is best to take the chassis to the man-
ufacturer or to a qualified TV alignment technician. Most alignment generators collect
dust on the shelf because they are seldom used in TV servicing. IF alignment is not needed
in the latest TV chassis with a SAW filter network.
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FIGURE 7-18 The latest IF circuits are included in one large IC with luma,
chroma, SIF, detection, horizontal, and vertical circuits.
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Video Test Equipment

The video stages can be serviced with signal tracing of IF stages with the oscilloscope.
Connect a color-dot-bar generator to the TV set antenna terminals for signal tracing. Take
in-circuit transistor tests of the IF and video circuits. Check crucial voltages with a DMM.
A video or audio square-wave generator can be used to locate the stages, causing a smear
or an oscillating picture. All IF and video signals are taken with the color dot-bar genera-
tor and scope, according to Howard Sams schematics.

VIDEO PROBLEMS

A weak or a washed-out picture can be caused by a defective video stage. Very little or no
control of brightness can occur in the video circuits. Heavy scanning or retrace lines in the
picture are caused by the video circuits or by improper voltages at the picture tube. Most
smeary picture symptoms are caused by open peaking coils and leaky video transistors in the
video circuits. A defective video output stage can cause a no-picture/no-brightness symptom.

Some video symptoms can be caused by the picture-tube circuits. Determine if the pic-
ture-tube circuits are at fault by taking crucial voltage measurements on the CRT terminals
or corresponding circuits. With a low or insufficient brightness symptom, the service/nor-
mal switch can be switched to service to determine if the CRT is weak. Rotate each screen
grid control to form a white line. If a bright line is noted, assume that the CRT and circuits
are normal. The same method can be used on TV chassis without the service switch. Simply
turn up the screen or substitute a brightness control and notice if the picture tube responds.

VIDEO IC CIRCUITS

With the early solid-state chassis, most video circuits contained only transistors. Today,
video circuits can be incorporated in one IC with AGC, sync and color circuits (Fig. 7-19).
Because fewer components are found in the IC video circuits, they are easier to service.
Simply scope the signal in and out of the IC. Take crucial voltage measurements if the
video signal goes in, but not out of the IC terminals. Check each component tied to the IC
video terminals before replacing the suspected IC.

COMB FILTER CIRCUITS

A new video circuit, called the comb filter, is found between the IF and luminance circuits
in the latest color TV chassis (Fig. 7-20). Its purpose is to separate the luminance and
chroma video information to eliminate color bleeding or cross color from the picture.
Many additional circuits are provided with the comb filter. The comb filter circuits are de-
veloped with an IC.

NO VIDEO, NORMAL SOUND

A normal sound and white-raster symptom without any picture occurs with a video circuit
problem. The video circuits can be signal traced with a tuned station signal and scope or a
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color-bar generator and scope. Start at the first video amp with the scope probe and check
the signal at the base and collector terminal of each video transistor until the signal is lost.
Take crucial voltage measurements on the suspected transistor or 1C.

Sharp 9B12

The sound was normal with no video in a Sharp 9B12 (Fig. 7-21). Because the sound was
normal, the video signal was scoped after the sound takeoff point. The scoped signal stopped
at the first video amp (Q202). A quick voltage check showed no positive voltage at the base
and collector circuits. Although the 12-V supply source was normal, voltage was not applied
to the vertical circuits. On closer inspection, the PC board was found to be cracked behind
the balance control. No doubt, the TV had been dropped on the knobs, cracking the board
wiring. Solid hookup wire soldered across the cracked wiring brought back the picture.

NO VIDEO, NO RASTER

Check for high voltage at the CRT anode connection with a no-video, no-raster symptom.
If the high voltage is normal, suspect video problems at the last video stage or the CRT and

FIGURE 7-19 Check for one large IC with most all the TV

functions in one component.

From . IC , Luminance To picture
IF stage ;| Video A Cﬂ':&g'rtfr ﬂ circuit > tube

FIGURE 7-20 The comb filter is located between video and luminance
circuits in the latest TV chassis.
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FIGURE 7-21 A broken foil wire in a Sharp 9B12 chassis caused improper
voltages on Q202.

circuits. Next, check all voltages on the CRT terminals. Normal CRT voltages indicate a
defective video output circuit.

The high voltage was normal with no video or raster in an RCA CTC86D chassis (Fig.
7-22). When the CRT voltages were measured, very low screen voltage was found. R435
and R441 were running red hot. A quick resistance measurement found 546 Q of leakage
on the 200-V source. After disconnecting the screen circuits from the 200-V source, other
circuits tied to the same voltage source were checked. Both the luminance/sync module
(MDLO01B) and tuner module (MST002B) were replaced to bring back the screen grid
voltage source. Remember, more than one module can be defective in a modular chassis.

WEAK OR WASHED-OUT PICTURE

A weak and/or negative picture can be caused by an open peaking coil, leaky video tran-
sistor, or a defective picture tube. Check the picture tube with a good CRT tester. Very
light and weak pictures with normal sound can be caused by leaky or open video transis-
tors and 1Cs. Suspect that a delay line is leaky for a washed-out picture with poor contrast.
A washed-out picture with retrace lines can be caused by an open delay line.

WEAK PICTURE, RED OUTLINE

No picture was noticed until the color control was turned up in a J.C. Penney 19YC chas-
sis (Fig. 7-23). The picture would disappear when the color was turned down. The video
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signal was scoped to the base terminal of the third video amp, and no signal was found at
the collector. Q325 tested normal in the circuit with a DMM. When the fourth video amp
was tested in the circuit, Q330 was found to be open. Replacing Q330 with a GE-18 uni-
versal transistor solved the very-weak-picture symptom.

WASHED-OUT PICTURE, RETRACE LINES

Video problems were suspected in a Panasonic CT-994 with a washed-out picture and
retrace lines (Fig. 7-24). The video signal was found at the collector terminal of the first
video amp (TR301) and not at the base of the second video amp (TR302). Continuity
resistance measurements of L301, L302, and L303 indicated an open in the delay line.

High-voltage

. R441
tripler High 62 ki) To
STM401 screens
T401 voltage control
flyback 1
transformer 39 ki1 202 UCF{T
i
——t—>
: focus
[
1
1
|
(
i
RF401 {
P o Toscreen
C419 i_"UL ""‘““'J :l_l_control

0.01 uF
]_ 546 () leaking to ground
_ caused by defective
MDLOV1B and MST0028
modules.

FIGURE 7-22 Check voltages at the picture tube socket to
correct a no-video/no-raster symptom.

Q225
3rd video amp

Q330
4th video amp

Output
R335

1 k()

FIGURE 7-23 An open Q330 caused a weak picture in
the J.C. Penney 19YC chassis.
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FIGURE 7-24 An open delay line in a Panasonic CT-994 caused a
washed-out picture with heavy retrace lines.

Repairing the broken lead connection at one end of the delay line cured the washed-out
picture symptom.

LOSS OF PICTURE AND SOUND

Sometimes the picture would go, and then the sound. At other times, the color would be
missing in a CTCI11 RCA chassis. Again, all of these symptoms could occur or only one
of them (Fig. 7-25). Suspect that the coupling capacitor (C611) is leaky from the video
buffer transistor to the comb processor [C (U600).

INTERMITTENT VIDEO

The sound was normal with an intermittent picture in a Montgomery Ward WG-17196AB
(Fig. 7-26). Sometimes, just touching the chassis would cause the raster to go black. The
picture would really act up when the video output transistor (Q312) was touched. Replac-
ing transistor Q312 with a GE-251 universal part and replacing resistor R370 solved the
intermittent problem.

INTERMITTENT BLACK SCREEN

The picture would “pop” in and out of a J.C. Penney 685-2014 just about every minute. The
video was traced to the emitter terminal of (225 (Fig. 7-27) and not at the video driver

To
IF preset
Cc611
FB604 (o4 wFI Usoo
comb
1 ceoa R610 processor
I 1000 wF 3 ki) FIGURE 7-25 A leaky C611
caused a loss of color and picture in

an RCA CTC111 chassis.
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FIGURE 7-26 An intermittent Q312 in a Wards 17196AB
chassis caused an intermittent picture with normal sound.
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FIGURE 7-27 A high base voltage at Q404 was caused by a leaky and intermit-
tent transistor (Q230) in a J.C. Penney 685-2014 chassis.
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transistor {Q404). In the intermittent mode, the base voltage of Q404 would increase. At
first, Q404 was suspected of being open. A quick in-circuit test indicated that Q404 was nor-
mal. Very high voltage (22 V) was found at the collector terminal of the blanking transistor
(Q230). The leaky blanking transistor was replaced with an ECGI59 universal component.

INTERMITTENT VIDEO, AUDIO OK

The intermittent video with normal audio occurred in an RCA CTC146 chassis. The video
was monitored at TP2307. The video signal was normal, indicating that the intermittent
component was beyond the contrast preset control (R2716). When the video was monitored
at pin 52 and 53 of the luminance IC (U1001), the video appeared to be intermittent. Upon
checking the schematic, the intermittent delay line (DL2701) was replaced (Fig. 7-28).

FUZZY PICTURES

You could tap around the tuner or IF amp transistor (Q2300) in an RCA CTC140 chassis
and the picture would intermittently appear fuzzy. In one model, poor pin connections
were found at the [F amp transistor (Q2300). In another CTC140 chassis, poor soldering
of the pins of U2300 caused the same symptom. [t’s wise to solder all the pins on U2300
and Q2300 for intermittent fuzzy pictures.

VERY LITTLE BRIGHTNESS

Check the video output stage, CRT, or picture-tube circuits when the symptom of very lit-
tle brightness occurs. Turn up the screen controls and the service switch to determine if the
picture-tube circuits are normal. Suspect that the boost voltage is inaccurate or that the
CRT is defective if the brightness cannot be turned up with the screen or color output con-
trols. If the bias or screen controls raise the brightness with retrace lines, check the video

02302 t;gmg, c1:2305
, p 5 pF
REBEIB‘u'ldeo amp Y ¥ U1001 —_—
P AN L 1T 49| IF/SIFichroma [+ Qutpu
R2813 ?22531?: 53 52
750 O P c2701 +1 | 2708
10 uF T “T0.001 pF
R2707
A~ \ 13225 1(1), (2709
R2719 TN 68 pF
220 O \
Intermittent R2712
= 270 ()
Y
To synch. 1
sensor

FIGURE 7-28 Check the delay line (DL231) for intermittent video.
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FIGURE 7-29 An open R308 in a K-Mart portable
produced a black screen with normal high voltage.

output circuits. Check the automatic limiter brightness transistors and circuits. Do not
overlook the possibility that a brightness control is open.

NO BRIGHTNESS, NORMAL HIGH VOLTAGE

Lack of brightness with retrace lines was noted in a K-Mart SKC1970. These occurred
with the brightness and screen controls wide open (Fig. 7-29). Although the CRT tested
weak, the no-brightness problem must have originated in the video circuits. A quick signal
and voltage check of the second video amp ((Q300) indicated that a transistor was open. Al-
though Q300 tested normal out of the circuit, it was replaced with an SK3114 universal
transistor. The voltage and brightness conditions were the same. With resistance measure-
ments, it was found that R308 was open.

CAN’T TURN DOWN THE BRIGHTNESS

If the brightness cannot be turned down, suspect trouble in the picture-tube circuits. The
picture tube is conducting too much and cannot be cut off with the controls. Check for
missing boost, screen, and drive voltages at the CRT. Heavy retrace lines with no control
of brightness can develop with a defective normal/service switch. Suspect a defective au-
tomatic brightness limiter (ABL) when the brightness cannot be turned down. If the pic-
ture-tube circuits are okay, check the video output circuits where the brightness control is
located. Look for a sub-brightness control adjustment.

The picture-tube circuits can be double-checked with the service switch and screen con-
trols. With many brightness-control problems, the screen controls cannot be lowered far
enough to turn out the brightness. Measure the boost voltage at the screen and picture-tube
circuits for missing or high boost voltage.

BRIGHTNESS WITH RETRACE LINES

The brightness could not be turned down in a Goldstar CR401 with retrace lines in the
raster (Fig. 7-30). Only 48 V were found on the cathode elements of the CRT (pins 3, 8,
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FIGURE 7-30 An open R521 caused the brightness to be fixed at
maximum in a Goldstar CR401.

10
640 V CRT

c108
R103
100 kQ 10-01 nF

l Screen R102

R111 820 k(1 =

Boost
760V

FIGURE 7-31 No brightness or screen control was found
in this RCA CTC92A chassis.

and 12). The normal voltage is around 144 V. R521 in the flyback boost voltage source
was open. After testing D410 for leakage, R521 was replaced, restoring the boost voltage.

In another similar symptom, the brightness or screen control had no effect in an RCA
CTC92A chassis (Fig. 7-31). With the service switch at the service position, a very bright-
white vertical line could not be turned down. With voltage and resistance measurements,
it was found that R102 was open in the ground leg of the screen control.

CANNOT TURN DOWN BRIGHTNESS

Heavy retrace lines and no brightness control were found in an RCA CTC90D chassis.
The video and other modules were replaced, with no change in the symptom. All volt-
ages were normal on the picture-tube socket. Correct waveforms were entering the lu-
minance/sync module (MDLOO2A). Voltage checks on the luminance/sync module
indicated improper voltage at pin 17 (Fig. 7-32). The voltage remained at pin 17 when
R4202 was rotated. Resistance measurements of the brightness control and R310 were
normal. A continuity check between R309 and the service switch indicated that S301
was open. An open or corroded service switch can cause many different brightness and
picture problems.
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NO BRIGHTNESS CONTROL

Check the brightness and sub-brightness control adjustments if no brightness control is
found in the raster. Improper brightness control can be located with a defective component
in the automatic brightness limiter (ABL) circuits. A broken or open raster service switch
can produce uncontrollable brightness. A very bright raster with chassis shutdown can be
caused in the luminance IC. A leaky luminance IC can cause no brightness control. Check
for leaky transistors or capacitors in the video circuits.

NO CONTROL OF THE LUMINANCE IC

The brightness and contrast controls had no effect on the raster in an RCA CTC109. Crucial
voltage measurements on U701 turned up low voltage at pin 26 (Fig. 7-33). All resistors
checked normal. A resistance of 768 £ was found between pin 26 and the chassis ground.
One lead of C710 was removed from the board. No leakage was found. When pin 26 was
unsoldered from the PC wiring, 768 € of resistance was measured from IC pin 26 to ground.
Replacing leaky U701 with original part 146858 cured the no-brightness control problem.

VIDEO IC REPLACEMENT

After locating the defective video or luminance IC, extreme care must be exercised in re-
moving and replacing the IC. Excessive solder can be removed from the wiring side with
a solder gun and solder wick. Be careful not to loosen tie points or component leads next
to the IC terminals. If they are loosened, resolder them back into the circuit. Too much heat
can pop or buckle the PC wiring.

Use a low-wattage or battery-operated soldering iron to solder each terminal of the new
IC (Fig. 7-34). Small-diameter solder is ideal to prevent excess solder from flowing between

MDLO02A
luminance/sync module

17 Voltage should
changeto 9Vto 12V

Service switch with R4202 rotation
S301

R4202
brightness

12V

Open switch
points

FIGURE 7-32 The poor condition of the service switch terminals
resulted in no brightness control.
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Chroma/luminance
146858
IC701 26

R718

10ka Note: Circled voltages was

measured with a leaky IC.

W -L. Contrast
105V - R4207
5k} 105V

FIGURE 7-33 A leaky IC701 caused poor brightness
control in this RCA CTC109 chassis.

FIGURE 7-34 Choose a battery-powered soldering iron for
transistor or IC connections.

the pin terminals. Make a good contact, but do not leave the iron on one pin too long. Place
solder on both sides of the pin area. Clean out excess solder or paste between the pin con-
tacts with the back edge of a pocket knife to prevent excess solder from touching the ad-
joining pin terminal.
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VERY LOW BRIGHTNESS

No brightness control with very low brightness was found in a Sharp 19A63. All voltages
were fairly normal on the picture-tube elements. The video stages were normal, except that
the brightness and sub-brightness control had no effect on the raster. A voltage measure-
ment in the ABL circuits indicated a higher-than-normal voltage on the ABL transistors
(Fig. 7-35). Because the voltages were about the same on all transistor terminals, the ABL
transistor was tested in the circuit and was found to be good. R431 was found to be open in
the base circuits, causing high voltage at the collector terminal with no brightness control.

FAINT PICTURE WITH NO CONTRAST

The picture was very faint, without any contrast in a Montgomery Ward GEN-12907A
portable. Some overscan lines were at the top of the picture without any function of the
brightness or contrast controls. No video was noticed at the video amp.

After carefully checking over the video and picture-tube circuits, high voltage found on
the ABL transistor focused attention on the ABL circuits (Fig. 7-36). R431 was found
burned open in the base circuit of the brightness limiter transistor (Q401). Still, the picture
and brightness were very faint. All resistors were checked in the brightness circuits. A
short was found between R433 and ground. C614 in the flyback circuit was directly
shorted, producing higher-than-normal voltage on Q401, which, in turn, left a faint and un-
controllable picture. The loss of brightness was not directly in the video circuits, but in the
circuits controlling it.

INTERMITTENT BRIGHTNESS

Intermittent brightness can occur in the video circuits, ABL, picture tube, or with the voltage
source feeding these circuits. Monitor the dc and boost voltage source for intermittent volt-
age. Check the brightness, sub-brightness, and screen controls for erratic operation. Scope the
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Q401

ABL @ Subbright TH401
transistor R439
Ry 10 kO 1 kQ
R433 R432

12k 1 kO 182V

To brightness
control

To flyback
transformer

R430 R431
100 k) 82kl oy
= Note: Circled voltages were measured
120V with an open R431.

FIGURE 7-35 The very low brightness in this Sharp 19A63 was caused by an open
R431.
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transistor

TP404
18.2V 2.8V To subbrightness
control
ABL
transistor

120V
1 Tripler
T602 unit
flyback
transtormer
6700 1 ce14

T 022wF

MNote: Circled voltages were measured
with a defective R431 and C614.

FIGURE 7-36 An open R431 in a Wards GEN-12907A portable
caused a faint picture with little contrast.

video circuits if the chassis is intermittent. Voltage and coolant tests can locate an intermit-
tent transistor or IC circuit. Check the delay line for an open or intermittent connection. Do
not overlook possible intermittent peaking coils between the video transistors or delay lines.

NO BRIGHTNESS AFTER ONE HOUR

The intermittent brightness problem would appear after the chassis was on at least one
hour in a K-Mart 1320 portable TV. Video signals were monitored at the input terminal of
video IC601 (Fig. 7-37). The video would disappear after the TV was on for awhile and it
would stay out. A signal check at the collector terminal of the video amp (Q301) was nor-
mal. The delay line (TD301) was found to be open between Q301 and IC601. Video scope
waveform tests with low-resistance measurements located the intermittent delay line.

VERY BRIGHT SCREEN AND SHUTDOWN

A defective picture tube or shorted spark-gap assembly can cause the raster to come on
very bright without a picture, and shut down after a few seconds. Often, the brightness
control has no effect on the raster. Remove the high-voltage anode connection. Isolate the
high-voltage lead away from the TV chassis. If the chassis turns on, but does not shut
down, replace the shorted picture tube.
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Sometimes the chassis will shut down before any voltages can be measured. Remove the
picture tube socket and anode connection to determine if the video circuits are causing the
shutdown. Check the video circuit if the chassis does not shut down with the CRT socket
removed. Take voltage measurements on the video output transistor or the luminance 1C.

BRIGHTNESS SHUTDOWN

The brightness-shutdown problem was isolated to the chrome/luminance 1C700 circuit.
Critical voltage measurements on pin 26 of U700 were fairly low (Fig. 7-38). Either U700
or some component tied to pin 26 was leaky. A resistance measurement of 1.5 kQ was
found between pin 26 and chassis ground. Pin 26 was removed from the PC wiring with
no resistance between the pin and chassis. This indicated that IC700 might be good. A 1.2-
kQ leakage was found across the terminal of CR705. Replacing CR705 solved the very
bright raster shutdown problem.

SMEARY PICTURES

Leaky video transistors and open peaking coils in the video circuits cause most smeary
picture symptoms. Improper universal video transistor replacement can produce a smeary
picture. Substitute a video transistor of another brand to see if it clears up the video prob-
lem. If not, try to locate the original. A defective video 1C luminance component can cause
a smeary picture.

AN UNUSUAL VIDEO PROBLEM

Heavy retrace lines with no control over the brightness occurred in a J.C. Penney 2039.
Sometimes small firing lines could be seen across the raster, with no sound. The tuner control

Q301 R303 Delay line
video amp 1 kO TD301 L305 To IC601

video/chroma

circuits

R306
subcontrast
control

2 k()

R302
470 k()

FIGURE 7-37 An open TD301 delay line caused intermittent
brightness in a K-Mart portable.
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U700
146858
102V 2.25
R716 R720
270 Q) 5.6 k)
g R718
R713 10 kQ
8.2 k) CR705

v ’\i\v
R4207 l ._T_ Brightness
To

10.5 Vv contrast R4202 405y
5 k() 170 kQ2

service
switch

Note: Circled voltage was
measured with a leaky CR705.

FIGURE 7-38 A leaky diode (CR705) caused chassis
shutdown in an RCA CTC109 chassis.

system was dead. The tuner control module was replaced, with no change. Because the tuner
would operate with no sound, no picture, and only retrace lines on the raster, the defective
component must be tied to all circuits (such as a dc power source).

Voltage measurements were taken on the tuner terminals, indicating low voltage and no
negative voltage or waveform to the tuner memory module. Tracing these connections
from the tuner module to the flyback transformer indicated a low 24-V source (Fig. 7-39).
Only 13.6 V was found at this point. The low-voltage rectifier and isolation resistor (R415)
were normal.

Either some component was loading down the 24-V source, or the flyback winding was
defective. The voltage came up a few volts with the load removed from the 24-V source,
but it still was not up to normal. A resistance measurement of the flyback winding is diffi-
cult to take, but continuity was good. After several hours of frustration and going over
tuner voltages once again, the trouble was located in the flyback winding. The continuity

Burned

Part of
flyback @/@
117-1557 100/, D415
A p—r—» 124V

>

»
1
i

. » 10 tuner
-
Leaky + selector plug

FIGURE 7-39 Heavy retrace lines were caused by a
shorted winding to the core in a J.C. Penney 2039 chassis.
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ohm measurement of the flyback winding was normal, but inside the transformer, the
winding was grounded to the core of the transformer. Replacing the flyback transformer
(117-1557) solved the unusual video problem.

FIVE ACTUAL VIDEO CASE HISTORIES

The following are five real problems related to the video raster.

Intermittent video—normal sound The picture would pop in and out of the screen
in a Toshiba CT37C portable. Sometimes the TV chassis would operate properly for
hours. A dot-bar generator was connected to the antenna terminals and the video stages
were monitored with the scope at TP12. Very little video waveform was found at the emit-
ter terminal of video amp Q201 when the set was intermittent. Coolant and heat applied to
Q201 pointed out an intermittent transistor. Q201 (2SCI1815Y) was replaced with an
ECG85 universal replacement (Fig. 7-40).

Smeary picture—normal sound The picture was smeary on all channels in a Gold-
star NC-07X1 chassis. Because the sound was good, the defective component had to be in
the video output circuit. Waveform tests were made in the comb filter and video amp
stages. These waveforms were fairly normal up to Q205. A voltage check on collector of
Q205 was low and should equal the voltage source of 11.2 V (Fig. 7-41). Q205 was tested
for leakage and was good. L202 was found to be open, lowering the dc collector voltage.

Black lines across screen The black lines streaking across the screen would come
and go in a Sanyo AVM255 TV. The dot/bar/color generator was connected to the antenna
terminals and waveforms were taken of the video circuits. The signal was normal up to the
buffer amp Q313 and was very weak on the base of video amp Q315. The delay line
(L304) was checked and seemed to be open. L304 was replaced with exact replacement
part number LGOO0OSKH (Fig. 7-42).
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Negative picture, retrace lines The picture from a RCA CTC93E (Fig. 7-43) had
a green tint with a faint, negative picture in the background and heavy retrace lines. Both

Intermittent

To sound |[F ~a—— Q201
Video amp

To chroma
amp Q502

R141
| 21[ o501 |47[3300 141 egoq L142
nput >_ PIF/SIF/video

R206
1.5 k()

C142 _|
R142 33 pF ]
1.8 k2

+12V

FIGURE 7-40 Q201 in a Toshiba CT37C portable caused intermittent video.



252 HOW TO CHECK IF AND VIDEO CIRCUITS
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Delav line Y1de0 amp 4.7 kQ [ 10kQ T o pin
From R20p4 Uelayline " VWA— of chroma
Q208 . 16kn 2202 IC501
video R201 R236
amp 1k 12 k) R204
input
+11.2V +11.2V
._r\/v\r\_+{ H To pin 4
R214 €201
82 “E 10 pF
FIGURE 7-41 An open coil (L202) produced a smeary picture in a Goldstar NC-07X1
chassis.
. Q315
Comb filter C440 Video amp
adjustment R387 330 pF
560 ()
C331 L303
Q313 330 uF
Buffer amp LL L304
" A Delay —{
Input line | caa7 !
l \130 pF '
R379 - Replace
100 Q2

FIGURE 7-42 A defective delay line (L304) in a Sanyo AVM255 TV caused
streaking black lines across the screen.

brightness and contrast controls were wide open, with very little effect on the picture.
When the color control was turned down, the faint picture went out. Video signal was
traced with the scope to the base of the second video amp (Q309). No signal was found on
the emitter terminal. Voltage measurements indicated low base voltage and zero emitter
voltage. The 27.5-V source feeding R366 was normal. Q309 indicated leakage when
tested in the circuit with the diode transistor test of the DMM. After Q309 was removed
from the circuit, a 78-Q leakage was found between the collector and emitter terminals.
Q309 was replaced with an original type of component.
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No brightness control The brightness control had no effect on the raster in an RCA
CTCI111L chassis with normal sound (Fig. 7-44). The brightness reference-transistor
(Q703) voltage is used to control the gain of luminance IC701 to maintain a consistent
brightness level. The voltages on Q703 were changing and the low voltages were difficult

Leaky
Q309 Q306

Video buffer

Input

]

C362
1pF

Output

+10 V

-

Circled voltages
when Q309 leaky

FIGURE 7-43 A leaky transistor Q309 caused a negative
picture with retrace lines.

Service switch
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FIGURE 7-44 An open R702 in the base of Q703 resulted in no brightness
control in an RCA CTC111L chassis.
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to measure accurately. R702 was found to be open from base terminal to ground. The re-
sistor network of R702 was replaced with the original replacement part because it contains
many resistors in one component.

Picture in a picture You can see more than one picture on the CRT at the same time
with the special feature of picture in a picture. The picture process allows you to have the
large picture with several small pictures within the larger picture. You can zoom the small
picture size, freeze, swap, or move it in some TVs.

When the picture is selected, the small picture appears in the lower right-hand corner
of the screen (Fig. 7-45). The screen displays the big picture, with the small picture to
the right. The small picture can be moved to just about any position on the screen by us-
ing four different arrow keys or buttons. The small picture can move until the arrow
button is released. Of course, the sound is transmitted for the larger, original picture on
the screen.

There are many different functions found with the picture-in-a-picture process. The pic-
ture can be moved with the move button and exchanged with the big picture by pressing
the swap key. The freeze button can still either the small or large picture. Zoom in in-
creases the size of the small picture each time the zoom-in button is pressed. The zoom-out
button decreases the size of the small picture. Pan, strobe, multichannel, and special-effects
modes can be found in some picture-in-a-picture models.

The picture-in-a-picture module plugs directly into the TV chassis and uses voltage from
the power supply and flyback circuit for operation. Both horizontal and vertical sync is ap-
plied to the picture-in-a-picture module from the TV chassis.

The TV and CAYV video is selected with electronic switching to the picture-in-a-picture
processor. Also, the luminance and color (Y and C) are selected to the input of an R-Y and
B-Y decoder (Fig. 7-46). The R-Y and B-Y signal is applied to the picture-in-a-picture
processor IC. A burst oscillator provides a continuous 3.58-MHz signal to the encoder and
picture-in-a-picture processor. This burst oscillator is locked to the big-picture chroma sig-
nal. The picture-in-a-picture processor uses the 3.58-MHz signal during multichannel
mode to phase-lock its internal oscillator.

The horizontal and vertical sync outputs are applied to the picture-in-a-picture proces-
sor. The horizontal and vertical sync is locked to the composite sync output of the decoder
stage. The picture-in-a-picture processor IC has a voltage-controlled 20-MHz oscillator
(VCO) to synchronize internal timing with external horizontal sync signals.

TV screen

/ Start

FIGURE 7-45 Picture in a picture
starts at the bottom right-hand corner of
the screen.
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FIGURE 7-46 A block diagram of the picture-in-a-picture processing circuits.

Analog-to-digital conversion occurs in the picture-in-a-picture processor and converts
analog luminance, B-Y, and R-Y signals into digital information. The digital video infor-
mation is stored in the RAM IC. This digital information can be operated by the digital
processing circuits.

The R-Y and B-Y and Y/C signal are fed through an encoder IC to a fast switch 1C and
then applied to the TV chassis. The signal information is connected to the on-screen dis-
play or line-drive circuits of the picture tube.

To troubleshoot the picture-in-a-picture circuit, check for correct voltage applied to the
picture-in-a-picture module. Some chassis have an internal power supply and regulator
circuits. For a no-big-or-small picture symptom, check the input TV and CAV input cir-
cuit signal. Check for luminance (Y) and chroma (C) signals at the input stage. Signaltrace
the composite and component video signals throughout the input for proper switching.

For a symptom of no color in the small picture, check chroma at the input and check the
B-Y and R-Y signals at the output of the decoder 1C. Scope the burst oscillator IC.

If the small picture rolls vertically while the large picture is normal, scope the vertical
input sync signal. Also check the vertical output of the vertical processor sync signal. If the
small picture takes some time before locking in horizontally, check the adjustment of the
horizontal frequency coil of the horizontal and vertical processor IC.

Conclusion

The oscilloscope can be the most useful test instrument when servicing the IF and video
circuits. Locate the defective circuit with waveforms taken with the scope. Check signal
waveforms at the input and output of the IC video component. Take voltage and resistance
measurements within the suspected stage. Check each transistor in the circuit.
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TABLE 7-1 TROUBLESHOOTING CHART FOR IF VIDEO CIRCUITS

WHAT TO CHECK HOW TO CHECK IT

No IF or video output. Test transistors in circuit.

Sub tuner to determine if tuner is okay. Check IF IC voltages.

Check IF AGC voltages. Check IF AGC circuits.

Suspect IF-video IC with normal voltages. Check voltages upon each IC terminal.

Normal sound—no video. Check video transistor.

Signal trace with scope with normal voltages. Connect color-bar generator to antenna
terminals.

Good sound—faint picture. Check video circuits and IC.

A substitute tuner can be used to check the first two IF stages with signal from the sta-
tion injected at the base of each transistor. Use the audio square-wave generator in the
video circuits to locate a smeary or oscillating symptom. Rounded or clipped waves will
indicate the defective stage.

Always replace IF shields above and below the circuit board after repairing the IF or
video sections. Replace IF transistors with the original when available. Most universal
transistors and ICs work very well in the video circuits. Check Table 7-1 for troubleshoot-
ing IC and video circuits.



AGC AND
SYNC CIRCUIT
PROBLEMS

CONTENTS AT A GLANCE

AGC Controls AGC Circuits Conclusion
AGC Problems Servicing Sync Circuits
AGC clamping tests The sync separator
AGC and tuner The latest IC sync circuits
Poor AGC action Troubleshooting the sync separator
Six actual sync problems
AGC Circuits
ICs and AGC Conclusion

Electrolytic capacitors and AGC
Five actual AGC problems

SBrvicing the AGC and sync circuits is not as complicated as it was in the past. The au-
tomatic gain control (AGC) circuit basically automatically controls the incoming signal
level at the IF and RF amplifier stages. These stages are controlled with a small dc bias
voltage that changes the gain of these stages. If the incoming signal becomes greater, the
bias voltage rises, reducing the gain of the IF and RF stages. Likewise, if the incoming sig-
nal is weaker, the bias voltage is lower, increasing the gain of these stages (Fig. 8-1). Some
of the early TV chassis had an RF AGC circuit separate from the IF AGC stage.
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Antenna
Y RF |Mixer IC101 15:;"2’%2”(’ ———= To video
amp | osc. P

A I

AGC

FIGURE 8-1 A block diagram of the AGC circuits that feed
the RF amp, mixer, oscillator, and the first and second IF amps.

Today, in the keyed AGC and delayed AGC circuits, a flyback pulse is fed to the AGC
circuits for a more accurate and dependable system. The incoming video signal is fed from
the video stage to the AGC keyer circuit. A dc-controlled amplifier feeds the bias voltage
to the first and second IF amplifier and AGC delay circuit (Fig. 8-2). The AGC delay cir-
cuit delays the bias voltage to the RF tuner stage until a fixed level of gain is obtained in
the IF stage for maximum performance.

In the latest TVs, you might find an IC that internally develops the AGC action and
varies the gain of'the first and second IF stages. A comparison voltage is developed to con-
trol the RF AGC voltage. This type of AGC circuit is no longer keyed with a pulse from
the flyback transformer circuit.

The AGC circuit can be tested by scoping the waveforms of the video input signal and
flyback pulse to the AGC circuit. Crucial voltage tests on the AGC transistor or 1C circuits
should be made, with no signal at the tuner. Turn the manual tuner between channels or to

To RF amp
sl AGC _ To firstand
h delay ™ second IF amp
Signal from R
video amp AGC keyer | AGCamp -

i\ ;'\ f '. Flyback pulse

FIGURE 8-2 The delayed AGC is taken from the AGC amp and keyer.
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FIGURE 8-3 Compare the AGC voltage measurements with the schematic at the
first and second IF amplifiers.

a dead channel for accurate voltage measurement. All dc voltages shown on any schematic
are without any signal applied to the antenna. When signal is applied to the TV chassis,
these voltages will rapidly change. If not, the AGC circuits are not functioning. One good
test is to notice the change in the AGC voltage when a station is tuned in. The AGC cir-
cuits are working if the voltage changes.

Abnormal voltages taken on the AGC, transistor, or [Cs can indicate that the AGC stages
are defective. High voltage fed to the base circuits of the IF stages can cut off the transis-
tor, producing a white screen. Low voltage can cause overloading and pulling of the pic-
ture. Carefully check the IF and RF bias voltage listed on the schematic for normal AGC
operating conditions (Fig. 8-3).

AGC Controls

In some TVs, you might find one AGC control, a separate RF delayed and AGC control,
or no control at all. Improper adjustment of either control can cause picture rolling. The
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AGC control

FIGURE 8-4 Adjust the AGC control for a normal picture without
snow or overloading.

AGC control can be adjusted to lower the gain of the TV so that local stations will not
overload the picture. Weaker TV stations can be received by readjusting the control to pro-
vide more gain in a given area. Some TVs might list the AGC control as the noise control
(Fig. 8-4).

You can assume that the AGC circuits are functioning if rotating the AGC control makes
the picture darker or appear as overloading. No reaction from adjusting the AGC control
can indicate that problems are within the AGC circuits. Improper adjustment of the AGC
control can cause the set to overload. The AGC control setting should always be done af-
ter repairs or when the TV is returned to the home.

AGC Problems

AGC problems can include a very dark and unstable picture. A white raster can be caused
by a defective AGC tuner or video circuit. Check the AGC circuit for a “flagwaving” pic-
ture with a buzz in the sound. Low contrast and erratic pulling in the picture can be caused
by improper AGC voltages. Excessive snow in the picture can be caused by a defective
AGC, tuner, or IF stages. Besides the AGC circuits, these same symptoms can be caused
by defects in the tuner, IF, or video stages.
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AGC CLAMPING TESTS

To determine if the AGC circuits or tuner are defective, a variable positive voltage fed to
the AGC terminal on the tuner can bring back a normal picture. If the picture is good, you
can assume that the tuner is normal with a defective AGC system (Fig. 8-5). This test is per-
formed with an external power supply. A tuner-subber can be plugged into the IF cable to
help prove that the tuner is operating. Be sure that the dc voltages at the tuner are correct.

Although clamping tests have limitations in some circuits, check that the AGC voltage
applied to the tuner and IF stages is accurate, according to the schematic. Excessive posi-
tive voltages at the tuner AGC terminal can cause snow, but when applied to the IF stages,
it can produce a white screen. All AGC voltages should be taken with no signal at the TV.
Simply rotate the tuning knob to a point between channels.

AGC AND TUNER

In many cases, the tuner is removed and replaced with no improvement in the picture. This can
be caused by AGC defects. The tuner-subber can indicate if the tuner is defective. If the tuner-
subber brings back a normal picture, you can assume that the original tuner is defective. Go a
step further and measure the AGC and B+ voltages at the tuner with the tuner locked between
channels or on an unused channel. Abnormal voltage at the tuner AGC terminal can indicate
that an AGC circuit is defective. Replace the tuner if the AGC and B+ voltages are normal.

POOR AGC ACTION

Most AGC problems are caused by leaky or open transistors and [Cs. Besides voltage and
transistor tests, the defective component can be located by applying coolant or heat to the
board. Sometimes, spraying each transistor or IC will help you to find the intermittent
AGC symptom.

Dried-up or leaky electrolytic capacitors within the AGC circuits can produce AGC
problems. Sometimes shunting a good capacitor across the suspected one can solve the

IC101 IF/SIF/chroma/deflection

45 19

RF AGC range ‘
381V %
: 360k} RF ] T =

39 k() AGC L
25 ki) -
= — ~—7 0.001 p.F
- G :

FIGURE 8-5 Check the AGC voltage to the tuner to determine if
the AGC circuits are operating.
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oo 3

FIGURE 8-6 Repair the AGC PC wiring on the foil with bare
hookup wire.

AGC condition. Remove one end of the capacitor for accurate leakage tests. A good in-circuit
capacitor tester is ideal in locating defective capacitors in the AGC circuits.

Take resistance measurements within the circuit when all voltages and in-circuit tests are
normal. Remove one end of all resistors above 50 k€ to make accurate resistance mea-
surements. In many cases, an in-circuit resistor measurement can be very close to the re-
sistor value and is passed over as good. Emitter bias and collector resistors should be
checked for close resistance tolerance in AGC circuits.

Besides defective AGC components, poor IF cables and board connections can cause in-
termittent AGC look-alike problems. Flex the IF cable to find possible loose connections.
Push up and down at various points on the chassis. Broken or cracked wiring can produce
AGC symptoms (Fig. 8-6). Localize the intermittent to one section of the board (Fig. 8-7).

AGC Circuits

The input signal of any AGC circuit is usually taken from the emitter circuit of the first
video amp or from a separate cathode-follower stage. Some of the earlier AGC circuits
with transistors included four or more transistors. Today, practically all TV chassis use a
section of an IC component for AGC control. The AGC IC is much easier to service than
the transistor stages.

In Fig. 8-8, the input signal is taken from a noise inverter stage, which gets the video sig-
nal from the first video amp. The gain of the AGC keying transistor is varied with AGC
control R221. The keyed pulse from the flyback transformer winding is found at the col-
lector circuit of Q201. The AGC amp output voltage feeds both the RF AGC tuner and the
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FIGURE 8-7 Try to localize the intermittent to one section of the
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boards.
R202 @202
135V 18k D202 AGC amp
RF AGC av—sosV
R206 IF AGC
© s 22 kO co03 @ _|2700  TR203
) D204 25 uF
. " R207
100 k2 =
14V
Q201 Part of
AGC keying flyback
From D203
video amp
R226
AGC 14V
500 0
R227
390 0

FIGURE 8-8 Check the AGC circuits by the number, with waveforms and
voltage measurements.
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Rz222
4.7 ki)

Critical
waveforms @‘@“@

Critical
voltages

From video b i
Ol UL [ %o
R S
©  qe00 -I- ( Q203 R200 'Y RF AGC

IF AGC
27Vt b7V

O

RFAGC 19Vto29V

Ny

AGC inverter = AGC gateD v 27V 100 (2

R212 @

17 V| 120 0 D204 i

D201

@-® =

Part of
flyback

FIGURE 8-9 Take waveforms and voltage measurements to locate the defective
component in the AGC circuits.

IF AGC voltage from the collector terminal of Q202. Crucial voltage measurements at
both RF and IF transistor base circuits indicate if the AGC circuits are working.

Any AGC circuit can be quickly checked by taking scope waveforms and voltage
measurements. Check the video waveform at the input AGC transistor (Fig. 8-9). Scope
the gated waveform at Q303 from the flyback transformer winding. Go from the base
to the collector terminals of each transistor and compare the waveforms to those on the
schematic.

Measure the AGC voltage output applied to the tuner and IF stages with no signal. Most
AGC voltages will only vary a few volts from what is shown on the schematic. Check to
see if the AGC control will vary the voltages at these different points. Often, the RF AGC
post on the VHF tuner is connected with a white or green wire. If a test point is not pro-
vided for [F AGC voltage tests, measure the voltage at the base of the first and second IF
video transistors. Abnormal voltage measurements at the RF tuner or IF stages indicate
that the AGC circuit is defective. Take accurate voltage measurements on each transistor
with no signal at the tuner.

Most AGC problems in the transistorized circuits are caused by leaky or open transis-
tors, dried-up electrolytic capacitors, and a change in resistance. Transistors can be
checked in and out of the circuit. Check for leaky or open diodes with the diode test of the
DMM. Remove one end of all resistors for accurate resistance measurements.

ICS AND AGC

Most color and black-and-white TVs manufactured today use ICs in the AGC circuits (Fig.
8-10). Locating the defective part is much easier with fewer components. Adjust the RF
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AGC control, if one is found in the circuit. Suspect a defective AGC circuit if no action is
noted in the picture.

Take a voltage test at the RF tuner terminal (Fig. 8-11) and IF test points (1 and 2). Scope
the waveforms at 3 and 4. Check the flyback winding or wiring board connections with no
keyed waveform at point 4. Check all voltages on the IC terminals related to the AGC cir-
cuits without a signal at the tuner. Low voltages can indicate a defective IC. Shunt C111
with another electrolytic capacitor. Check all resistors for accurate resistance before re-
placing the suspected IC.

ELECTROLYTIC CAPACITORS AND AGC

Electrolytic capacitors in the power source feeding the AGC circuits can cause some very
unusual pictures. Automatically shunt each filter capacitor. Clip into the circuit with the
power off. Small electrolytic bypass capacitors within the AGC circuits can cause exces-
sive pulling and tearing of the picture. Temporarily tack another capacitor across the sus-
pected one. Remove one end of the capacitor and check for leakage.

Unusual firing lines The picture in a Zenith 12AC10C15 chassis would pull and tear
with small firing lines. Sometimes the lines were eliminated when the AGC delay control
was turned down. Replacing the small polarized capacitor in the base circuit of the AGC
delay transistor solved the problem (Fig. 8-12).

AGC and synchronization 1C Computer control
and system control ICs

FIGURE 8-10 One large IC might contain the AGC and sync
circuits, along with many others.
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R112

8.2k @

D123

R113
100 Q2

+15.5V
@ Face

) ™ 5t055V
14 i C114
0.01 pF
From @ C 12 T H
video amp 6 IC101 L =
5 R116 3.3k 13 C111 ?5!1?1
R108 § 10wk 2
3.9 k() L
107 V RF
R141 < AGC
@ 3.9k < 2kN
N % T101
AAN - Part of
R164 flyback
22 k()

FIGURE 8-11 Low supply or pin voltages can indicate that an AGC IC is leaky.
To IF
505Vto48V
AGC ®
To AGC 470 )
keyin
ying 1.6 k()
2.2 MQ)
820 ()

AGC

delay
288V J

24 V =

FIGURE 8-12 A twisting, pulling picture was caused by a defective
nonpolarized capacitor (1 pF).
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FIVE ACTUAL AGC PROBLEMS

The following items are examples of real AGC-related problems in common TV chassis.

Intermittent AGC and negative picture in a J.C. Penney 685-2520 The pic-
ture was intermittent and sometimes appeared negative, indicating AGC problems. Volt-
ages were checked on pins 5, 6, and 7 of the VIF/SIF/AFT/Detector IC, IC101. The
voltages were way off in the intermittent mode, but would not stay off long enough for a
complete voltage measurement. When the probe touched pin contacts, the set would act up
(Fig. 8-13). All connections were resoldered on IC101 and the problem was still the same.
IC101 was replaced with AN5136KR in the J.C. Penney 685-2520 chassis, thus fixing the
problem.

Poor connection—AGC problem in a General Electric 19PC-J Sometimes a
General Electric 19PC-J would work perfectly; at other times, the picture would snow up.
Pushing IC101 and the nearby components would make the problem act up. The snowy
picture was cured by soldering the RF AGC control contacts of R116 (Fig. 8-14). Re-
member, the voltage measurement on pins 12 and 16 will change as the IF and RF AGC
controls are adjusted.

White screen and sometimes snow in a Philco 20ST30B The screen was
white and sometimes snow was found on an unused channel, indicating an AGC overload
problem in a Philco 20ST30B chassis. The tuner was substituted and the AGC voltage was
clamped at the tuner, indicating that problems existed within the AGC circuit. The picture
would return with the tuner subbed or a clamped AGC voltage.

Defective
c103
SQOOT 001 vF 487 IC101 ANS136KR | To video
amp VIF/SIF/AFT/detector amp
L112 2 5vVIi6 61V 5 794V

R108 R107

48V 4.7 ki) 1
R101 c108 —— %01 019 3-9 ki
T RFAGC < 022 uFf L

To AGC

on tuner L
c107 * %FI‘I‘IE

FIGURE 8-13 Intermittent AGC and a negative picture was caused by IC101 in
this J.C. Penney 685-2520 chassis.
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From
sF1g1 =—1C101 IFFAGC/Det./AFT ——=To video amp
16|52V 12|25V 22
7.2V
IF AGC
RF AGC | R124 < R140
) 4.7 k)
*——" Ny
R116 R136
R134
R131 < 5k Resolder 750 Q
18 k) 1200
+12V

FIGURE 8-14 A poor contact on control R116 resulted in a snowy picture in
a General Electric 19PC-J.

AGC keying
TV17

D6

First IF video

R68
1.3 k2

From
flyback

- 145V

FIGURE 8-15 The screen would turn white in a Philco 20ST30B TV;
resistor R51 was found open.

All filter capacitors were shunted because a defective electrolytic capacitor can cause
problems with the AGC or sync circuits. Voltages within the AGC circuits were fairly nor-
mal. A scope check of the keyed AGC pulse from the flyback transformer was normal
(Fig. 8-15). Bypass capacitors and transistors within the AGC circuits seemed normal.
Each resistor or those over 50 k€2 was measured with one terminal removed. R51 was
found to be open in the AGC keying emitter circuit to ground.

AGC or sync in a J.C. Penney 286 The picture in a J.C. Penney 286 had tearing
sync or possible AGC problems. All transistors were checked in the AGC circuit with the
diode transistor test of the DMM (Fig. 8-16). A scope test indicated a normal pulse from
the flyback circuits. Voltage measurements were fairly normal. When C403 was shunted
with another 10-uF capacitor, the picture returned to normal. Dried-up electrolytic bypass
capacitors in the AGC circuit can cause the picture to appear as sync or AGC problems.
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Vertical lines outside AGC circuits in a Zenith 20Y1C48 Vertical lines at the
left side of the picture have been noted to be caused by defective electrolytic capacitors in
the AGC circuits. Four vertical lines were found in a Zenith 20Y 1C48 chassis with a very
normal picture. Sometimes they would appear in the background with the brightness
turned up.

Although all capacitors in the AGC circuit were shunted without any results, the prob-
lem turned out to be three blanking gate diodes in the emitter circuit of the video amp (Fig.
8-17). Replacing all three leaky diodes with IN34As solved the vertical line problems.

AGC Circuits Conclusion

Always check the AGC control before attempting to service the AGC circuits. Momentar-
ily short the RF AGC terminal at the tuner with a test clip or screwdriver and notice the
change in the picture. If you notice a big change, perhaps the AGC is working. There will
be no AGC action if the IF, detector, and video-amp sections are defective.

AGC
keying

FIGURE 8-16 Excessive
tearing of the picture in a J.C.
Penney TV was caused by a
+12V faulty capacitor (C403).

To video amp

Input —m

22k2< Ppulse 100 Q
Blanking Blanking
gate gate T 150 pF

FIGURE 8-17 Firing lines in the picture were caused
by leaky diodes in the emitter of the video amp.
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Measure the voltage at the RF AGC tuner terminal. Turn the TV off-channel; in the case
of a pushbutton or remote-control set, select an unused channel. If a big voltage change oc-
curs, the AGC circuits are probably working. Locate the IF test point. In case of no test
points, measure the dc voltage at the base terminals of the first and second IF transistors.
Compare the voltage measurements for the RF tuner and IF without a signal to those on the
schematic. Suspect that the AGC circuits are defective if the voltages are lower or higher
than normal.

Clamp the RF AGC voltage with a variable dc voltage supply and notice if the picture
returns. A fairly normal picture indicates AGC problems. Inject a variable dc voltage at the
[F test point to determine if the IF AGC circuits are defective.

Scope the video input waveform at the input of the AGC circuit. Go from stage to stage
and notice where the waveform is missing. Check the key waveform pulse from the fly-
back transformer winding. An open winding or connection can prevent the keyed AGC
circuit from operating.

Servicing Sync Circuits

Poor vertical or horizontal sync problems can cause the picture to roll and pull horizon-
tally. If the picture flips up and down, but the horizontal is stationary, suspect sync prob-
lems within the vertical circuits. If the picture goes from side to side, check the horizontal
sync circuits. Check the sync circuits with movement in both the vertical and the horizon-
tal sweep of the raster.

The sync pulses are transmitted at the TV station to lock the pictures in at the TV. Some-
times poor or snowy reception contains weak sync pulses, letting the picture intermittently
roll or flip. In extreme fringe-area reception, you might find that the picture will roll or flip
sideways with normal sync circuits. In most cases, the AGC control must be adjusted.

Because the two sync pulses are fed from the video circuits to the separate sync stages,
the scope is the ideal test instrument to signal trace the sync waveforms (Fig. 8-18). The
sync circuits might be a single transistor or IC. Today, the syne circuits are found in one
large 1C with AGC, luminance, and color circuits (Fig. 8-19). Look for the sync and AGC
circuits within the luminance module of the modular chassis.

Sync from
video amp

To Ver.

1C301 Sync/Video/Chroma/Ver. and Hor. deflection ——A\—m
output IC

|

To horizontal
driver transistor

FIGURE 8-18 The sync pulses are fed from the video amp to the input of IC301 to

synchronize the vertical and horizontal circuits.
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R e .
Sync/AGC/Vertical deflection IC
FIGURE 8-19 Today, the sync and AGC circuits are contained in
one large IC.
Q7
video
amp R6 R7 C3
Q2 18 kQ 18k 0.068 uF
sync | ;
separator co
D1 ci To
?gﬂ KQ) 0.0047 uF yertical
circuits

R21 § R2
680 () 220 k()
g R5 C4

820 O 0.01 pF

B+ — To horiz.
circuits

FIGURE 8-20 In a transistor stage, C3 couples to the vertical circuits and
C4 couples to the horizontal circuits.

THE SYNC SEPARATOR

The transistor sync separator is a very simple circuit with the video and sync pulses fed
into the base circuits (Fig. 8-20). Both vertical and sync pulses are separated from the
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video at the collector circuits. The vertical sync pulse goes to the vertical input circuits, but
the horizontal sync feeds the AGC and horizontal circuits. Both sync circuits can be af-
fected if trouble exists in the sync separator stage. You might find a sync amp transistor
preceding the sync separator in some TV sync circuits.

A very poor signal can cause insufficient vertical and horizontal syne, including AGC
problems. A defective tuner, IF, and first video amp results in weak sync signal. Scope the
video waveform at the emitter terminal of the first video amp and signal trace to the base
of Q101. A weak or insufficient-height waveform pulse from the separator stage can result
in vertical rolling. The 60-Hz sync pulse is fed through C1 to the vertical oscillator stage.
C11 couples the horizontal sync pulse to the horizontal AGC circuits.

THE LATEST IC SYNC CIRCUITS

The latest syne circuits have not changed too much with the sync taken off of the video
amp ((Q208) emitter terminal and fed to the sync separator stages in one large IC801. The
sync signal can be checked with the scope at pin 27. This sync separator provides sync for
the deflection and chroma circuits inside ICR01. Pin 25 is the vertical sync separator or ter-
minal, and the horizontal sync is provided inside of the IC. Check the waveforms and volt-
ages at pins 27 and 25; take V. voltage measurements on pin 18 (Fig. 8-21).

ICRO1 provides video, contrast, pedestal clamp, brightness, R-G, Y-Y and B-Y output,
color killer, tint, VCO, ACC, ground (gnd), sync separator, burst gate pulse, vertical sync
separator, ramp generator, vertical driver, AFC, horizontal, horizontal oscillator, x-ray

protect, horizontal pre-driver, and voltage supply pin 16 operations.

Q208
Video amp > To vid

From = To video amp

video amp
Q208

” l 1Vpp
\ +11.5V
350 ke 94V
IC801

27|Sync/Chroma/Ver. and Hor. deflection

|_' 26[3.3V 25
1k S TPF=Z390pF 17 [03V

To sync
— mp l._-'\
- ’ 43 K0 % To sync W\ 1.45V p-p

amp
560 k()

[
A

)

A\ \
AVA 5.3V p-p

FIGURE 8-21 I1C801 provides sync for both vertical and horizontal circuits.
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Q305
sync sparator To vertical
C39 oggvy 359V H oscillator

Video 0.047 pF R348

and 5.6 k()

syne R346

270 k1
120V

To horizontal ~
AFC

FIGURE 8-22 The picture kept rolling in a Packard
Bell 98C38 chassis; the problem was burned resistors.

TROUBLESHOOTING THE SYNC SEPARATOR

Check the video composite waveform at the input of the sync separator or sync amp tran-
sistor. The TV must be connected to the antenna with a normal picture tuned in, because
the sync pulses are transmitted along with the TV signal. Compare the video waveform
with those listed on the schematic. Be sure that the video signal has the correct amplitude
or height.

Check the waveform at the collector terminal of the sync separator. A clear-cut narrow
waveform should be found here. If the height of the vertical sync pulse is low, the picture
might be rolling on the screen. Horizontal and vertical jitter can be caused by a “dirty”
sync pulse. Excessive hash or noise in the sync waveform can produce vertical jitters. A
bending or pulling of the sync pulse can indicate that hum or 60-Hz signals are getting into
the signal at the sync separator or from the vertical or horizontal circuits. 1f the sync pulse
contains a video signal, the sync separator stage is not working properly.

Voltage measurements on the sync separator transistor can indicate that a transistor or
connecting component is defective. Check the transistor in the circuit with the transistor test
of the DMM. If you are not satisfied with transistor tests, remove the emitter terminal and
take another test. Sometimes low emitter and bias resistors within the circuits can indicate
false transistor leakage. Check each resistor with one terminal removed from the circuit.

The wvertical picture would keep rolling with normal horizontal sync in a Packard Bell
98C38 chassis (Fig. 8-22). The video sync was fairly normal at the base terminal of the
sync separator (Q305), with very low pips at the collector terminal. Voltage measurements
were high at all transistor terminals. A careful inspection showed that the collector load re-
sistor was burned. Replacing R348 helped some, but the picture “wanted” to roll. R344
was found to be open in the emitter circuit of the sync separator transistor. Undoubtedly
Q305 had shorted and took out both resistors. In this circuit, the horizontal sync is taken
from the emitter with the vertical sync at the collector terminal.

Poor video and sync were noticed in a Montgomery Ward GGY-12949A portable TV. Be-
cause both video and sync were bad, the video signal was traced through 1C400 (Fig. 8-23).
Pin 4 of IC400 was fairly weak. IC400 was replaced with no change. Although voltage
measurements did not show anything interesting, resistance measurements did. A video
peaking coil was found to be open. Replacing L408 solved the poor sync and video picture.
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SS
L |
0.11
4 \ Part of
> IC400
0.088 pF
I Sync separator-horiz. oscillator
C406
I 220 pF
FIGURE 8-23 An open L408 caused poor video and sync in a Wards GGY-12949A
portable.

SIX ACTUAL SYNC PROBLEMS

The following accounts describe six actual problems that occurred in connection with sync
circuits.

Poor horizontal and vertical sync in a Panasonic PC11T30R Both the hori-
zontal and the vertical sync were very unstable in a Panasonic PCI1T30R chassis. The
sync signal was normal at pin 18 of the video [F (IC101) and poor at pin 17 of the sync sep-
arator. This waveform should have a 1.4- to 1.5-V p-p sync signal. C401 (3.3 pF) was
found opened (Fig. 8-24).

Poor horizontal and vertical sync in a Goldstar CMT 2612 A normal sync
waveform was found at the video amp in a Goldstar CMT-2612 portable, and poor sync at
pin 27 of IC301. The voltage on pin 27 was very low. A resistance measurement from pin
27 to common ground showed no signs of leakage. R302 (a 360-k resistor) was found
open (Fig. 8-25).

F 26 18 i
quor? =—=21 1101 IF/SIF/Video/Chroma A é » To video amp
R401 < R406
5 1 17 R402
i l 6V 85 KO 150 5470 Q
: Vi
Y | -
Gaor
1.4vpp ["™] ca02 L \
0.0018 uF “T° 3.3 pF Open

FIGURE 8-24 Poor horizontal and vertical sync were caused by an open C401
in a Panasonic PC11T30R.
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From Open

video amp
R302 9.4V
360kQ/ oy
A IC301 Sync/Chroma/Ver. and Hor. deflection

R317
910 2 R

R339 %0302 1 ca303

910Q < 1 wF "]~ 390 pF

FIGURE 8-25 Poor sync was found in a Goldstar CMT-2612 portable
with open R302.

L48 From
+25V - * * Y'Y Y e vertical

@ | com X926 centering

Circled voltage with
leaky Zener X26

FIGURE 8-26 Check the power voltage source for poor
sync in a Zenith 4B25C19 chassis.

Poor picture and sync in a Zenith 4B25C19 The picture in a Zenith 4B25C19
chassis was very poor with a faint outline. The picture had poor sync and color, which could
have meant video trouble (Fig. 8-26). The 25-V power source measured only 5.7 V. When
checking over the 25-V power-supply circuits, a leaky zener diode (X26) was located. Re-
placing the 25-V zener diode with a 1-W type solved the poor-picture and sync problem.

No vertical or horizontal sync in a Sharp 19D72 The picture would roll and
slide sideways in a Sharp 19D72. After locating the sync circuits within IC501, voltage
measurements were taken on each terminal. All voltage measurements were normal, ex-
cept that higher voltages were discovered at pins 12 and 14 (Fig. 8-27). To determine if the
voltage was cut down by the video amp or within IC501, pin 14 was unsoldered from the
circuit. Actually, IC501 was leaky, which was causing sync problems.

The suspected IC leakage could be identified by voltage and resistance measurements.
After locating the terminal with abnormal voltage, remove that terminal from the PC
board. Most IC terminals are numbered or can be identified from each end (Fig. 8-28).
Here, the large video AGC synec/luminance 1C is numbered in several places on the wiring
side of the PC board.

Poor horizontal sync in a J.C. Penney CTC97 An abnormal sync waveform at
the base terminal of a I.C. Penney CTC97 chassis indicated pulling of the picture sideways
(Fig. 8-29). The vertical and horizontal waveform at the sync separator were quite normal.
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From video
0.97 V  armp

l 0.27V
0.01V 12 14 115V .
: RH-1X0094CEZZ To vertical
From videe >=—{ b~ ® , 10501 2 e
[ 23V
R607 .
680 (1 €502
R504 10.68 wF
98V 39 k() L
R608 R513
2 k() 100 k2
horizontal vertical
hold hold
§ R502
98V 22 kil
Note: Circled voltages were
measured with a defective IC501.
'
121V

FIGURE 8-27 Improper voltages on pins 12 and 14 indicated that IC501 was
defective in a Sharp 19D72 TV.

The keyed sync waveform from the flyback transformer was normal up to R132. The sig-
nal waveform was very low at C132. A quick resistance measurement of R132 was higher
than normal. One end of R132 was removed from the circuit and the resistor was found to
be open. Waveform checks with the scope and resistance measurements helped find the
defective component.

No vertical or horizontal sync in a Sylvania 20B1 chassis Although the hori-
zontal and vertical drive circuits were normal in the Sylvania B1 chassis, both pictures were
moving up, down, and sideways. IC250 (TV signal processor) contains the drive pulse at
output pin 24. The vertical drive pulse to the yoke at pin 21 was normal (Fig. 8-30).

The horizontal sync input waveform at pin 42 was normal and the vertical sync input at
pin 44 was quite normal, but poor mixing was inside 1C250. The voltages on pin 42 and 44
were off a little, but the input sync was normal. This indicated the TV signal processor
(1C250) was defective. Although the sync input waveforms were fairly normal with nor-
mal sweep circuits, IC250 was replaced, solving both sync problems.

AGC delay in an RCA CTC130C The AGC delay control (R334) has been preset at
the factory. Readjustment of this control is only needed if the tuner has been replaced, if
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FIGURE 8-28 To check a certain pin on an IC, unsolder the
pin with solder wick and an iron, then measure the pin to ground

for leakage.

22V
Qs C101
; 0.01 puF
sync separator I e To \reﬂical
1 l'_'% oscillator
R17 9V
4.7 k)
R136
217V - 33 k)
] l[-_ }
1
c134 CR110
0.002 uF
R132 z Q22
82 ki) C132 R131 ?303 T(ﬁ AFC
I 0.0022 pF 3 kil
- B4
R128 §
36 k() R139
CR111 110 k€2
Fa¥
From flyback CR111

transformer _-[ 82 pF

—
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FIGURE 8-29 R132 was found open in a J.C. Penney CT97 chassis,
producing poor horizontal sync.
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Horiz. %
syncin /
42
12
9V
sync 56 Ra4
IC250 yne sep. 180 O
TV signal
processor *
123V
: Vert Horiz.
44 14
Vertical Syniﬁ H_ sync j}—gm AFC Pull}- { Horiz. AFC
sep. det.
32 FH Pre- 24 To Q505
4 _ﬂ*
1/32 driver drive - horiz. driver

FIGURE 8-30 A defective signal processor (IC250) caused sync problems in a

Sylvania 20B1 chassis.

the IF circuit has been repaired, if the AGC control has been misadjusted, or if unusual lo-
cal signal conditions exists. Adjusting the control to each extreme of rotation will usually
provide poor signal-to-noise ratio. Adjust the AGC control so that all channels are good
and free of color, beat, or co-channel interference. After the AGC adjustment, check all
strong local TV channels.

Conclusion

Syne circuits are much easier to service than AGC circuits. The sync waveforms are dis-
tinct and clear, compared to those in the AGC circuits. Check the input waveform at the
base of the sync separator transistor and the output at the collector terminals. In ICs, check
the input video signal and output unless the 1C contains both vertical and horizontal oscil-
lator circuits. Correct waveforms with accurate voltage and transistor measurements will
help vou to locate most sync problems (Table 8-1).
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TABLE 8-1 FOR EASY TROUBLESHOOTING, CHECK THIS
TROUBLESHOOTING CHART FOR AGC AND SYNC CIRCUITS

WHAT TO CHECK HOW TO CHECK IT

White raster or snowy picture. Sub tuner with tuner-subber.

Determine if tuner or AGC. Measure AGC voltage to tuner and IF stages.
Check AGC circuits. Replace AGC IC.

Poor horizontal and vertical sync. Check sync separator waveforms on |C.
Check sync waveform from video circuits. Check video circuits.

Replace sync IC with normal voltages. Make sure sync input is normal.
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About the Tuner

Most TV technicians admit that the tuner, IF, and AGC circuits are the most difficult
stages to test and repair in the whole TV chassis. The tuner can be the most confusing, be-
cause parts are difficult to get to. New varactor tuners with control boards have many dif-
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ferent [Cs, synthesizers, and processor components. Servicing the TV tuner can be made
easy by taking each unit one step at a time.

New names have been added to the tuner assembly since the old mechanical wafer tuner
was first invented (Fig. 9-1). The varactor tuner can be controlled with a tuning system, con-
trol processor, initializer, presetter board, tuner control, memory, and frequency-synthesizer
control units (Fig. 9-2). A tuner-control assembly can have soft-touch, keyboard, pushbut-
ton, selector-board, auto-board, and remote-control tuning. They all do the same thing by
controlling the tuner assembly, which, in turn, selects the correct channel (Fig. 9-3).

Tuner repair can be made easy with isolation and signal-injection techniques. A defec-
tive tuner can produce a snowy, weak, or erratic picture. The defective tuner-control unit
can cause a dead, intermittent, or drifting varactor tuner with an improper tuning voltage.
Each unit can be isolated with voltage-measurement and signal-injection methods with a
tuner-subber or tuner replacement.

Antenna
o
Q1 Q2 Q3
RF amp Mixer Oscillator
IF output

—®

FIGURE 9-1 A typical block diagram of a mechanical VHF tuner.

FIGURE 9-2 An RCA tuner and memory module are mounted
together in several different chassis.
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75-0)
antenna IF
input Q2401 Q2403 Q2404 output
@ 5‘ VHF/RF —j VHF/UHF IF postamp _)@
amp , mixer
VHF low-channel Q2402
O switch voltage VHE
7 .
VHF high-channel V2401 oscillator
O switch voltage T
6
Prescaler »
@ Control voltage d Q2406
. UHF/IF
UHF switch voltage buffer
®
Q2405 Q2407
UHF 03401 UHE
300-0) 8: Ungan a dpde oscillator
P mixer
antenna

FIGURE 9-3 A block diagram of the RCA CTC120 tuner-control module (MSTOO5A).

NO PICTURE, NO SOUND, WHITE RASTER

A defective tuner, IF section, AGC circuit, or shorted IF cable assembly can cause a white
raster without picture or sound (Fig. 9-4). Because no snow is in the picture, check the
mixer section and B+ voltage at the tuner terminals. An [F squeal or a birdie sound can in-
dicate that the [F section is defective. The all-white screen can be caused by an improper

Antenna Sound
VHF tuner
rF- s ——— |
| I
RF Mixer |—¢ IF section p—» Video
I i
| |
: Oscillator :
L — — e = = ]

FIGURE 9-4 A defective tuner and IF section can cause a snowy picture, no
picture and no sound, or only a white screen.
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R119
Tuner B+ 43 Q B+
control pins AN < o5V
of J302

FIGURE 9-5 Absent picture and sound was caused by
a lack of B+ voltage at J302 in this RCA CTC120 chassis.

4 TV antenna Small portable TV
_/_\_
—
Lead-in D @
O
., 000

FIGURE 9-6 Check the antenna or cable with a
portable TV.

AGC voltage applied to the VHF tuner terminals. A low-resistance continuity check of the
IF cable between the tuner and chassis can help you to locate a leaky IF cable assembly.
In an RCA CTC120 chassis (Fig. 9-5), the symptoms were no picture, no sound, and nor-
mal high voltage. A B+ voltage measurement at the tuner indicated that no voltage was at
the tuner control. R119 was open in the 26-V source, which supplies B+ voltage to the
tuner-control unit. Replacing the burned resistor restored the picture and sound.

SNOWY PICTURE

The snowy raster can have a very faint picture with poor sound, or just a plain snowy
raster. A snowy picture can result from improper signal at the antenna terminals, a defec-
tive tuner, improper AGC voltage, or a defective IF system. The poor antenna or cable sys-
tem can be checked with another portable TV (Fig. 9-6). A damaged balun circuit in the
front end of the tuner can cause a snowy picture. Often, the oscillator and mixer stages of
a solid-state tuner are normal, with snow in the picture indicating an RF or FET transistor
is leaky or open. A dirty tuner can produce a snowy picture. Check the AGC voltages at
the tuner for excessively high or low AGC voltage. Leaky or open first and second IF
stages can cause snow in the raster.

INTERMITTENT PICTURE

The intermittent picture can result from a broken antenna lead-in or a bad connection right
at the TV. A dirty tuner can cause the picture and sound to drop out. Slightly move the
tuner knob and see if the picture returns. Often, the intermittent picture with snow is
caused by a problem in the front end of the TV. An intermittent transistor within the tuner
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can produce the same symptom. Check for an intermittent AGC component, which would
cause improper AGC voltage at the tuner. Practically any IF or video circuit can cause the
intermittent picture symptom without snow in the raster.

Cleaning the Tuner

A dirty mechanical tuner can cause the station to drop off-channel, or intermittently pro-
duce a snowy and noisy picture. The customer might complain of no color in the picture,
which relates to a dirty tuner. Slightly move the tuner knob and notice if the picture acts
up. Remove the tuner to properly clean it (Fig. 9-7).

Remove the bottom metal cover to get to the various contacts on the rotating wafers or
drum area. The old drum tuner can be cleaned by applying tuner cleaner to a cloth and
holding it against the drum as the assembly is rotated. Clean the tuner contact springs with
a silicon spray cleaner.

The water switch-type tuner is a little more difficult to clean. It does not matter if the
switch contacts are made of gold or silver; they still corrode. Some TV tuners have excess
grease applied to the contacts when they’re manufactured. The grease collects dirt and
dust. Dislodge excess grease with a tuner wash spray. Select a silicone contact spray that
will not destroy or damage plastic components within the tuner.

A good tuner cleanup consists of spraying the tuner, a tuner washout, and cleaning each
individual contact. Some technicians use a pencil eraser, the end of a pocket knife, or a
small, stiff wire brush on each contact. Always remember to replace the metal cover to
prevent stray RF signals from entering the tuner or upsetting the tuner alignment. Send the

FIGURE 9-7 Clean the mechanical tuner if it drifts off frequency.
Use tuner wash and spray.
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1. Voltage measurements 2. Tuner signal injection
I —
VHF B+ 10Vto25V IF
tuner  jum— 1.5V108YV o | cable TV
AGC O 0 chassis
Tuner-subber

3. Clamping AGC

AGC05Vito +8V

VHF
tuner

@ Variable
ﬂ dc power supply

| N

FIGURE 9-8 Perform three different tuner tests with voltage,
using an external voltage source and a tuner-subber.

tuner into a tuner repair depot for a supersonic wash if it will not clean up or if it appears
to have excessively worn switch contacts.

Three Quick Tuner Tests

Any tuner can be checked with voltage measurements on the tuner terminals, signal in-
jection with a tuner-subber, or tuner substitution and correct AGC voltage (Fig. 9-8).
Check for B+ voltage at the tuner to chassis ground. This voltage can vary from 10 V
to 50 V on most solid-state tuners. The B+ voltage on varactor tuners can vary from 10
V to 30 V. Besides a B+ operating voltage, all varactor tuners have a dec tuning voltage
that lies between 1.5 V and 30 V. This voltage will change each time that the channel
is switched. The AGC voltage can vary between 1.5 V and 8 V on a solid-state tuner.
Remember that this AGC voltage is always positive, but a negative AGC voltage is
found on the tube-type tuner.

Signal injection with a TV signal generator or tuner-subber at the IF cable will quickly
help you to determine if the tuner is defective or if the problem is in the TV chassis. After
a voltage measurement, plug the IF cable into the tuner-subber. If there is still no picture
and sound, you can assume the tuner is normal and that the signal problem lies within the
TV chassis. The tuner should be repaired or sent in for repair if the picture and sound re-
turns with the subber connected. Simply substitute another tuner module in the modular
chassis to determine if the tuner is defective.

Clamping the AGC terminal at the tuner with the proper dc voltage can determine if the
AGC circuits are normal. Remember that the tuner-subber does not have the AGC voltage
connected to it when it is subbed into the circuit. The tuner-subber can show normal pic-
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ture and sound, but the AGC voltage source might be defective within the TV chassis.
Doublecheck the AGC voltage at the tuner by injecting a variable dc voltage at the AGC
terminal or with an accurate AGC voltage measurement (1.5 V to 7.5 V). The picture and
sound might return with some snow if you try inserting an external AGC voltage. In this
case, you can assume that the AGC circuit is defective within the TV chassis. If not, you
might send the tuner in for repairs when nothing is wrong with it. Besides additional tuner-
repair cost, you still have the very same signal problem.

The Tuner-Subber

The tuner-subber is nothing more than a regular solid-state tuner with self-contained bat-
teries in a separate container (Fig. 9-9). Most subbers have an IF cable jack or plug-in ca-
ble with alligator clips so that the unit can be easily attached to the TV chassis. An RF gain
control should be adjusted to eliminate snow in the picture.

To operate it, simply remove the IF cable from the TV tuner and plug it into the jack at
the back of the tuner-subber. Attach the external antenna wire or cable to the antenna in-
put terminals of the subber. Turn the unit on with the RF gain control fully clockwise.
Tune in a station with the tuning selector and fine tune it for the best color picture. The
tuner-subber will eliminate a lot of guesswork—especially when servicing controlled var-
actor tuners.

You can make your own tuner-subber with a solid-state tuner out of an old TV (See
Build Your Own Test Equipment, published by McGraw-Hill).

FIGURE 9-9 Inject a signal at the IF cable from the tuner-subber
to determine if the tuner or the first IF stage are defective.
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470 pF

75-0)

to VHF

VHE tuner

300-0) Spark gal
antenna pa gap
terminals
412
2.7 M
—

470 pF

FIGURE 9-10 Broken wires at the antenna terminal or
lightning damage can cause a snowy picture.

Defective Antenna Balun Coils

Although blocking capacitors are placed in each leg of a 300-£2 balanced antenna, a direct
lightning strike can damage the entire antenna assembly. You might find small capacitors
blown apart, with small wires burned off the antenna connectors (Fig. 9-10). The picture
will be very snowy.

The antenna coils must be repaired or replaced. Often, the small wire ends can be un-
wound a turn to get enough wire to solder back to the various components. Order a re-
placement for the entire antenna assembly if the unit is damaged beyond repair.

An RF balun transformer that changes the 300- antenna input terminals to 75 € can be
used; just connect the balun backwards. These balun transformers are used to connect the
TV receiver to a 75-€2 cable system or VCR. Sometimes these antenna-balun assemblies
can be difficult to obtain.

Types of Tuners

THE CONVENTIONAL MECHANICAL TUNER

The mechanical tuner is still found in most black-and-white and some color portable TV
receivers. A wafer-type switching mechanism rotates the various coils into each RF,
mixer, and oscillator circuit (Fig. 9-11). The VHF solid-state tuner might have an FET in
the RF stage. Usually, the mixer and oscillator transistors are located inside, beneath the
wafer assemblies.

The snowy picture can be caused by a defective FET or RF transistor. In the earlier solid-
state tuners, these transistors were mounted on top and were easily replaced. The FET
must be handled with extreme care to prevent damage to the transistor. All tuner transis-
tors should be replaced with a correct universal replacement or with parts that bear the
original part number.
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FIGURE 9-11 A typical tuner consists of transistors in the
oscillator and mixer stages.

The absence of picture or sound in the TV receiver is the sign that an oscillator is leaky.
No sound and no picture with a white raster can result from a leaky or open mixer transis-
tor. Replacing transistors inside the tuner can pose a problem because components are
tightly packed. It’s difficult to get side cutters or a soldering iron tip down under the vari-
ous wafer sections of the tuner.

A poorly soldered connection that causes intermittent picture and sound can be located
with an insulated tool. Simply tune in a station and probe around with the plastic tool un-
til the picture acts up. Often, you can locate a poor solder connection or a broken compo-
nent lead. Suspect that an oscillator coil lead is broken or that a switch contact is dirty if
only one station cannot be tuned in. Inspect the soldered coil leads where they are brought
together at the front of the tuner for poorly soldered connections. The tuner assembly
should be sent in for service if cleaning and simple repairs fail to fix the tuner (Fig. 9-12).

UHF TUNER

In many color TV chassis, the UHF tuner is a separate mechanical tuner, except in those
with a combined VHF-UHF varactor assembly. Today, the UHF tuner can be a 70-chan-
nel, mechanically tuned type. When the VHF channel has been set for UHF operation, the
B+ voltage is switched from the VHF tuner to the UHF tuner. UHF-VHF switching can be
found at the rear of or inside of the VHF tuner.

Transmitted signals received by the UHF antenna are fed to a balanced 300-£2 input and
coupled to L50 in a typical UHF tuner assembly (Fig. 9-13). The UHF oscillator transistor
(Q50) generates an oscillator signal that is 45.75 MHz above the picture carrier frequency
of the broadcast station. The incoming signal and the oscillator frequency are mixed by
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Varactor diode tuner

FIGURE 9-12 Today, the varactor tuner mounts directly on PC
board.
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Typical UHF tuner

FIGURE 9-13 A typical UHF mechanical tuner schematic.
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diode D50, which produces a third frequency, resulting in the IF signal. This IF signal is
fed to the VHF tuner with a 75-0) shielded cable.

Most problems in the mechanical UHF tuner are in Q50 or D50. No UHF station will be
received if either the transistor or diode become leaky. Q50 should be replaced with the
original-type part. UHF diode D50 can be replaced with a IN82 UHF diode. Do not replace
this diode with an ordinary IN34 type. Check the rubbing of tuning capacitor plates if one
station is erratic while tuning. Low voltage at the UHF tuner terminal can indicate that a
transistor (Q50) is leaky or that the switching voltage is improper. Flex the UHF IF cable
for intermittent or drifting UHF signals.

THE VARACTOR TUNER

Most of the present-day tuners use some form of the varactor tuner within a tuner module.
The varactor tuner might contain several varactor diodes that change the frequency of each
TV channel. The varactor diode works like a capacitor when a reverse bias is applied to the
PN junction. Electronic tuning is performed by a fixed inductance and by varying the ca-
pacitance with a varactor diode (Fig. 9-14).

When a different dc voltage is applied across the varactor diode, the capacity changes,
tuning the inductance circuit. With a different variable resistance on each fixed induc-
tance, each channel can be tuned manually or electronically (Fig. 9-15). You can manually
turn each variable resistor with a screwdriver or fingernail and tune in each channel.

Because the varactor tuner cannot cover all VHF channels, the entire band is divided into
low and high bands. The low band covers channels 2 through 6 and the high band covers
channels 7 through 13. A switching diode is used to switch from high to low in an elec-
tronic tuner system.

Any varactor tuner can be tested by checking the voltage applied to the tuner (Fig. 9-16).
Remember, as the tuner is tuned manually or electronically to a different station, the ap-
plied voltage is different on each channel. By checking the applied voltage (variable for
each channel), you can determine if the tuner is defective.

Another method to check the tuner is with an external dc voltage source. Remove the
wire to the tuning voltage post and apply dc voltage to the tuner. Check the schematic for
correct voltage polarity. Start at 1.5 V. Slowly bring up the voltage and notice what sta-
tions are tuned in. Suspect a problem with the control unit or the AGC if various local sta-

l C Variable
% tuning resistor

T Varactor diode de voltage
Y
rd

FIGURE 9-14 Electronic tuning with the varactor tuner is
performed by a fixed coil inductor and a varactor diode.
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Varactor tuner

FIGURE 9-15 Stations can be tuned in with the remote or with
separate buttons on the RCA CTC146.
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Antenna
UHF
UHF
75 0
IF output
VHF tuner
AGC
VT green
-2Vto +5V
VHE Black
low . 1.5Vto25V
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(white and black) B+ (white)

25V
(red)

FIGURE 9-16 Check the varactor tuner with the correct supply
voltage, AGC voltage, and tuning voltage.

tions can be tuned in with the external voltage applied. A missing channel can be found in
the same manner. Compare the station program with that on another TV.

The UHF tuner can be a separate tuner or it can be combined with the VHF varactor
tuner. Six or more blank channels are provided for tunable UHF stations with the combined
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varactor tuner. The UHF stations are tuned in with the same type of variable resistor. Of-
ten, with the separate UHF tuner, the voltage is switched from the VHF tuner and applied
to the UHF tuner.

Most problems found in the varactor tuner are caused by transistor and varactor diodes.
Intermittent problems or tuner drifting can be caused by poorly soldered connections or by
a breakdown of components. Because these components are inside and are difficult to get
to, most tuners are sent to the tuner depot for repair.

J.C. Penney manual varactor tuner Inal.C. Penney 685-2026 (made by RCA), a
manual-type varactor tuner is found with a varactor tuner board and a separate tuning as-
sembly. The tuner module can be easily changed if you suspect that it is defective because
cables plug into the tuner board assembly. A check of the varactor tuning voltage can be
made at the tuner assembly to determine if the varactor board is defective.

If stations began to drift or if one station cannot be tuned in, suspect a defective varactor
tuning board (Fig. 9-17). Sometimes the variable resistor control is malfunctioning so
badly that the station drops out when the screwdriver is taken from the control. Sometimes,
when manually turning from channel to channel, the station drops out or intermittently
tunes in. Suspect that the varactor tuner board is defective.

The manual tuner indent assembly consists of a plastic shaft and a switch to tune in the var-
ious stations. Erratic or intermittent reception can be caused by a dirty or defective switch.
It’s best to change the variable tuning board assembly. This assembly comes in two different
sections; it can be ordered directly from your RCA parts distributor or from J.C. Penney Co.

Varactor tuner drifting In many of the latest TVs, varactor tuners are used in both
the VHF and UHF tuners. Station drifting of either the high or low band of the VHF tuner

FIGURE 9-17 Remove the varactor tuner from the PC board by
unsoldering the pins from the PC board.
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UHF
300 Q)
VHF
T T 750
UHF IF ﬂ
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FIGURE 9-18 Check all voltages on the varactor tuner before
removing it and sending it in for repair.

can be caused by a defective UHF tuner. A leaky capacitance diode or component within
the UHF tuner can lower the tuning voltage applied to the VHF tuner. Often, this condition
exists after the TV chassis has operated for several hours.

Tune in the station that drifts or fades out and leave the TV operating. If the station dis-
appears, cut the B+ wire that feeds the UHF tuner. If the station pops back in, you can as-
sume that the UHF tuner is defective, not the VHF tuner. Let the chassis operate for several
hours; be sure that the VHF stations do not fade or drift off channel.

Mark down all color-coded leads or wires to the UHF tuner on a piece of paper (Fig. 9-18).
Tape the paper to the TV chassis or cabinet for replacing the tuner after factory repair. Re-
move the UHF tuner and send it to the tuner repair depot. Besides the UHF tuner, a defec-
tive VHF tuner can cause stations to drift off channel.

RCA CTC145E tuner drifting In a new CTCI45E chassis, the higher channels
would operate for several hours, then drift off. The tuning voltage that was applied to the
tuner was fairly normal. All voltages were normal at the other tuner terminals. A new tuner
was ordered, solving the drifting of channels.

RCA CTC177 board-tuner With intermittent solder joints in the RCA CTC177
board-tuner, the picture would “flop,” go out, become snowy, and collapse. This tuner is
built on the PC board chassis. Check the shield solder joints and tuner ground connections.

Remove the bottom cover of the tuner. Solder all shields to ground. Renew the old sol-
der joints with new solder. Do not apply too much heat or you will raise the foil PC wiring
from the board. Solder all joints that lead to ground or shield them within the tuner circuits.
Return the pads and be sure that the tabs in both the shields and the cover are clean and can
accept solder. Reinstall the tuner shield and tuner cover. Solder all tabs with fresh solder.
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Frequency-Synthesis Tuner Servicing

Many of the latest RCA TV module tuners use a frequency-synthesis system. Replacing
the MST tuner module or MSC frequency module can determine which module is defec-
tive (Fig. 9-19). Most technicians substitute a new module and turn the defective module
in for repair. Do not overlook the possibility that an IF cable or module connecting the
wiring harness is defective. Some manufacturers do not want you to service modules, only
replace them.

The CTC131 chassis has an MST multiband tuner and an MSC tuner-control module that
make up the tuning system, providing 127-channel tuning capability. This channel-lock
tuning system can be controlled either manually or remotely. The digital command center
is a digitally encoded IR remote system that gives the user control of the TV (Fig. 9-20).

RCA CTC157 TUNER CONTROL

The tuning system is a frequency-synthesis (FS) type with a crystal-controlled phase-
locked loop. The tuning system contains a tuning-control 1C (U1001), band decoder and
switch (U3600), and varactor diode tuning (Fig. 9-21). The tuner uses a number of varac-
tor diodes in the local oscillator circuits. These diodes act like a variable capacitor when a
different voltage is applied from the tuning-control IC.

Both the bandswitching and tuning voltage control circuits must operate correctly for
proper tuning voltage to be produced. In order for the tuning-control circuit to synthesize
the correct tuning control voltage, all signals used by the tuning-control circuit must be
correct.

FIGURE 9-19 The tuner and system-control modules in a
CTC108, 109, and 110 chassis.
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Control | RFAGC |
oltage
\X\ vorag Bandswitch
\N IR Tuner AFT
preamp control
To power 30V
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FIGURE 9-20 A block diagram of the RCA CTC131 tuner system.
Tuner
control Vetaractor
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. - A -
Tuning 15 6
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BandB 1p AGC{ 2
r Bandswitch | AAA— Local
U3600 9 5 osC.
+33 ‘u‘lﬁ
o |+12 v Prescaler output 11
|
3 " A Prescaler
Prescaler control 14
8
Y
IF output
FIGURE 9-21 RCA CTC157 frequency-synthesis tuning-control circuits.
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If the channel is changed, the system-control computer IC supplies the tuning control
data signal to the AIV. The AIV interprets the data and generates the exact bandswitching
signals and feedback-control signals. Feedback-control signals used within AIV and the
PSC signal are provided to the prescaler in the tuner. Check the tuning voltage applied to
the varactor tuner (pin 5). If these applied voltages change and no stations are still visible,
suspect a defective varactor tuner. Take crucial voltages at the tuner, U3600 band switch,
and U1001 tuner control. Check the AGC voltage applied to the tuner. Be sure that all sup-
ply voltages are normal in each IC.

The Electronic Tuner Keyboard

The electronic tuner functions with a tuner, control unit, remote-control receiver, or key-
board assembly. The control unit supplies various voltages to the tuner module or assem-
bly. No moving parts used in the tuner (Fig. 9-22). The control unit consists of several ICs
and diodes and a frequency synthesizer with microprocessor-control modules.

In the keyboard chassis, simply press the correct numbers to select the right station. With
the RCA chassis, to select any station below 10, push zero and the station number. Above
10, select the correct station number. In Admiral and many Japanese keyboards, push the
station numbers and push the select button, then selected station pops in.

Actually, the keyboard selects the station tied to the control unit and the control unit se-
lects the correct voltage applied to the tuner. When a dc voltage is applied across the var-
actor diode, the capacitance of the diodes changes the inductance-tuned circuit to the
desired station. The control unit operates the same in a remote-control receiver.

The tuner selects the channel with voltage from the control unit. Check the tuning volt-
age if a wrong station is tuned in, if it refuses to change channels, or if it drifts off channel.
Improper or erratic voltage indicates that a control assembly is defective. Look for various
tuning voltages found in the manufacturer’s service literature and Howard Sam’s Photo-
facts. Each channel is listed, along with the correct tuning voltage (Fig. 9-23). If the volt-
age is correct and there is no tuner action, suspect that the tuner is defective.

Antenna
Varactor IF out
tuner ;
T
]
Tuner
control
Remote-
Keyboard control
receilver

FIGURE 9-22 The electronic varactor tuner has no

moving parts; it is controlled only by a change in the
tuning voltage.
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Terminal Voltage VHF tuner UHF tuner
B+ voltage 15V 15V

Tuning voltage 1.5Vtio25V 1.5Vio30V
AFT voltage 0.2VtoisV 0.2Vtoi1sV
AGC voltage —-2VtosV 1.5Vto5V

FIGURE 9-23 Typical tuner voltages.

FIGURE 9-24 A pushbutton selector board for VHF and UHF
tuners.

Another form of keyboard tuner control is used in Japanese and other foreign TVs.
The keyboard can be mounted directly on the selector board or if there is a separate key-
board (push-button) assembly. Each channel has a pushbutton to locate the exact station
(Fig. 9-24).

The keyboard selects each station with the help of the selector board. A channel control
and memory IC controls the band-switching and tuning voltage connected to the VHF and
UHF tuner. You might find a separate VHF tuner, or both tuners can be included in one
unit. The IF signal is cabled to the TV chassis.

Some of these selector-control boards have plug-in connections for easy removal. Most
of the foreign control units are wired directly into the tuner and chassis. Determine if the
tuner is defective. Check for a variable tuning voltage at the tuner. Suspect that the tuner
is defective if all voltages are normal, but the tuning voltage is different as each channel
button is pressed.

SCAN TUNING

Scan tuning allows the operator to slowly scan up or down the channels for favorite pro-
grams. This type of tuning is especially useful when connected to a cable TV system, with
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] Scan
Display up/down
J1
s[® 3 19 Vde
7| = > VHF high-band switch
6| ® > Tuning voltage
5| >
41 o >5.1V
Tuner control 3| e > UHF-band switch
module J2
1 ® > AFT input
o1 @ > Key
3| ® > 19V
41 o— = Ground
5 > 60V pulse
6] 7 Volume and mute

FIGURE 9-25 An RCA scanning-control module in an RCA TV
chassis.

many stations to choose from. Many different types of scanning and pushbutton tuning de-
vices are used, but they all perform the same task.

In an RCA keyboard or scan-tuning operation, the up-and-down switch assembly feeds
into an MSC tuner-control module (Fig. 9-25). The frequency-synthesis tuner-control
module feeds the correct VHF and UHF band voltage to the tuner module. An LED dis-
play indicates the channel number.

A defective MSC scan module can cause improper (or no) channel up and down action,
improper addition or deletion memory of an incorrect or missing LED display, improper
(or no) volume and mute control, no tuning voltage to the tuner, or improper (or no) chan-
nel change or skipping of channels. Replace the module for any of these symptoms.

If the suspected module does not restore a missing LED number, check the cable and
plugs going to the LED display assembly. An intermittent display can be caused by a de-
fective cable or wiring. Check for a poorly crimped wire at the LED socket. A poor ground
connection of the MSC module can cause erratic (or no) scanning action.

A snowy raster with no picture or sound can be caused by a missing 60-V pulse at ter-
minal 5 (Fig. 9-26). Look for broken wiring or a defective plug or connection at L103 on
the flyback transformer. Check for a pulse waveform at terminal 6 on the tuner and termi-
nal 7 of the flyback transformer.

TUNER CONTROL OR TUNER MODULE

To determine if the tuner is defective, replace the tuner in the modular chassis. Most of
these tuners plug into the tuner-control or memory module. If the raster is still snowy or
has a white screen, replace the control module. In the remote-control TV, replace the
power-control module if the chassis is completely dead.
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Be sure that all plugs are firmly pressed down on each module. If the tuner and con-
trol module plug together, be sure that the plug-in assembly inside of the module lines
up properly. In some modules, you might find that the AGC wire plugs into the tuner
separately. This wire can accidentally pull off when exchanging tuner modules and can
cause a snowy (or no) picture. Press down on the cable wire assembly after the tuner is
operating.

ELECTRONIC TUNER REPAIR

The defective electronic tuner in all TV chassis can be replaced. Some of these tuners are
mounted together with a memory or bandswitching module. Simply remove the two metal
screws and unplug the tuner module. Another tuner with the same part number can be sub-
stituted to cure the snowy picture. If both units are tightly plugged together, voltage mea-
surements between the control and tuner are difficult to make (Fig. 9-27). Simply
substitute each module until the correct one is found. Sometimes, if lightning strikes the
TV, the tuner, memory, and control units are all damaged.

The quickest method to repair the front end of any TV is with tuner or control-module
substitution. The suspected module is unplugged and another one is mounted in its place.
Some manufacturers would rather if you replaced the module instead of trying to repair it
(Fig. 9-28). Unless you have a lot of time, the correct test equipment, and the knowledge
to repair these tuners and control modules, they should be returned to the TV distributor or
manufacturer. Most tuner-repair depots repair many different American and Japanese
modular tuners and control units (Fig. 9-29).

Tuner Check pin for —60 volts

FIGURE 9-26 A snowy raster caused by —60 volts at the memory
module in an RCA chassis.
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FIGURE 9-27 In the RCA CTC108 chassis, the tuner and memory
module mount together.

As time goes by, the electronics technician might be able to service the electronic tuner,
memory, and control modules. Service data supplied by each manufacturer provides tech-
nical data for these repairs. Do not try to service all-electronic tuner and control modules
without exact service data. Usually, most service establishments are swamped with many
different service problems and repairing these modules is last on the list.

SEVEN ACTUAL TUNER PROBLEMS

Here are seven actual tuner-related problems that occurred in various TVs.

Tuner drifts off channel in an RCA CTC145 Monitor the waveform at output of
first IF transistor (Q2301) to determine if the IF or the tuner is at fault. Check to see if the
AGC voltage is from 3.1 V to 8 V with a station tuned in. Check the tuner supply voltage
on pin 7; it should be 12 V (Fig. 9-30). Monitor the different tuning voltages on pins 4, 5,
and 6. If the tuning voltage is applied to the varactor tuner when it drifts off channel, re-
place the tuner in the RCA CTC145 and CTC146 chassis.

Intermittent snowy picture in an RCA CTC140 The picture became snowy in an
RCA CTC140 chassis. By tapping on the tuner, the picture might return, then fade out. All
of the tuner connections were soldered around the tuner; all voltages were fairly normal. It
was necessary to replace the intermittent varactor tuner (Fig. 9-31).

No channel tuning in an Emerson EC10 The tuner of an Emerson EC10 would
not tune in a station. The voltage supply source was checked at the tuner. It was a normal



THE ELECTRONIC TUNER KEYBOARD 301

Tuner system
Laser channels

No picture on 9 and 11

Won't change channels
Searching on all channels
VHF searching
Intermittent channel 5

Keyboard malfunction

Numbers missing on display

Incorrect channel display

Intermittent display

No display

Erratic channel 5

Weak picture on channel 5
Weak picture on channel 13
No picture, no sound

Flashing picture

Snowy picture

No UHF picture

Weak channel 21

Defective component
Replace control module

Replace control module
Check AFT adjustment

Replace control module
Replace control module
Replace tuner module
Replace tuner module
Replace control module
Check plug-in connection
Check keyboard asssembly

Replace control module

Replace control module
Check plug-in connection

Replace control module
Replace control module
Defective pushbutton on keyboard

Replace turner module
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Replace turner module
Replace tuner module and control module

Replace tuner module
Check IF and input cables on tuner
Loose AGC connection

Replace tuner module
Damaged balun coil
AGC lead off

Replace tuner module
Check for UHF tuning voltage
at UHF tuner

Replace tuner module
Check UHF antenna cable leads

FIGURE 9-28 A modular tuner troubleshooting chart.
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VHF input =
750 = )

— Ground
> UHF switch 19 V

> VCC 5.1V

S Control voltage
v 1Vto29V

7 VHF high

> VHF low

> B+ 19V

> Blank

Frequency
synthesis
tuner module

UHF O—
input
300 0 O——

*YePP P ey

O~ d®O0 s Wwhy =

FIGURE 9-29 Most tuner modules can be returned or exchanged at
the manufacturer’s distributor or be sent in to a repair center.

Ant.
input 8
VHF-UHF tuner ° . IFoutput

to Q2301
2 4 5 6 7
RF AGC
31Vto8V +12V
Y

Variable voltages

FIGURE 9-30 Check the various voltages on the VHF-UHF
varactor tuner to determine if the tuner is defective.

11.3 volts. When the RF pin 5 was checked, no voltage was found on this RF AGC termi-
nal. At first, [C101 was suspected, but all voltages were normal. Finally, C110 (10 uF) was
found to be defective and was replaced, which solved the tuning problem (Fig. 9-32).

Flashing picture in a Sanyo 31C40A Although the outside antenna was old and
could have caused the flashing problems in a Sanyo 31C40A, the set was brought into the
shop for observation. Often another set in the house was used to check the outside antenna
reception.

The TV was still flashing when it was connected to the shop antenna. Although the pic-
ture was fairly normal with the subber clipped to the IF cable, the picture was still flash-
ing. One thing for sure, the picture was better with the tuner-subber.

The IF and antenna cables were flexed and held in many different positions, with the pic-
ture still flashing. A shorted or poorly connected IF cable can cause a picture to flash off
and on. All wiring connections were inspected at the various tuner terminals.

Voltage measurements at the tuner would rapidly change as the picture continued to
flash off and on. Even the RF AGC voltage would change rather rapidly. The AGC
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voltage was clamped with a variable dc voltage power supply at the tuner RF AGC ter-

minal.

The tuner responded with 3 to 8 V applied from the variable dc source. The flashing pic-

ture was caused by improper AGC voltage to the VHF tuner (Fig. 9-33). Replacing 1C101
(PIF amp/AGC/AFC sound/detector) with a direct manufacturer’s replacement (M5186AP)

solved the flashing picture.

Unusual tuner problem in an RCA CTC118A A no-raster/no-picture/no-
sound/no-channel-display symptom was found in an RCA CTC118A. Both the memory
and tuner modules were replaced, with no results. A normal high voltage was measured at
the picture tube. Sometimes when channel 13 was pressed, a flash of light went across the
screen. A tuner-subber on the IF cable indicated that the rest of the chassis was normal.
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FIGURE 9-31 The defective tuner caused a snowy picture in the
RCA CTC140 chassis.

T IF output

c108
0.01 pF
From IC101 LA7530
SF101 ) 3 VIF/SIF
10 9

Topin5 _ REAGC |
oftuner 4 v 1065 '1.-'

- C110

T 10 uF

Leaky

FIGURE 9-32 Defective capacitor C110 caused a lack of channel
tuning in an Emerson EC10 chassis.
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IC101 IF amp/AGC/Audio

4
R111
2.7 k() - 371075V grAGC
R109 _L c109 voltage
8.2 k() 4.7 uF

FIGURE 9-33 A
flashing picture was
T caused by a bad IC101 in
= a Sharp 31C40A chassis.

Varactor
tuner
52
& *5
fllj?)n 0: ~60 V pulse
nygg FIGURE 9-34 No sound, no

picture, and no display; the cause
is a missing —60 volts in an RCA
= CTC118A chassis.

The voltage measurements on the tuner (18 V) and memory module were fairly normal.
The picture and sound were brought back with an injected B+ tuning voltage of from 1 V
to 27.5 V on pin 7 of the tuner. Another memory module (MSC-006A) was installed with
the same results.

By rechecking the schematic and again taking voltages on the memory-control module,
it was found that pin 5 of J2 should have had a —60-V pulse. After a quick check with the
scope, it was found that the pulse waveform was missing from pin 5. This —60-V wave-
form is taken from a separate winding on the flyback transformer (Fig. 9-34). A continu-
ity check across pin 7 and 14 of T402 was good.

Again, the chassis was fired up and pin 7 showed a good waveform. A continuity resis-
tance reading across L104 indicated that the coil was open. The unusual problem was a
poorly soldered connection at one end of L104. Resoldering the coil terminals brought
back the correct waveform pulse at pin 5. This trouble can occur with any of the RCA sets
using this type of control tuning.

The negative dc voltage (—60 V) on pin 5 cannot be measured with a voltmeter. Check
for a waveform pulse at pin 5 with the scope. Another quick method is to use the low-re-
sistance scale of the DMM or VOM and measure the continuity from pin 5 to chassis
ground. A low measurement will indicate that the continuity is normal. Suspect a soldered
connection at L104 is bad if the measurement is open.

Fuzzy pictures in an RCA CTC140 When tapping around the tuner in an RCA
CTC140 chassis, the picture would fuzz up, then appear normal. Solder all tuner termi-
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nals, IF amp (Q2300) terminals, and the pins on U2300. In some CTC140 chassis, the
trouble was the tuner and IF amp; in others, the IF amp and U2300 pins needed to be
soldered.

Channel jump from one channel to another in an RCA CTC135D The chan-
nel would automatically jump up from one channel to another an RCA CTC135D (Fig.
9-35). When this occurred, the voltage at pin 42 of U1001 ranged from 1.2 V to around
2 V. The voltage at pin 43 was a little low, but the voltage at pin 42 should be 5.95 V.
The 12-V source was normal, but it had a poor connection with L312. Although the con-
nection looked good, soldering L312°s connections solved the intermittent channel
change.

Make your own tuner-subber from a used or discarded color or black-and-white TV
chassis. Select a manual-type tuner. Keep the knob, etchem plate, and numbers so that you
can identify the channel numbers from the old TV. Clean up the tuner and install it in a
separate enclosure or cabinet.

Conclusion

No matter how complicated it is, the varactor tuner was designed to bring in the desired
channel. Simply break down the tuning problem and repair it. A tuner-subber with accu-
rate voltage measurements helps solve most tuner problems. An improper tuning voltage
can indicate that a control unit is defective. Inject a dc voltage to the tuning-voltage termi-
nal of the varactor tuner to determine if the tuner is defective.

A poor AGC system can produce symptoms like a defective tuner. Clamp the AGC ter-
minal of the solid-state tuner with a variable dc voltage to eliminate the AGC circuits. Re-
member, the AGC voltage is always positive at the solid-state tuner terminal.

After locating a defective tuner, remove it and send it in for repair. Most tuners or tuner
modules can be returned to the manufacturer’s distributor, or they can be sent to a tuner-
repair depot for repair. Leave tuner repair and alignment to the experts, unless you have
the time and correct test equipment. For easy troubleshooting, check Table 9-1.

Poor
U1001 connection

143 42 1312

. 12 V source

+4.35V

T

FIGURE 9-35 A poor connection at the end of L312 changed
channels intermittently in an RCA CTC135D chassis.
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TABLE 9-1 A TROUBLESHOOTING CHART FOR TUNER PROBLEMS

WHAT TO CHECK HOW TO CHECK IT
No stations tuned in. Check for dirty tuner on manual tuners.
Snowy pictures. Check tuner voltages.
Sub tuner-subber to determine if tuner or IC Check IF circuits.
circuits are defective.
Check AGC voltages on tuner. Check AGC circuits.
Checking tuning voltages on varactor tuner. Check control IC and voltages.
Tuner normal. Check IF and AGC circuits.

Tuner Repair Centers

PTS Corporate Headquarters
5233 Highway 375.
Bloomington, IN 47401
800-844-7871

PTS Corporation
4941 Allison St. #11
Arvada, CO 80002
800-331-3219

PTS Corporation

110 Mopack Rd.
Longview, TX 75602
800-264-5082

PTS Corporation
15042 Parkway Loop
Suite D

Tustin, CA 92680
800-380-2521



COLOR
CIRCUIT
PROBLEMS

CONTENTS AT A GLANCE

Using the Correct Test Equipment All-blue raster and shutdown
Color-dot-bar generator Crucial color waveforms
Color waveform test points Troubleshooting the RCA CTC108

color chassis
Color IC Circuits

Color matrix circuits Difficult Color Problems

Color circuits or CRT? Unusual color problems

No color Five actual color case histories
Weak color Troubleshooting with the
Intermittent color color-dot-bar generator

No red

No tint control Conclusion

The TV must have a sharp and contrasting black-and-white picture before you attempt to
tune in a color picture (Fig. 10-1). Improper tuner, IF, and video signals can result in a poor
color picture. Make all color adjustments, including correct fine tuning, to improve the
color picture. Check for improper color symptoms on the TV screen.

Besides defective color circuits, the color picture might appear messy, with color impu-
rities on the raster. A defective degaussing section can foul up the color picture. Turn the
color controls off and check the black-and-white picture. Degauss the CRT to eliminate
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FIGURE 10-1 A technician working on the color section of a TV
chassis.

patches of color impurities in the corners or at the bottom of the raster. Remember, if the
black-and-white picture is not good, the color picture will be the same.

A weak or gassy picture tube can cause a poor color picture. To determine if the CRT is
at fault, set the brightness control for average brightness. Now rotate the contrast control
and notice if the picture forms deep patches of color. A blotchy-colored raster can be
caused by a weak picture tube.

Using the Correct Test Equipment

The color-bar generator and scope are ideal test instruments for locating and servicing
the color circuit. Attach the color-bar generator to the antenna terminals of the TV and
scope each color stage according to the waveforms found in the manufacturer’s litera-
ture. A dual-trace scope is ideal for troubleshooting the latest color circuits. Correct
manufacturers’ service literature and schematics are necessary when servicing the color
circuits.

Take accurate voltage and resistance measurements within the transistor or IC circuits to
quickly locate a defective color stage. An improper voltage source feeding the color cir-
cuits can cause a poor (or no) color signal. Check the low-voltage power supply if the volt-
ages are low. Suspect that the bypass capacitor, transistor, or [C is defective if the voltage
is low on a certain terminal.

Color signal injection from the test instrument can help you to locate a defective color
stage. Simply inject the color signal at the various test points throughout the color stage or
on the correct IC terminals. For correct color alignment, a sweep-marker generator, and
scope must be used (Fig. 10-2).
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COLOR-DOT-BAR GENERATOR

The color-dot-bar generator or NTSC color generator are required instruments when set-
ting up and troubleshooting the color circuits. The color signal from the generator is used
in Howard Sams Photofacts when scoping the various color circuits. Crucial waveforms
are taken upon the chroma-luminance 1C. Besides color tests, the color dot-bar generator
can be used to check vertical and horizontal linearity, correct color bars, and pincushion
circuits (Fig. 10-3).

FIGURE 10-2 Besides the DMM, the crystal checker is another
valuable test instrument for the color section.

FIGURE 10-3 The color-dot-bar generator is used for setup,
adjustment, and color troubleshooting.
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Color
input

Color
control

COLOR WAVEFORM TEST POINTS

Because the IC circuits have been used in color circuits over the last 10 years, crucial color
test points will help you to solve most color problems. Some manufacturers include the
various block diagrams of color stages within the IC (Fig. 10-4) on the schematic dia-
grams, but others do not. The main thing is to know where to take the various color wave-
forms on the IC terminals.

The chroma input signal is applied to pin 3 of I[C701 (Fig. 10-5). The 3.58-MHz oscilla-
tor is controlled from pins 11, 12, and 13. Color control (R2) adjusts the color with a dc
voltage at pin 2. R1 adjusts the dc voltage for tint control at pin 14. The three-color video
matrix signals are fed from pins 20, 21, and 22 to the separate color-transistor output
stages. A keved waveform is found at pin 7 from the flyback circuits (Fig. 10-6).

Check for color input signal at pin 3. If a low color signal is noted here, turn R3 to max-
imum. An improper signal at this terminal could indicate that the IF response is poor or
that the picture is black and white. The black-and-white picture wavetform can be checked
at pin 27. Measure it for correct dc voltage at pin 23.

To see if the 3.58-MHz oscillator is oscillating, take the waveform from pin 13. Check
pins 20, 21, and 22 for matrix output waveforms. Notice if the keyed waveform is found
at pin 7. Although each manufacturer might use a different IC to take care of color and
luminance circuits, the waveforms will indicate where the color signal can be found or
is missing.

RCA CTC156 luminance processing The video signal from the video buffer
(Q2302) is applied to the contrast preset control (R2716) (Fig. 10-7). The video signal is

IC500 Chroma/luma
36 Chroma | | Chroma - 27 53V - Ry
am am
P P RGB 29 55V - G_Y
demod. o8
30 ? Tint [ = B-Y
54V
phase | !
control
Apc det ~ 25
killer ? ,
Tint
acc det. control
3.58 MHz
VCO
l35 31|
= 1 3.58 MHz
I

FIGURE 10-4 The inside view of a TV signal processor IC500 with the different
color circuits.
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3.58 MHz
oscillator

Black-and-white

video
Ij— Output
0.2Vt 047V
xTAL 3

4Vtod5sV

Contrast

Color 1

input

c805 Red

12 ] 11

To

Chroma
color
color Chromaﬂuminance IC % output
level |7 IC701 Blue amps
21
= Green
10 5V
Tint Color 4Vio 45V
105V 105V 105V
Key pulse from
flyback 1=Calor input signal Output
2—Color 3.58-MHz oscillator waveform
3—Matrix red output waveform
7Vto8Vv ,L 4—Matrix green output waveform

From clamp-keyer 5-Keyed pulse from flyback transformer

flyback winding

FIGURE 10-5 The various color waveforms found on the chroma/luma IC (IC701) in the
RCA CTC111 chassis.

passed through the phase-compensation delay line (DL2701). After the delay line, the sig-
nal is divided into two paths (Fig. 10-8). The high-frequency component of the video sig-
nal goes to the sharpness circuit within U1001 at pin 52. The low-frequency portion of the
signal is applied to pin 53 of the contrast circuit within the IC.

The gain of the sharpness control is controlled by dc voltage at pin 51. The dc voltage is
produced by filtering the digital sharpness-control signal (BRM) output from U3300 (pin
16). The high-frequency luminance output of the sharpness circuit is input to the contrast
circuit. The gain of this circuit is controlled by the dc voltage at pin 8. This contrast volt-
age comes from the BRM signal at U3300 (pin 20).

The output of the contrast amplifier is filtered and passed to a dc clamp circuit. The ref-
erence level for the video signal is set by the clamp circuit. Pin 19 of the AIU (U3300)
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FIGURE 10-6 The keyed waveform at pin 7 from the

flyback circuits.

+9V
TP2708
16 [ R2705
Sharpness > 51 vCce —AAA Luminance
signal 13
Video
input
P DL2701 02?015 U1000
Contrast — luminance
preset processor
. TP2707 TP2713
Contrast A | 15 )i R2731 Brightness
R2708 8 signal

FIGURE 10-7 The block diagram of the RCA CTC156/157 luminance processing

circuits.

develops the brightness control voltage. This dc level will vary as the brightness- and con-

trast-control voltages are varied.

The luminance signal from the dc clamp is applied to the luminance output amplifier (Y
output) and it exits from pin 13 of U1001. CR2703 adds the horizontal and vertical blank-
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ing signals. Now the luminance signal is applied to pin 8 of the luminance buffer (Q2901).
The luminance information is mixed with the chroma output circuit at the CRT driver/bias
transistors.

The horizontal blanking signal is applied at pin 13 of U1001. This blanking signal inside
of U1001 is used as a timing reference. Both chroma and luminance circuits can be af-
fected if the horizontal blanking signal is missing or weak. Both the horizontal and verti-
cal blanking signals are positive pulses, with 9-V peak voltage.

The deflection circuit’s sync signal is developed in the luminance-processing section.
Generation of the sync signal is required for proper operation of deflection and chroma
circuits within U1001. Check the sync separator at the tint-control input of U1001. You
should see the negative-going composite sync pulses.

The beam-limiter circuit reduces the amount of drive to the CRT when a predetermined
level of beam current is exceeded. The beam-limiter circuit is tied to the brightness and
contrast-control lines with CR2701 and CR2707. The beam current overrides the contrast
and brightness settings generated by U3300 during periods when the beam current exceeds
the predetermined level.

The high-voltage resupply voltage from pin 6 of T4402 begins to fall as the beam cur-
rent rises. Now the base voltage of Q2703 goes down. If the base voltage falls, the transis-
tor turns on and pulls down, controlling the brightness and contrast voltages at pins 8 and
15. R2701, R2718, and R2781 determine the point where the beam-limiter circuit starts to
override the brightness and contrast voltages.

Troubleshooting CTC156 luminance circuits Check for video signal at the con-
trast preset control and pin 53 of U1001 (TP2307). Check the CRT driver/bias stages if the
video signal is present. Scope for missing blanking signals at pin 13 and CR2703 (TP2705).
Ifthe video output signal is missing at pin 13 with normal input voltage at pin 53, check the

FIGURE 10-8 The latest delay line in a 13-inch portable TV.
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brightness, contrast, and sharpness-control voltages while varying the controls. Check for
dc clamp voltage at pin 14. The voltage can vary slightly because of adjustments and dif-
ferent test instruments. The de clamp voltage can vary from 1.6 V to 2.6 V as the brightness
control is rotated.

Check pin 16 of U1001 for correct supply voltage (9 V). Do not overlook the possibility
that the ground connection at pin 12 is poor. Check the control-pulse outputs of BRM AIU
(U3300). If the BRM signals are normal with abnormal brightness and contrast voltages,
suspect that the problem lies in the beam-limiter circuit and Q2703. Suspect U1001 if the
input signal is present, but no output signal is at pin 13.

Color IC Circuits

The IC has taken over the color and luminance circuits within the latest TV. You might
find that one large IC contains the color, luminance, video, sync, and AGC circuits (Fig.
10-9) in a single device. Any breakdown in one particular circuit can destroy the IC and
cause a loss of color in the chroma section.

One of the most important tests points within the color circuits is to check the power
voltage source. A low voltage applied to the IC terminal can indicate that the power sup-
ply is defective or the IC is leaky. Check the schematic for other circuits that feed from the
same power source. If the voltage is low at all other circuits, you can assume that the
power supply is at fault. A lower-than-normal voltage at the power source of the IC can in-

dicate that the IC is leaky (Fig. 10-10).

Color 3.58 MHz Color
IC crystal section

FIGURE 10-9 The chroma stages can be found in one large IC
with other circuits in today’s TV chassis.
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126V
11
R715 IC700 Chroma
330
Circled voltage with
leaky IC700
Y
+18 V

FIGURE 10-10 Check for a leaky IC if the voltage is low
at the supply pin of the IC.

To determine if the IC is leaky or if the power supply is defective, the PC wiring can be
cut at the power-source terminal or the IC pin (11) can be removed from the circuit. The
quickest method is to remove pin 11 from the PC wiring. Lift the solder from around pin
11 so that the terminal is free from the board wiring. A leaky 1C will measure under 500
at pin 11.

Now check the dc voltage at the power source or wiring. Ifthe voltage returns to normal,
suspect that the IC is leaky. Check for a burned or open voltage-dropping resistor (R715)
and power supply if the voltage source remains low. Often, if the power source is low in
voltage, you will find other weak or dead circuits tied to the same power source.

A defective component within the color circuits tied to the IC can cause lower voltage at
a certain terminal. Measure the voltages at each color terminal, and compare them with
those on the schematic. Leaky bypass and electrolytic capacitors tied to the IC terminals
can cause color problems. Open or increased resistances of fixed resistors at [C terminals
can produce higher voltages.

A defective IC can cause intermittent, weak, or missing color in the picture. The wrong
tint or a missing color can be caused by a leaky chroma processor [C. Color bars or colors
within the black-and-white picture can result from a defective chroma IC.

Before removing the suspected chroma IC, take accurate voltage measurements on
each terminal. Be sure that a leaky or open component tied to the IC is not causing the
condition (Fig. 10-11). Take accurate voltage measurements at the power-source ter-
minal. Check for correct color waveforms at the most crucial color test points. If you
are still in doubt, remove and replace the color IC with one that has the correct part
number or use a universal replacement. Most universal ICs and transistors work well in
color circuits.

Bypass and electrolytic capacitors should be shunted if you notice color ringing in the
picture. Check each capacitor for leakage. Remove one terminal for correct leakage tests
after a lower-than-normal measurement is found in the circuit. An intermittent or weak
color problem can result from a malfunctioning electrolytic capacitor.
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)

Crystal Color IC

FIGURE 10-11 Look for the color crystal and color IC in the TV
chassis.

COLOR MATRIX CIRCUITS

Within the tube and early transistorized color chassis, the demodulator, x, and y circuits
mixed and amplified each separate color and were connected to the correct picture-tube
color element. Today, the demodulator and matrix circuits are provided inside of the IC,
with each color output fed to a single-color output transistor. The color-output transistors
amplify the red, green, and blue signals to their respective gun assembly within the CRT.

A scope waveform at the three-color output terminals of the IC will indicate which color
is missing or weak (Fig. 10-12). The waveform and amplitude of the red and green color-
output signal at the 1C terminals should be the same. If one color is weak or missing at the
IC terminals, suspect that the chroma IC is defective.

Look for a leaky or open color output transistor if one color is missing or weak at the
CRT. Be sure that the picture tube is normal. Raise and lower the screen voltage of each
screen control to determine if the weak or missing color is indicated on the CRT. Check
the picture tube with a good CRT tester for the missing color.

A quick voltage measurement on the collector (body) terminal of each color-output tran-
sistor can help you to locate the defective output transistor (Fig. 10-13). Normally, these
collector voltages are within 5 V of each other. Go directly to the green output transistor if
weak color or if no green is found in the picture. Check for low or very high voltage mea-
surements at the collector terminal. A low collector voltage measurement can indicate that
a color-output transistor is leaky or that the CRT element is shorted; a very high collector-
voltage reading indicates that a color-output transistor is open. Very low collector voltage
on all three color transistors can be caused by an improper boost or power-supply voltage.
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Remove the color transistor that you suspect might be leaky when you test it for leakage.
Sometimes these transistors can be intermittent, but when removed, they test normal. Re-
place the suspected color transistor if the CRT and IC are normal, but one color is weak or
missing. These color transistors can be easily replaced because most of them are located
on the chassis assembly of the CRT socket (Fig. 10-14).

COLOR CIRCUITS OR CRT?

To determine if the color amp or picture tube is defective, take a color waveform mea-
surement at the collector terminal of each color-output transistor. Go directly to the color-
output transistor if one color is weak or missing. Take a quick voltage measurement at the
collector terminal. Raise and lower each screen control to determine if the picture-tube cir-
cuits are defective (Fig. 10-15).

Suspect that a color-output transistor is leaky if low voltage is at the collector terminal.
A shorted CRT gun assembly could also be the cause. Remove the transistor and take an-
other voltage measurement. If the voltage is still low, suspect that a spark-gap assembly or
picture-tube element is leaky. Remove the CRT socket and notice if the voltage increases.
Suspect that the problem is with the CRT if the voltage increases.

The screen was all blue with no picture in a Goldstar KMC1344G. The brightness con-
trol had no effect and the sound was normal (Fig. 10-16). A voltage measurement at the
metal end (collector) of the blue output transistor was low (7.2 V). The normal collector
voltage should be about 135 V.

Q509 was removed from the circuit board and it tested leaky. In fact, a 1152- leakage
measurement was found between the emitter and collector terminals. Because high leak-
age was found between the two terminals and the collector voltage was very low, R542
was measured for correct resistance. Sometimes these collector load resistors will become

Color output R605
Q905 155V MM

@

@ Red

R612
152 v ‘ﬁ :
Q906
® Green ®) —] CRT
R618 ]
1.8k
154v 18k

Blue

®

FIGURE 10-12 Check the color output circuits by the numbers if the color is
lost or weak.
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Q751

red output
R713 amp
22kl 81V

Chroma IC 33V

200

IC700 22
21 @

3.3V

e

36V

Q752

143 V

R651

R654

143V

green output -
amp 8.1V
R714
2.2 k() R721
2.7 k()
Q753
blue output
R714 amp

R652

R655

CRT
R7e1 ~ Pin8
R801
10 kO
R762 Rt

pini2

R653

R656

R763
CRT
N ‘\ﬁl”u%
4 pin 3
R803
10 ki)
b 4
171V

FIGURE 10-13 Check the voltages at the collector terminals of the color output
transistors to locate a defective transistor.

hot and change resistance. Replacing Q350s with a universal ECG376 solved the all-blue

raster problem.

Replace the entire color-amp module in a modular color chassis to determine if the
color-amp circuits are defective (Fig. 10-17). A separate module feeds each color to the
CRT, or they might be combined in one module.
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Color output
transistors

FIGURE 10-14 The color output transistors are located on the
CRT PC board.

Adjustment
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FIGURE 10-15 The color bias adjustments might be on the CRT
board.
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Q509 L512 R545 R903
Blue output 1.5k 3.3k

138V R542
75V
foput T b
R513 8V
2.7 kQ
+11.8V
R559
Blue

bias

FIGURE 10-16 The all-blue screen was caused by a leaky blue
output transistor (Q509).

Color amp transistors Color amp resistors

FIGURE 10-17 Replace the leaky color output transistor and
collector load resistor if they are burned or have changed in value.
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NO COLOR

Before checking the color circuits for no color, be sure that the color control is wide open with
the tint control set in the middle of the tint range. Readjust the fine-tuning control behind the
selector knob to adjust the color, picture, and sound. Turn up the color-killer and color-level
controls for greater color in the picture. Be sure that the black-and-white picture is normal.

The no-color symptom can be caused by any component in the color circuits. If the 3.58-
MHz crystal does not oscillate, no color will be in the picture (Fig. 10-18). A leaky transistor
or IC can cause the no-color symptom. Faulty bypass and electrolytic capacitors tied to the
transistor or 1C terminals can cause no color in the picture. Improper or no low voltage from
the power supply can produce weak or no color. Check the color waveforms of the 3.58-MHz
oscillator. Connect the color-dot-bar generator to the antenna terminals and check for normal
color waveforms at the demodulator or matrix stages. Go back to the burst and bandpass
stages if no color waveform is at the color-output transistors. Check the color at the base and
collector terminals of each stage. Check all waveform test points on the chroma IC. Follow
the manufacturer’s troubleshooting chart, which is included in most service literature.

A quick in-circuit transistor test with the diode-transistor test of the DMM located a
leaky first bandpass transistor in a Panasonic CT301 (Fig. 10-19). Voltage measurements
on all terminals were quite close, indicating transistor leakage. TR601 was removed from
the circuit and it showed high leakage between all three terminals.

The no-color symptom was found in a Sharp 9B 12B with a normal black-and-white pic-
ture. Voltage measurements on all ICB01 terminals were fairly normal. No color wave-
forms were found on the IC terminals. IC801 was replaced with the exact replacement part

3.58 MHz crystal Color IC

FIGURE 10-18 Locate the color crystal and large IC to take cru-
cial waveforms and voltage measurements.
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TR601 @
first bandpass
196V | Te02
r A ﬁ —
]
]

r
; l 97V R605 !
C602 4.7 k() l
I 18 pF 9.8V
: L N
L3
R603 C604 R606
6.8 k(2 0.01 uF 3.3 k)
4
pu— 21V

Note: Circled voltages were measured with a leaky TR601.

FIGURE 10-19 In-circuit transistor tests helped to locate a leaky TR601
band-pass transistor in a Panasonic CT301.

(part number RH-1X0093 CE22). This color 1C must be replaced with an exact-type part
because, at this time, there is no universal replacement.

Check component C39 and the 3.58-MHz crystal for no-color symptoms in the RCA
CTRC97 chassis (Fig. 10-20). C39 has been found leaky in several chassis. All voltages
are normal on [C U1, except pins 2 and 3. You might find that pin 5 has a higher voltage
(8.6 V). Check C39 with a resistance measurement at pin 3 to ground. This reading is al-
ways under 5 k£2.

WEAK COLOR

A weak-color symptom can result from a poor black-and-white picture or a defective com-
ponent in the color stages. Low or improper voltages from the power source can produce
weak color. A leaky transistor or [C can cause weak or no color. Check for burned resis-
tors and open bypass capacitors in the bandpass amplifier stages. Suspect that leaky or
open diodes are in the AGC color circuits.

Open coil windings can produce weak color symptoms. Improper color alignment can
cause a weak-color symptom, but do not try to adjust these coils or capacitors without
proper color test equipment. These adjustments do not jump out of alignment by them-
selves. Poor board wiring connections can cause weak color conditions.

INTERMITTENT COLOR

The intermittent color problem can take a little longer to locate than the ordinary TV
symptom. First, check for a dirty tuner. Often, intermittents are caused by heat, poor tran-
sistor junctions, and poor board connections. Spray each transistor and 1C in the color cir-
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Color signal

cuits with coolant. Push up and down and around the color board to make the color come
and go. Sometimes heat applied near the component can cause it to act up. If only one
color is intermittent, go to the demodulator, the x and v circuits, and the color output tran-
sistors. Also, suspect that a color-gun assembly of the picture tube is defective.

Poor eyelet or griplet connections within the General Electric ABC chassis can produce
intermittent color pictures. Solder all double-sided griplet connections around the color
circuits. Some technicians place a small, bare piece of hookup wire through the eyelet and
solder the lead on both sides for a good connection.

Check the following components in an RCA CTCI120A chassis if intermittent color con-
ditions occur (Fig. 10-21). Spray C814 and C815 with coolant to see if the color disap-
pears. Often, replacing both capacitors solves the intermittent color problem. Check L804
for open coil connections. Sometimes just moving C818 and Y801 will make the color
come and go. You should notice very little voltage change when one of the intermittent
components acts up.

Suspect that the 3.58-MHz crystal is defective if color bars are visible. Poor board or
component connections within the crystal circuits can develop into visible color bars. Au-
tomatic frequency phase control (AFPC) color alignment can help prevent the color pic-
ture from drifting out of frequency and going into color bars. Also, a defective
color-processor IC can produce color bars.

NO RED

Go directly to the demodulator (x) and red color-output transistors if the red color is
missing or intermittent. Likewise, if only one color is missing, proceed to the color-output

Chroma
processor

input

Y

C42 C39
0.01 pF 0.01
I nF

11.75V -

Note: Circled voltages were measured with a leaky C39.

FIGURE 10-20 Leaky capacitor C39 produced a no-color symptom in this RCA
CTC97 chassis.
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U701 chroma IC
519V 519V 78V

CDN NG
(e
R811 @ R813

360 k() C815 1 k)
100 pF C818

c814
5 uF to 25 pF
150 pF " "

— — —
- - -

Note: Suspect all components circled for intermittent or no color symptoms.

FIGURE 10-21 Check the circled components at the chroma IC if the
color is intermittent or missing.

circuits and picture tube. Check the picture-tube circuits and the CRT for a missing color.
Raise and lower the screen control to determine if the picture tube or circuits are defective.

The color-output circuits can be checked for correct waveforms or voltage measure-
ments. In an RCA CTCR87 chassis, the red color was missing from the picture (Fig. 10-22).

Ris Q1
220 ) redout
Input AAA / Open
R12
. 2.7 kil Topin8
CRT
R1
R11 10 k2
330 2
L1
1.72v
175V

FIGURE 10-22 Red was missing from the picture because of
an open red output transistor (Q1).
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To horiz. output
transistor

€

T1700
horiz.
output
Boost
504V transformer
Ya79 R979
220

c492 =i C977

0.01 uF I I 0.001 pF

FIGURE 10-23 Check for weak or absent color at poor boost voltage in a General
Electric ECA chassis.

114V

A normal black-and-white picture was noted with the color control turned down. A quick
voltage test at the collector terminal indicated that the voltage was high (186 V). Q1 was
found to be open in the circuit with an in-circuit transistor test. Replacing Q1 with a GE-27
transistor solved the no-red symptom.

Suspect a problem in the low-voltage power supply if no color or only weak color is visi-
ble in the picture of a GE-ECA chassis (Fig. 10-23). With one particular GE-ECA, very lit-
tle collector voltage was measured at Q403, Q405, and Q401. A voltage check at the
boost-voltage source indicated no boost voltage. Resistor R979 in the flyback winding of
the boost voltage was open. It’s wise to also check Y979 for leakiness.

Too much green, just a little blue, and no red was found in a Zenith 14DC15 chassis (Fig.
10-24). The 3.5-MHz waveform was missing at the collector terminal of the 3.5-MHz amp
transistor (Q206). A voltage measurement indicated that Q206 was leaky. The transistor
was shorted on all elements. Replacing Q206 with an SK3122 universal replacement solved
the messy color picture.
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NO TINT CONTROL

Check the tint-control circuits if the tint control has no effect on the color picture. Often, one leg
of the tint control is open within the tint and color circuits. Take a quick resistance measurement
on both sides of the tint control. The voltage on the tint control can run high with an open
ground connection to the grounded side of the control. Also, check for an open tint control.

The tint control had no effect on the color picture in an RCA CTC68L chassis (Fig. 10-25).
With a resistance continuity check on each side of the control, an open was found between
the tint control and the chroma module. One side of L111 was found to be open. L111 was
removed and repaired. Replacing L111 solved the open connection between AF and the tint
control.
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N

Q206
3.58-MHz L225
amp

1V

R375
1.8 k1

24V

Note: Circled voltages were measured with a leaky Q206.

FIGURE 10-24 No red was found in the picture of a Zenith 14DC15 chassis,
because of a leaky Q206.

ﬁF
Tint
control
L111
R4017
3.9 ki)
FIGURE 10-25 L111 was found open in
an RCA chassis with poor tint control.

ALL-BLUE RASTER AND SHUTDOWN

Suspect that a picture tube or spark-gap assembly is shorted on the CRT elements if the
TV comes on with a bright color, then shuts down. The raster gets extremely bright
within a few seconds. Often, chassis shutdown is caused by excessive high voltage at
the anode terminal of the picture tube. Test the picture tube for a shorted element.
Sometimes the CRT tester might not show a leaky gun assembly. The gun assembly can
become shorted only when voltage is applied to the heater and other elements. Pull off
the CRT socket and fire up the chassis. If the chassis does not shut down, replace the
picture tube. Check for a leaky spark-gap assembly if the chassis does not shut down
with the CRT socket removed.
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The raster was all blue in an RCA CTCI111A chassis before shutdown. Within a few sec-
onds, the blue raster became brighter before shutdown. The spark-gap assembly (pin 11)
was shorted to chassis ground (Fig. 10-26). Replace the component with one that has the
original part number (146169). Remember, in some TV, the spark-gap assemblies can be
found inside of the CRT tube socket.

CRUCIAL COLOR WAVEFORMS

Six color waveforms can be checked at the color IC processor to indicate that the 1C cir-
cuits are functioning. Take a color input terminal to determine if color is at this point (Fig.
10-27). The color waveform (Fig. 10-28) will indicate if the color oscillator is functioning.
The color-output signals for the three different color-output transistors are taken and all
three look somewhat alike (Fig. 10-29). If the color-output signals are missing, suspect

_/

L5001 _'l
Blue R5001
color output 22 k() —JI CRT
A ,

FIGURE 10-26 Check for a shorted spark gap if the all-blue screen
is noted on an RCA CTC111.

C809 cs11 ™
56 pF 33 pF
Color input >—| Gﬁ IC1001 Luminance/Chroma  [——
R813 I—»
750 (1 L802
0.5V pp

FIGURE 10-27 Check for the correct color input waveform to
determine if color is present here.

—l
]
o
c
]
F
m
[7]
-
o
o
=
=
o
-
=
=)
]
m
v
E
=
=
o
"
Q
e
1~
7]
—l
-3
-
]
—l
<
7]




328

COLOR CIRCUIT PROBLEMS

FIGURE 10-28 The color waveform (3.58 MHz) will indicate
that the chroma oscillator is functioning.

R2521
390 Q2
—1C1001  Luma/Chroma processor [— To green color
49 10 sz?i output transistor
\330 pF C2523
T 270 pF
\._

With color-bar
generator connected

to ant input
o antenna inpu 2.4V pp

FIGURE 10-29 Color output waveforms on all three color-output circuits.

that a color 1C is defective or that the voltage supply is not working properly. Last, but not
least, a color trigger pulse from the flyback is shown in Fig. 10-30. No color appears in the
picture if any one of these waveforms are missing.

TROUBLESHOOTING THE RCA CTC108 COLOR CHASSIS

Be sure that a good black-and-white picture is found before attempting to service the color
section. Readjust the color and tint controls. Check the picture for no color, intermittent
color, or color bars. In addition to the CTC108 chassis, the following color procedure is the
same for CTC107, 109, 111, and 115.

Measure the dc voltage at pin 23 (10.5 V) of U701. If the voltage is between 10.5 V and
12 V, assume that the power supply voltage is normal (Fig. 10-31). A lower voltage can
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indicate that IC U701 is leaky or that the power supply is defective. Remove pin 23 or cut

the foil to determine if the low voltage is caused by the power supply or by a leaky 1C.
Now check the input color waveform at pin 3. Turn up the color-level control (R816) if

the amplitude of the color waveform is low. Check the chroma signal at the chroma buffer

FIGURE 10-30 Trigger pulse from the flyback winding

-l
=
]
c
]
F
m
v
- o
o
o
-
=
o
b
Z
=]
n
m
v
B
=
=
]
W
Q
c
=
"
-l
>
to the color IC. -
-l
<
L7/

0.2-V horiz. 4-V horiz.

Wi

0.2-V horiz. =
}— 3 U701 22 ﬁ 3-V horiz.
7 23 21
7.5-\V :
horiz. ‘ﬂ-m.rL
105V
4-V horiz.

Critical test points

FIGURE 10-31 Check the power-supply pin (23), color
input, oscillator, three color outputs, and the trigger pulse if
there is loss of color.
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transistor (Q800) if poor or no color signal is found at pin 3. Check the IF circuits if the
color signal is lost.

Proceed to pin 7 and check the sandcastle waveform. The sandcastle input waveform
must be present or U701 will have no color output. In most color circuits, the keying wave-
form comes directly from a separate winding of the horizontal output transformer.

Check the 3.58-MHz oscillator waveform at pin 13. No color will be present in the
picture if the oscillator is not working. Measure the voltage at pin 13 (7.65 V). Substi-
tute the crystal (Y801) if the voltage is normal without the oscillator waveform. Re-
place the crystal with an exact replacement part. Suspect C818 for intermittent or no
color (Fig. 10-32).

A normal demodulator waveform at terminals 20, 21, and 22 indicates that the color cir-
cuits are normal at U701. Check the chroma input signal at pin 1 and 17 if the demodula-
tor waveforms are missing or improper. Measure the voltage on pins 1 and 17. Take a
resistance measurement between the terminals and chassis ground. The resistance mea-
surement should be infinite at terminal 17 (Fig. 10-33).

Suspect that U701 is defective if there is no demodulator output, but the color voltages
and the signal to the demodulator circuits are normal. If the demodulator waveforms at
U701 are normal and one color is missing, suspect the color output amp or picture tube.
Take a voltage test on the missing-color output-transistor collector terminal. Measure the
voltage at the metal heatsink at the end of transistor. Compare this voltage measurement
with those at the other two color transistors. If the collector voltage is high, suspect that an
output transistor is open. A low-voltage measurement can indicate that a transistor or picture-
tube element is leaky.

Check the following components (Fig. 10-34) for color problems related to the chroma
processor (U701). No color is identified by number 1. For intermittent color, check num-
ber 2. For weak color, check number 3. Check number 4 for oscillating and color bars.

FIGURE 10-32 The color oscillator (3.58 MHz) waveform
taken from the IC of a crystal pin terminal.
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INF INF 48k 6.9k} 3.2k 9.2kfl 92kl 4.7k

Color
U701
12 1 13 27 15 18 19 20
7 2310 9 5 6 4 14 2 26 16 8 24 25 28 19 1 21
’ l 12.8 |
15.2 m'\lleF INF | 32k) ] 44.7 32k | 1o 9ok
k{2
105V INF 34 45k 71kQy T 230kQr INF 47k0
427 (1 MO
NC
6.3 k()

FIGURE 10-33 Normal resistance taken with a DMM in an RCA CTC107, 108, 110, 111,
or 115 chassis.
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470 0 Y801 Rl Sy
Of 1 13 15 18,20 Blue 1o,
> U701 chroma 22— output
5 6 23 21 waveforms
D D 0000 |
10.5V
i
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csos L 1 ,F € Reo3

0.01 pFI 3.3 M)

FIGURE 10-34 Check these components if the color is weak, intermittent, or
missing at the IC (U701).
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Difficult Color Problems

An intermittent color problem is perhaps one of the most difficult malfunctions to diagnose
in the TV. Monitor the signal waveform at the output terminals of IC1001 at pins 9, 10, or 11
(Fig. 10-35). Suspect that problems are in the color-output circuits if the waveforms are nor-
mal. If the waveforms become weak or disappear, suspect trouble with IC1001 or the com-
ponents in the color circuits. Check the color oscillator waveform at pins 4 and 5 if the color
disappears. Suspect a problem with crystal (or with the components soldered to these termi-
nals) if the oscillator quits operating. Monitor the color input terminal 49, contrast waveform
at pin 53, oscillator frequency at pins 4 and 5, and color output at pins 9, 10, and 11. Moni-
tor all voltages on the color circuits—especially those at supply-voltage terminals 14 (9 V)
and 7 (3.5 V). Replace the intermittent color 1C (IC1001) if other components and voltages
are normal. Take color waveforms with a color-dot-bar generator connected to the antenna.

UNUSUAL COLOR PROBLEMS

No color was the symptom in an Emerson MS250R model. The waveforms at output pins
19, 20, and 21 were not there, indicating trouble within the IC201 chroma IC and circuits.
No color waveform was found at pin 16 of the color oscillator (Fig. 10-36). The X201
color crystal was replaced, but still the color was missing. The input color waveform was
normal at pin 6. All voltages were fairly normal and IC201 was suspected. After replacing
TA7644BP with universal replacement ECG1547, the color was still out. When VC201
was accidentally prodded, then returned and went out. VC201 (a 20-pF trimmer capacitor)
was replaced and the color was restored.

To red

55\ output
9

Color ~.149 IC1001 To blue

input Luminance/Contrast/Chroma 11 output

54V
3 5 4 |16 112 10
3.6 k2 1 54V = 10 green
Y201 ) output

10 pF LTl

9V
Video M’ﬁ 3.5 MHz \m
input 2.2 kO

T 54?0 0

10 pF jf 0.01 pF

FIGURE 10-35 Monitor the intermittent colors at pins 9, 10, and 11 of IC1001.
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—————
21
Chroma TA7644 BP To color
input >§ IC201  Video/Chroma/Deflection IC 19 output
3 11 16 c224 |17 18 |20
0.002 pF
= ——— -
R234
_ 470 ()
+15V R231 R237
1k Y201 470 kO
L .
ca223 [ caz22 VC201 1 Cc225
12 pF T TSS pF 20 pF ’I‘82 pF

Defective

FIGURE 10-36 The unusual color problem in an Emerson MS250R was caused by
trimmer capacitor VC201 (20 pF).

FIVE ACTUAL COLOR CASE HISTORIES

The following are five actual color-related TV problems.

No red in picture in a Sony SCC-548D The red output color was fairly normal on
pin 18 of chroma 1C301, but none was in the picture tube. A quick voltage test on red
color-output transistor Q703 (located on the CRT “C” board) indicated a leaky transistor.
Q703 was removed and found to be leaky (Fig. 10-37). R709 (15 kQ) to the collector ter-
minal of Q703 was burned. Q703 (28C2276) was replaced with an ECGI171 universal
component, and R709 was also replaced, which cured the no-red symptom.

Q703 R710
R310 Red output R 3.3k To pin 10 of

L703 CRT

330 (2

R709

15 k2
18

IC301 Y Chroma single

+192V

Replace

FIGURE 10-37 Leaky transistors Q703 and R709 (15K<2) were replaced to restore
the red output in a Sony TV.
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—— = Red output

9

Input >—3%  |C501  Chroma/Sync/Output |- Blue output

_ 4V|16 128 1:‘13 0 10
o 5

- (m —— = Green output

Leaky TE“ pF P

X501
]
na2v I 3.58 MHz

FIGURE 10-38 A lack of color in a Goldstar TV chassis was
caused by a leaky IC501 with low voltage on supply pin 16.

No color in a Goldstar CMT-2612 A good, normal black-and-white picture was
found in this Goldstar chassis, without any color. A quick color scope waveform check on
pins 9, 10, and 11 showed no color. A normal color waveform was found at pin 30 of
IC501. Pin 14 of the oscillator had no waveform. The supply voltage on pin 16 was less
than 1 volt (Fig. 10-38). Pin 16 was removed from the PC board; it had a 0.15-) mea-
surement to common ground. IC501 (LA7629) was replaced with an NTE7008 universal
replacement. R550 and D504 were also replaced in the low-voltage (11.2-V) source of the
power supply.

Intermittent or no color in an RCA CTC156 Sometimes the color in an RCA
CTC156 color chassis (Fig. 10-39) would disappear and return without any remote-control
transmitter adjustments. Capacitor C2810 on pin 5 of the color IC (U1001) was suspected.
When the color was tuned in, the voltage was around 8 V; it should be about 5.2 V on a
black-and-white or no-color picture. If the voltage is below 5 V, suspect that C2810 is
leaky. This capacitor has caused a lot of different color problems on several different RCA
TVs.

Replace ICU1001 if no color is found in the picture of an RCA CTC159 chassis. Also,
in some chassis, replace a leaky diode (CR3305) (Fig. 10-40). If in doubt, replace both
U1001 and CR3305.

Intermittent color in a RCA FJR2020T Suspect that C611 has failed in the RCA
FIR2020T chassis if the color becomes intermittent, noise appears, and the picture disap-

V1001 Color
killer
| 5
With color—8.8 V FIGURE 10-39 The color was

Nocolor—5.2V  —— a4 intermittent in this RCA CTC156 chassis;

it was caused by a faulty capacitor
(C2810).
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pears (Fig. 10-41). This capacitor is noted for developing intermittent and open conditions.
C611 is located between the video buffer and comb processor (U600).

TROUBLESHOOTING WITH THE
COLOR-DOT-BAR GENERATOR

The low-cost portable color-pattern generator provides a variety of test signals and pat-
terns for TV and VCR servicing. These testers are usually crystal controlled, with outputs
on channel 3 or channel 4 of the TV. The video patterns consist of a dot, crosshatch, and
color bars, a gated rainbow, three bars, or ten bars. There is also a color raster, full-field
color raster, user-adjustable hue, blank raster, purity, white wide bar, and half-screen white
bar. The video output is | volt peak-to-peak (Fig. 10-42).

The color-dot-bar generator is ideal when setting up and adjusting the TV, or for making
adjustments after a new picture tube has been installed. This tuner is also connected to the
TV antenna for color troubleshooting. Most manufacturers (and Howard Sams Photofacts)
use the color bar or NTSC color generator for color waveforms within the color circuits.

Leaky replace

U3300 CR3305 1 ki) _
AU 17 ? > ’ AN » To U1001 pin 2
color
R3327 C3323
58 k) T 0.001 uF
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FIGURE 10-40 If no color is found in the picture, replace the leaky
components (U1001 and CR3305) in the RCA CTC159 chassis.

Defective
R&07
usoo W 1.8 k1
Comb Ay AYAVAY 2 AVAVAY

filter U 3.3 k(2

ce611

0.24 pF E 604

1000 pF
IF preset = AN I .

Video
buffer = \

FIGURE 10-41 A defective C611 (0.24 pF) caused intermittent
color in an RCA FJR2020T.
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FIGURE 10-42 The color-dot-bar generator can help you to
troubleshoot the color circuits if the oscilloscope is an indicator.

Conclusion

Checking the color-section waveforms can help you to solve the most-difficult color prob-
lems. After locating the missing color signal, take voltage and resistance measurements.
Testing the suspected transistor within the circuit can help. Besides the chroma IC, check
for leaky capacitors or a change in resistance between the ground and terminal pin.

Intermittent color symptoms can be caused by poor board connections. Chassis with
double-sided board wiring can have intermittent feed-through connections. Do not over-
look the possibility of a bad 3.58-MHz color crystal if no-color or intermittent-color symp-
toms occur. Always use an exact replacement part when changing crystals. Use coolant
and heat on suspected transistors or ICs to see if the symptoms change.

TABLE 10-1 TROUBLESHOOTING THE COLOR CIRCUITS

WHAT TO CHECK HOW TO CHECK IT
No color in picture. Adjust color killer.
Check color oscillator waveform. Check supply voltage to color IC-sub crystal.
Check for color input waveform. Check luma and input circuits.
Still no output color. Check waveforms on color output IC.
Check waveform from flyback.
No red. Check output of red IC.
Check red output transistor.
Check voltage on red output.
Weak color pictures. Test picture tube—red, green, and blue guns.
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Color alignment should not be attempted unless the required test equipment is available.
Follow the manufacturer’s color-alignment procedures for each TV. Do not tamper with
color adjustments. The trouble might be elsewhere and the adjustments do not move by
themselves. If you feel that color alignment is needed, take the chassis to a qualified TV
technician or to a factory-service center that performs color alignment. For more informa-
tion on troubleshooting the color circuits, see Table 10-1.
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11

TESTING THE

REMOTE-CONTROL
CIRCUITS

CONTENTS AT A GLANCE

Basic Remote Transmitters RCA CTC157 infrared receiver
Testing supersonic remote circuits
transmitters TV control modules
Servicing the sonic transmitter On/off circuit tests
Infrared remote transmitter TV relay problems
Testing the infrared transmitter Five actual remote case histories
Infrared remote-control tester Troubleshooting interface circuits
RF remote-control receivers
Standby power circuits Troubleshooting the
Keyboard Interface
In-TY Remote-Contr{_}l Cireuits Universal Remote Controls
Infrared remote receiver
Simple remote-control receiver Conclusion

Servicing the remote-control units is just as easy as repairing the horizontal stages of a
TV. Most TVs sold today are of the remote-control variety. With many additional cable
stations, the remote receiver has moved rapidly into most homes. The remote-control cir-
cuits offer easy operation of the TV from a distance. Like any other TV component, the re-
mote circuits break down and need repair.
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1 bu_-..r

FIGURE 11-1 Many different sizes of batteries are used in
remote transmitters.

The remote circuit consists of a transmitter and receiver to operate the various functions
of the color receiver. In the very early remote TVs, the mechanical transmitter operated the
on/off, volume, and channel selector. The remote receiver picked up the transmitted sig-
nal, operating the various functions with several small ac motors. Later, the mechanical
transmitter was replaced with a supersonic unit (Fig. 11-1). Today, the infrared transmit-
ter controls many different operations, including scanning stations up and down, selecting
individual channels, turning power on or off, selecting volume, and muting the sound. Be-
sides controlling all TV functions, some remote transmitters that control the various oper-
ations of a VCR.

Basic Remote Transmitters

One of the first methods used to generate a supersonic wave for remote control was a me-
chanical or physical method of tapping a metal rod with a hammer or trip-type plunger
(Fig. 11-2). To generate three different signals, each rod was of a different length. Each
rod represented a different frequency to control the on/off switch and the channel up/down
selector. The supersonic signal was picked up by the remote transducer of the remote re-
ceiver to control the various operational functions (Fig. 11-3).

Another transmitting method was to generate an electronic signal to control certain fre-
quencies to be radiated through a speaker or transmitter (Fig. 11-4). The frequency zone
chosen was between 44.75 kHz and 47 kHz. This frequency avoids most signals that might
erroneously trigger the remote receiver. Of course, garage door openers, door and telephone
bells, and other sources of supersonic signals can trigger the TV’s supersonic receiver.

In a Sharp transmitter circuit, you will find that the on/off and volume are controlled at
41.5 kHz, channel-up at 40 kHz, and channel-down at 38.5 kHz. Likewise, in an RCA
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[ 1
o\
Tapper | Round metal
L bars

FIGURE 11-2 The mechanical plunger used in many early
remote transmitters.

RF sonic transducer T
0
Remote
_ ! __) controlled
Transmitter ] I: receiver functions
Sensor
Battery-operated
120-Vac

FIGURE 11-3 A block diagram of the sonic transmitter, with the
transducer in the receiver.

c102 L101 Q1 oscillator

2 n 4 I_ + -
C105 c107 I _l_
-[;' _ 1 cin

111 -|-_—I.C108 C109 —a
Transducerb C104 018?”%
T volume VHF UHF
C101 D102
R112
L
C110
T I "'I: [
15V

FIGURE 11-4 A typical sonic transmitter, controlling on/off/volume and VHF/UHF tuning.
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CRKI19A remote transmitter, the on/off and volume operate at 44.75 kHz, with channel-up
and -down at 41.75 kHz. Other manufacturers use different frequencies for volume and
channel selections. You might find that one frequency controls the on/off and volume in
one model; in another model, the same frequency is used for channel-up or -down. This
helps prevent the interaction of remote transmitters when two or more remote-control TVs
are in the same home.

Although the supersonic remote transmitter was a big improvement over the mechanical
transmitter, it had a few drawbacks in operation. The biggest disadvantage was when sev-
eral remote-control TVs were used in a large apartment house. Your TV set might be
turned on by a neighbor with another remote TV. Erroneous signals from various electri-
cal and RF-generating devices can trigger the remote-control receiver. The design of the
infrared remote transmitter has solved most of these signal problems.

TESTING SUPERSONIC REMOTE TRANSMITTERS

The small supersonic remote transmitter can be checked with another TV receiver using
the same type of remote. Always take the remote to the shop when on a house call and the
remote control does not function. Most remote problems involve the remote transmitter.
The remote receiver in the TV set can be checked with a new remote transmitter to deter-
mine if the receiver is defective. If battery replacement does not repair the remote trans-
mitter, the unit should be sent in for exchange or repair.

The supersonic remote transmitter can be checked with the help of the remote receiver
amplifier alignment procedure (Fig. 11-5). The oscilloscope is connected to the test point
of the receiver with the remote transmitter close to the receiver transducer or microphone.
Each coil is peaked for maximum indication on the scope with the remote transmitter op-
erating. Repeat the adjustments with the transmitter several feet from the TV receiver. Fol-
low the manufacturer’s alignment procedure for remote amplifier adjustments.

SERVICING THE SONIC TRANSMITTER

Most remote-control transmitters can be exchanged or serviced by the manufacturer’s dis-
tributor or the factory, or they can be repaired at a tuner repair center. Simple transmitter

O

000
R 00
Transmitter ] emate )
[ receiver w
QOO0
Scope

Adjustments

FIGURE 11-5 Check the remote transmitter signal with
the remote receiver and scope as indicator.
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FIGURE 11-6 Check the corroded or loose battery terminals in
the remote transmitter.

repairs can be made by the operator or service technician. Battery replacement and minor
repairs should be attempted before packing up the remote-control unit.

Check the batteries with a meter or replace them. Because heavy current drain is placed
on the battery, replace the batteries with heavy-duty types. Today, the remote transmitter
is often used constantly. Inspect the battery terminals for corrosion (Fig. 11-6) and for bro-
ken wires.

The small transmitter has only a few working components and is easy to repair. In an
RCA CRK26E, replacing a few components can solve the defective remote (Fig. 11-7).
The remote might have been dropped, tearing the small RF coil loose from the PC board.
T1001 can be replaced easily because it is factory-tuned and locked. Check transistor
Q1001 for open and/or leaky conditions (Fig. 11-8). Sometimes small children poke sharp

FIGURE 11-7 Check the infrared diode, IC, transistors, and
voltage measurements in the infrared remote.
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C1007
120 nF
¥
I 01003;? J_ R1002
i o ?3:5 432 uF T 10 MO
> > —
CR1001
C1006 L
155 uF T
MR1001
 Ea—— sonic
R1001
680 0 transducer
CIEEIE
ili—

¢ {

3V Oft/on Channel Channel On/volume
down up

FIGURE 11-8 Check the transistor and take voltage measurements with the tuning
button pressed down.

objects into the small sonic transducer elements, damaging the transducer unit. This com-
ponent can be replaced by removing only two connecting wires. Small channel buttons can
stick. A plastic button can bind against a plastic front piece and not engage the switch area.
Spray the sticky buttons with a silicon cleaner/lubricant. Replace all remote-control trans-
mitter parts with the original-type parts.
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INFRARED REMOTE TRANSMITTER

The infrared remote transmitter comes in many sizes and shapes (Fig. 11-9). Some of to-
day’s remotes can change the remote-controlled VCR, as well as the color TV. At first, the
digital control transmitter might appear quite complicated, but it is easy to operate. Be-
sides operating the regular TV controls, the remote can operate the on-screen displays and
the stereo audio system. The RCA Dimensia digital control operates the TV, VCR, AM-
FM, phone, tape, and CD from one remote (Fig. 11-10).

The infrared remote transmitter must be pointed directly at the TV to make the remote
perform the different operations. The remote receiver will not respond if someone stands
between the operator and the TV. An infrared remote is generally very accurate and de-
pendable; it will not interfere with any other TVs in the house.

Most infrared remotes are constructed like the regular sonic transmitter, except that
LEDs serve as transducers. A regular keyboard assembly feeds into an encoder IC proces-
sor with crystal-controlled driver and amp transistors. One or more LEDs provide trans-
mitting light power to the TV’s remote receiver. The various operations of separate channel
selection, channel-up and-down, on/off, volume, mute, and recall can be found within the
infrared remote transmitter. Most infrared transmitters are operated by 3 to 9 V.
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FIGURE 11-9 The infrared remote transmitter can operate a TV,
VCR, receiver, and CD player.

FIGURE 11-10 The digital remote can operate the TV and VCR.

TESTING THE INFRARED TRANSMITTER

Check the output of the infrared transmitter to determine if the remote or the TV is defec-
tive. The infrared transmitter can be checked on another TV using the same remote. [f the
remote changes all functions on the TV, suspect that the remote receiver in the TV is de-
fective. Another method is to use an infrared indicator card in front of the remote trans-
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mitter. The infrared indicator card will change to a different color if the transmitter is
working. The infrared indicator card is obtained through TV distributors. The RCA in-
frared indicator for checking the output of remote-control TV transmitters is stock number
153093, The infrared remote can also be checked with a portable radio. Each time a but-
ton is pressed, you will hear a gurgling sound in the portable radio (Fig. 11-11).

The infrared remote transmitter can be checked as any remote unit. Check and replace
the 9-V battery. Determine if the remote transmitter is defective before removing the back
cover. Take voltage measurements on the various transistors. Check each transistor with
the diode-transistor tests of a DMM. The LEDs can be checked with the diode test func-
tion. The keyboard assembly should be replaced instead of attempting to repair it. Send the
remote transmitter in for repair or exchange if simple repairs will not cure the malfunction.

INFRARED REMOTE-CONTROL TESTER

You can check remote-control transmitters in minutes with the infrared remote-control
tester (Fig. 11-12). Place the remote a few inches from the tester and press any button on
the remote. You should hear a chirping or audio tone when any button on the remote is
pressed. Some infrared remotes produce a chirping noise, but others produce a loud tone
from the piezo buzzer. This remote tester can check all infrared remotes for TVs, VCRs,
and CD players. Move the remote transmitter back and forth in front of the tester until the
loudest sound is heard. Check the remote for a weak signal by moving the remote away
from the tester. With this checker, some remote transmitters can sound off at 2 feet. Keep
the remote pointed toward the tester at all times.

Check each remote button for correct operation. If the button appears erratic or intermit-
tent, suspect a dirty button. Suspect that the battery connection is broken or poor if the re-
mote operates intermittently. If you have to press hard on the button or if it takes a little
time for the remote to act, suspect that the batteries are weak. Check for poor connections
or loose batteries when the remote control must be tapped or shocked into operation. No
sound indicates that a control unit is defective or that the batteries are dead.

e
—

FIGURE 11-11 Check the remote beside a radio.
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Leaky PC board Open Defective  Leaky Open or
IC defect transistor IC IC leaky transistors

Bad battery Weak or dead Bad crystal Bad battery
connection batteries connection

FIGURE 11-12 Check the following parts in the remote
transmitter for defects.

The circuit The small remote transmitter tester circuit is built around an NPN infrared
phototransistor. These phototransistors can be picked up at almost any electronics supply
store. Sometimes the transmitting LED and phototransistor come as an operating pair (Fig.
11-13). The infrared beam is picked up by Q1 with the input signal applied to IC1. The in-
frared NPN silicon phototransistor used here provides high-speed photosensitivity. IC1 is
a general-purpose amp 1C with low power consumption. The op amp (a 741) can be found
at almost any electronics store. The eight-pin 1C amplifies the audio signal to a piezo
buzzer. R1 adjusts the input signal. Greater distance is possible with ICI in the circuit. A
complete parts list is given in Table 11-1.

RF REMOTE-CONTROL RECEIVERS

There are many types of remote receivers. The receiver circuit consists of a transducer or
sensor fed to a high-gain remote amp. Some remote receivers have a separate gain control,
while others do not. The high-gain signal is fed to the various stages to control the many
functions of an older-type system (Fig. 11-14). One frequency controls the tuning motor;
another signal, at a different frequency, controls the on/off and volume. In other remote RF
receivers, channel up is controlled with one frequency, channel down by another fre-
quency, and on/off and volume are controlled by yet a third RF signal. The on/off signal is
applied through a multivibrator circuit developing a negative pulse. This is applied at two
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separate transistors, so the set can be switched on and off. The on/off signal is applied to a
transistor amp with a power relay. The relay applies on/off ac voltage to the TV chassis.
Although each manufacturer has a different-looking remote receiver system, they all do
the same thing: They make TV operation easier for the operator.

STANDBY POWER CIRCUITS

The standby power-supply circuits must operate all the time so that the remote transmitter
can turn on the TV chassis. A standby voltage must be applied to the infrared (IR) receiver
so that the remote can turn on the TV. The standby-voltage circuit in an RCA CTC157

\!\C . N

Qi E

PB1
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1
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Ro R1
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FIGURE 11-13 The schematic of the remote-control tester that you can build in
one evening.

TABLE 11-1 A PARTS LIST FOR AN INFRARED REMOTE
CONTROL TESTER

(@] Infrared phototransistor npn type—276-142 or equivalent

ICA 741 general-purpose op amp IC 8-pin type—276-007 or equivalent

PB1 PC mount piezo buzzer—273-065 or equivalent

R1 100-kQ, PC board PAT, thumbscrew or screwdriver adjust—271-220 or
equivalent

R2 100-k€2, 0.5-W resistor

SWi1 Submini, SPST toggle switch—275-645 or equivalent

Battery Qv

Case 3.25 x 2.125 x 1.125 project box—270-230 or equivalent

Miscellaneous Piece of perfboard, 9-V battery, lead and socket, hookup wire, 8-pin DIP
socket, 8-pin DIP socket, solder
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Transducer Remote
or sensor preamp

Volume I—

Remote receiver

amp

Tuning
motor

Manual
on/off

) To sound
circuits

N

ac on/off

TV chasis

FIGURE 11-14 The older remote receiver consisted of a remote amp, transducer,

and motor.
+20 V Standby
*= to hor. driver
F101 T4601 transformer
Q4161
120 Vac t20V +12 V Standby
%9 12V " to IR receiver
Standby
regulator
A CR4161 Q4160
Standby
A CR4160 Q}, regulator
) +5 V Standby
1 = to U3100
Y
To switch
Q3101

FIGURE 11-15 A standby power supply for the remote receiver in the TV

chassis.

chassis supplies 12 volts to the IR receiver and 5 volts to system-control microprocessor

U3100 (Fig. 11-15).

The power-line voltage is connected directly to the primary winding of T4601. The sec-
ondary voltage is applied to a bridge-rectifier circuit providing a +20-V standby voltage to
the horizontal driver transformer. The +20 V is regulated by transistor Q4161 down to the
infrared receiver (IR). Q4160 is a 5-V standby regulator that is furnished to the system-

control microprocessor.

Low or improper 12- and 5-V supplies can be caused by a leaky or open voltage regula-
tor (Q4161). Notice the two zener diode regulators in the base circuits. The absence of a
12-V source can result from an open voltage regulator. If the 5.6-V zener diode (CR4160)
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opens, both the 12- and 5-V standby supplies will go higher. The 12- and 5-V sources are
very crucial for proper standby operation.

In-TV Remote-Control Circuits
INFRARED REMOTE RECEIVER

The infrared rays transmitted by the infrared transmitter are picked up by the light sensor
of the remote amplifier that feeds the remote receiver circuits. The photodiode is called a
light sensor, pin diode, or remote sensor (Fig. 11-16). The preamp is called a photo amp
board, remote amplifier, or preamp board. The pulse-modulated infrared rays provide re-
mote control for changing channels, volume-up and -down, power on/off, and many other
functions. Most manufacturers request that the remote-control preamplifier unit be com-
pletely replaced instead of repaired. Some manufacturers do not supply parts for them.
From the high-gain preamplifier board, the FM signal is connected by cable to the remote-
control receiver circuit. Many different kinds of remote-control receivers are used (Fig.
1 1-17). Some of' these remote receivers are of the modular type. This kind of complete remote

1IC1001
Control

o Q1001 system
" |Remote preamp

1R l)
C FIGURE 11-16 A block diagram

of the infrared preamp board with the
- emitting diode.

Y

Shielded

TE:- main
IR amp.

5.6 k)

10 uF L
T 220 Q)

FIGURE 11-17 A typical transistorized remote preamp in the receiver of the TV
chassis.
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receiver unit can be interchanged by unplugging a few cables, removing the original unit,
and substituting a new one.

The new infrared remote receiver can have many functions. Besides channel selection, a
scan-up and -down control might be included. Some units have a separate on/off switch.
Besides controlling the volume, a remote might also mute the sound. A channel-recall but-
ton is provided in some remote-control systems.

The remote-control receiver can be exchanged at the manufacturer’s distributor or sent
in for repair at various tuner-repair depots. The remote receiver can be serviced by the TV
technician if correct test instruments are available. Do not attempt to repair these circuits
without the manufacturer’s service literature and a schematic that provides the voltages.

SIMPLE REMOTE-CONTROL RECEIVER

You might find the remote receiver as a part of the memory or control module, or as a sep-
arate chassis in the color TV (Fig. 11-18). The remote receiver can be quite simple or
rather complicated, depending on its functions. The simple remote receiver contains an [C
amp, an infrared LED, and very few components (Fig. 11-19).

The infrared transmitter signal is picked up by LED1 and coupled directly to pin 7 of
1C501. The amplified output signal appears at pin 1 and is fed through plug PG241 to the mi-
crocomputer within the control module. The 9-V power source is fed from the TV circuits.

RCA CTC157 INFRARED RECEIVER CIRCUITS

Two different inputs of customer control consist of a remote control and keyboard. The
keyboard operates the system control (U3100), which in turn controls a microcomputer

FIGURE 11-18 The remote receiver is located in the control
module of the RCA chassis.
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1 kQ
1 To IC1001
microcomputer

Z IC501 Remote amp.
N 2 |4 f 58
IR ;

LED 1 R TSBU oF
= 3.3 ;LFT -
L 220 ki)

+9V

FIGURE 11-19 A typical remote receiver used ahead of the
microcomputer in the latest TV chassis.

TP3402
U3300
Q3401 _ AlU
Amp. ‘ i Control

36

FIGURE 11-20 The RCA
CTC157 infrared remote receiver
= schematic.

(U3300). The keyboard information is input at pins 21 to 24 and 25 to 28 of the system-
control 1IC (U3111). All customer controls are generated electronically (Fig. 11-20).

The second input to the control interface (U3300) is an infrared receiver (IR). The IR de-
tector picks up the remote control’s signal and feeds it into a preamplifier circuit. Q3401
amplifies this signal and applies it to pin 36 of U3300. In turn, U3300 relays or controls
each function selected by the remote-control transmitter.

[f the remote-control transmitter will not control the TV, check the batteries in the re-
mote. Does TV operate with keyboard controls? Try another remote. Notice if all func-
tions are inoperative. Check for a remote input at TP3402 for scan pulses with the
oscilloscope. If all customer controls do not operate, suspect a problem with the system-
control IC (U3300). If the keyboard controls the TV chassis, but neither the remote func-
tions nor the set can be turned on, check the standby voltage circuit.
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Sensor "’:\"‘ Preamp l':*lanr];nal
infrared remote uning
assembly

TV CONTROL MODULES

Separate remote receiver-control modules are used for the remote amp, manual tuning as-
sembly, on/off switch, ac power, and control plug (Fig. 11-21). These can be easily re-
placed by removing the plug-in cables. The entire remote receiver module can be
substituted with another module to determine if the receiver is defective. Also, the com-
plete module can be sent in for repair.

First, check the most common problems before sending the module in for repair. Inter-
mittent operation of the on/off button can be caused by dirty contacts. Place a clip wire
across J1104 to determine if the TV chassis turns on and off. Be sure that ac power is ap-
plied to the remote primary windings of the power transformer inside of the module.

If the volume can be turned up and not down, suspect that a manual tuning assembly,
socket, or remote receiver is defective. Replace the remote module to isolate the manual
tuning assembly (Fig. 11-22). Suspect a problem in the contacts within the volume-down
area of the manual assembly if switching the receiver module does not help. Unplug the
manual tuning assembly and short pins 1 and 4. The sound should drop. Likewise, if the
channels will not scan up, but will go down, short pins 4 and 6. Each function can be
checked in the same manner by using pin 4 as common ground.

In the latest T'Vs, the remote preamp assembly plugs into the frequency-synthesis tuner
circuit-board assembly. No separate remote receiver is found in these models. The tuner
circuit board module must be exchanged if the remote-control transmitter works normal,
but the set has no remote-control functions.

® ] e O o e @
P1102 1 2 3 4 5 8

J1104

e 0

Remote receiver Control

(-

>
E [ jack
‘H

120-Vac

FIGURE 11-21 The infrared sensor and preamp feeds to the remote receiver in a

frequency-synthesis tuner.
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FIGURE 11-22 Small pushbutton microswitches feed into the
microcomputer IC to operate each selected station.

ON/OFF CIRCUIT TESTS

One of the major functions of the remote is to turn the TV off and on. With a no-sound/no-
picture symptom, the TV chassis or remote receiver might be defective. If the color re-
ceiver is entirely dead, check for 120 Vac at the input and output terminal of the
remote-receiver relay-switch connections. An ac voltage at both pins (21 and 22) of a
Samsung power circuit indicates that the remote-control relay is normal (Fig. 11-23).
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FIGURE 11-23 Shunt the relay contacts (21 and 22) to isolate
the remote standby circuits.
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Goldstar
CNR-405
IC1101
Remote-control
R1206 receiver Temporary
4.7 kQ power board clip wire
relay SR1201 ;
—_—————— jumper
TRizot | N
1
I l To power
I on/off
R212 >
4.7 kO |
- 12V

FIGURE 11-24 Poor relay contacts in a Goldstar CNR-405 remote produced a
dead chassis.

If no voltage is found at the anode terminal of D801, the remote receiver unit might be
defective. Listen for a click of the relay each time that the set is turned on. In case the re-
lay clicks with no ac at D801, suspect burned or corroded relay contacts, or poor wiring
connections at the remote circuit board. Check for ac voltage at pin 22, then at pin 21. A
normal 120 Vac at pin 22 and no voltage at pin 21 indicates that the remote wiring is open.
If normal ac voltage is found at pin 21, suspect problems within the receiver power cir-
cuits. Check components R8()1 and L801 for open conditions.

Temporarily clip a jumper wire across remote pins 21 and 22. If the receiver begins to
operate, the defect is in the remote wiring, relay, or remote receiver circuits. Take voltage
measurements and test each transistor in the remote receiver assembly.

100-W light-bulb test A 100-W light bulb can be used in series with the power line
to reduce the power-line voltage to determine if the TV chassis has high-voltage shutdown.
Of course, the 100-W bulb cannot be used with remote-control sets. The bulb will only
flash for a second, then remain off. With a large bulb in series (clipped across the ac fuse
holder), not enough voltage is applied to the remote receiver to make it function properly.

To control the ac line voltage, always use a variable or variac power-line transformer
with a TV chassis that uses remote-control or power circuits (Fig. 11-24). This eliminates
the remote-control circuits entirely by applying 120 Vac directly to the low-voltage power
circuits. Now the ac line voltage can be controlled by adjusting the line transformer to de-
termine if the TV chassis is shutting down with high voltage.

TV RELAY PROBLEMS

The defective relay can turn the TV chassis on without a remote or control function, might
not turn the TV off or on, might cause a dead or intermittent TV chassis, or might cause a
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loud chattering noise. An open relay solenoid or shorted diode across the solenoid can
cause no operation. Intermittent connections or dirty switch contacts can cause intermit-
tent conditions. A weak spring or hung-up switch arrangement can allow the chassis to op-
erate all of the time. The relay is used in the ac and dc power-supply circuits.

[f the relay will not click in, suspect that the filter capacitor is defective. Relay chatter
may also be caused by a dried-up filter capacitor (Fig. 11-25). The relay might come in by
itself and let the receiver become hot unless someone turns it off. Relays that operate in
transistor circuits could turn on by themselves, resulting in overheated components.

FIVE ACTUAL REMOTE CASE HISTORIES

The following are five real cases of remote-control-related problems in TVs.

No remote-check standby in a RCA CTC166 The remote would not turn the
RCA CTC166 chassis on. The remote tested normal on another RCA TV. The 5-V standby
voltage indicated that the standby voltage was very low. To isolate a possible leaky IR pre-
amp IC, pin 9 was removed from the PC board with solder wick and iron. The 5-V standby
voltage returned to normal.

In another CTC166 chassis, the standby voltage indicated only 0.17 V, but it should be
around 5.3 V (Fig. 11-26). Measure the voltage on both sides of R3404 (47 Q) to deter-
mine if CR3401 is leaky. Replace both U3401 and CR3401 if the zener diode is leaky.

No remote standby voltage in a Panasonic CTL1032R Very little standby
voltage was found at the remote receiver IC1101 in a Panasonic CTL1032R. Manual op-
erations were normal, but there was no remote action. Upon checking the remote voltage
source in the power supply circuits, the standby supply voltage was missing. Regulator
1C841 (7BL56) was leaky (Fig. 11-27). This voltage, supplied to the regulator, is on all the
time, and it comes directly from the power line’s 3-A fuse.

On ‘lOH
To silicon
From ac

diodes
Q701 R102
R701 Relay driver 27 ()
—A\ My
Input from 13\5\{1
control IC ~ 330 pF D701 RL701
C701
+105V

FIGURE 11-25 The power relay can have pitted or dirty contacts,
an open solenoid, or no voltage applied to the solenoid.
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Leaky
U3401 IR preamp 06V To Q3404
oy pre-amp
2 9
N |
6) : R3404
53V
1 - 53V
) Leak
3406 L CR3041 y
0.001pF = R3406
I 13K

FIGURE 11-26 Low standby voltage might result in a leaky IR
preamp IC or CR3041 in the RCA CTC166 chassis.

R840 R841 20V
D841 1 k1) 2 k()
From R 3| 7BLss |1 55Vto
3 Afuse > WV Vv IC841 remote
c841 = >
38 uF T R842 l
| S82kn Leaky

FIGURE 11-27 A lack of standby voltage was caused by a
defective IC regulator C841 in a Panasonic TV chassis.

No remote in a RCA CTC166 The supply voltage was found to be normal at the re-
ceiver remote IR preamp IC (U3401), with no remote channel selection. The IR indicator
and parts tied to the preamp IC seemed good. Replacing the defective IR preamp solved
the remote problem (Fig. 11-28).

Remote dead in a TOSHIBA CF317 The supply voltage was 0 V at the remote sig-
nal amp (ICROL) on pin 8. Upon checking the standby voltage (+5 V), it was found to be
missing at CRO6, but high at DE02 rectifier. RR05 (47 Q) was found open, with a leaky
CRO6 (47 uF) electrolytic capacitor (Fig. 11-29). Replacing CR06 with a 160-V elec-
trolytic capacitor and replacing RR(5 restored the remote-control operation.

No channel-down control in a Sylvania E24-7 All functions worked, except for
the channel-down operation in a Sylvania E24-7 chassis. When the channel-down button
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was pushed, nothing happened. Also, the manual channel-down button on the chassis
(SW1030) had no effect on toggling the TV channels down (Fig. 11-30).

After locating the manual low button and channel-down circuits on the remote receiver
board, several voltage tests were made. The dc supply voltage was 23 V, with the same
voltage at the base of Q34. Because the channel-down driver transistor tested off-value in
the circuit, it was removed. Q34 tested good, but was replaced. The results were the same.

The power-line voltage (120 Vac) was found on the MT2 terminal of the channel-
down triac (Q36), with no voltage at the gate terminal. The triac was defective or there

U3401 To Q3401
IR preamp IR amp.

N 2 f 4 5 8
nl % C3402 = l
R3401 > 33 BF R3402 R3404
1on§ 133kﬂ§ 4?n§

C3401 =] C3404 +|
1pF-T 47 pF T R3408
1.3 k0

FIGURE 11-28 The dead remote in an RCA CTC166 chassis was
caused by a defective IR preamp (U3401).
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FIGURE 11-29 RRO5 (47 ohms) was found open in the standby power supply of a
Toshiba CF317 TV.
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oV

MT2 | 1o
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Q32 i Q36
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23V
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FIGURE 11-30 A defective triac in a Sylvania E24-7 chassis prevented the
remote from scanning the tuner downward.

was insufficient gate voltage. Q36 was removed from the circuit, with no continuity across
any terminals. After replacing Q36 with a universal ECG5604 component, the channel-
down circuits began to operate.

Remote problem in an RCA CTC140 The remote control would not operate when
the set warmed up. The remote transmitter checked normal. After the TV cooled down for
several hours, the remote would turn the set off and on. After checking several circuits, the
trouble was found to be in the system-control circuits.

The voltage would increase on the IR-in (pin 36) of AIU IC (U3300). Upon checking the IR
circuit, U3300 was suspected of being faulty, but everything else seemed to work (Fig. 11-31).

After several hours of work, U3300 was sprayed with coolant when the remote would
not shut off the TV. Still nothing occurred. When diodes CR3302 and CR3301 were
checked in the IR circuit, CR3302 seemed to change value when it was warm. CR3302
was found to be leaky. It was replaced with a 4.9-V zener diode.

Control-interface problems in RCA CTC156 and CTC157 TVs Inthe RCA
CTC156 and CTC157 chassis, the system-control microcomputer (U3100) controls the
customer keyboard and remote-control input circuits. The system-control I1C (U3100)
and AIU (U3300) provide interface between the operator and the TV chassis. All of the
interface functions are electronically controlled. U3300 controls the contrast, sharp-
ness, color, tint, brightness, volume, balance, treble, bass, and on/off functions (Fig.
11-32).



IN-TV REMOTE-CONTROL CIRCUITS 359

FIGURE 11-31 A leaky CR3302 in an RCA CTC140 chassis caused the remote to not
operate after three or four hours.
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FIGURE 11-32 A block diagram of the RCA CTC156 custom control
interface circuit.
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The remote-control signal is picked up by the infrared detector LED and preamped to
pin 36 of U3300. The manual keyboard signals are sent to U3100 and data is transferred to
the AIU (U3300). The remote-control command signals are processed internally by
U3300. They are then sent to the system-control [C (U3100), which decodes the informa-
tion and outputs any necessary instructions back to U3300.

The AIU (U3300) interprets this control data and outputs the correct control signals. All
control-operation signals are output from U3300 in the form of a binary-rate multiplier
(BRM) signal. These BRM signals are different than pulse-width-modulated signals
(PWM). The BRM duty cycle remains constant, but the repetition rate is changed to in-
crease or decrease the desired dc control voltage to each low-pass filter.

TROUBLESHOOTING INTERFACE CIRCUITS

Determine if either the remote or keyboard controls operate. If the remote transmitter does
not work, check the remote-control unit (1). If the remote is working, check the IR input at
pin 36 of U3300 or TP3402. If only one function is operating, check the low-pass filter or
check the signal processed by that circuit (4).

If the keyboard is not functioning, check keyboard and system-control IC U3100 (3).
If the digital-communication signal between U3 100 and the AIU does not change when
a function control is pressed, suspect a problem with U3100. If the BRM outputs are
not present, suspect U3300. Do not forget to check the voltage source at U3100 and
U3300. If all signals are not working, suspect that the system-control [C (U3100), AIU
(U3300), keyboard, or remote receivers are faulty. If only one or two controls do not
work, suspect trouble with the low-pass filter or with the corresponding signal-pro-
cessing circuits.

Troubleshooting the Keyboard Interface

Determine which functions are not operating, check the continuity of all switches, and
check the scan pulses of the defective keyboard with the scope. To isolate a single key-
board problem, take continuity measurements. To be sure that each keyboard is operat-
ing, scope the scanning system while holding the defective front-panel keyboard button
and monitor the correct drive and sense lines. If the front-panel keys do not control the
correct functions or fail to tune cable channels, suspect that the keyboard circuit is de-
fective.

Check the continuity of each keyboard with the ohmmeter from the keyboard switch to
the power-source and the system-control pin. Of course, the chassis should not be on when
making ohmmeter measurements. Check all of the connections of the keyboard switch to
the 12-V standby power supply. Voltage measurements of the 12-V power supply when
each switch is pressed can indicate that the circuit is normal.
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Universal Remote Controls

Just about every manufacturer of TVs, as well as other electronics manufacturers, make a
universal remote control that will operate almost all remote TVs, VCRs, audio and video
components, and CD players. The General Electric RRC500 does the work of three remotes,
and the RRC600 model does the work of four remotes. The RRC600 controls up to four in-
frared audio/video products, with over 200 key combinations, program sequencing, LCD
display, and a low-battery indicator included (Fig. 11-33).

The Memorex CP8 Turbo universal remote control can operate home-entertainment systems
without the user being home. The 16-event programming function allows the user to operate any
audio or video component without being present at the scheduled operating time. For example,
users can program the television to come on at 6:30 a.m. every day to serve as a wake-up alarm.
The CD player can come on when they arrive home at 6:00 p.m. and go off at 7:00 p.m. when
the TV is programmed to start. You do not have to even touch the audio/video system.

The CP8 Turbo unit has an advanced high-speed microchip that “learns™ and “memorizes”
the infrared codes of each of eight audio or video conventional universal remote-control
units. The LCD display has a real-time clock and dual display light with large, easy-to-read
characters, and it displays the commands in sequential steps. The remote even shows you
when to change the batteries.

The universal remote operates on batteries like any other remote (Fig. 11-34). The remote
can be checked like other remotes with the remote tester (covered earlier in this chapter). Most
manufacturers request that the universal remote be sent back to the factory for major repairs.
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FIGURE 11-33 The General Electric RR600 remote controls up
to four different machines with 200 key combinations.
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&
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FIGURE 11-34 The new universal control can control the TV
and VCR in most TV chassis.

TABLE 11-2 A TROUBLESHOOTING CHART FOR
REMOTE CONTROL CIRCUITS

WHAT TO CHECK HOW TO CHECKIT
No remote action. Check batteries in remote.
Erratic operation. Check battery terminals and dirty buttons.
Suspected remote. Check remote with infrared tester.
Sub another remote. Check remote receiver circuits.
Check standby voltage.
Repair remote receiver circuits.
Remote defective. Send in for tuner repair or exchange remote.

Conclusion

Although many different remote-control TVs are available, servicing the remote-control
system can be easy. First, be sure that the remote transmitter is working with comparison
tests. Isolate the service problem to the TV chassis or the remote receiver by placing a
shunt wire across the on/off relay switch assembly. Make accurate voltage and transistor
tests on the defective remote receiver chassis.

Replace a faulty remote receiver with a new remote receiver, or substitute the control
module to determine which component is defective. Remote-tuning components must be
replaced in the event of extensive lightning damage. The remote transmitter, receiver, and
modular components can be exchanged or repaired through manufacturer’s outlets. Tuner
repair centers service most remote-control transmitters and receivers.

When checking the keyboard circuits, measure the resistance across the button switch to
the correct pin on the system-control IC. Take voltage measurements on pins with the but-
ton pressed. Scope the signal and sense waveforms at the system-control or 1C pins with
each keyboard button pressed to determine if the 1C and keyboard is functioning. See the
troubleshooting chart (Table 11-2) for remote controls.




SERVICING
THE SOUND
CIRCUITS

CONTENTS AT A GLANCE

Required Servicing Instruments No Sound
No sound in IC circuits
Transistorized Sound Stages Weak sound
Transistorized sound circuits are Distorted sound
back Extreme distortion
Intermittent sound
IC Sound Stages Motorboating noises
Latest IC sound circuits Sound and picture do not track
Servicing RCA CTC109 sound cir-
Signaltracing Sound Circuits cuits
Stereo sound Five actual sound case histories
Practical sound hints
Servicing the Sound Circuits

Repairing the sound circuits is relatively easy. Besides applying test instruments, you
can hear the sound symptoms from the speaker. The sound can be weak, garbled, distorted,
intermittent, or just missing. The function of most sound stages is easy to understand. The
solid-state sound circuit consists entirely of transistors, ICs and transistors, or one com-
plete sound IC (Fig. 12-1).
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Q1202
Audio output

Q1201
Audio driver

SIF/Audio amp. PM
= IC1201 4@ Speaker

Q1203 =
Audio output

FIGURE 12-1 The sound circuits might consist of a SIF/DRIVER IC with a
transistor amp and output transistor.

Sound problems can occur in or out of the sound circuits. Often, a combination of poor
picture with garbled sound can occur because of a problem in the video circuits. An un-
stable picture with poor sound can develop in the AGC circuits. Running the sync with a
buzz in the sound can occur in the sync or AGC stages. A normal picture and raster with
no sound generally occurs in the sound circuits. Check out all other possible sources for
combinations of picture-and-sound symptoms before tearing into the sound circuits.

In the tube chassis, the FM sound is taken from the plate of the video amplifier tube. In
the solid-state chassis, the sound is tapped at the second or third IF video stage. A typical
transistorized sound circuit consists of an IF sound detector, detector amp with audio dri-
ver, and push-pull audio output (Fig. 12-2). An IC can serve as an IF sound amp, detector,
and audio amp to drive transistors in the audio-output stages. The latest TV chassis might
have only two ICs in the whole chassis, with the complete audio stage combined with other
receiver circuit functions (Fig. 12-3).

Required Servicing Instruments

The following test instruments can be used when servicing the sound circuits:

VTVM, VOM, or DMM (Fig. 12-4)
Sweep and signal generators
Oscilloscope

Capacitor tester

External amp

Audio analyzer

Miscellaneous speakers, test leads, etc.

The VOM or DMM will solve most sound problems by helping you to take accurate volt-
age, resistance, and transistor tests. The external amp is handy for locating dead, weak, in-
termittent, and distorted stages. For crucial sound alignment, the scope and generators are
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From
sound
amp and
detector

a must-have item. Although sound alignment is only needed when crucial parts are re-
placed, a touch-up of the sound coil might be all that is needed to cure a TV with distorted,
weak sound.

Transistorized Sound Stages

The sound stages were one of the first circuits to be transistorized in the hybrid TV chas-
sis. Today, many different transistorized sound circuits are offered, but they basically all
accomplish the same thing. The IC eliminates most of the transistors that were used in the
early sound stages. A typical [C and transistor output circuit is shown in Fig. 12-5.

The audio signal is taken from the third [F video transistor and coupled by C412 and C415
through a sound take-off ceramic filter (CF401). A 4.5-MHz output signal from CF401 is
fed to pins 1 and 2 of [C401. Internally, the limiter circuit is connected to the FM detector
circuits. The sound coil (L401) is connected to the sound-detector circuit on pins 9 and 10.

The audio-amp circuit connects internally to the sound-detector circuit. R419 varies the
volume of the sound circuits at pin 6 of 1C401. The audio-output signal at pin 8 is con-
nected to a driver transistor (Q403).

The NPN and PNP junction transistors operate in a push-pull fashion (Q401 and Q402).
The audio signal is transformer coupled to the speaker through T401. Notice that two sep-
arate voltage sources from the power supply are fed to the IC401 circuits (18 V) and the
audio-output transistors (120 V).

Q204
R218 Q202 fgg9v 28V
33k0 gy cpa
C234 100 pF
0.47 pF 03V

Speaker

Fl226§
F220 § 24 ()

330 k2

FIGURE 12-2 A typical solid-state sound circuit audio driver and push-pull
output transistors.
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5
Sound . Sound power IC
discriminator coil SIF coil with heat sink on top

FIGURE 12-3 You might find the SIF/audio driver in one IC and
a power-output controller in another IC in the latest TV chassis.

FIGURE 12-4 With a digital multimeter and a soldering iron,
you can eliminate most sound problems.
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From
third
video

L402

FIGURE 12-5 A typical IC and transistor sound-output circuit.

R401

120
Speaker

T4
Q402

TRANSISTORIZED SOUND CIRCUITS ARE BACK

Often, sound circuits consist of either an IC IF and audio preamplifier, with an 1C output
or one large IC in the sound circuits. Recently, in the lower-priced portables and small-
screen TVs, transistors are back. The IF/SIF sound systems, combined in one large IC with
chroma/AFT/vertical and horizontal circuits, drive three audio transistors (Fig. 12-6).

Y®

IC101 IF/SIF

+9.5V

FIGURE 12-6

Q202
Audio output
Q201 @ 19V
: 104V
1  Avdioamp. D101D102[ y
+
Q‘E.V_H_H_ 9.8V 19
PM
1k @ Speaker
|+
R /1
205/ C103
1.2 k)
2.2 Q100 uF
9.4V 9.7V
©Q203
Audio output

Check the audio-output circuit by the numbers with external amp and
voltage measurements.
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The first audio transistor is capacity-coupled to the IC with a small electrolytic capaci-
tor. This audio amp provides audio amplification and drives two transistors in push-pull
operation. The audio-output transistors consist of one PNP and one NPN output transistor.
R204 and R205, emitter-biased resistors, couple the audio signal to a small FM speaker
through a 100-uF electrolytic capacitor.

Signaltrace the sound circuits with an external audio amplifier or scope. Test each tran-
sistor within the circuit and remove any transistor that tests open or leaky. Crucial collector
and bias voltages can help you to locate a defective transistor. Forward bias on the silicon
transistor between the emitter and base terminals should be 0.6 volts, but the PNP transis-
tor has 0.3 volts. Improper bias voltage can help you to identify a defective transistor.

IC Sound Stages

IC401 combines all of the different sound stages into one IC. The sound signal is taken
from the IF video IC and fed to IF sound coil L402 (Fig. 12-7). L402 connects the sound
signal directly to pins 14 and 15 of IC401. Internally, the [F sound signal is detected and
tuned with coil L401 at pins 10 and 11. The volume of the sound circuits is controlled at
pins 12 and 16 of IC401.

The AF amp and audio-output amps are contained inside the sound processor (IC401).
C401 couples the amplifier and audio signal to the 16-£2 speaker. A 25-V source supplies
power to the sound circuits of [C401.

Inject an audio signal at pin 9 or place the tip of a screwdriver blade (with your finger on
the metal blade) on pin 9 and listen for a hum or tone in the speaker. If it is not emitting
sound, clip a speaker across the suspected speaker. Keep the volume control wide open.
Because the volume control is nothing more than a voltage-divider network, hum or tone
tests cannot be made at the volume control, as in other sound circuits. Check the voltage at
pins 1, 2,4, 7, and 9 of IC401. Replace the sound IC if improper voltages are found with a
no-sound symptom.

—~ — _.lL _
I C‘”; C401
! I i IC401 Ny
|
Speaker
IT cata | 14 1 10 11 12 16 4 Egﬂ
! T I CFTT T »Ra0 J—
L — - ) |c408 5 =
c:402l I : R402 =
= \J | | R401
volume
,J\ L 5401 J control
From video 25V C409 04211
IF = = =

FIGURE 12-7 You might find only one IC as SIF/driver amp/power output.
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Sound output
IC202

+1 uF Control amp. Audio amp.

100 wF
IC201 3 . 8 M
audio/signal }7— 7%
processor 0.005 P-F ’7 2

T 9ftol |6 5 4| 3 PM
il ﬂ Speaker

1 04 pF10K2
220 k2 |

Y
235V

Volume

FIGURE 12-8 The latest IC circuits contain an audio signal processor and power IC for
greater volume.

A quick touch-up of coil L401 can eliminate sound buzz or distorted sound. This sound
adjustment should be made with a TV station tuned in; it will adjust L401 for maximum or
clear sound. Often, only a slight turn is required to touch up the garbled sound. A defec-
tive IC401 can cause distorted, weak, intermittent, or “motorboating” sound problems.
The sound circuits should be completely realigned when replacing an input IF sound trans-
former or sound coil. Always follow the manufacturer’s sound-alignment procedures.

LATEST IC SOUND CIRCUITS

The sound-output circuits might consist of an audio and signal IC driving a larger-power
output IC, stereo demodulation, and MPX stereo circuits. Stereo circuits are used in the
more-expensive TVs. The sound-output IC is capacity-coupled to the SIF/audio signal IC
with a small electrolytic capacitor and mono reception. A speaker from 16 to 35 Q is cou-
pled with an electrolytic capacitor to the audio IC. Usually, higher dc voltage is applied to
the sound-output 1C from the secondary voltages of the flyback (Fig. 12-8).

Troubleshoot the audio stages by checking the input audio signal at pin 8 of 1C202.
Trace the audio signal with an external amp or scope at pins 8, 6, 5, and 2. Take a crucial
voltage measurement on pin 3 (connected to the supply-voltage source). Suspect that a
coupling capacitor or speaker voice coil is open if audio signal is present at output pin 2.
Do not overlook the possibility that IC202 is defective if audio can be heard at the input 8
terminal and no output is at pin 2, with normal supply voltage.
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Signaltracing Sound Circuits

The sound circuits can be signaltraced with the audio signal generator and scope, audio
signal generator and speaker, TV signal and external amp, or while doing sound align-
ment. Inject the signal at the input of the audio stages and use the scope to determine at
which point in the audio stages to check for weak or dead circuits.
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Ext. amp. Ext. amp.

o ~_ [O

| 100 uF
— }Ag IC201  Audio output Lk
1 uF
: 10 4_9 235V/|3 PM
= Speaker

-
D.M.M.
- 4
Lo o

FIGURE 12-9 Check the input and output terminals of the suspected sound IC
with external amp and voltage tests.

An external audio amp can be used to pick up the TV signal at various points in the
sound circuits to locate distorted, weak, or dead stages. The audio signal can be
checked up to the speaker terminals. Start at the speaker terminals and work back to-
ward the input circuits of the audio stages. The audio signal can be checked on each
side of a coupling capacitor, or from the base to the collector of each transistor stage.
Check the input and output terminals of a suspected IC sound circuit with an external
audio amp (Fig. 12-9).

STEREO SOUND

More than half of the new TVs have stereo sound. You might find a stereo/SAP decoder,
expander, switching IC, IC sound processor, audio control, and audio output power ICs. In
other stereo channels, you will find stereo broadcast, stereo demodulator, and video/audio
in/out circuits. Often, the TV will indicate when it is receiving stereo sound by lighting an
LED.

Servicing the Sound Circuits

Although the sound circuits are one of the easiest circuits to service, many different prob-
lems can occur in the sound circuits of the solid-state TV chassis. Here are the various
sound symptoms, with quick practical methods to locate and repair the different sound
stages.
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NO SOUND

A no-sound symptom is a quick and easy repair, if the problem is in the sound circuits.
The defective component can be quickly located with a few voltage and resistance mea-
surements on the sound transistor and 1Cs. Another speaker clipped across the old one
will help you to locate the defective speaker. Signaltracing the audio signal with an ex-
ternal audio amp can help you to locate where the sound stops. A small electrolytic ca-
pacitor and speaker with a clip wire can help you to signaltrace the audio output stages
(Fig. 12-10).

Clip another speaker across the old one to see if the speaker is open. Take a voltage mea-
surement at the collector terminal of audio-output transistor Q1802 (Fig. 12-11). This volt-
age measurement will indicate if the transistor is leaky (if the voltage is low), or if the
transistor is open (when the collector voltage is high according to the schematic). Also, a
voltage measurement here will indicate if T401 is open or if the voltage from the low-voltage
power supply is insufficient.

Take a voltage test at the emitter terminal of Q1802. Zero voltage indicates the output
transistor or 2.2 £ is open. A voltage measurement between the base and collector termi-
nals indicates the normal beta bias voltage. An NPN silicon transistor has a bias voltage of
0.6 V. To prove that the transistor is defective, take an in-circuit transistor test with the
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DMM.
100 pF
PM

Speaker FIGURE 12-10 Connect a small
electrolytic capacitor and speaker
together to signal trace the output

= sound circuits.
Q1802
Q1801 Audio oufput

Sound driver
105 V D1801D1802 : 265 V

IC201 SIF/Amp. H |

56 () PM

Speaker

Q1803 =
Audio output

FIGURE 12-11 Crucial voltage measurements at the collector and emitter terminals of
output transistors can indicate that the transistor is open or leaky.
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The third voltage test at pin 14 of IC201 indicates proper supply voltage and normal I1C
operation. If the voltage is low, suspect that an IC is leaky. With the three quick voltage
tests, you can quickly isolate most sound problems.

Another method to check the dead or weak stages is with the external audio amp. Check
for audio at points 1, 2, and 3. Suspect that an earphone jack or speaker is defective if good
sound is noted at the output transformer at point 2. Do not overlook the possibility that a
shorting pin inside the headphone jack is bad. These jacks can act up after frequent ear-
phone usage. A check at pin 10 (C) of the sound IC (IC201) will indicate if sound is nor-
mal at the driver or preamp stage of the sound IC.

Signaltrace the output stage with a small electrolytic capacitor and speaker. Clip one
side of the speaker to common ground. Use one end of the capacitor lead as a probe and
check for the signal at the output transformer and transistor. Normally, this signal will be
loud. Now go to the output terminal (10} of IC201. Although this audio signal is weak,
compared to the output terminal, you can still determine if IC201 and the input signal on
the base terminal of Q1802 are normal. Check the audio signal through the earphone jack
to the speaker in the very same manner.

NO SOUND IN IC CIRCUITS

Suspect that an IC, speaker, output coupling capacitor or power source is defective if the
IC sound circuit is dead. First, check the voltage at the supply pin terminal of the IC. No
voltage indicates that the low voltage source is defective. This voltage source might de-
velop in the scan-secondary circuits of a flyback winding. Check for an open isolation re-
sistor or regulator transistor. A very low supply voltage can be caused by a leaky
sound-output 1C.

Substitute another speaker if the voltage measurements are fairly normal. Shunt a 100-
uF 50-V electrolytic capacitor across the speaker coupling capacitor. Check the input
sound terminal with an external amp or scope. Suspect that a sound-output IC is defective
if no sound is at the speaker and the supply voltage (V) is normal. Do not forget to check
for a defective earphone jack or broken terminal wires (Fig. 12-12).

WEAK SOUND

Weak sound can be caused by open or leaky transistors or electrolytic capacitors, a change
in resistance, or an improper voltage source. A speaker with a frozen cone will produce
weak sound. Weak sound with distortion can be eliminated by touching up the sound coil.

Besides voltage and resistance measurements, audio signaltracing with the scope or ex-
ternal audio amp can help you to locate the very weak audio. The input and output audio
signal of an IC output component can be signal-traced with the scope or external amp (Fig.
12-13). Check pins 1 and 11 of IC501 with the volume control halfway up. If a signal is
present at pin 1 and a very weak signal is at pin 11, suspect that the IC (or the parts tied to
it) is defective.

Measure all of the voltages at each IC terminal. Suspect a leaky IC or an improper volt-
age source with lower voltage at pin 14. Determine if any other stages are fed from the
same source. If these stages are normal, the voltage-supply source might be OK. Remove
pin 14 from the circuit if the voltage is very low. Notice if the supply voltage returns to
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IC9501 Audio amp.

_ Defective
dc Vert. cont. < 1C

Control
amp.

Earphone Y

\|+ aaNC E

NG rom
3 ¢ power

1 mute

— = To sp-mute

/I ——» Volume
Speaker v
+235V

FIGURE 12-12 Check these sound components, which can cause a dead symptom.

C514

IC501 135V 47 pnF
33v>1 sound detector audio IC 11
8 14 g @ Speaker

26V 26V 3V 135V 135V 60
QLsot l R502
275V +
C510 == 509 R503 C507
csoa L cs05 47 |~LF 4? pF 22 kQ 120 pF

—

180 pF T 8.2 uF =

0506
470 pF
R507 R163 l P
05161 2.7 k) 29 k() —
01 pF =
- R161

volume control

—

FIGURE 12-13 Use the scope or external amp to signal trace the sound-output circuits.

normal. Now measure the resistance from pin 14 to common ground. A low resistance
(less than 500 Q) indicates that the IC is leaky.

If the voltage at pin 14 is fairly normal, suspect either the IC or a component tied to one
of the IC terminals if weak sound is at pin 11. Take a resistance reading from each pin to
the common ground to determine if a capacitor or resistor is defective. Remove one end of
the suspected component for accurate resistance measurements.
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Check each transistor with the DMM for open or leaky conditions in transistorized audio-
amplifier circuits. Take accurate voltage and bias resistance tests of each transistor. A
change in resistance of the collector and emitter resistors can produce weak audio. Check
each side of the input and speaker coupling capacitors for weak sound. Do not overlook the
possibility that an electrolytic capacitor has dried up. The audio signal can be signaltraced
from the volume control to the speaker with the external audio amp.

DISTORTED SOUND

Transistors, 1Cs, resistors, speakers, and sound misalignment produce most distortion
problems in the sound circuits. Often, sound distortion occurs in the audio-output stages.
Sound distortion can be a signaltraced with the scope and external audio amplifier.

A frozen voice coil or a dropped speaker cone can cause many different sound problems.
Lower the volume control until you can barely hear the sound. Notice if the sound is tinny
or mushy. The speaker cone might be frozen to the center pole. Now raise the volume quite
high to listen for “*blatting” sounds or loose vibrations, which indicate that the voice coil
or speaker cone is loose (Fig. 12-14). Check the condition of the speaker by removing one
voice-coil wire and clipping a good speaker across it. Replace the speaker if the distortion
disappears. If not, troubleshoot the audio circuits.

Leaky or shorted audio-output transistors cause more distortion problems than any other
components in the sound stages. Check each transistor in the circuit with either a transis-
tor or diode tester. After locating a leaky transistor, remove it from the circuit to make ac-
curate leakage tests. You might find one push-pull transistor open and the other leaky,
producing extreme distortion (Fig. 12-15). Suspect that the audio-output transistor is
faulty if distortion is in single-ended audio stages.

1D01111-014
3T70OKsB22(5Y8)

FIGURE 12-14 Inspect the speaker for a torn or loose coil,
dragging voice coil, and/or an open winding.
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Q103
audioout 28V
ey Bias 1
9.9V Ri32 ‘L C138
ci34 Q02 AW 56 T 100 pF
47 uF driver l
[
28 V
R134 C140
R122 3.90 100 uF
3.6 kQ R126 v P
24 ()
9.9V =
Q104
R120 audio out
330 k2 =

FIGURE 12-15 Take in-circuit transistor tests to obtain a leaky or open
transistor. Check circled components for distortion.

Always check the bias and base resistors with the transistors out of the circuit. In many
cases, the emitter bias resistors are burned because of shorted audio-output transistors. Re-
move one end of a bias diode when making leakage tests. These bias diodes can cause a
low level of distortion after the audio-output transistors have been replaced.

In a K-Mart KMCI1984A, extreme distortion was found in the speaker (Fig. 12-16).
Q301 was found to be leaky via in-circuit transistor tests of the DMM. Voltage measure-
ments on the base and emitter terminals indicated that a transistor was leaky. After Q301
was replaced with a universal ECG198 replacement, some distortion was still present. The
base resistor (R302) (10 k) was found to be open in the base circuit of the audio-output
transistor.

Suspect that an IC or speaker is defective if the audio distortion is still there after other
possibilities have been exhausted. Substitute a new speaker. Take accurate voltage and re-
sistance measurements on the 1C terminals to determine if the IC is leaky. Check the input
and output signal of the IC for signs of distortion. If the input sound signal is normal and
extreme distortion is noted at the output terminal, replace the defective IC.

EXTREME DISTORTION

Often, extreme distortion can be caused by a leaky output transistor or IC. Most extreme
distortion is found in the audio-output circuits. Signaltrace the audio from the input of the
output IC and on the output terminal. If the input audio is normal and distorted at the out-
put terminal, suspect that an IC is leaky, electrolytic capacitors are open, or the supply
voltage is improper. Leaky output transistor Q1902 and emitter resistor R1909 were
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Q301
25C2231Y

—{ b—> To speaker
c302
100 wF

R302
10 k()

R301
820 ()

C301 =

22 HF.I

FIGURE 12-16 Transistor Q301 was found leaky in a transistorized
audio-output circuit.

110V

Q1902
Audio output

Q1901 CR1901CR1902
Sound driver

Input

Speaker
3210

e

+26 V

FIGURE 12-17 Check for leaky audio-output transistors or an output IC
and leaky bias resistors if the problem is extreme distortion.

burned in an RCA CTC 157H chassis (Fig. 12-17). Check Q1903 for open or leaky condi-
tions. Do not overlook the possibility of that a speaker is defective and causing distortion.

INTERMITTENT SOUND

Practically any component within the sound stages can produce intermittent sound condi-
tions. The most obvious parts are transistors, power 1Cs, speakers, wiring, and component
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board connections (Fig. 12-18). Determine if both the picture and sound are intermittent.
If so, the defective component is likely in the video or AGC circuits instead of the sound
stages.

Try to isolate the sound stages by checking for intermittent sound at the volume control
and output stages. Signaltrace the audio stages with the external audio amp. Notice if the
sound is normal at the top side of the volume control in transistor circuits. Now go from
the base to the collector terminal of each driver, AF amp, and output transistor until you
notice that the audio signal is acting up.

Intermittent sound can be caused by poor board wiring or by bad component connec-
tions. Push up and down at the various sections of the sound board. Notice if the pressure
points cause sound problems. Take an insulated plastic tool and push each component to
determine if a poorly soldered connection exists. Pull or flex the speaker and the volume-
control connecting wires for loose connections. Poor socket and lead terminals on remote-
control sound modules can produce intermittent sound.

MOTORBOATING NOISES

A low or loud “putt-putt” sound is called motorboating. Otten, motorboating noises occur
in the input and output audio stages. A motorboating sound in the speaker can be caused by
broken board wiring in the horizontal circuits. Suspect that other circuits are creating mo-
torboating sounds if the picture blinks off and on with a motorboating sound in the speaker.

Check for defective AF or audio-output transistors creating motorboating noise in the
speaker. Short the emitter and base terminals of the AF transistor to eliminate the transistor

Audio discriminator coil Sound output IC

FIGURE 12-18 Check these components for intermittent sound.
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Audio circuits in large IC

FIGURE 12-19 Motorboating can be caused by bad transistors
and audio ICs.

that is thought to be causing the motorboating sound. Replace the suspected transistor if
the sound disappears. Signaltrace the audio output transistor with the external amp to de-
termine if the noise originates in these transistors. Replace the output transistor if you are
in doubt.

The motorboating noise can be caused by a defective power IC (Fig. 12-19). Lower the
volume control to determine if the noise is still present in the audio-output circuits. Mo-
mentarily shunt the IC input terminal to ground through a 100-pF electrolytic capacitor.
Suspect a noisy component ahead of the power IC if the noise stops. Replace the motor-
boating IC if the noise is still present.

SOUND AND PICTURE DO NOT TRACK

After tuning in a good picture with the best sound possible and the sound has some distortion
or poor tracking, suspect that a component is defective in the sound-detector stages or sound
circuits are poorly aligned. Check the sound stages in the TV with remote-control or push-
button tuning. Readjust the fine-tuning control in older-type tuners for best sound and picture.

If these adjustments fail to bring the best picture and sound together, check that the dis-
criminator or sound coils are correctly aligned. Just adjusting the discriminator or sound
coil can take care of the sound-tracking problem. Follow the manufacturer’s sound-align-
ment procedures if the sound and picture cannot be brought together. Look for open coils
and defective bypass capacitors in the sound-input stages if the sound cannot be correctly
aligned.
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SERVICING RCA CTC109 SOUND CIRCUITS

One IC contains the entire sound circuit of an RCA CTCI109 chassis (Fig. 12-20). You
might find this same sound circuit in many of the later RCA solid-state TVs. The input sig-
nal at pin 15 and the output signal at pin 2 can be signaltraced with a scope or external au-
dio amp. A defective U201 can produce motorboating or weak, distorted, or absent sound.

Suspect U201 or C201 is defective or the voltage source (26 V) is incorrect with weak
sound (Fig. 12-21). Check the 32-Q speaker, U201, and the adjustment of L201 and C209
(7.5 pF) for distorted sound. A touch-up of L201 might cure the distorted-and-weak sound
symptom. Replace C209 if the sound drifts. Intermittent sound can be caused by U201, the
32-£) speaker, C201 (10 pF), or a dirty volume control (R4201).

For distorted-sound or no-sound symptoms, clip a new speaker across the original. Any
8-L2 or 10-£ speaker will do as a test speaker. If the sound is still distorted, touch up the
sound coil (L201). Check the input and output with the external speaker to determine if
U201 is defective. Take voltage measurements on all [C terminals before removing [C201.
Be sure to replace the copper heatsink on top of the audio IC.

FIVE ACTUAL SOUND CASE HISTORIES

Here are five different sound problems in different TV chassis, showing the methods used
in locating the sound problem.

No sound/normal picture The color picture was normal, but there was no sound in
an RCA CTC146B chassis. Audio was signaltraced and was normal at pin 28 of IF/SIF
(U1001). No sound was noted on the collector pin of audio amp Q1201. No voltage was

FIGURE 12-20 The complete IC sound section in a RCA
CTC109 chassis.
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.
gy C201

Input U201 sound
14 10 4 16
R207 4V |38V | 3.8V 6.9V ,
1 k()
¢ Rizo. 4" g ] 0.204
Raop & | KO
c212 1 kO
0.01 pF R203
L o
R4201 §
volume
C208 | control C338
91 uF 0.001 uF
T
I C209
7.5 uF pp—
L - —4+208 =

28V

FIGURE 12-21 Check these components for weak or distorted sound in RCA
CTC108 chassis.

noted on Q1201, Q1202, or Q1203. Checking revealed that the 18.5-V supply source in the
power supply was higher in voltage than normal. R1211 (5.6 Q) resistor was found open
between the supply source and the collector terminal of Q1202 (Fig. 12-22). Both R1211

and Q1202 were replaced.

Q1202 R1211

Audio output Replace 5.6 0 Open

Input
C1207
+ 100 pnF
PM ' 185V
Speaker .| ca135
T 470 pF
Input Q1203 =
Audio output
From
L g

flyback

FIGURE 12-22 R1211 was found open; it and Q1202 were
replaced in an RCA CTC146B chassis.
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R1202

U100/SIF/chroma/luma/video 470 Q)
— AN
2.7V 23V 23V

40 35 34

R1201 CF1201 R1206

1k 1 ko) Leaky
Filter AN

é L~ C1205

T 0.01pF

FIGURE 12-23 Replace leaky C1205 (0.01 pF) if the audio
has a loud hum and makes a buzzing noise.

Audio hum and noisy sound in an RCA CTC159 An RCA CTCI159 chassis con-
tained hum and noisy audio. C1205 was checked for a leakage condition (Fig. 12-23).
Measure the resistance from pin 34 to common ground of UL001. U1001 and C1205 were
replaced with weak and noisy sound.

Low hum in the sound in a Panasonic CT1320V Sometimes the audio played
normal, then would drop down with hum in the sound in a Panasonic CT1320V. 1C201
was monitored at output pin 8. When the volume went down, it indicated that the output
IC, varying supply voltage, or electrolytic capacitors were defective (Fig. 12-24). The sup-
ply voltage 7 was monitored with the DMM. It was normal throughout the change in sound

C217
470 wF
|nput>H IC201 AN5255 SIF/Sound output ﬁ !
4 6 3 ||' 7 10 Speaket
R212 R208 '
L201 | R204
100 O 330 k) | 180 kQ
|
|
| —
Cc213 = | ;
220 uF 1H§ L?; f C214i,‘ +1l c211 S R207
LR209 1330 wF T~/ 7]7100 uF 56 ki2
L \}? k) N +] _c208
olume / T
To main [/ 22 uF
beard R214 l/ =
47 k2 |/ +24.8V

+12.2v Replace

FIGURE 12-24 Audio with hum was caused by a faulty C211 and IC201 in a Panasonic
CT1320 V portable.
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Defective R1250
Left 10 3300 e
, VN
input 2 IC1203 Audio control 75V o e
35V 11 6 4 5[52v 7L107V[2 |3 g;g“rg To right
5.6k |35V |35V 3%}{245 ) L3V AN — L audio drive
Ci246 1204
022uF T |Rr2e3) 1908 R1258 5 +L- C1214 .
Right - 56k 10k 3305 711000 pF
input Balance '
C1242 ——= ontrol
0.22 uF [~ +11.9V 4119V
FIGURE 12-25 A bad IC1203 caused a dead left stereo channel in an Emerson
MS2250RA.

level. C211 was shunted with another 1000-uF capacitor, which helped some in reducing
the hum level. Defective sound IC ANS5255 was replaced with a universal SK9324 IC.

Left channel dead, right normal in an Emerson MS2250RA This audio symp-
tom indicated problems in the stereo audio-output circuits of an Emerson MS2250RA. The
right and left channels were checked at the output IC, feeding each stereo channel of
IC1203 (Fig. 12-25). No signal was found at the right channel (pin 3), but operation was
normal in the left channel (pin 10). The balance control had no effect on the right channel.
The supply voltage at pin 2 was good, with a 10.3-V measurement. The defective
ANS58361C was replaced with an NTE1280 universal component.

Intermittent, weak sound in an RCA CTC157 [fthe sound appears to be weak or
intermittent, check the electrolytic output-coupling capacitor. In an RCA CTCI157, the
sound was normal at the audio preamp, but weak at the speaker (Fig. 12-26). Clip another
electrolytic capacitor (100 pF) across C1914 to see if the sound is normal. In this case, re-
placing the audio-coupling capacitor solved the weak and intermittent sound.

PRACTICAL SOUND HINTS

The digital multimeter (DMM) and external audio amp are two important test instru-
ments for locating sound problems. Each transistor and diode can be checked in the cir-
cuit for open or leaky conditions. The external audio amp can be used to check the sound
signal from the input to the speaker for intermittent, distorted, no-sound, or weak-sound
components.

Tack in small electrolytic capacitors across the suspected ones if a capacitor tester is not
readily available. Clip a speaker across the original one to determine if the speaker is noisy
or open. Use a couple of clip leads, 100-uF electrolytic capacitors, and a speaker to check
the audio stages without an external amp.

Check the input and output signal of a suspected IC for correct voltage and resistance
measurements before replacing the IC (Fig. 12-27). Before removing the defective IC, be
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sure that you know where pin 1 is located on the PC board. Use a small soldering iron with
very small solder to solder the IC terminals (Fig. 12-28). Clean out between each terminal
with the back of a pocket knife to remove excess solder and flux. Universal transistors and
ICs can be used successfully in the sound circuits as replacements.

26V

Q1902
audio
amp

Check

! CR1901

R1909
3.30Q

|

[

32-0) cig14 R1910
speaker 100 uf 330

Bl ! CR1902
C1924
10 pF § .__< From
preamp

Q1903
audio
- amp

26 V

FIGURE 12-26 A bad capacitor C1914 caused intermittent weak sound in the RCA
CTC157 TV chassis.

Sound IC in with other circuits

FIGURE 12-27 Check the input and output terminals of
suspected output IC with a signal tracer.

—'
o
o
c
]
F
]
]
=
o
=]
3
=
o
>
=
=
n
m
v
=
o
=
o
]
o
c
=
2]
—'
»
-]
m
q
<
]




384
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vy b

L P Sy

fé/%,« =

FIGURE 12-28 Solder the IC terminals with a low-wattage
soldering iron.

TABLE 12-1 A TROUBLESHOOTING CHART FOR THE SOUND CIRCUITS

WHAT TO CHECK HOW TO CHECK IT
No audio. Sub another speaker.
Signal trace audio circuits with external amp. Signal trace from volume control to speaker.
Suspect audio output transistor or IC. Check for correct supply voltages.
Test output transistors.
MNo sound at volume control. Check sound input circuits.
Sound normal at volume control. Replace transistors or output IC with sound
input.
Signal trace sound input circuits with signal Make sure picture is normal.
and scope.
Distorted sound. Audio output transistors and IC.
Check voltage source.

Apply silicone grease on each side of the piece of insulation between the heatsink and
transistor of the power-output transistors. Replace detachable heatsinks on all transistors
and 1Cs. Look for burned or overheated base and bias resistors in transistorized audio cir-
cuits. Always keep the volume as low as possible and keep the audio circuit loaded down
with the correct speaker after servicing the audio circuits. For more information on trou-
bleshooting sound circuits, see Table 12-1.
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PICTURE-TUBE

PROBLEMS

CONTENTS AT A GLANCE

Picture-Tube Components
Larger picture tubes

CRT Bias and Driver-Board Circuits

Visual Symptoms
No raster
No picture
Weak picture
No brightness
No control of brightness
Washed-out picture
Negative picture
Blotchy or shiny picture
Poor focus
Intermittent raster
Retrace lines
All-red raster
One missing color
Intermittent color line

Other High-Voltage Problems

Chassis Shutdown

Yoke problems
High-voltage arcing
Firing lines in the picture
Defective CRT harness

Testing the CRT

CRT repairs

IHVT-derived voltages for the CRT
Spark gaps

CRT voltages

Picture-tube protection
Discharging the picture tube
Picture tube replacement

Picture tube removal

An on-screen display problem
Five actual picture-tube problems

Conclusion
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TROUBLESHOOTING PICTURE-TUBE PROBLEMS

Although the picture tube does cause some service problems, very few are replaced,
compared to other components within the TV. Defective picture-tube circuits and circuits
connected to the CRT can cause the picture to malfunction (Fig. 13-1). Check all connect-
ing circuits before attempting to replace the picture tube.

Picture-Tube Components

The picture-tube components consist of a glass envelope, electron-gun assembly, focusing
system, deflection circuits, and the phosphor screen. The black-and-white and color pic-
ture tube comes in many different sizes and shapes. Besides supplying the voltage applied
to the anode terminal and electron gun assembly, a deflection yoke provides for the verti-
cal and horizontal sweep of the raster. Static magnets and dynamic-convergence circuits
with three color-gun assemblies are used to provide color pictures on the screen. The lat-
est color picture tube might have a beam-bender magnet instead of dynamic-coil conver-
gence circuits. Flat screens and traditional glass picture tubes are used.

The defective picture tube might have no picture, no raster, a weak or negative picture,
low or no control of brightness, poor focus, an intermittent raster, and excessive arcing at
the high-voltage anode terminal. The same symptoms can be caused by the picture tube
circuits or outside circuits connected to the CRT. A defective picture tube can be detected
by visual inspection, testing the tube, and taking voltage measurements.

Besides visual symptoms, low (or no) high voltage applied to the CRT will cause a no-raster
symptom. Often high voltage can be detected at the picture tube by holding yvour forearm near
the TV. The hair on your arm will stand up. Another method is to hold a small piece of paper

FIGURE 13-1 Video and CRT circuits with high-voltage
measurements can indicate picture-tube problems.
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FIGURE 13-2 The 27-inch RCA screen has a flat surface with
square corners.

next to the screen and watch it pull inward. High voltage can be detected when you hear the
deflection yoke expand when the receiver is turned on and collapse when the receiver is
turned off. High voltage should be measured at the anode terminal with a high-voltage meter.

For successful picture tube and corresponding circuit tests, the following test instru-
ments are required:

B A CRT tester. The picture tube tester checks the performance of each individual gun for
proper emission. This tester can operate in conjunction with the tube charging tester, or
it can operate separately. The CRT tester is a must-have instrument for the complete
service shop.

B A VOM, DMM, and VTVM.

B A VTVM with a high-voltage probe.

B A separate high-voltage probe (42 kV).

LARGER PICTURE TUBES

Picture tubes are getting bigger each year. A few years ago, the 24-inch tube (with a 25-
inch diagonal design around the corner) was the largest size. Today, 26-inch, 27-inch, and
31-inch screens are being produced (Fig. 13-2). The 27-inch screens are quite popular and
are used in table models and consoles. The 27-inch and 3 1-inch picture tubes have a flat
surface with square corners. Most picture tubes are measured diagonally from corner to
corner (Fig. 13-3). Although the larger screens have the same number of scanning lines as
the 10-inch screen, the 27-inch screen still produces an excellent picture. Very little distor-
tion is found in the larger glass picture tubes. Of course, the larger the screen, the heavier
the TV. It takes two people to lift, remove, and replace the larger picture tubes.
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TROUBLESHOOTING PICTURE-TUBE PROBLEMS

FIGURE 13-3 This 27-inch screen is square and has a flat surface.

Normal high voltage for the 27-inch picture tube is around 27.5 kV; it should not exceed
32 kV at maximum beam current. The 26-inch picture tube should have 26 kV applied and
not exceed 29 kV. Check the schematic for the values of high voltage applied to larger direct-
view screen picture tubes. Measure the HV with a VTVM (with high-voltage probe) or a
high-voltage probe (meter).

CRT Bias and Driver-Board Circuits

You might find green, red, and blue bias transistor stages ahead of the color-output transis-
tors. Each color bias transistor is directly coupled to the same color-output transistor. The G-
Y, B-Y, and R-Y color difference signals from the 1C processor are fed to the base circuits
of each bias transistor. The color signal is applied to the base circuits, but the luminance or
brightness signal is connected to each emitter terminal of the color bias transistor (Fig. 13-4).

The color bias signal is fed to each emitter terminal of color output transistors. Higher
collector voltage is applied to each output transistor with a fixed lower voltage at the base
terminal. The output of each color-output transistor is coupled through an isolation resis-
tor to the cathode pin of the CRT. Each color-output transistor is coupled to the respective
color-gun assembly within the picture tube.

Scope the color signal at the G-Y, B-Y, and R-Y terminals on the color IC processor.

Next, check the luminance signal applied to the luma buffer transistor. Measure the volt-
age at the collector terminals of each bias transistor. Check the color signal at output of
each output transistor. Measure the high voltage on each output collector terminal. A miss-
ing color can result from an improper input signal, leaky or open output transistors, low
collector voltage, and a defective gun assembly inside of the picture tube.
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Visual Symptoms

The following are common visual symptoms of problems in the picture tube and its asso-
ciated circuitry.

NO RASTER

The front of the picture tube is entirely black with no scanning lines. An improper high or
low voltage applied to the picture-tube elements can produce a dead raster. The electronic
gun assembly will not produce a raster without the proper heater or filament voltage. Im-
proper focus voltage can prevent the tube from lighting. A poor signal voltage at the cath-
ode terminals can prevent a raster from operating—even with a normal picture tube and
the correct applied voltages.

Q904

Q901 Green output

Green bias

G-Y
6
8 CRT
1

R-Y >AAA—

B-Y >

Buffer
luma amp.
Q903
Blue =
From bias +12V
luma IC
+12V

FIGURE 13-4 The CRT green, red, and blue output with bias transistors are
connected to cathodes in the CRT.
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Fd

&
120-Vac g

ya
Y

13 F901
14: . E X 63-Vac
to CRT
> »X

2-in. piece of
#26 wire

FIGURE 13-5 A no-raster symptom in the Admiral
3M20 chassis was caused by poor heater plug.

In an Admiral 3M20 chassis, the high voltage was normal, but no heater light could be
seen from the end of the picture tube. In this model, the CRT heaters are fused with F901
(Fig. 13-5). The fuse was good. An ac voltage measurement at the heater transformer ter-
minals indicated a poor socket connection at pin 14. When the heater plug was moved on
the M900 power supply board, the tube would come to life. Improving the connection

solved the problem.

NO PICTURE

The tube will light in the gun assembly with a no-picture/no-raster symptom. If a nor-
mal raster is found, suspect that the problems outside the picture-tube circuits. Im-
proper voltages on the cathode and grid circuits of the CRT can cause a no-picture

symptom (Fig. 13-6).

455V

136 V
30V

19VHYP22

130V

Back side view of

CRT socket of a
Ward model
GAI-12994C
Focus
6 kV

FIGURE 13-6 Measure the voltage on the picture
tube to troubleshoot a no-picture symptom with a

normal raster.
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FIGURE 13-7 Check the high voltage at the anode button on the
CRT to determine if high-voltage circuits are normal.

WEAK PICTURE

A poor or weak gun assembly can produce a weak picture. Suspect that a picture tube is
defective if all three color guns test weak with correct element voltage and not enough
brightness. Improper high voltage or voltage applied to the picture-tube elements can
cause a weak picture. Usually with improper high voltage, the raster will pull in at the
sides. Check the luminance and output circuits if the picture tube and corresponding cir-
cuits work properly.

NO BRIGHTNESS

High voltage might be present with a no-brightness symptom. Measure the high voltage with
a high-voltage probe (Fig. 13-7). Of course, no high voltage will result in a no-brightness/
no-raster symptom. An open heater element or no heater voltage produces a no-bright-
ness/no-raster symptom. Improper voltages applied to the picture-tube circuits can also
cause a no-brightness symptom.

NO CONTROL OF BRIGHTNESS

Improper brightness control can be caused by a shorted picture tube, improper element
voltage, or improper control-signal voltage. With a tube tester and voltage measure-
ments, determine if the picture tube or circuits are defective. Suspect that a luminance,
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Q506 R556
3.3k
R218 R219  R239 ABL Output
From 10 k() 22 kY 22k}
screen . M Y AvAvA" AVAVAY
control
R240 A7
C206 8.2 ki)
0.022 pF
112V
N 1.2V
+120V
Replace

FIGURE 13-8 Resistor R217 was found burned and open in a Goldstar
CMT2612 with no control of brightness.

video, or output circuit is defective if the picture tube and the voltages applied to the
CRT are normal. High brightness can be caused by a defective service switch on some
models.

The picture was very bright with no control of brightness in a Goldstar CMT254(. Re-
place resistor R217 (100 k£2) to restore the brightness control (Fig. 13-8).

WASHED-OUT PICTURE

A weak picture tube or an improper focus voltage can appear as a washed-out picture. Sus-
pect a defective video or luminance circuit with a normal raster. Often, a washed-out pic-
ture can be a combination of a weak gun assembly and an improper video signal.

NEGATIVE PICTURE

A negative picture can be caused by a shorted picture tube. Sometimes, just tapping the
end or neck of the tube can cause a negative picture to come and go. An improper element
and signal voltage can produce a negative picture.

BLOTCHY OR SHINY PICTURE

A weak picture tube can cause a shiny or blotchy picture. Notice if a close up of a person’s
face is extremely shiny when the brightness and contrast controls are turned up. Test the
CRT for low emission. An improper screen or boost voltage can produce a blotchy picture.
A defective degaussing coil assembly or poor purity can cause a blotchy-colored area on a
section of the picture tube.

POOR FOCUS

A weak picture tube can cause poor focus. An improper focus voltage can produce a poor-
focus symptom. Intermittent focus can be caused by a defective picture tube socket. Sus-
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pect that a focus pin has corroded at the CRT socket if the focus changes every few sec-
onds. Poor focus can result from a cracked or broken focus control.

Check the focus voltage at the CRT socket with the high-voltage probe. The focus
voltage should vary between 3.5 kV and 5.5 kV. You might notice only a slight change
on the high-voltage probe because the high-voltage readings are quite close together. A
VTVM with a high-voltage probe will give a greater voltage swing with correct focus
adjustment.

Suspect that a defective focus control or leaky spark-gap assembly is at the picture-tube
socket if a low focus voltage is measured at the socket. Only 1.5 kV was measured at pin
|1 of the CRT in a Sharp 19C79A (Fig. 13-9). Remove the picture tube socket to measure
the focus voltage if no focus voltage points are found outside of the socket area. Stick the
end of a pigtail fuse inside of the focus socket. Be careful when taking focus voltage mea-
surements. In this case, spark-gap SG855 had arced over several times, providing a low-
resistance path with lower focus voltage applied to the second anode, resulting in poor
raster focus (Fig. 13-10).

| CRT

Spark-gap
assembly

SG

|
|
|
Y
i
SG h‘
.
*
-

il
(5]
-k
-
<

| |
| I
| |
| I
| I
| |
| I
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| |
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| |
| I
| I
| |
| I
| |
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| I
| |
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FIGURE 13-9 A leaky spark gap (SG855) in a Sharp
19C79A reduced the focus voltage (1.5 kV).
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CRT board and socket

FIGURE 13-10 Arcing inside the spark gaps can cause a poor
color missing or chassis shutdown.

INTERMITTENT RASTER

The raster can become intermittent with poor heater voltage, improper screen or anode
voltage, or a defective picture tube. Sometimes the receiver will run for hours or days be-
fore going out. Careful voltage tests can help solve the intermittent raster symptom.

Improper heater voltage at the picture tube socket produces most intermittent raster
problems. The heater voltage can develop from a power transformer or, in later models,
from the high-voltage circuits or flyback winding. Poor plug fittings or a bad picture-tube
socket can cause the intermittent heater voltage.

Replace the entire socket and harness or repair the heater leads. In the K-Mart SK1310A
chassis, a twisted pair of heater wires go to the heater socket terminals and a plug on the
chassis (Fig. 13-11). The socket commonly goes bad. Attempting to repair the heater plug-
in on the chassis is fruitless. In one particular case, a new pair of twisted wires were sol-
dered directly from pins 8 and 10 of T602 to pins 6 and 7 of the CRT socket, bypassing the
defective socket and fixing the problem.

Te02
flyback
transformer
8 6
g = CRT
L0 7 socket

FIGURE 13-11 Replace the entire socket assembly if
the heater pin terminals are in poor condition.
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Besides the possibility of an intermittent voltage applied to the picture tube, suspect that
a gun is shorted or that the internal heater assembly is intermittent. Take an chmmeter con-
tinuity test of the two heater terminals after the light goes out. Remove the TV chassis and
connect it to the bench tube to determine if the picture tube is defective on extreme and
very difficult raster symptoms. Suspect problems with the picture tube if the chassis oper-
ates with the bench test tube for several hours. You might find that the CRT tester will not
indicate an intermittent gun assembly.

RETRACE LINES

Retrace lines can be caused by a shorted picture tube or defective luminance and color-out-
put circuits. Improper adjustment of screen and bias controls can produce retrace lines
over the whole screen. A defective picture tube can have an extremely bright raster with
retrace lines. High brightness and retrace lines with a defective CRT can cause high volt-
age and chassis shutdown in the latest TVs.

Improper boost- or screen-voltage sources can produce retrace lines in the picture (you
might think it is an AGC or video problem). In a Goldstar CMT2612 portable (Fig. 13-12),
scanning lines with no control in brightness were caused by very low boost voltage applied
to the color-output transistors. D502 was burned and open in the 210-V boost source.

ALL-RED RASTER

Suspect a picture tube is shorted, color-output transistor is defective, or that the boost volt-
age or low voltage applied to the picture-tube circuits are incorrect if the raster is only one
color. The video and sound might be normal, but the entire screen is of one bright color.
Check all voltages on the picture tube. Test each gun of the picture tube with the CRT tester.

Improper adjustments of the screen and bias controls can cause one color to stand out.
Try to complete the black-and-white adjustment. If one color will not adjust to a horizontal
color line with the screen control when the service switch is in the service position, suspect

Defective

DS?E C524 G567 +210V

@ * Boost source
55 LF voltage
ll_ P _J_

1 Part of

T403
2 flyback
3

FIGURE 13-12 Lack of brightness control and retrace lines in
a Goldstar CMT-2612 portable were caused by defective diode
D502.
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Open %
Boost Horizontal

Boost rectitier flyback
voltage ¢

AN
4940V \_/ transformer
Cii
R145 0.01 uF
100 k2 K

FIGURE 13-13 Improper boost voltage in a General Electric TV
was the result of open resistor R145 (100 kQ).

CRT socket CRT focus and CRT board
screen assembly

FIGURE 13-14 Suspect that the spark-gap assembly in the CRT

socket is defective if the symptom is a bright raster and then
shutdown.

that a gun assembly of the CRT is defective. Be sure that the master screen, bias, or indi-
vidual screen controls are turned up. Measure the screen voltage of the missing gun color
at the picture-tube socket.

No color lines were visible with the service switch in the service position and all screen
controls were advanced in a General Electric KD chassis. Low voltage was measured at
the screen-grid terminal of the picture-tube socket (Fig. 13-13). R145 was found to be
open in the boost-voltage circuit supplying screen grid voltage to the CRT.

In an RCA FFR-498WK chassis, the screen was all green, became extremely bright, then
shut down. With a very bright-colored raster, the spark-gap assembly must be checked for
leakage (Fig. 13-14). Just 32 Q were measured across the green-screen spark-gap assembly.
In these latest RCA TVs, replace the whole spark-gap assembly with RCA part 148169.
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ONE MISSING COLOR

Raise the screen control on all three colors to determine which color is missing. Suspect
that a gun assembly or that the CRT circuits are defective if one color is missing with the
service switch in the Service position. Test all three guns with the CRT tube tester.

A leaky color-output transistor can cause one color to be missing from the raster. Some of
these color-output transistors are located on the picture-tube socket assembly (Fig. 13-15).
A voltage test on the metal collector terminal can indicate that a transistor is leaky. Sus-
pect that a transistor is leaky if the collector voltage is very low. Compare this voltage with
the other two output transistors. Low voltage on all three output transistors can indicate
that the supply voltage is improper.

The color green was missing from the raster in a Goldstar NF9X chassis (Fig. 13-16).
After a quick test of the video color-output transistor, only 23 V were found at the collec-
tor terminal of Q353. The transistor was removed and a short was discovered between the
collector and emitter terminals. R363 was replaced because it was running very warm. Re-
placing both Q353 and R363 solved the no-green problem.

INTERMITTENT COLOR LINE

Suspect an intermittent gun assembly if the raster operates normally for several hours or
days, then a green line appears with a negative picture. Often, the brightness dims down
with no picture. With very difficult intermittent picture-tube problems, the chassis should
be connected to the bench test tube to determine if the picture tube or chassis is intermit-
tent. Cover the chassis with a rug or blanket to keep the heat in because most intermittent

Color output transistors

FIGURE 13-15 Inspect the color output transistors on the
picture tube board.
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Q353 R368
Green output 270
. AN »=To CRT
R363
15 k)

To zener
diode =

FIGURE 13-16 Lack of green in the raster in a Goldstar
NF9X TV chassis was caused by a faulty green output
transistor, Q353.

problems occur after several hours of operation. Replace the intermittent picture tube if the
chassis operates normally for several days with the test tube connected.

Other High-Voltage Problems

CHASSIS SHUTDOWN

A shorted picture tube can cause the chassis to shut down. The raster will appear extremely
bright, then shut down. Disconnect the anode high-voltage lead, insulate the lead away
from picture tube or chassis, and plug in the power cord. If the sound comes up with high
voltage at the anode terminal, suspect that the picture tube is shorted.

Chassis shutdown with only a bright red, green, or blue raster might be caused by a leaky
or shorted spark gap. Measure the voltage at the cathode terminal of the picture tube be-
fore the chassis shuts down. In an RCA CTCI111A chassis, the chassis would shut down
after a few seconds with a bright blue raster (Fig. 13-17). Only 29 V was measured at the

Q5003 2.2k0

To CRT
Input Spark v
11 .2 V gap I ‘xlk""‘-- Clogged
= with dirt

+11.2V

FIGURE 13-17 A bright CRT, followed by chassis
shutdown in the RCA CTC111A chassis, was caused by a
leaky spark gap.
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Yoke assembly Flyback

FIGURE 13-18 Suspect a shorted yoke assembly if smoke curls
up from it.

collector terminal of the blue driver transistor (Q5003). A resistance of 2.2 k{2 was found
between the collector and emitter terminals. Q35003 was replaced, but this did not correct
the chassis-shutdown problem. A short was found from pin 11 to ground of the CRT be-
cause of a leaky spark-gap assembly.

YOKE PROBLEMS

The horizontal and vertical deflection yoke is mounted near the bell and on the neck of the
picture tube. The defective yoke can contain shorted turns, leakage between the horizontal
and vertical windings, and excessive arcing between the windings. The shorted yoke can
show a trapezoid pattern or picture on the screen. Arcing between the coil layers can show
up as heavy horizontal firing lines in the raster. If excessive arcing is found, puffs of smoke
might curl up from the yvoke assembly (Fig. 13-18).

The defective yoke can be located with ohmmeter tests, with the flyback-yoke tester, and
by feeling for warm spots inside of the yoke windings. In the black-and-white TV, the old-
timer would disconnect the yoke after 30 minutes of operation and feel for warm areas in-
side the yoke (indicating shorted turns). A continuity check with the ohmmeter indicates if
a winding is open or if the two windings are shorted together.
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HIGH-VOLTAGE ARCING

Excessive high voltage can produce a loud crack or arcing sounds around the anode con-
nection. Dust and dirt on the CRT anode terminal can cause some corona activity. Dis-
charge the picture tube. Clean off the anode lead and tube area with cleaning fluid or
detergent. Inspect the anode lead rubber for excessive firing areas. Replace the entire high-
voltage cable and plug if evidence of arcing is found. Check the high-voltage anode for ex-
cessive high voltage. High-voltage arc-over at the CRT anode terminal can result from a
defective hold-down circuit in the TV chassis.

High-voltage arcing can occur with a defective picture tube. With an open heater as-
sembly, a blue area appears at the gun assembly when arcing begins. Check the glass neck
for a cracked area. It might be inside of the yoke assembly. A shorted picture tube can
cause high-voltage arcing around the ground strap and TV chassis.

FIRING LINES IN THE PICTURE

Sharp jagged or dotted lines across the picture can indicate outside interference or arcing
in the chassis. Remove the outside antenna and notice if the interference lines disappear.
Usually, man-made noise picked up from the antenna will appear on channels 2 through 6
(Fig. 13-19).

Thin firing lines can be caused by improper grounding of the dag (outside area) of the
picture tube. Clip a lead from the chassis to the black, rounded area of the picture tube.
Sometimes these small springs around the bell assembly become dirty and corroded, leav-
ing a poor ground. Check to see if the ground strap from the chassis to the picture-tube

N P

FIGURE 13-19 A defective focus-screen assembly in the RCA
CTC107 chassis can cause firing lines in the picture.
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Screen Focus

FIGURE 13-20 Rotate the focus control if firing lines are in the
picture.

mounting bracket is in place. If broken, run a ground wire from the picture-tube mounting
to the metal chassis.

Arcing lines can be caused by a defective flyback transformer or focus-control assem-
bly. Check for corona arcs around the outside plastic body of the horizontal output trans-
former. Rotate the focus control to see if the lines disappear (Fig. 13-20). Replace the
focus control if the focus is poor focus and firing lines are in the picture. These printed
high-resistance focus controls have a tendency to break and arc over (Fig. 13-21).

DEFECTIVE CRT HARNESS

A defective picture tube socket can cause a blurry picture with firing lines. Poor focus can
result from a corroded focus pin of the CRT socket (Fig. 13-22). Picture-tube spark gaps
inside the CRT socket can cause arc-over. Sometimes you can hear the arcing by placing
your ear near the tube socket. Besides arc-over, suspect that the heater terminals are faulty
if an intermittent raster is found. If the heater terminals have changed color, forming a
high-resistance connection, install a new CRT socket and harness.

A faint spitting noise was heard when the J.C. Penney CTC90JL chassis was first
turned on. Intermittent firing lines would appear across the screen. (Under these condi-
tions, suspect either a defective flyback transformer or focus control.) The arcing could
be heard at the CRT socket. The arcing noise stopped when the picture-tube socket was
removed. Installing a new CRT socket and harness solved the intermittent firing in the
raster.
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CRT anode HV cable

Focus control  Focus cable Flyback Yoke

FIGURE 13-21 Check the various components that could cause
arcing and firing lines in the picture.

Check focus pin

FIGURE 13-22 Check for a corroded focus pin in the CRT
socket if the set exhibits poor focus.
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Testing the CRT

The defective picture tube can be located with a CRT tube tester and crucial voltage mea-
surements. Check the high voltage at the anode terminal. Visually inspect the neck of the
tube for light in the tube filament. Now test the picture tube with a good CRT tester.

The picture tube can be checked in the home, in the carton, or on the bench with the CRT
tester. Intermittent conditions might not be located with the picture tube tester. Visual in-
spection and high- and low-voltage measurements on the tube elements can help you to lo-
cate the intermittent picture tube (Fig. 13-23). Sometimes tapping the end of the tube can
turn up a shorted gun assembly. For very difficult picture-tube problems, connect the chas-
sis to the bench tube for observation.

CRT REPAIRS

Operation of the weak picture tube can be extended by applying a tube brightener or by
charging the tube with a picture-tube charging instrument. The tube brightener plugs on
the end of the picture tube with the CRT socket plugged into the end of the brightness as-
sembly. The brightener raises the heater voltage, increasing brightness. Although increas-
ing the tube brightness is not a permanent repair, the life of the TV can be extended for
several months. Charging the picture tube might prolong the life of a picture tube for sev-
eral years. The test instrument renews each gun assembly by removing bombarded ions
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R535
Q353 110 6 2
green output R368 —WW\ LAY, 8 V1 1
102 V 3 -
o7y 27K0 | [ 71
R363 (Spark b 104V [ ey -
15 kil gapi = 2 10_ _ _
Q351 I I
blue output .
ue oulpl 148V pase 370ECB22
104y 2.7k} 5 KV
R365 | Spark
Q352 15 k() _i_gap
red output R367 -
-;101'38 v 2.7 ki)
R364 ) 3 Spark
15 kO 2 gap
148 V N
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R373 R362 Qap_?_ 5kV
screen 1.8 M1} =
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FIGURE 13-23 Monitor the voltages at the picture tube to determine if the CRT or the
circuits are intermittent.
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from the cathode area of the heater gun assembly. Charging the picture tube can help sell
a used color TV. Use the instrument to sharpen and brighten the picture after TV repairs.
A good picture-tube charging and testing instrument can cost more than $500.

IHVT-DERIVED VOLTAGES FOR THE CRT

Besides supplying low dc voltages for the various circuits of the TV, the integrated flyback
transformer (IHVT) can produce high voltage, focus voltage, screen voltage, and filament
voltage for the picture tube. The high-voltage winding of the IHVT horizontal output
transformer contains high-voltage diodes molded inside of the transformer. The high-voltage
lead goes directly to the anode button socket on the bell of the CRT. If any of the high-
voltage diodes break down, the entire flyback transformer must be replaced (Fig. 13-24).
The high voltage is measured with a high-voltage probe or VTVM on the high-voltage ter-
minal of the CRT.

The filament voltage for the three guns inside of the picture tube is taken from a separate
winding on the flyback transformer. This winding consists of one to three turns of large wire
around the ceramic core and metal flange. The two filament cables plug into or are wired di-
rectly to the picture-tube socket. Poor socket connections, a defective CRT tube socket, or
poorly soldered connections at the CRT board can cause intermittent or no raster because of
improper filament voltage. Do not try to measure this ac voltage with any type of voltmeter.

The focus and screen voltages are usually taken from a focus-screen variable divider net-
work of the high-voltage secondary winding. The focus and screen variable assembly can
be found on the end of the CRT board or on a separate mount at the rear of the chassis, A

Flyback or horizontal output transformer

FIGURE 13-24 Replace the flyback its HV diodes are arcing
internally.
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From From From
blue green red
collector collector collector

BE
3 )
SRR

i

CRT

VV

15

Control
¥ grid S.G.

———— i o o e g e e, ey

Filament voltage

y
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Y To  High voltage
= T focus from
screen divider flyback
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FIGURE 13-25 Some TVs have spark gaps on all CRT pin terminals, except the
heater pins.

corroded or dirty focus control and CRT pin can produce an out-of-focus or blurry picture.
In some TVSs, the screen voltage can be taken from another secondary winding with a sep-
arate diode rectifier and filter network.

SPARK GAPS

You will find spark gaps at each grid, at the screen and focus grid terminals, and at all three
cathode terminals of the picture tube. These gaps will arc over and protect the picture-tube
gun assembly if extreme high voltage is present at any picture-tube element. If one of these
gaps continually arcs over, it can cause an extremely blurry picture, a loss of color, a one-
color raster, and/or chassis shutdown.

Sometimes when the picture-tube sockets become very dirty, excess dust collects in the
gap area and causes the entire chassis to shut down (Fig. 13-25). If the raster comes on and
goes into a blurry, distorted picture, check the spark gaps in the CRT socket. Usually, the
spark gaps are molded into the CRT socket or are placed in separate components on the
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CRT board. Replace the spark gap or CRT socket if excessive arc-over continues or if the
gap areas cannot be cleaned.
CRT VOLTAGES
Crucial voltage measurements on the picture-tube socket can help you to determine if the
CRT is defective. A no-raster symptom can indicate improper high voltage or a defective gun
assembly. No control of brightness can be caused by a shorted picture tube, improper screen
voltages, or by a poor video signal from the luminance circuits. The all-red screen or a miss-
ing color can be caused by a leaky color-output transistor, which lowers the cathode voltage
of the picture tube. Poor focus can be caused by an improper voltage at the focus pin terminal.
High voltage and focus voltage should be measured with a high-voltage probe or with a
VTVM and a high-voltage probe. Crucial screen and boost voltages can be measured with
the 1500-V scale of a VTVM, VOM, or DMM. Correct cathode and grid voltage should be
checked with a VTVM or DMM (Fig. 13-26).
25VDMP22
o R978 1 14
red ¢ 2okt 177V i A
output R979 175V 11
27k | LAY 1Y
Blue A 30V ] I
output / 12 T
Green 2.7 k) noss 7
output 2.2 k2 757V 5
590V 131 [
R984 715V 4
270 k2 ] -
; ROG6 SV Anaode
24 .9 kV
12 k(2 R486
215V 22 k() .
C450 S5G '
R486 ::Lo_om FLF'-?-' unit
2.5 MQ - 4
C446 R482 To focus
0.001 nFE 22k0 2 SC assembly

A

Caas X R484
0.001 pF ::L 22 k() iSG

R474
330 kf} 25MQgoo V

- boost

FIGURE 13-26 Check for crucial cathode, grid, and high voltage to determine whether a
picture tube is defective.
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PICTURE-TUBE PROTECTION

Remember, all picture tubes use an integral vacuum, so handle them with care. Do not re-
move or install the picture tube unless you are wearing goggles to protect your eyes from
possible implosion and flying glass. Replace the picture tube with a correct tube. Do not
handle the tube by the neck. Grab the picture tube with both hands on its heavy glass front.
Do not force any components off the neck of the picture tube. Remember, some in-line
picture tubes have deflection yokes that are permanently attached.

DISCHARGING THE PICTURE TUBE

Always discharge the high voltage at the picture tube when replacing or working around
the high-voltage circuits. Remember, the picture-tube aqueduct glass around the high-volt-
age socket acts like a high-voltage capacitor and it can hold a charge for months. Stay alert
when discharging or working around the high-voltage circuits to prevent shocks or serious
injuries.

In the old black-and-white tube chassis, the picture tube was discharged from the anode
connection to the chassis ground. Do not attempt to discharge the CRT in this manner. You
can damage transistors and ICs in the solid-state chassis by discharging high voltage to the
chassis. Always discharge the high voltage from the button area to the black aqueduct on
the outside of the picture tube. Use a long-bladed, well-insulated screwdriver to get under
the rubber socket connection, and ground a similar screwdriver blade to the outside ground
of the CRT. Hold the metal shanks of the screwdrivers together to discharge the picture
tube.

PICTURE TUBE REPLACEMENT

After determining if the picture tube is defective, take a visual inspection of those compo-
nents surrounding the CRT (Fig. 13-27). Check the position of the purity and beam mag-
nets on the neck of the tube. Measure the distance between the purity magnet and end of
the tube for future reference when installing the new one (Fig. 13-28).

Carefully remove the back cover. Loosen the top screws and then the bottom. Hold the
back so that it will not fall against the CRT and possibly break or crack the neck of the
tube. Remove the chassis. Place the front of the tube or cabinet face down on a rubber mat
or rug. Notice the mounting of each component from the neck of the CRT and around it.
Remove the picture tube and lay it on its face on a rug or carpet so as not to scratch the
screen area. Reverse the procedure to install a new tube. Degauss the picture tube before
black-and-white setup.

PICTURE TUBE REMOVAL

Before attempting to remove the picture tube, remove the chassis and tuner from the cab-
inet. Place the cabinet face down on a blanket or soft surface to protect the front screen of
the CRT. Remove the metal screw or bolt in each comer to free the bracket or shell that
holds the degaussing coil. Sometimes the top or bottom degaussing coil is held in place
with plastic ties and metal screws (Fig. 13-29).
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Focus assembly CRT socket Purity ring Yoke

FIGURE 13-27 Visually inspect all components mounted on a
CRT before removing one from the chassis.

Purity magnet

\ Beam magnets

.

1 1B
Yoke W
CRT assembly n :]g

I

ool i i
4}3 19-in. location 1.41in.

FIGURE 13-28 Measure the distance of all
components on the neck of the CRT for correct
location at reassembly.

Remove the screws or bolts on each corner of the picture tube so that the tube can be
lifted out of the cabinet. It is best for two people to lift the CRT. Place it on a blanket or
soft cloth to prevent scratches. Reverse the procedure when installing a new picture tube.
Measure the distance from the end of the CRT to the mount tab magnets of the old tube to
position the new replacement. Always wear safety glasses or goggles when removing and
installing CRTs.



TESTING THE CRT 409

AN ON-SCREEN DISPLAY PROBLEM

The signal information for the on-screen display (OSD) is provided by the AIU
(U3300). The system-control IC (U3100) determines when to output the OSD signals.
During normal operation, the luminance information is applied to the base of Q2901.
This output is mixed with emitter of Q5002, with chroma information applied to the
base of Q5002. The collector of Q5002 drives the green gun assembly of the picture
tube (Fig. 13-30).

When the OSD signal of U3300 is applied to the base of Q2903 and Q5004, both tran-
sistors are turned on, which causes CR5002 to become forward-biased. Now Q5002 is
pulled low, resulting in a current path to Q5004 instead of Q5002.

Check the OSD circuits by scoping the input terminals of the OSD, luma, and OSD black
signals. Scope the waveforms at the collector of Q2706 and Q5004. If Q2903 becomes
shorted, the picture will be all green. A leaky CR2709 or Q2706 will eliminate black
around characters; if it is open, the picture will be black all of the time. For a green OSD
character, check the OSD output of U3300, Q2903, Q5004, and CR5002. If there is no
black edge, check the output from U3300 and check Q2706 and CR2709. With no lumi-
nance, but okay chroma, check the output of U3300 and look for a leaky Q2709.

Degaussing Degaussing
coil coil holder

~
Picture tube
grounding lead

FIGURE 13-29 A picture-tube removal schematic
for the Realistic 16-281 portable TV.
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Q5004 TP5004
Q2903 Green Q
Green drive
buffer CR5002 To green
A A a—
0OSD from gun
U3300
+200V
+12V  From Q5002
G-Y of Green
TP2705 TP2708 (2901 U1101 output
P uma
buffer Green
From drive o TP5011
luma amp. AN network g
U1001
CR2709 A =
Q2706
Black |
inverter .
0SD ' "
black from 12V
u3300
+9V

FIGURE 13-30 RCA CTC157 on screen-display (OSD) circuits.

FIVE ACTUAL PICTURE-TUBE PROBLEMS

The following five picture-tube-related problems actually happened.

High brightness and retrace lines in an RCA GJR2038P The brightness was
extremely high and retrace lines were in an RCA GJR2038P. Sometimes the chassis would
shut down after operating for a few hours. All CRT voltages were checked, with normal
boost voltage to the output transistors. Improper voltages indicated that the brightness ref-
erence transistor (Q703) was shorted (Fig. 13-31). Several of these same transistors have
been replaced in other RCA TVs.

Intermittent brightness in an Emerson MS250RA In an Emerson MS250RA
portable, the screen brightness would operate for hours or just a few minutes, and come off
and on. The brightness and screen controls had little effect on the picture. Both the 11.5-V
and 18.8-V voltages were monitored in the video and contrast circuits, and were fairly nor-
mal when the brightness went out (Fig. 13-32). Sometimes the brightness would only dim.
No scope waveform out of pin 42 or 22 occurred with the no-brightness problems. Re-
placing 1C201 solved the problem.
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Bright screen with shading in a Sanyo 91C510 The TV screen was very bright
with some dark shading in a Sanyo 91C510. Transistors and voltages were checked in the
video circuits and were normal. The boost voltage of 196 V was quite low at the picture
tube cathode terminals. D311 and R342 were found to be good in the boost-voltage source
(Fig. 13-33). C358 (4.7 uF, 250 V) was shunted, which solved the brightness problem.

TP707 Q703
Brightness
Cc721 reference
1 pF R721 To output
v, 100 (2 amp.
Input v A *

R702 k() R725
68005 25kn0

1.3V

11.3V

FIGURE 13-31 High brightness with retrace lines resulted from
a leaky transistor (Q703) in an RCA GJR2038P.

VR1102
Brightness

Q207 C248
Video buffer 0.47 pF

—l
]
o
c
]
F
m
v
X
o
o
=
=
o
-
=
=)
]
m
v
B
=
=
o
wn
Q
e
bt
7]
—l
-3
-
]
—l
<
[7/]

R2274 Rz2221

38k 10 kM) R1101
{ Y 1k}
2 ki)
R2275 VR1101

5.6 kel Sub-brightness

10k <9510

42 ) 10

1C201/Video/Chroma/Deflection

3 VR1104
Contrast 10 k(}

Defective

R226
22 ki) 115V

FIGURE 13-32 An intermittent chip (IC201) caused intermittent
brightness in this Emerson MS250RA portable.
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+123V == .

1
R382
D311 10 Part of
1;‘3}; AAA - T302
C358 flyback
4.7 pF
From Q302 -
high output \ 12
Defective

FIGURE 13-33 A bright screen with some shading
was caused by the failure of capacitor C358 (4.7 uF) in
a Sanyo 91C510 TV.

Bright retrace lines in an RCA CTC118A The picture in an RCA CTCI118A chas-
sis looked like there was AGC trouble, with bright retrace lines. In this model, several ICs
(U701) were replaced for the same video problems. In this case, R114 was open in the
color-output transistor circuit.

Brightness in and out in a GE CTC148 The brightness would change without ad-
justing the picture in a GE CTC148. Go directly to the input circuits of the PIX clamp and
contrast of AIU U3300 IC. Check the LDR buffer transistor (Q3302) for leakage (Fig. 13-34).
The normal voltages at Q3302 are quite close in value. Test the transistor in the circuit for
leakage, then remove it from the circuit and test it again for leakage.

Q3302

LDR buffer R3321 R3337 U3300
7.93V 10kQ 1k AlU
8.4V MV MWV pix clamp
R3323 +——»A—— Contrast
9V
1k R3320 ooad
100 k :
To
FB 3302 L

FIGURE 13-34 The brightness would change with
a leaky buffer transistor (Q3302) in a GE CTC148.
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TABLE 13-1 SERVICING THE PICTURE TUBE CIRCUITS

WHAT TO CHECK HOW TO CHECK IT
No raster. Check voltage at HV anode on CRT.
White raster no picture. Check color output and video circuits.
Black raster with normal high voltage. Check for no focus voltage.
Poor focus. Check CRT and focus circuits.

Check CRT socket.
Real bright raster, no control. Check boost voltage.

Check all voltages on CRT.
Suspect brightness circuits.

Weak picture. Test CRT,; all three color gun assemblies.

Intermittent raster. Check CRT socket and look for loose particles in grid
elements of CRT.

Conclusion

Always keep the back cover on the TV after replacing the picture tube or repairing a chas-
sis to prevent breakage. Carefully lay the defective tube face down on a rug or carpet to
prevent scratching the screen area. Remember, you can’t receive the turn-in value of the
tube until the bad tube is returned and accepted.

Installing a rebuilt picture tube can place the TV back in working order for a lower price.
Some picture-tube rebuilders will install a new gun assembly in those 19-inch in-line pic-
ture tubes with the yoke glued to the bell of the tube. This can be done at a much lower cost
than purchasing a new tube. Charging the old picture tube can brighten the picture after re-
pairs. Remember to clean the screen with window cleaner and polish up the cabinet before
returning it to the customer. More information on servicing the picture-tube circuits is
found in Table 13-1.
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PART 3

TROUBLESHOOTING
AND REPAIRING AUDIO
AND VIDEO CASSETTE PLAYERS
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BASIC

CASSETTE
PLAYER TESTS

CONTENTS AT A GLANCE

Required Test Instruments Troubleshooting Without the Exact
Soldering equipment Schematic
Battery problems Signaltracing with a cassette

Test tapes and tension gauges
Build Your Own Test Equipment

Troubleshooting with Voltage and Sine-/ square-wave generator
Resistance Measurements IC audio signal tracer
White-noise generator
Transistor Tests Head azimuth and current tests
Transistor junction-diode tests Tape and erase head problems
IC tests Demagnetize tape heads
Transistor and IC replacement Speed adjustments
Conclusion

The cassette player is available in different general shapes and sizes with different fea-
tures (Fig. 14-1). Thousands of cassette players are out there, broken down, collecting
dust, in need of repair. Troubleshooting and repairing your own cassette player can be
quite rewarding. Besides, it’s lots of fun and you can save a few bucks in the process.
Servicing cassette players can be done by anyone who is handy with tools and can read
a schematic diagram (Fig. 14-2). The electronic circuits are broken down so that everyone
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B PUAL CABRETTE

FIGURE 14-1 The small portable and boom-box cassette
players are the most popular units around the house.

Preamp IC
IC101
S1-2 1 3 : 5
® 1.3V TQ.5V 47V |0V
R/P P R ¥
.
=l C105
T Audio in 10 uF
head 1pF

p— Audio
out

Y

47V

FIGURE 14-2 If you can read the simple schematic diagrams and handle a
few tools, you're in business.

can understand them. If you have a little knowledge of electronics, if you are a novice, or
if you are an electronics student, you can make most repairs found in this book. Very few

tools and test instruments are needed. In fact, you can do the job with only one digital-
multimeter (DMM).
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Required Test Instruments

Several screwdrivers, a pair of long-nose pliers, and side cutters do the bulk of the work.
A set of jeweler’s screwdrivers take care of those tiny screws and bolts (Fig. 14-3). The
small magnifying glass helps you to locate small parts and soldered terminals. If you do
not have a VOM or a DMM, purchase one of the new digital multimeters that can check
voltage, resistance, current, capacitance, and diodes with a frequency counter.

Today, several types of pocket DMMs can do all the tests needed to repair that broken
cassette player. The tester might cost up to $150.00. The BK test-bench DMM (Fig. 14-4),
model 388-HD, can check diodes, transistors, logic, frequency, current, capacitance, resis-
tance, and voltage. Read carefully how each test is made from the manufacturer’s litera-
ture included with the DMM.

This DMM can check transistors and diodes with the diode test. NPN and PNP transis-
tors can be tested by plugging into a small transistor socket. The frequency counter has
three different frequency ranges: 2 k (Hz), 20 k (Hz), and 200 k (Hz). Current from 200 pA
to 20 A can be checked on five different ranges (Fig. 14-5). Small capacitors can be tested
from 2 nF to 20 pF. Seven resistance ranges vary from 200 to 2000 M. Dc voltages vary
from 200 mV up to 1000 V, and the ac voltage range goes up to 750 V.

Besides taking crucial voltage measurements on the transistors and [Cs, transistors and
diodes can be tested with the diode-junction tests or with transistor-gain measurements.

Small jeweler Long nose Magnifying
DMM screwdriver set pliers glass

Thin screwdriver

FIGURE 14-3 A few small tools might be required to put that
cassette player back in tip-top-shape.
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o S

FIGURE 14-4 With a B&K test bench DMM, you can make all of
the tests given in these pages.

-

FIGURE 14-5 Here, the DMM is used in series with batteries to
check the total current (16.65 mA) of a pocket cassette player.

The low ac voltage range can be used in azimuth head alignment. Speed problems can be
checked with the frequency-counter test. Total current drain of the small battery-operated
cassette player can indicate that components are leaky. Defective or unknown small ca-
pacitors can be checked with this small DMM.
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SOLDERING EQUIPMENT

The small 30-W soldering iron is needed to remove transistor and small board com-
ponents (Fig. 14-6). Of course, the battery iron is ideal for surface-mounted and IC
terminals, and the large 200-W soldering iron can remove larger components, mesh
and shields, but neither iron is required. If you are going to service a large group of
cassette players, the controlled-temperature iron is handy to have on the service bench
(Fig. 14-7).

A small pencil iron can solder those tiny terminals or remove melted soldered connec-
tions with solder wick. Heating the solder-mesh material can take a few seconds longer
with the small pencil iron, but it does a good job. Do not apply the iron tip too long to tran-
sistors or IC terminals; just do it long enough to melt the solder and make a good joint. Too
much heat can damage the transistor or IC. Use the long-nose pliers to drain off excessive
heat from the transistor leads.

After locating a defective transistor or IC, lift the solder from each terminal with solder
wick. Do not apply too much heat if the transistor is to be tested out of the circuit. Some-
times transistors can test bad in the circuit and test good when removed. Be careful not to
apply too much heat to the small PC wiring, or you could “pop” the wiring from the board.
The defective IC can be quickly removed by applying heat to a row of terminals with sol-
der wick. Remove excess solder from the board with solder mesh after the part has been
removed.

FIGURE 14-6 With a small, 30-watt soldering iron, you can make all soldered
connections inside the cassette player.
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FIGURE 14-7 The temperature-controlled soldering iron is nice
if you have a lot of soldering to do when servicing cassette players.

BATTERY PROBLEMS

If the portable cassette player appears to be dead or if the tape will not rotate, test each bat-
tery. These small batteries can be checked with a battery tester or with the voltage test of
a VOM or DMM. Do not remove the batteries when taking voltage tests. Place the DMM
test leads across each battery with the cassette switch turned on and a tape loaded. The bat-
tery can test close to normal when removed from the cassette player and with no load. The
audio will become weak and the play speed will be slow when a 1.5-V battery drops to
1.25 V (Fig. 14-8).

FIGURE 14-8 Check the batteries in the cassette player while it
is operating to determine if they are weak and used up.
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Replace the 9-V battery when the voltage drops below 7.5 V under load. You can locate
only one dead or low-voltage battery with several other batteries. 1f all batteries were in-
stalled at the same time, remove and replace all of them if one drops below the required
operating voltage.

Wipe the battery terminals on a cloth to clean off the contacts. Clean the battery contacts
with a cloth and alcohol while the batteries are removed. Inspect the battery terminals for
broken or corroded terminals. Do not leave batteries within the cassette player if the unit
is not used in a three-month period.

Rechargeable batteries should be charged if the speed slows down or if weak audio is no-
ticed. Like the battery shaver, charge them up before using. Some people say to discharge
nicad batteries before charging. But, this is not necessary, just charge them. When these
batteries will not hold a charge for only a few minutes, discard the rechargeable batteries.
A defective rechargeable battery will not hold a charge very long within the cassette
player. Overloaded circuits within the cassette player can cause the batteries to wear out in
a short time.

TEST TAPES AND TENSION GAUGES

One or two test tapes are handy when checking audio stages, tape speeds, and head align-
ments. Tension gauges can be used to check the pressure roller, takeup torque, and tape
tension (Table 14-1). Although these tension gauges are not necessary, they can speed up
repairs. Today, some of these test tapes and tension gauges can be difficult to find. Try lo-
cal electronic stores and cassette player manufacturer depots to locate them.

You can make your own 1- to 10-kHz test cassettes by applying the audio signal into the
external microphone jack or by clipping the signal across the tape head terminals. Inject the
signal from an audio signal generator or from a home-constructed sine-/square-wave signal
oscillator given in home-built test equipment (Fig. 14-9). Check the exact frequency with
the frequency counter of the DMM. Record at least one hour of audio signal on a new cas-
sette for each test tape. Remove the input signal and play the recorded 1-kHz/10-kHz signal.

Always keep the volume low so that the audio input signal does not distort or clip the
sine wave. Try another recording if too much volume, too little volume, or distortion is
found on the cassette. These homemade test cassettes can be used for audio troubleshoot-
ing, azimuth head aligning, tape-speed checking, and for locating weak audio stages.

TABLE 14-1 TEST TAPES AND FREQUENCIES

FREQUENCY TEST CASSETTE FUNCTION
10 kHz VTT—658 R/P head azimuth
MTT-114
MTT—-216
6.3 kHz Standard Head azimuth and sensitivity
3 kHz MTT-111 Tape speed adjust
1 kHz MTT-118 Tape speed adjust
400 Hz MTT-150 Playback-level sensitivity
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1 kHz to 10 kHz Headphone
signal generator jack

1 kHz to 10 kHz R/P tape
signal generator head

FIGURE 14-9 How to inject a 1-kHz signal into the cassette
player to record a test cassette.

Troubleshooting with Voltage
and Resistance Measurements

The defective transistor can be located with voltage and transistor measurements. Voltage
measurements on each collector, base, and emitter terminal with common probe to ground
can indicate that a transistor is defective. The open transistor can have a higher-than-nor-
mal collector voltage and no voltage on the emitter terminal (Fig. 14-10). An open emitter
resistor or terminal can have zero measurement. Be careful not to short any two terminals
together with the test probes.

A£130"1’p - . » Audio out

FIGURE 14-10 Higher collector and zero emitter voltage indicates
that a transistor is open.



TROUBLESHOOTING WITH VOLTAGE AND RESISTANCE MEASUREMENTS 425

The leaky or shorted transistor can have close voltages on all terminals. Most transistors
become leaky from emitter to collector (Fig. 14-11). Check the transistor with in-circuit
transistor tests and then remove the components from the circuit and take another leakage
test.

Another method to determine if the transistor is normal is to measure the bias voltage
from the base to emitter terminals. Usually, the transistor is normal with either a 0.6- or (0.3-
V measurement (Fig. 14-12). The NPN and PNP silicon transistor has a 0.6-V bias voltage
and the PNP germanium transistor has a 0.3-V bias voltage. The difference in both voltage
measurements from base to ground and emitter to ground should equal the bias voltage of a
normal transistor.

The intermittent transistor can show different identical voltage measurements on collec-
tor and emitter terminals. The voltage can quickly change with the intermittent transistor.
Sometimes, when the transistor is in the intermittent state, when touched with a test probe,
the voltage will return to normal. The intermittent transistor might test open or leaky in the
circuit, but test normal when removed from the PC board. If this is the case, replace the
transistor.

Accurate resistance measurements from the transistor terminals to ground can help you
to locate a defective transistor. Take crucial resistance measurements from each terminal to
the other can indicate a leaky transistor (Fig. 14-13). Open emitter resistors or poor emitter
terminal connection results in no or real high-resistance measurements. If low-resistance

C7
AF preamp 10pF
Q103 1 = Output
[ audio
100 k(2
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FIGURE 14-11 The crucial voltages indicate that a transistor is leaky if the voltages
on all of the terminals are quite close.
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FIGURE 14-12 The transistor is normal with 0.6 V
between the base and emitter of a silicon transistor and 0.3
V with germanium transistor.

measurements are found on transistor or IC terminals, check the schematic for real low-re-
sistance resistors, diodes, and coils within that circuit. A resistance measurement from
each element to ground of an output transistor within the directly coupled stereo channel
can indicate that the channel is defective. Compare the same resistance measurements with
the good channel.

Transistor Tests

The suspected transistor can be checked with a transistor tester or with the diode test of the
DMM. You can check transistors in or out of the circuit with a transistor checker. The tran-
sistor must be removed and plugged into the transistor socket with the B & K 388-HD
DMM.

1 Set the Function/Range switch to the desired HFE (dc transistor gain) range (PNP for
PNP transistors and NPN for NPN transistors).

2 Plug the transistor directly into the HFE socket. The sockets are labeled E (emitter), B
(base), and C (collector).

3 Read the transistor HFE (dc gain) directly from the display.

Notice that this B & K DMM will have an overrange symbol (1) when turned to diode
test, logic, and resistance without probe connections in the circuit. All other ranges, such
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as resistance, frequency, current, capacitance, and voltage will have a (000) indication
without probe connections. The overrange symbol will show up if the range is over that in
which the selector knob is turned to. The low-resistance scale (200) can have a 00.1 resis-
tance measurement on the display with the probes touching, which indicates the resistance
of the test leads to the meter circuit.

Power
AF output
transistor transistor

— Infinity — Infinity

— 8 ki)

L12 k()
— Infinity

Taken with 20,000 (/W
VOM meter

12 k)
— |nfinity

DMM leakage
tests

Open base
to emitter

, Open base
VOM leakage transistor to collector
tests DMM open

tests

FIGURE 14-13 The resistance and leakage test of the AF and power-output
transistors found in the cassette player with a 20,000-V/ohm VOM.
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TRANSISTOR JUNCTION-DIODE TESTS

Set the function switch to the diode symbol tests. With NPN transistors, place the pos-
itive (red) probe to the base terminals. While testing PNP transistors, place the negative
(black) probe to the base terminal. Leave the red probe on the base terminal and take
resistance measurements between the collector and the emitter. The normal resistance
measurements on the AF and output transistors are shown in Fig. 14-14. Notice that the
normal resistance junction test on the power-output transistor is lower than the AF tran-
sistor.

Reverse the test probes on each test and notice if you receive a measurement. The nor-
mal transistor with reverse leads will show an overrange symbol (1). If the probes are ac-
cidentally touched together in diode or transistor-diode tests, the DMM continuity buzzer
will sound.

The leaky transistor will have a low reading in both directions (Fig. 14-15). Most tran-
sistors will short between the collector and emitter. The shorted transistor has only a frac-
tion of an ohm short (0.015), but with a higher leakage, the reading can show in both
directions. The transistor can become leaky between any two elements or between all
three. The leaky or shorted transistor will have a resistance measurement in both direc-
tions.

You might find a transistor with a normal measurement between the base and emitter
terminals and a high reading between the base and collector (Fig. 14-16). Replace the tran-
sistor with a high-resistance measurement, which indicates a high-resistance junction. Re-
member, both normal measurements between the base and collector, and the base and
emitter, should only be a few ohms apart.

Bottom view. Bottom view.
Normal transistor-junction- Normal transistor-junction-
diode test diode test
with DMM with DMM
npn npn

Audio AF preamp Audio output

FIGURE 14-14 Take normal transistor DMM junction-diode tests with the red probe
at the base terminal of an NPN transistor.
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npn
transistor

E“‘Ellc

Normal

Leaky between Reversed
Leaky between emitter and collector test leads
collector and base

FIGURE 14-15 The leaky or shorted transistor will have a very low resistance
in both directions.

High-resistance
Normal junction between
test base and collector

FIGURE 14-16 Replace the transistor if you find a
high-resistance junction measurement between the
base and emitter or collector terminals.

IC TESTS

The defective IC can be located with signal-in and signal-out measurements. If the audio
signal is traced to the input terminal and not at the output terminal, suspect that an 1C is de-
fective. Crucial voltage measurements on the IC terminals can indicate that a component
is defective. Measure the supply voltage and compare it to that which is listed on the
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schematic. If the schematic is not available, compare the voltage to the good channel. A
low supply voltage can indicate that the IC is leaky. Remove the supply pin from the cir-
cuit with solder wick. Notice if the supply voltage has increased.

Take a resistance measurement from the removed supply pin to the common ground. Re-
place the leaky IC if the measurement is less than 1 k€. If the supply voltage remains the
same, check each IC pin to ground with ohmmeter. If you have a low ohmmeter reading,
check that same pin on the schematic to determine if a coil or low-value resistor is in the
same path. If not, replace the leaky IC.

Sometimes, with ohmmeter tests, you can locate a change in a resistor or leaky capaci-
tor from pin to common ground. Be sure that the IC is defective by taking signal-in and
signal-out tests, with crucial voltage and resistance measurements. Always compare these
measurements with the good channel in the stereo amplifier. Replacing the IC requires a
little more time than replacing a transistor.

TRANSISTOR AND IC REPLACEMENT

After locating the defective transistor in the amplifier, the transistor must be removed and
replaced. Most transistors found in audio circuits can be replaced with universal replace-
ment transistors if the original part is not available (Table 14-2). For instance, the common
AF transistor (28C374) can be replaced with a universal RCA SK3124A or ECG289A. The
AF transistor (2N3904) can be replaced with a universal RCA SK3854 or ECG123AP.

Look up the transistor number within the RCA SK series or with Sylvania’s ECG series
replacement guide books. Most universal solid-state transistors and [Cs can be replaced
with RCA, GE, Motorola, NTE, Sylvania, Workman, or Zenith replacements. Simply look
up the part number and replace it with an universal replacement. Test the new transistor
before installing it.

After obtaining the correct replacements, remove the old transistor from the PC board
with a soldering iron and solder wick. Remove the mounting screws on power-output tran-
sistors, then unsolder the emitter and base terminals. Be sure that you have the correct ter-
minals in the right PC board holes. Doublecheck the transistor wire terminals and the bottom
base diagram (Fig. 14-17). Do not leave the soldering iron on the transistor terminals too
long. Place silicon grease between the transistor, insulator, and heatsink before mounting.

Look in the replacement guide for a universal 1C replacement if the original one is not
available. Handle it with care; the IC cannot be tested before installation. Leave it in the
envelope until it’s ready to be installed.

Remove the old one with solder wick and a soldering iron. Start down the outside row of
contacts and keep the iron on the mesh at all times. Move the mesh down as it picks up sol-
der. Then, go back and be sure that each contact is unsoldered from each pin to PC board
wiring. Flick the pin with a pocket knife blade or with a small screwdriver. Mark pin 1 on
the PC board with a felt pen. Lift the defective IC out by prying underneath the component.
Be careful not to damage other components nearby or to break the PC wiring.

Check for the terminal 1 dot, while the line or indexes determine how to correctly mount
the audio IC (Fig. 14-18). Sometimes, only an index indentation is found on the IC. When
looking down on top of the IC, pin 1 is to the left of the index. Pin 1 is indicated with a
white dot; on other PC boards, the number one and last terminal numbers are marked (Fig.
14-19). Correct 1C mounting is found in the solid-state replacement guide. Place silicon
grease and a metal heatsink under large [Cs.
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TABLE 14-2 UNIVERSAL TRANSISTOR
REPLACEMENT CHART

PREAMP NPN

AF AMP NPN

25C458-5K3124A-ECG289
25CC536-SK3245
25C693-SK3124A-ECG289
28C732-SK3245-ECG199
25C900-5K3899
25C1000-SK3245-ECG199
25C1312-SK3899
25C1740-5K3122
25C1815-SK3124A-ECG289
285C2320-SK3122

POWER OUTPUT NPN
25A537-SK3122
25A634-SK3250-ECG315
25C1030-SK3619
25C1096-5K3248
25C1383-SK3849
25C1568-SK9041

PREAMP PNP
25B173-SK3004-ECG102A
25B175-SK3004-ECG102A
25B348-SK3004-EG102A
28C732-5K3245-ECG102A

POWER AMP PNP
25B156-SK3007A-ECG102A
2S5B178-SK3004
25B324-SK3007A
25B376-SK3007A
25B405-SK3004-ECG102A
25B415-SK3004-ECG102A
RCA SK series

25C372-5K3124-A-ECG289
25C458-SK3124A-ECG289
25C536-5K3245-ECG199
25C644-5K3245-ECG199
28CE693-SK3124A-ECG289
25C282-SK3931-ECG90
25C945-SK3124A-ECG289
28C1571-SK3245-ECG199
2SC1740-ECG3122
28C2240-SK3122

BIAS OSCILLATOR NPN
28C537-SK3122
2SC711-SK3899
28C1214-SK3124A-ECG289
28C1317-SK3124A-ECG289
25C1627-SK3449

AF AMP PNP
28B175-SK3004-ECG102A
25B186-SK3003-ECG102A
25B346-SK3004-ECG102A
25CD348-SK3004-ECG102A

BIAS OSC. PNP
25B75-SK3004-ECG102A
25B172-SK3007A
25B186-SK3004-ECG102A
25B187-SK3004-ECG102A
25B365-SK3004-ECG102A

ECG Sylvania series

Silicon and germanium diodes are used in many cassette circuits. These diodes can be
checked with a VOM, DMM, or diode tester. To get a normal diode check, place the pos-
itive lead of the DMM to the negative (anode) terminal of the diode and the negative probe
to the collector terminal. When checking it with the VOM for a normal reading, place the
positive (red) probe to the collector and the negative (black) lead to the anode terminal of
the diode (Fig. 14-20).
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1 Set the function/range switch to the K1 diode position on a B&K 388-HD DMM.
2 Connect the red test lead to the V-Q-Hz jack and the black lead to the COM jack.
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E@C E@C B@E E@B E@C
E@B B@C O Q O
Il

EBC BCE ECB

FIGURE 14-17 The many different transistor terminal connections
with the AF, driver, and output transistors in the cassette player.

Index IC

Terminal 1

FIGURE 14-18 Check for number 1 dot, index, or a white line
on top of the IC to mark and correctly insert the new replacement.

3 To check the forward voltage (FV), connect the red test lead to the anode and the black
test lead to the cathode of the diode.

4 The display indicates the forward voltage if the diode is normal. Normal diode voltages
are approximately 0.3 V for germanium diodes, 0.7 V for silicon diodes, and 1.6 V for
LEDs. An overrange (1) indicates that a diode is open. A shorted diode reads O V.

5 To check reverse voltage, reverse the test-lead connections to the diode. The reading
should be the same as with open tests leads (1) overrange. Lower readings indicate a
leaky diode.
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The normal diode will show a reading in one direction and a shorted or leaky diode will
read with the test leads reversed in both directions. The open diode will not read in any di-
rection. Most defective diodes are leaky or shorted.

Bridge rectifiers can be checked in the very same manner, connect the positive (red) lead
to an ac terminal and negative (black) lead to a positive terminal of the bridge rectifier for
a normal measurement (Fig. 14-21). The shorted or leaky bridge rectifier can show a low
reading in both directions of two or more terminals. Replace the bridge rectifier if only one
diode is shorted. A defective bridge diode can be replaced with four separate diodes if one
is not available (Fig. 14-22).

White dot No |idex Indei Wh/ne line Inc{ex
L o

1{:& M8 e, . [d8 10 8 1] 8
2 3 17 2 )7 2 ] (17 2 (] 7
3 [ 16 3] 116 3] )6 3 (16
4+ 5 4 5 4O 5 4O 5

Top view

FIGURE 14-19 Locating pin 1 by looking down on top of the IC.
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Collector ~ Silicon  Anode Reverse Leaky Collector IN34 Anode
diode leads silicon diode
normal normal diode normal
test

FIGURE 14-20 Checking the diodes with a DMM.
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Normal Normal
P — test = — — test — =
0.510 0.505 0.515 0.513
DMM DMM DMM | DMM
Of  OJ O) O
[] W []
Black

Red

Black

Black

Square bridge rect.

Bridge rect.

FIGURE 14-21 Checking the diodes in the bridge rectifier.

FIGURE 14-22 Replace
the bridge rectifier with four
1- or 2.5-A diodes if the
bridge rectifier is not handy.
You might find one arrow on

the bridge rectifier in some
circuits.

J_ B+
il:cn

Troubleshooting Without
the Exact Schematic

If the exact service manual or schematic 1s not available, use another manufacturer’s
schematic diagram. Although the substitute is not exactly the same, it will give you differ-
ent test points to troubleshoot the circuit. Signaltracing audio circuits can be checked by
starting at the tape-head winding and going from base to base of each transistor. The out-
put stages can be checked by starting at the volume control.

Usually, cassette audio stereo circuits are laid out on the PC board with the left channel
on the left and the right channel on the right. You can start at the speaker and trace the cir-
cuit back to locate the output transistors or ICs. Some of these power-output transistors
and 1Cs are located on heatsinks. The supply lead from the IC or transistor can be traced
back to the power supply. The power supply can be identified with large filter capacitors,
diodes, and bridge rectifiers. The suspected part can be checked against the identical one
in the good stereo channel.
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Transistor terminals can be identified by letters on the PC board, transistor markings, or
with a transistor tester. You can locate the transistor leads with the diode junction test of
the DMM (Fig. 14-23). Remember, the positive lead of DMM will have a common mea-
surement if placed on the base terminal of an NPN transistor. The PNP transistor must
have the black lead as the common base terminal. Locate the base terminal by getting two
separate tests between the base and collector, and the base and emitter. The NPN collector
terminal goes to a higher positive voltage, the emitter voltage is very low, and the emitter
resistor goes to ground. The PNP collector lead is negative and the emitter has a higher
positive voltage. Remember, a leaky transistor has a very low reading with reversed test
leads. Also, check the numbers listed on transistor and compare them with the solid-state
universal replacement guide.

SIGNALTRACING WITH A CASSETTE

A weak, dead, or lost signal within the cassette player can be signaltraced with a test cas-
sette or one with music and the audio signaltracer or external amplifier. When the signal
stops, the defective stage is nearby. Then, take crucial voltage and resistance measurements.

Insert a test tape and check the audio signal at the volume control. If the signal is normal
here, go stage by stage from the volume control to the speaker. When the signal is weak or
when no signal is at the volume control, start at the tape head and check from base to base
of each transistor (Fig. 14-24). Check the signal in and out of IC terminals with amplifier
or signal tracer.

i—
pn 0.1k .
Emitter
npn npn resistance to
“1 ground
EBC
Marked EBC
arke
on Ma:}rI:ced
transistor
body PC board
g;ﬁ I= Collector
voltage

check

FIGURE 14-23 Identify the correct terminals with the DMM if a
schematic is not readily available.
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Test
cassette

w® O 0 @O 6 06

Signal
tracer

OO%

FIGURE 14-24 Start at the volume control with the signal tracer and proceed either
way to check for signal loss.

Build Your Own Test Equipment

Besides the DMM or VOM, several homemade test instruments can speed up cassette player
repairs. The sine/square-wave generator, 1-kHz audio oscillator, audio signal tracer, and
speaker load and noise generator are small test instruments that you can build (Fig. 14-25).
The noise generator and sine-/square-wave generator can help you to locate a dead, weak,
or distorted audio stage. Use the signal tracer with the homemade 1-kHz test cassette to
signal trace the audio circuits. Connect a speaker lead to the speaker connections while
working on the audio circuits. Most parts can be picked up at Radio Shack (unless noted).

SINE-/SQUARE-WAVE GENERATOR

The sine-/square-wave generator has a frequency range of 20 Hz to 20 kHz and is built
around an IC8038 function IC. The power supply is ac operated with a stepdown power
transformer and an IC regulator. R1 controls the frequency. Build the generator on a perf

FIGURE 14-25 Build one or two of these home-constructed

testers to help locate defective components within the cassette
player.
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&

%DQ

R4 RS Z2Re6
47k S 1K1 S47k0

13.9V 139V

R 14V o
10 k() SH—* IC8038

fo "3 24V 0V 51V
20 k1 82 M ? ce L 86V

0.0047 uF T
R8 ,
100 k() R9
100 k()

SWi1
T

120 Vac N1

o
. -

] 7815 .
c6 [o.1 uFT Tm wF[ 0.1 uF

FIGURE 14-26 A diagram of a sine/square generator operated from the ac power line.
This tester can be used for signal tracing, locating distorted stages, head aligning, and
correcting speed problems.

board and enclose it in a 6-x-6%-x-2%-inch plastic or metal cabinet (Fig. 14-26). This gen-
erator can be used to make many tests within the audio circuits.

Parts list

IC1
IC2

Cl1,C3,C4,C7,C9
C2

Cs

C6

cs
R1,R10
R2

R3

R4, R6
RS

R7

RS, R9

7815 15-V regulator.

8038 function generator, D.C. Electronics, P.O. Box 3203, Scottsdale, AZ
85271-3203.

0.1-pF 50-V ceramic capacitor.

0.0047-pF 50-V monolithic or high-ceramic disk capacitor.
0.01-pF 500-V ceramic capacitor.

2200-pF 35-V electrolytic capacitor.

1-uF 35-V electrolytic capacitor.

10-k€2 linear control.

20-k€2 0.5-W resistor.

8.2-kL2 0.5-W resistor.

4.7-kC2 (0.5-W resistor.

1-k€) trimmer or thumb-variable resistor.

3.3-k€2 0.5-W resistor.

100-k€2 trimmer screwdriver or thumb-variable resistor.

SHIAVd 3LLISSYD 03AIA ANV OIANY DNIHIVAIH ANV DNILOOHSI1anodL |#%



438 BASIC CASSETTE PLAYER TESTS

NI 120-Vac neon indicator, 272-704 or equiv.

Tl 12.6-Vac 450-mA stepdown transformer, 273-1365 or equiv.

D1 1-A bridge rectifier.

D2 IN914 switching diode.

J1,12 Banana jacks.

Cabinet MB-1C beige mstrument enclosures, All Electronics, Box 567, Van Nuys, CA
91408.

Perf board 3" x4.5"

SW1 On back of R1.

Misc. ac cord, grommet, hookup wire, bolts, nuts, etc.

IC AUDIO SIGNAL TRACER

The audio signal tracer can receive the audio signal after the first AF or predriver stage and
trace the signal up to the speaker. This audio tracer consists of only 1 IC and a 4-inch 8-Q
speaker. Be sure that C1 has a working voltage of 100 V to prevent damage to the signal-
tracer IC. The signal tracer is operated from a 9-V battery. Place the components in a large
enough cabinet to hold a 4-inch speaker (Fig. 14-27). Use the audio signal tracer to signal
trace a cassette player.

Parts list
Cl 0.22-pF 100-V ceramic capacitor
C2,C3 10-pF 35-V electrolytic capacitor.
C1
0.22 pF
@ | 100V
I
C4
R1
Input 5 k) 425V 2"_?‘]' nF
O _l+cs3 I I
[ 10 |"~F + CB
1.33 V I = 0.047 pF 4" PM
1 spk
R2
10 £}

Spst -
P |1 gV
% El|

1 SWi1 9V

FIGURE 14-27 A simple audio signal tracer used in conjunction with a cassette to
locate the defective stage.
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E a1
( B
C
NC
SwWi1
-—g
120
Vac N1

R3
C1 47 k()
1 pF R4
T 680 ()
AN/
R1
470 k()
R5
R2 47 k()
47 k(2

IC2

Inf 7812

QOut

+12V

Gnd

C4

X
:]:1 wF

FIGURE 14-28 The white-noise generator can be used to signal trace the AF, RF,
and IF circuits of the cassette player.

C4,C5

C6

R1

R2

IC1

Spk
Cabinet
Perf board
Batt.
Misc.

220-pF 35-V electrolytic capacitor.
0.047-pF 50-V ceramic capacitor.
15-k£2 volume control and switch.

10-£2 0.5-W resistor.

LM386 audio amp (276-1731 or equiv.).
4-inch 8-£2 speaker.

Large enough for 4-inch speakers.
Multipurpose board (276-150 or equiv.).
9-V battery.

Battery cable, alligator clips, hook-up wire,
4-pin IC socket, nuts, and bolts.

WHITE-NOISE GENERATOR

The noise generator can be used in signal tracing audio, RF, and IF circuits. Inject the out-
put noise generator to the various audio stages with the ground terminal to common
ground of the amplifier. This white-noise generator uses a low-priced transistor and op-
amp IC with a regulated power supply (Fig. 14-28). Start at the volume control or tape
head and use the audio amp speaker as an indicator.
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Parts list
Q1

IC

IC2
Cl,C4

c2

C3

C5

R1

R2, R3, R5
R4

R6

R7

D1

Tl

Perf board
SW1

Case

Misc.

MPS 2222A NPN or ECG123.

741 op amp.
7812 12-V regulator.

1-pF 50-V electrolytic capacitor.
0.1-pF 50-V ceramic capacitor.
0.01-puF 450-V ceramic capacitor.
2200-pF 35-V electrolytic capacitor.

470-kC} 0.5-W resistor.
47-€3 0.5-W resistor.
680-02 0.5-W resistor.
100-kE2 0.5-W resistor.

50-k€2 linear control with SPST switch.

1-A bridge rectifier.

300-mA 12-V secondary transformer (273-1358A or equiv.).
2.83" % 1.85" (276-149 or equiv.).

SPST switch on rear of

R7.

Plastic box, 3" x 6" x 2",
ac cord, hookup wire, grommet, 8-pin IC socket, etc.

1-kHz audio generator This little 1-kHz audio generator can be used to inject a signal
into the various audio stages with the speaker amp as the indicator. Also, the generator can be
clipped to the tape-head connections to record a 1-kHz test cassette. The signal generator has
only a few components that are battery operated and built around the low-priced LM3909 IC
(Fig. 14-29). Start at the tape head and inject the 1-kHz audio signal. Go from base to base of
each audio transistor or to the input terminal of the preamp and power-amp IC.

Parts list

IC1
C1

c2
0.22 pF =

LM3909 LED flasher-oscillator 1C.
0.01-pF 500-V ceramic capacitor.

R
1.58 V

{(®) J1

Output

R2 0.16 V / SWi
8 IC1 > .
Dot LM3909 - 15V
R1 *1 2 4
— 4.7 ki) 0.03 vl 066V {0V
R3
l22k0
[
C1
0.01 uF I ON:
500 V

FIGURE 14-29 The 1-kHz audio oscillator can be injected for signal tracing or
making that 1-kHz test tape.
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Signal-voltage J1 F1 SWi1
test 2 amp
2 () Qv .

R1 R2
Left channel goﬂw goﬂw
Signal-voltage J3 @ T *
test
@
Signal-voltage J5 F2 Sw2
test 2 amp
J6 AV
Right channel gk;l g‘%
20 W 20 W

Signal-voltage J7 @ g
test

J8 ()

FIGURE 14-30 The dual-speaker load prevents speaker and
amplifier damage while you service the audio stages of the
cassette player.

C2 0.22-pF 50-V capacitor.

R1, R2 4.7-k£) 0.5-W resistor.

R3 2.2-kE2 0.5-W resistor.

Batt. 1.5-V alkaline AA battery.

SWl1 Sub-mini slide switch (275-409 or equiv.).

Case Plastic box, 4" x 24" x 14" (270-231 or equiv.).

Perf board 1 x 2 (cut from larger piece).

J1,12 Banana jacks.

Misc. 8-pm IC socket, 4/40 bolts and nuts, battery holder, hookup wire, etc.

Speaker load The audio-output stage must be loaded down at all times to prevent
damage to the output transistors or ICs. In directly coupled output circuits, a defective
transistor can damage the speakers. The speaker load should be large enough to withstand
the wattage of each stereo channel. Remove the speakers and connect the speaker loads to
each channel while repairing the amplifier (Fig. 14-30). For amplifiers that output less
than 20 W, use the 8-£2 load. For higher wattage amplifiers, switch in another 8- 20-W
resistor. Place a couple of extra jacks in the circuit for amplifier voltage adjustment.

Parts list
F1,F2 2-A fuses.

R1,R2,R3, R4
J1 through J8
SW1, Sw2
Cabinet

Misc.

8-ohm 20-W resistor.
Banana jacks.
Toggle switches.
Plastic economy box.

Terminal strips, hookup wire, nuts, bolts, etc.
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Head azimuth screw

FIGURE 14-31 The head azimuth adjusts the tape head
horizontally with the tape. The azimuth screw is located alongside
of the tape head, near the tension spring.

HEAD AZIMUTH AND CURRENT TESTS

The tape head must be properly aligned for optimum sound reproduction. Usually, one
side of the tape head is fastened with a small screw and the other side with adjustable
spring (Fig. 14-31). An improper head azimuth adjustment can cause distortion and loss of
high frequencies. You can adjust the azimuth screw by playing a recorded cassette of vio-
lins or high-pitched music into the speakers.

Accurate azimuth adjustment can be made with a 3-, 6.3-, or 10-kHz test cassette with 8-
Q load instead of the speakers. Connect the low ac range of the DMM across the 8- re-
sistor or use the dummy-load speaker project (Fig. 14-32). Play the recorded cassette and
adjust the azimuth screw for maximum readings on the DMM.

Current adjustment To be sure that bias voltage and the bias oscillator is operating,
take a current test at the R/P tape head. Bias adjustment can be made at the same time. In-
sert a 100-Q resistor between the ground (shielded) lead of the tape head and shield (Fig.
14-33). Place the cassette player in the record mode for this adjustment. Measure the volt-
age across the resistor with a VTVM or DMM. Most tape head current runs between 20
and 65 mV. Adjust the variable bias resistors at the tape head for correct voltages at each
channel.

Tape head cleaning The tape head should be cleaned at least six times per year if the
cassette player is in constant usage. Some manufacturers recommend cleaning after 40
hours of operation. Iron-oxide particles from the magnetic tape will build up on all com-
ponents that come in direct contact with the tape. This excessive oxide can produce gar-
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bled or muffled sound during playback. One channel gap can be closed with oxide, which
results in no sound or recording from that channel. Oxide deposits can cause an improper
erase function and prevent automatic stopping. Keep magnetic metal away from the tape
head at all times.

Clean the tape and erase heads with cleaning sticks and rubbing alcohol. This action can
be done with the cassette door open or off (Fig. 14-34). Be sure that all packed oxide is re-
moved from the tape head area. Wipe off the capstan drive shaft and pressure roller. Ap-
ply heavy pressure to clean the rubber pressure roller. Rotate the roller as it is cleaned so
that you can see the rubber and it looks black.

Adjust to
maximum
reading

R/P tape
head

4]
Test
cassette Amp

8

Adjust
azimuth
screw

FIGURE 14-32 Connect the frequency counter of the DMM across the
8- to 32-ohm resistor at the speaker or headphone output jack.

R/P tape head

Adjust

TR1
Insert
100- Q1 —— Bias
resistor T 0sc

FIGURE 14-33 Adjust and check for tape-head current by
inserting a 100-ohm resistor between the shield and ground of the
tape head (20 to 65 mV).
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Erase head

FIGURE 14-34 The erase head is mounted before R/P tape
head to erase previous recording. Clean off all oxide with a cleaning
stick and rubbing alcohol.

Another convenient method is to use a cassette head-cleaning tape. Some use a dry for-
mulation, but others apply a wet cleaning solution. Do not play the cleaning cassette too
long. Follow the manufacturer’s directions. Of course, it is best to clean everything with
alcohol and cleaning sticks.

Always clean around the tape area when the cassette player has been repaired. Now is
the time to get down inside the cassette rotation area for good clean up. Besides cleaning
tape heads and the pinch roller, touch up the capstan, flywheel, idlers, and turntables.
Keeping oxide dust from building on tape-path components can prevent future cassette
player repairs.

TAPE AND ERASE HEAD PROBLEMS

Besides collecting oxide dust, the R/P tape head can become open, intermittent, or
cause distortion in the speakers. The worn tape head can cause a loss of high frequen-
cies. A magnetized tape head can cause extra noise in recording. An open head wind-
ing will produce a dead channel. Poorly soldered connections or broken internal
connections can cause intermittent music. Check the open or high-resistance head
winding with the ohmmeter (Table 14-3). Inspect the cable wires and resolder for in-
termittent conditions. Be sure that one screw 1s not loose, which would let the head
swing out of line.

Erase head The erase head is mounted ahead of the P/R head so that it will erase any
previous recording. Usually, the erase head has only two leads and is excited by a dc volt-
age or by the bias oscillator. Suspect that the erase head is faulty if the sound is garbled or
if two different recordings can be heard. Check for an open erase head with the low ohm-
meter range (Fig. 14-35). Be sure that the tape is pressed against erase head when operat-
ing. The erase-head resistance can vary from 200 to 1000 €.
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DEMAGNETIZE TAPE HEADS

The magnetized tape head can produce background noise within the cassette recording.
Hissing noise in the playback can result from a magnetized head. Keep tools that are mag-
netized away from the tape heads. Magnetized screwdrivers should not be placed near the
cassette player. Do not place the cassette player near or on top of large speaker columns.

The tape head should be demagnetized at least twice per year. Insert an ordinary cassette
demagnetizer, which looks like and loads like any cassette. The demagnetizer with probe
can get down inside the cassette loading area to demagnetize the tape heads. Do not shut
the demagnetizer off when it is next to the tape head. Pull the unit out, then shut off the de-
magnetizer. Head demagnetizers and head-cleaning kits can be found at most electronics
stores.

SPEED ADJUSTMENTS

The speed of the cassette player can be checked with a test tape and a frequency counter
(Fig. 14-36). Insert a 1- or a 3-kHz test cassette and place it in the Play mode. Connect a
10-2 resistor at the earphone jack. Measure the frequency at the DMM frequency meter.
If the reading is at 1 kHz, the speed is correct. A higher reading indicates faster speed and
a lower measurement indicates a slower speed. Don’t worry if the reading is around 1 kHz.

TABLE 14-3 TYPICAL TAPE HEAD RESISTANCE

MODEL TAPE HEAD RESISTANCE
GE-3-54808KA 225 0 Actual measurements
Panasonic RQ-L315 315 Q Actual measurements
Sony M440V 348 Q Actual measurements
Sony TCS-340 512 Q Actual measurements
Typical R/P tape head resistance 200 to 830 @
Typical erase read resistance 200 to 1000 Q

Erase

head

FIGURE 14-35 Check the
resistance of the erase head
with the DMM for an open
winding.
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Earphone
plug

R/P head
Amplifier
3-kHz

test

tape

Frequency
counter

FIGURE 14-36 Check the speed of the cassette player with a 1- or 3-kHz test cassette
and the frequency counter of the DMM.

Some larger cassette players have regulated speed adjustments or you can find a speed ad-
justment in the end bell of the dc motor. Slow speeds can be caused by dirty, oily, or loose
belts. Qil deposits on the capstan/flywheel can produce slow speeds.

Conclusion

Yes, with a few hand tools, a DMM or a VOM, and one or two home-constructed test in-
struments, you can repair that broken cassette player. Remember, the sine-/square-wave
project can be used for signal injection, distortion location, head azimuth adjustment, and
speed tests. Just pick out the chapter that relates to the cassette player you are servicing and
get started. Of course, if you read each chapter, many repairs are related to each cassette
player.




REPAIRING TAG-ALONG

AND PERSONAL

CASSETTE PLAYERS

CONTENTS AT A GLANCE

Player Only
Cassette tapes
VAS, VOX, or VOR systems
Head and cabinet cleaning
Head demagnetization
The cassette mechanism
Slow speed
Disassembling the covers
No sound/no tape movement
No fast forward
Poor rewind
No automatic shut off
Belt-drive systems
Cassette switches
Early audio circuits
Surface-mounted components
Dead playback
Distorted sound
Removing the small cassette lid or

cover

Repairing headphones

Stereo features

Erratic play

Radio or cassette switching
Single stereo IC

Poor rewind

Dead cassette player
Defective motor
Replace defective motor
Tape spill out

No fast forward

Noisy IC or transistor

The Personal Portable Cassette
Player

Pushbutton problems

Dirty function switch

No playback lock in

No tape action

Muffled or distorted sound

Erratic counter

Flywheel thrust adjustment
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REPAIRING TAG-ALONG AND PERSONAL CASSETTE PLAYERS

Low—priced tag-along cassette players are used during physical activities or just for lis-
tening to music. Some of these units are only players and have no recording features, al-
though some do record and play (Fig. 15-1). You can find some with only an AM radio or
AM/FM radio combined with cassette