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                            TECHNICAL TRAINING PROGRAM

TELEVISION SERVICING(B&W / Color TV)

MERALCO FOUNDATION INSTITUTE Ortigas Avenue, Pasig City,
Philippines Tel.No. 632-0756 locals 601,602

FERNANDO BUENDIA BASERA

(i)

(ii)

The student of television receiver servicing must come to this
field of work equipped with basic knowledge. He or she must have a
basic understanding of dc and ac theory as well as good
understanding of transistor circuit,digital and microprocessor
theory has now become a requirement. The service technician must
also have some knowledge of test equipment and a practical
knowledge how to use it. It is also assumed that the student have a
basic knowledge of AM and FM receivers.

Introduction

In the television servicing there are basically two workers: the
Outside service technician and the Bench troubleshooting
technician.

TV Service Job Description

Let us first consider the duties of the outside service
technician. This persons job is to go to the customers home to
inspect the television system for faults or perhaps to install a
new television system. The service technician is usually expected
to do no more than make certain field adjustment and minor repairs.
Such things as degaussing a color picture tube, adjusting dynamic
convergence in older receivers, or cleaning and adjusting the tuner
, setting the tuner to receive the local channels , as well as
replacing the picture tubes or other usual extent of work. Also the
Outside technician may also make certain minor repairs to both
receivers and antenna systems.Such repairs might include replacing
obviously defective components and repairing broken wires. Major
repairs usually require the receiver be pulled out of the cabinet
and serviced at the shop where more extensive servicing facilities
are available.

The Outside Service Technician

TV SERVICING
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Pliers: long-nose and diagonals Knife or razor blade
Screwdrivers: set of Phillips and set of blade types, electric
screwdriver Spin tights: long hollow-shaft type Alignment
screwdrivers: (a) hex, (b) plastic blade, (a) recessed metal blade
Small parts kit: (a) assorted resistors, (b) capacitors, (c)
screws, (d) fuses and fusible resistors Flashlight and/or trouble
lamp Tuner cleaner, anticorona dope, and lubricating grease Set of
jumper leads with alligator clips on both sides Drop cloth and
protective covering pads Cheater cords: regular and polarized
Soldering iron (25 W) Solder, 60/40 rosin core or 50/50 (silver
solder is recommended for surface-mount parts replacement) 20,000
/V VOM or FET VOM or digital multi-meter Set carrier Tube tester
and in situ transistor tester (picture tube rejuvenator, etc.) Tube
and module substitution guides Mirrors: hand, and on a stand
Equipment for surface-mount parts replacement Logic probe and logic
pulser Color TV Servicing Color bar generator Degaussing coil Tube
and module kit for color receivers; substitution guide Antenna
Installation Ladder Hand power drill and set of drills, including
carbide- tipped drills 2-lb hammer Channel lock pliers Set of
open-end wrenches Set of box wrenches Ratchet wrenches Vise grip
pliers Heavy-duty screwdrivers: Phillips and blade type Citizen
band walkie-talkies (2), or a portable television receiver Field
strength meterMERALCO FOUNDATION INSTITUTE

Basic Tools to Be Carried for All Jobs for Outside Service
Technician

Color TV Servicing

Antenna Installation

TV SERVICING
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The bench troubleshooting technician is usually the most skilled
of all TV service technicians. Since this person's main job is to
find and repair faults in TV receivers and VCRS, the bench
troubleshooting technician must have a thorough understanding of
the theoretical aspects of the entire video system as well as a
good theoretical grasp of the circuit operation of each circuit
that makes up the system. He or she must also be expert in the use
of a wide variety of test equipment. Last but not least, he or she
usually has had years of practical experience. In addition, the
bench troubleshooting technician must have such sophisticated
devices as triggered-sweep dual trace scopes, substitution signal
generators, sweep generators, and other types of test equipment
that allow him or her to quickly find the trouble and repair it. An
absolute must rapid TV servicing is a complete file of TV
schematics. If clear schematic diagrams are not available ,
servicing can become a difficult (if not impossible ),
time-consuming chore.

The Bench Troubleshooting Technician

ICs, transistors, modules, and tubes; substitution guides.
manufacturers' schematics Wide-band oscilloscope (low-capacity
probes, direct, demodulator) VTVM and probes (direct, ac, RF),
high-voltage probe Audio generator RF signal generator, tuner
subber Sweep generator with a built-in marker generator In-circuit
transistor checker Deflection substitution generators; yoke/flyback
checker Degaussing coil Color bar generator with NTSC signals Hand
tools: long-nose and diagonal pliers; set of spin- tight, set of
Phillips, set of blade type, and long screw- drivers; low-wattage
soldering iron; set of small ratchet wrenches Cheater cords;
polarized and regular Jumper leads with alligator clips on both
ends of wire Resistors, variable resistors, capacitors, and
transistors, with alligator clips Substitution boxes: R and C
Supply of small parts: R and C Chemical aids, tuner cleaner,
anti-corona dope Soldering gun, soldering iron, solder, soldering
iron printed circuit tiplets, solder sucker Bench light and
flashlight Tube and transistor tester Bias supply for AGC work
Bench power supply (0 to 300 V and 0 to 25 V)TV SERVICING MERALCO
FOUNDATION INSTITUTE

Basic Tools to Be Carried for All Jobs for Bench Troubleshooting
Technician
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Color picture tube jig test assembly with long connecting cable
and accessory adapters Isolation transformer PC board holding vise
Special tools for working with integrated circuit boards

Special tools for working with surface-mount components.The
purpose of this section is to summarize most of the usual
techniques and procedures used in troubleshooting defective
television receivers. These techniques and procedures are general
and may be used to service almost any kind of electronic equipment.
Assumption Troubleshooting always begins with the service
technician making some assumptions that he or she may not even be
aware of making. These assumptions must be understood and taken
into account if successful and rapid servicing is to he achieved.
One assumption often made by the service technician is that the
faulty equipment has not been worked on by others. An assumption
like this can lead to wasted time and effort since one does not
normally look for a miswired component or other miswired
connections on a printed circuit board. Not only is it important
for the service technician to know the extent of other people's
work on a set before attempting to repair it, but the technician
must also be aware that the customer does not al- ways tell the
complete story when he or she asks you to repair the receiver.
Another common assumption made by service technicians is that their
test equipment is working properly. Test equipment is only as good
as its reliability. A voltmeter that reads 100 V when the actual
circuit voltage is 40 V is as useful as no meter at all. The
assumption that the schematic diagram of the defective receiver is
correct or that the voltages associated with it are what will
actually appear in the receiver can lead to a wrong diagnosis that
in turn means wasted time. it does not matter whether the schematic
diagrams are obtained from the manufacturer or from other sources.
These diagrams can and do often contain errors of omission as well
as errors in wiring, part values, and voitages.TV SERVICING MERALCO
FOUNDATION INSTITUTE

Basic Troubleshooting Procedures
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Troubleshooting is both a science and an art. It is a science
when broken into a logical sequence of procedures and an art when
practiced by a professional with a touch developed over years of
study and practice. Here are the procedures used by artists in the
trade. 1. Symptom Diagnosis A. Know the system-understand the
functional block diagram. B. Observe the symptom created by the
malfunction. C. By knowledge of the functional system, make a
diagnosis of which circuit (functional block) is defective. 1.
Check for essential SYSTEM signals and power. For example, do not
try to troubleshoot something that is not plugged into the power
outlet or doesn't have the antenna connected. 2 .Before making the
diagnosis, cheek for operation of SYSTEM adjustments (volume,
frequency. amplitude, etc.). This will aid in localizing the
fault.

Essentials of Troubleshooting

2.

Prove the Diagnosis After the diagnosis (step one) is made:A. Go
to the suspected circuit and check the input signal and output
signals. This will test your diagnosis. If the input is correct but
the output is not, your diagnosis is correct. B. Prove the circuit
defective: 1. Cheek for the essential CIRCUIT signals and power.
Cheek for the correct supply voltages and grounds. Cheek for the
special signals necessary for CIRCUIT operation. Example: Many
digital circuits will not operate without a pulse circuit called a
"clock." 2. Determine whether one of the essential CIRCUIT signals
or power sources is incorrect. If so, repeat step 1 to find the
problem with the signal or power source.

TV SERVICING
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3. If the essentials discussed are present and correct, the
circuit itself is defective.3. Find the Defect (component-level
troubleshooting) Make tests to find the defective component. You
can save time by first checking those devices that fail most often.
This method will usually locate the problem with the first or
second test. A. Device failure rate is as follows, from the highest
to lowest failure rate: 1. High-power active devices (high-power
transistors, ICs, diodes, and tubes); ultra-miniature components.
such as ultra-small electrolytic capacitors, also rank in this
category. 2. Low-power active devices (low-power transistors, ICs.
diodes, and tubes) 3. High-power , high-value passive devices
(highpower or high,Value resistors, capacitors, inductors,
etc.)

Essentials of Troubleshooting

4. Low-power or low-value passive devices (low- power or
low-value resistors, capacitors, inductors, etc.)B. Suspecting the
most likely device to fail, perform the first tests around that
device. Make a diagnosis from the test results: Is the transistor
good or not? Use Your knowledge of transistor theory and Ohm Is law
in arriving at your conclusion. If the transistor is in a socket,
it will be easier to replace it with a known good one, prior tests
having indicated whether damage could be done to a new device.

If this logical method of troubleshooting does not find the
defect, do not become frustrated and begin "shot- gunning." You
missed something the first time. Begin again. following the same
routine.

TV SERVICING
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WARNING : Before servicing this chassis, read the "X-RAY
RADIATION PRECAUTION "SAFETY PRECAUTION" and "PRODUCT SAFETY
NOTICE" described below. XRAY RADIATION PRECAUTION

Safety Instructions

1.

Excessive high voltage can produce potentially hazardous X-RAY
Radiation. To avoid such hazards, the high voltage must not be
above the specified limit. The nominal value of the high voltage of
this receiver is 25.5KV at zero beam current (minimum brightness)
under a 22OV at zero beam current ( minimum brightness) under a
22OV, AC power source. The high voltage must not, under any
circumstances, exceed 27.5kV Each time a receiver requires
servicing, the high voltage should be checked following the HIGH
VOLTAGE CHECK procedure. It is recommended the reading of the high
voltage should be recorded as a part of the service record. It is
important to use an accurate and reliable high voltage meter. This
receiver is equipped with a Fail Safe (FS) circuit which prevents
the receiver from producing an excessively high voltage even if the
B+ voltage and Horizontal Output pulse increase abnormally. Each
time the receiver is serviced, the FS circuit must be checked to
determine that the circuit is properly functioning. The only source
of X-RAY RADIATION in the receiver is the picture tube. For
continued X-RAY RADIATION protection, the replacement tube must be
exactly the same type tube as specified. Some parts in this
receiver have a special safety-related characteristics for X-RAY
RADIATION protection. For continued safety, parts replacement
should be undertaken only referring to the PRODUCT SAFETY
NOTICE.

2.

3.

4.

TV SERVICING
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1.

Potentials as high as 24,000 Volts are present when the receiver
is operating. Operation of the receiver outside the cabinet or with
the back cover removed involves a shock hazard from the receiver.
a. Servicing should not be attempted by anyone who is not
thoroughly familiar with the precautions necessary when working on
high voltage equipment. b. Always discharge the picture tube anode
to the receiver chassis to keep off the shock hazard before
removing the anode cap. c. Perfectly discharge the high potential
of the picture tube before handling the tube. The picture tube is
highly evacuated and if broken, glass fragments will be
expelled.

Safety Precaution

2. 3. 4. 5.

If any fuse in the TV receiver is blown, replace it with the
fuse specified in the chassis part list. When replacing parts or
circuit boards, wind the lead wires around the terminals before
soldering. When replacing a high wattage resistor (oxide metal film
resistor) in circuit board, keep the resistors 10mm away. Keep
wires away from the high voltage or high temperature
components.

Many electrical and mechanical parts in the receiver special
safety related characteristics. These characteristics are often
passed unnoticed by visual inspection and the X-RAY RADIATION
protection afforded by them cannot necessarily be obtained by using
replacement components rated for higher voltage, wattage, etc.
Replacements parts which have these special safety characteristics
are identified by shading on the schematic diagram and the part
list. Before replacing any of these components read the part list
in this manual carefully. The use of substitute replacement parts
which do not have the same safety characteristics may create X-RAY
RADIATION.

Product Safety Notice

TV SERVICING
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General Information All adjustments are thoroughly checked and
correct when the receiver should operate normally and produce
proper Color and B/W upon installation. However, several minor
adjustments may be required depending on the particular Location in
which the receiver is operated.

Service Adjustments

The receiver shipped in the cardboard carton. Carefully draw out
the receiver from the carton and remove all packing materials.Plug
the power cord into a convenient 220V ( or 110V, 240V), 50/60 Hz,
AC two pin power outlet or frequency. Turn the receiver ON and
adjust the fine tuning if necessary for the best picture detail.
Check and adjust all the customer controls such as BRIGHNESS,
CONTRAST and COLOR Control to obtain natural Color or B/W
picture.

Some Service Adjustments AUTOMATIC DEGAUSSING POWER SUPPLY
ADJUSTMENT (if not AUTO-VOLT ) HIGH VOLTAGE CHECK & ADJUSTMENTS
FAIL SAFE CIRCUIT CHECK HORIZONTAL OSCILLATOR ADJUSTMENTS VERTICAL
ADJUSTMENTS FOCUS ADUSTMENTS AGC ADJUSTMENTS AFC FIELD ALIGNMENT
COLOR ADJUSTMENTS MATRIX ADJUSTENTS GRAY SCALE ADJUSTMENTS COLOR
PURITY ADJUSTMENTS CONVERGENCE ADJUSTMENTS CIRCUMFERENCE
CONVERGENCE ADJUSTMENTS

TV SERVICING
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Television is radio communications with both pictures and sound.
The word television means to see at a distance. It is the transfer
of moving visual images from one place to another. Most radio
communications are voice communications in which a microphone
develops an audio signal, this occurs in television too, a
television camera converts a visual scene into a voltage known as
video signal which represents the picture information. In
monochrome television, the picture is reproduced in black and white
or shades of gray. In color television, all the natural colors are
added as combinations or red, green and blue for the picture.

What is meant by television?

A & V sound

The television receiver is a special superheterodyne that
recovers both the sound and the picture information. The picture is
displayed on a cathode ray tube or better known as a picture tube.
The sound is introduced on to a speaker. Originally, television was
conceived of as another method of broadcasting entertainment and
news programs with pictures, much as radio broadcasting does for
sound. Commercial is still the largest field in the applications of
television. Other major fields of television are producing
pictures, text materials, graphics, visual information etc..

What is a television receiver?

TV SERVICING
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1945

FCC assigned the VHF channel 2 13 for commercial TV. The first
TV receiver (RCA model 630 TS) was marketed. This was a 30 tube
receiver with a 10-in round screen. Mr. R.B. Dome of General
Electric Co. proposed the method of inter-carrier sound for
television receiver. The frequency of 44 50 MHz were assigned to
channel 1 to mobile radio services because of interference
problems. The Columbia Broadcasting Co. (CBS) experimented the
method of color reproduction. FCC assigned channel 14 to 83 for UHF
provide for more broadcast TV stations. The FCC adopted the
development of NTSC for color TV system with a 3.58 MHz chrominance
signal compatible to Black and White signal. Worldwide television
transmission was made possible by the use of satellite circling the
earth. The TELSTAR project of American Telephone and Telegraph
Company. A Federal Law was passed that all television have
receivers shipped in interstate commerce must UHF tuners for both
UHF and VHF channels. It was required that the UHF tuning must be
as accurate as the VHF tuning.MERALCO FOUNDATION INSTITUTE

Television Broadcasting Development

1946

1947

1948

1949

1952

1953

1962

1946

1972
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The term broadcast means to send out in all directions., the
transmitting antenna radiates electromagnetic radio waves which can
be picked up by the receiving antenna.The television transmitter
has two function: visual and aural transmission.

TELEVISION BROADCASTING SYSTEM

BROADCAST To send out in all direction

The range of frequencies in the variations is called baseband
signals.These frequencies actually correspond to the desired visual
or aural information. In audio system, the baseband frequencies are
20 to 20,000 Hz, although 50 to 15,000 Hz is used commonly for
High-Fidelity audio. In video system, the baseband frequencies
range from 0 Hz for direct current up to 4 MHz. The audio baseband
signal can be connected to aloud speaker to reproduced the desired
sound. Also the video Baseband signal can be fed to a picture tube
to reproduce the desired picture. The reason for converting sound
and visual information to baseband electric signal is that audio
and video signals can be amplified by almost any amount .Signal
processing by electronic circuits is easy and convenient for
various application.TV SERVICING MERALCO FOUNDATION INSTITUTE

Audio and Video Baseband Signals

BASEBAND A video or an audio signal That can be used directly To
reproduce the picture and sound.The baseband signal can modulate An
RF carrier wave for transmission

12

In wireless radio transmission, the audio baseband signal is
used to modulate a radio frequency (RF) carrier wave. Modulation is
the process of superimposing low frequency to a high level
frequency,modulation is necessary because the audio frequencies are
too low for efficient radiation. Different carrier frequencies are
used for different stations. The receiver can be tuned to each
carrier frequency. At the receiver , the modulated RF signal is
detected or demodulated to recover the low-level or the original
audio and video information.

Modulation

Frequency Modulation (AUDIO)

Amplitude Modulation (VIDEO)The same idea applies in radio as in
television broadcasting The video baseband signal modulates a
high-frequency carrier wave to provide wireless transmission. At
the receiver, the video detector recovers the original video
signal. Television broadcasting is very similar to radio
broadcasting except the video modulation is used for picture
signal. The associated sound signal also transmitted on a separate
carrier wave. All these systems require electromagnetic radio waves
for transmission. In television broadcasting, Amplitude Modulation
(AM) is used for the picture signal and Frequency Modulation (FM)
for the associated audio or sound signal.TV SERVICING MERALCO
FOUNDATION INSTITUTE

MODULATION The process of superimposing low frequency signal to
a high level frequency.

Modulation Technique
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The picture information is transmitted on a separate carrier
that is located 4.5 MHz lower in frequency than the sound
carrier.The video signal derived from the camera is used to
Amplitude-modulate the picture carrier. Different methods of
modulation are used for both sound and picture information so that
there is less interference between the picture and sound signals.
Amplitude Modulation of the carrier takes less bandwidth in the
spectrum, and this is important for such a high frequency
modulating signal such as video.

FREQUENCY MODULATION WAVEFORM

AMPLITUDE MODULATION WAVEFORMA considerable amount of
intelligence is contained in a television signal. As a result, it
takes up a significant amount of spectrum space. The television
signal consists of two main parts: the sound and picture. The
complete signal bandwidth of a television signal is illustrated in
the figure. The entire television signal occupies a channel in the
spectrum whose bandwidth is 6 MHz. Because a TV signal uses so much
a spectrum space, TV stations must operate in the VHF and UHF
frequency ranges from 50 to 806 MHz. The frequency ranges for each
of the currently assigned 69 channels

Bandwidth

TV SERVICING
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In the figure, note that there are two signal carriers. The
Sound carrier is at the upper end of the spectrum. Frequency
modulation is used to impress the sound signal on the carrier.
High-Fidelity sound is available with an audio bandwidth of 50 Hz
to 15 KHz.

Bandwidth

Figure: Spectrum of a broadcast TV signal.

The channel bandwidth of 6 MHz is required to accommodate The
wanted upper sideband, the necessary portion of the unwanted lower
sideband, the FM sound frequency spectrum (including the 3.58 MHz
color subcarrier and its sidebands. The difference in frequency
between the picture carrier and the sound carrier is precisely 4.5
MHz. In each TV channel, and the picture carrier frequency is 1.25
MHz above the bottom edge of the channel, and the color subcarrier
frequency is 3.58 MHz higher still. The sound carrier frequency is
4.5 MHz above the picture carrier frequency. Channels 2 to 13 are
in the VHF band, with channel 2 to occupying the frequency range 54
to 88 MHz, while channels 7 to 13 occupy the 174 to 216 Mhz range.
Note that the frequencies between 88 and 174 MHz are allocated to
other services,including FM broadcasting. Channels 14 to 83 MHz
occupy the continuous frequency range from 470 to 890 MHz, in the
UHF band.TV SERVICING MERALCO FOUNDATION INSTITUTE

BANDWIDTH Is a term used to defined the amount of frequency
space occupied by a signal, and required for effective transfer of
the information to be carried by that signal.
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Each TV station is assigned a 6 MHz-wide channel with a specific
carrier frequency by the Federal Communications Commission (FCC).
All the television channels fall within three bands: 1. Lowband
Very High Frequency (VHF) channels 2 to 6 2. Highband Very High
Frequency (VHF) channels 7 to 13 3. Ultra High Frequency (UHF)
channels 14 to 83

Television Channel Frequencies

CHANNEL The band of frequencies used for video and audio signal
transmission

TV SERVICING
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FCC FREQUENCY ALLOCATIONS

CHANNEL The band of frequencies used for video and audio signal
transmission

TV SERVICING
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There are five essentially different television systems in use
around the world.The two main ones are the American Federal
Communications Commission (FCC) system for monochrome and National
Television Standards Committee (NTSC) system for color and European
Comite Consultatif International de Radio (CCIR) system for
monochrome and Phase Alternation by Line (PAL) system for color.
The American is used in the whole of North and South America
(except for Argentina and Venezuela) and in the Philippines and
Japan. With some exceptions, the European System is used by the
rest of the world. One of these exceptions is France, which,
together with a part of Belgium, uses its own system, SECAM
(sequential technique and memory stage), for color. The USSR and
Eastern Europe use a system for monochrome that is almost identical
to CCIR , but they use SECAM for color. With its greater line
frequency, the French system has superior definition, but it
requires a bandwidth twice as great as for the major systems.

Television Systems

*As a good approximation. The precise frequency in the American
system is 3.579545 MHz.

TV SERVICING
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American Standards. The field frequency is purposely made equal
to the 60 Hz frequency of the AC supply system, so that any supply
interference will produce stationary pattern, and will thus not be
too distracting. This automatically makes the frame frequency equal
to 30 per second. The number of lines per frame, 525, was chosen to
give adequate definition without taking up too large a portion of
the frequency spectrum for each channel. The line frequency is
product of 30 frames per second and 525 line per frame , I.e.,
15,750.

Television Standards

1. 2. 3. 4.

Vestigial sideband amplitude modulation for video, with most of
the lower sideband removed.This is done to save the bandwidth.
Negative video modulation polarity. In both systems black
corresponds to a higher modulation percentage than white . 2 : 1
interlace ratio. The field frequency is twice the frame frequency.
4 : 3 aspect ratio. This is the ratio of the horizontal to the
vertical dimension of the receiver picture (or transmitter camera)
tube . The absolute size is not limited , but the aspect ratio must
be. Otherwise the receiving screen would not reproduce all the
transmitted picture.

VESTIGIAL Vestigial-sideband transmission is a form of amplitude
modulation (AM) in which one of the sidebands has been largely
eliminated.The carrier wave and the other sideband are
unaffected.In television broadcasting, vestigial sideband
transmission is used to optimize the efficiency with which the
channel is utilized.

TV SERVICING
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Television Transmission

Basic Blocks of Transmitter CAMERA. When a camera captures an
image , the lens of that camera focuses the image on to the target
of the of the pickup tube. Because of the way lenses work, the
image will be inverted on to the target. So if you are shooting a
picture of a person standing on the ground, that persons feet and
the ground will be focused on the top part of the pickup tubes
target and his head will be at bottom, left to right. In this case,
the head of the person will be scanned first . Thus, even though in
reality the electron beam sweeps the target from right to left ,
bottom to top, from the perspective of the image, the beam still
sweeps from left to right, top to bottom. To simplify things, we
will consider the scanning process from the perspective. If we
aimed the camera at a picture of progressively brighter bars, from
black to white, the black would cause the pickup tube to generate a
small charge; the next bar, a brighter gray, would result in a
stronger charge; the next bar an even stronger charge , and so on.
VIDEO STAGE. The output of the camera is fed to a video switcher
which may also receive videotapes or outside broadcast signals at
other inputs. The function of this switching system is to provide
the many video controls required.

A key component of studio cameras and field cameras is the
pickup tube.

TV SERVICING
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The output of this mixing and switching amplifier goes to more
video amplifiers, whose function is to raise the signal level until
it is sufficient for modulation. Along the chain of video
amplifiers, certain pulses are inserted. These are the vertical and
horizontal blanking and synchronizing pulse, which are required by
receivers to control their scanning process. The final video
amplifier is the power amplifier which grids-modulates the output
RF amplifier. Because certain amplitude levels in the composite
video signal must corresponds to specific percentage modulation
values, this amplifier uses clamping to establish the precise
values of various level of the signal which it receives. RF AND
SOUND CIRCUITRY. Essentially, the sound transmitter is a frequency
modulated transmitter of the type. The only difference is that the
maximum deviation is limited to 25 KHz , instead of the 75 KHz
limit for broadcast transmitter. The RF aspects of the picture
transmitter are again identical to FM transmission, except that the
output stage must be broadband, in view of the large bandwidth of
the transmitted video modulated signals.

Television Reception

Basic Blocks of a ReceiverFUNDAMENTALS. TV receivers use the
superheterodyne principle.There is extensive pulse circuitry, to
ensure that the demodulated video is displayed correctly. To that
extent the TV receiver is quite similar to a radar receiver, but
radar scan is generally simpler, nor are sound and color normally
required for radar. It is also worth making the general comment
that TV receivers of current manufacturer are likely to be either
solid-state or hybrid. All stages are transistor or
integrated-circuit, except for the high-power scanning output
stages.TV SERVICING MERALCO FOUNDATION INSTITUTE

SUPERHETERODYNE Is receiver that uses one or more local
oscillators and mixers to obtain a constant frequency signal called
the Intermediate Frequency (IF) signal.
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Scanning is a technique that divides a rectangular scene into
individual horizontal lines. The standard TV picture dimensions
have an aspect ratio of 4:3. This means that the scene is 4 units
wide for every 3 units of height. To create a picture, the scene is
subdivided into many fine horizontal lines called scanning lines.
Each line represents a very narrow width of light variations in the
scene. The greater the number of lines used, the higher the
resolution and the greater the detail that can be observed. U.S.
television Standards Committee (NTSC), call for the scene to be
divided into a maximum of 525 horizontal lines. Figure shows a
simplified drawing of the scanning process. The scene is simply a
large black letters M F I on a white background.0 1 2 3 4 5 6 7 8 9
10 11 12 13 14

Scanning Process

MFI

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14

Figure. Simplified explanation of scanningTV SERVICING MERALCO
FOUNDATION INSTITUTE

SCANNING Covers the entire picture area in a sequence of
horizontal lines.
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The purpose of the television camera is to convert this scene
into an electrical signal. This is done by transmitting a voltage
of 1V for black and 0V for white. Note that the scene is divided
into a total of 15 scan lines numbered 0 to 14. The scene is
focused on the light sensitive area of a vidicon tube, which scans
the scene one line at a time, transmitting the light variations
along several of the lines. When the white background is being
scanned a 0V signals occurs. When the black picture element is
encountered, a 1V level is transmitted.The electrical signals
derived from each scan line are referred to as the video signal.
They are transmitted serially one after the other until the entire
screen has been sent. This is how a standard television picture is
developed and transmitted. Most scenes are more complicated than a
black letter on a white background. Typically, the picture is
transmitted as different shades of gray between black and white.
Shades of gray are represented by some voltage level between the 0V
and 1V extremes represented by white and black. The resulting
signal is known as brightness or luminance signal and is usually
designated by the letter Y.

Scanning Process

Horizontal and Vertical Scanning of the electron beam in

order to create a raster is essential for all the TV displays.
The exact numbers of scans per second and the method of scanning
may vary, but the basic scanning arrangement is almost universally
used.

How horizontal and vertical linear scanning is done ?

RASTER The rectangular area of the picture tube screen scanned
by the electron beam as it is deflected horizontally and
vertically
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The screen of the is filled by 525 fine horizontal lines that
are generated by moving electron beam rapidly from left to right
and back to left. At the same time, the electron beams scan is
gradually moved downward , and when it reaches the bottom of the
screen, it is returned to the top. The left to right motion occurs
when the actual picture or video signal is present, while the right
to left motion, which is much faster, is generally called the
horizontal retrace or flyback. The screen is blanked out during
this retrace period.

Interlaced Scanning

FLYBACK / RETRACE The time of the electron beam to return very
quickly to the left side to begin scanning the next horizontal
Line.
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Frame and Field SCANNING PROCESS. The scene is scanned twice,
one Frequencies complete scanning of the scene is called a field
and contains 262.5 lines. The entire field is scanned in 0.01667
for a 60 Hz field rate. In color TV the field rate is 59.94. Then
the scene is scanned a second time again using 262.5 lines. The
second field is scanned so that its scan line fall between those of
the first field. This produces what is known as INTERLACED
SCANNING, a total of 525 lines (2 X 262.5). In practice, only about
480 lines appear on the picture screen. Two interlaced fields
produce a complete frame of video . With the field rate being
0.01667 s, two fields produce a frame rate of 0.03333 s, or 30 Hz.
The frame rate for color TV is one half the field rate , or 29.97
Hz. Interlaced scanning is used to reduce flicker, which is
annoying to the eye. The rate is also fast enough that the human
eye cannot detect individual scan lines, so the result is a stable
picture.

The rate of occurrence of the horizontal scan lines is 15,750 Hz
for monochrome or black-and-white TV and 15,734 Hz for color TV.
This means that it takes about 1/15,734 = 63.56s to trace out one
horizontal scan line.

The horizontal scanning lines are interlaced in the odd lines
are scanned, omitting the even lines,the television system in order
to provide two. Then the even lines are scanned to complete the
views of the image for each picture frame. All the whole frame
without losing any picture information
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The time spent in scanning corresponds to distance in the image.
Horizontal and As the electron beam in the camera tube scans the
image, the Vertical beam covers different elements and provides the
corresponding Synchronization picture information. Therefore, when
the electron beam scans the screen of the picture tube at the
receiver, the scanning must be exactly timed in order to assemble
the-picture information in the correct position. Otherwise, the
electron beam in the picture tube could be scanning the part of the
screen where a person's mouth should be while the picture
information being received at that time corresponds to the person's
nose. To keep the transmitter and receiver scanning in step,
special synchronizing signals must he transmitted with the picture
information for the receiver. These timing signals are rectangular
pulses that are used to control both camera and receiver scanning.
The synchronizing pulses are transmitted as a part of the complete
picture signal for the receiver, but they occur during the blanking
time when no picture information is transmitted. The picture is
blanked out for this period while the electron beam retraces. A
horizontal synchronizing pulse at the end of each line determines
the start of Horizontal retrace. Note that the synchronization is
at the start of retrace or end of trace, and not at thestart of
trace. Horizontal retrace of the electron scanning beam begins from
the right side of the picture. Vertical synchronizing at the end of
each field determines the start of vertical retrace. At this time
the electron scanning beam is at the bottom of the picture. Without
the vertical field synchronization, the reproduced picture at the
receiver does not hold vertically it rolls up or down on the
picture tube screen. If the scanning lines are not synchronized,
the picture does not hold horizontally-it slips to the left or
right and then tears apart into diagonal segments. In summary, the
horizontal line-scanning frequency is 15,750 Hz. The frequency of
the horizontal synchronizing pulses is is 15,750 Hz. The frame
repetition rate is 30 per second, but the vertical field-scanning
frequency is 60 Hz. The frequency of the vertical synchronizing
pulses is also 60 SYNCHRONIZATION Hz. Note that the scanning
frequencies of 15,750 and 60 Hz are When two signal or process are
exactly aligned, they exact for monochrome but only approximate for
color television. are said to be in In color broad- casting, the
horizontal line-scanning frequency is Synchronization. Two for
identical waveforms, exactly 15,734.26 Hz, and the vertical field-
scanning frequency example , are synchronized if they are in phase.
is 59.94 Hz. These exact scanning frequencies are used to minimize
interference between the color sub-carrier signal at In a
television transmitting 3.579545 MHz and the luminance (monochrome)
signal. However, and receiving system, the electron beam in the the
horizontal and vertical scanning frequencies can be picture tube
must move in synchronization with the considered generally as
15,750 and 60 Hz, because the beam in the camera tube. deflection
circuits are automatically synchronized at the Otherwise, the
picture will appear to be split, rolling, required scanning
frequencies for both monochrome and color or tearing. broadcasting.
(OUT-OF-SYNC)TV SERVICING MERALCO FOUNDATION INSTITUTE
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In television, blanking means "going to black." As part of the I
video signal, the blanking voltage is at the black level. Video
voltage at the black level cuts off beam current in the picture
tube to blank out light from the screen. The purpose of the
blanking pulses is to make invisible the retraces required in
scanning. Horizontal pulses at 15,750 Hz blank out the retrace from
right to left for each line. Vertical pulses at 60 Hz blank out the
retrace from bottom to top for each field. The time needed for
horizontal blanking is approximately 1/6 percent of each horizontal
(H) line. The total horizontal time is 63.5 s, including trace and
retrace. the blanking time for each line, then, is 63.15 X 0. 16 =
10.2 its. This H blanking time means that the retrace from right to
left must be completed within 10.2 s, before the start of visible
picture information during the scan from left to right. The time
for vertical (V) blanking is approximately 8 percent of each V
field. The total vertical time is 1/60 s, including the downward
trace and upward retrace. The blanking time for each field, then,
is 1/60 X 0.08 = 0.0013 s. This V blanking time means that within
0.0013 s the vertical retrace must be completed from bottom to top
of the picture. The retraces occur during the blanking time because
of synchronization of the scanning. The synchronizing pulses
determine the start of the retraces. Each horizontal synchronizing
pulse is inserted in the video signal within the time of the
horizontal blanking pulse. Also each vertical synchronizing pulse
is inserted in the video signal within the time of the vertical
blanking pulse.

Horizontal and Vertical Blanking

BLANKING In television picture transmission, a blanking signal
is a pulse that cuts off the receiver picture tube during return
traces. The blanking signal prevents the return trace from showing
up on the screen, where it would interfere with the picture.Such
pulse is a square wave, with rise and decay time that are very
short.
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TV SERVICING

At the end of each field, the scanning must retrace from bottom
to top of the scene so that the next field can be scanned. The
vertical pulse blank are the horizontal sync pulses which must
continue to keep the horizontal sweep in sync during the vertical
trace. The equalizing pulses help synchronize the half scan lines
in each field.

MERALCO FOUNDATION INSTITUTE

The synchronizing (Horizontal and Vertical) and blanking
pulse.

Horizontal and Vertical Pulse

BLANKING In television picture transmission, a blanking signal
is a pulse that cuts off the receiver picture tube during return
traces. The blanking signal prevents the return trace from showing
up on the screen, where it would interfere with the picture.Such
pulse is a square wave, with rise and decay time that are very
short.
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3.58 MHz Color Signal

In order to demodulate the color signals and reproduce them
Faithfully. The sub-carrier must be reinserted with the correct
phase at the receiver . A 3.58 MHz oscillator in the receiver
generates the sub-carrier for the balanced modulator demodulator
circuits. A sample of the 3.58 MHz subcarrier signal developed at
the transmitter is added to composite video signal (sync signal,
blanking signal, video information). This is done by gating 8 to 12
cycles of the 3.58 MHz subcarrier and adding it to the horizontal
sync pulse and blanking pulse. In the above figure, the color burst
is shown , and it rides on what called the back porch of the
horizontal sync pulse. The system for color television is the same
as for monochrome except that the color information in the scene is
used also. This is accomplished by considering the picture
information in terms of red, green, and blue. When the image is
scanned at the camera tube, separate video signals are produced for
the red, green, and blue picture information. Optical color filters
separate the colors for the camera. For broadcasting in the
standard 6-MHz television channel, however, the red, green, and
blue video signals are combined to form two equivalent signals, one
for brightness and the other for color. Specifically the two
transmitted signals are as follows: 1. Luminance signal. This
signal contains only brightness variations of the picture
information, including fine details, as in a mono- chrome signal.
The luminance signal is used to reproduce the picture in black and
white, or monochrome. It is generally labeled the Y signal (not for
yellow). Chrominance signal. This signal contains the color
information. It is transmitted as the modulation on a subcarrier.
The sub-carrier frequency is exactly 3.579545 MHz, which is
generally considered as 3.58 MHz. Therefore 3.58 MHz is the
frequency color. It is generally labeled the C signal for
chrominance, or chroma.MERALCO FOUNDATION INSTITUTE

2.

BLANKING In television picture transmission, a blanking signal
is a pulse that cuts off the receiver picture tube during return
traces. The blanking signal prevents the return trace from showing
up on the screen, where it would interfere with the picture.Such
pulse is a square wave, with rise and decay time that are very
short.
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Composite Video Signal

t

(i)

(ii)Composite Video Signal: Signal composed of sync signal,
blanking signal and video information.

Composite video signal and its picture information. (i) Picture
with black vertical bar on white background. (ii) Reverse
information with white bar on black background.TV SERVICING MERALCO
FOUNDATION INSTITUTE

30

Color Transmission and Reception

Figure. Creating other colors with red, green and blue. In color
TV, the color information along each scan line must also be
detected and transmitted. This is done by dividing the light in
each scan line into three separate signals, each representing one
of.-the three basic colors- red, green, and blue. It is a principle
of physics that any color can be made by using some combination of
the three primary light colors. This concept is illustrated,
however, Figure does not show how colors such as orange are
produced. They result from the combination of the primary colors
(red, green, and blue) in the proper ratio. Orange requires more
red and less green when compared to yellow. In theory, an infinite
number of colors can be created by using different ratios of the
primary colors. In the same way, the light in any scene may be
divided into the three basic colors by passing the light through
red, green, and blue filters. This is done in a color TV camera,
which is really three cameras in one. The lens focuses the scene on
three separate light-sensitive devices such as the vidicon or CCD
by way of a series of mirrors and beam splitters. The red light in
the scene passes through the red filter, the green through the
green filter, and the blue through the blue filter. The result is
the generation of three simultaneous signals (R, G, and B) during
the scanning process by the light-sensitive imaging devices. The R,
G, and B signals also contain the basic brightness or luminance
information. If the color signals are mixed in the correct
proportion, the result is the standard luminance, or Y, signal. The
Y signal is generated by scaling each color signal with a
potentiometer and then adding them together.TV SERVICING MERALCO
FOUNDATION INSTITUTE

31

Color Transmission and Reception

The color signals must also be transmitted along with the
luminance information in the same bandwidth. This is done by a
frequency division multiplexing technique shown in Figure. The R,
G, and B signals are mixed together to get the Y signal. The Y
signal is the only signal needed for monochrome reception. It is
proportioned to be 30 percent red, 59 percent green, and 1 1
percent blue. Color reception requires additional information. The
two additional signals prepared at the transmitter are called 1
(for in- phase) and Q (for quadrature, 90 shift). These chrominance
signals are proportioned as follows: I = 60 % red, -28% green, and
-32% blue Q = 21 % red, -52% green, and 31 % blue The minus signs
mean that the signal is phase- inverted before linear mixing
(addition). Chrominance signals are phase-encoded. In the receiver,
the sidebands around the sub-carrier frequency of 3.579 MHz are
mixed with a phase-locked oscillator to decode I and Q, or R-Y and
B-Y signals , the I-Q signals are rotated by 57 . Receiver design
is simplified by using 57 phase delay (compared to burst) for
demodulation. This produces R-Y and B-Y; then it is a simple matter
to produce the green signal because Y, R-Y, and B-Y are all
available. (The G signal is contained in all of them.) So why
bother with I and Q in the first place? Original research Showed
that the human vision is more sensitive to fine details in the
color range around orange. This is where the I signal is phased. So
the I signal (approximately orange) is broadcast with more
bandwidth than Q. Most receivers do not take advantage of this
extra detail and simply decode R-Y and B-Y by phase delaying 57
from the burst signal phase.TV SERVICING MERALCO FOUNDATION
INSTITUTE

How the camera generates the color signals ?
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Block Diagram of a Color Television Receiver

Block diagram of TV receiver. The area outlined with a dashed
line shows one way of generating horizontal and vertical sync
pulse.
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Operation of A block diagram of a TV receiver is shown in
previous page, although it is nothing more than a super-heterodyne
receiver, it is Color one of the most sophisticated and complex
electronic devices ever Television Set developed. Today, most of
the circuitry is incorporated in largescale integrated circuits.
Yet, the typical TV receiver still uses many discrete component
circuits. The signal from the antenna or the cable is connected to
the tuner, which consists of an RF amplifier, mixer, and local
oscillator. The tuner is used to select which TV channel is to be
viewed and convert the picture and sound carders plus their
modulation to an intermediate frequency (IF). As in most
super-heterodyne receivers, the local oscillator frequency is set
higher than the incoming signal by the IF value. Most TV set tuners
are prepackaged in sealed and shielded enclosures. They are
actually two tuners in one: one for the VHF signals and another for
the UHF signals. The VHF tuner usually uses low-noise FETs for the
RF amplifier and the mixer. UHF tuners use a FET, RF amplifier, and
diode mixer. The local oscillators are phase-locked loop (PLL)
frequency synthesizers set to frequencies that will convert the TV
signals to the IF. Tuning of the local oscillator is typically done
digitally. The PLL synthesizer is tuned by setting the feedback
frequency division ratio. In a TV set this is changed by a micro-
processor which is part of the master control system. The
inter-stage LC resonant circuits in the tuner are controlled by
varactor diodes. By varying the dc bias on the varactors, their
capacitance is changed, thereby changing the resonant frequency of
the tuned circuits. The bias control signals also come from the
control microprocessor. Most TV sets are also tuned by remote
control. A handheld remote control is us6d to generate digital
codes that indicate channel change, volume control, and other
information. These codes normally gate a high- frequency carrier
off and on. This carrier modulates an infrared (IR) LED light
source. The receiver contains an infrared (IR) detector that picks
up the digital codes, demodulates them, and feeds them to the
control microprocessor for interpretation. The control micro then
out- puts signals that change channel, volume, picture brightness,
or other functions. The standard TV receiver IFs are 41.25 MHz for
the sound carrier and 45.75 MHz for the picture carrier. Assume
that the receiver is tuned to channel 4. The picture carrier is
67.25 MHz, and the sound carrier is 71.75 MHz. Note that their
difference is 4.5 MHz. The synthesizer local oscillator is set to
113 MHz. The tuner produces an output that is the difference
between the incoming signal and local oscillator frequencies, or
113 - 67.25 = 45.75 system.
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MHz for the picture and 113 - 71.75 = 41.25 MHz for the sound.
Because the local oscillator frequency is above the incoming
signals, their relationship is reversed at the inter- mediate
frequencies, the picture carrier being 4.5 MHz above the sound
carrier. The IF signals are then sent to the video IF amplifiers.
Selectivity is usually obtained with a special filter known as a
surface acoustic wave (SAW) filter. This fixed tuned filter is
designed to provide just the exact selectivity required to pass
both of the IF signals. Figure shows the concept of the filter. It
is made on a piezoelectric ceramic substrate such as lithium
niobate. A pattern of inter-digital fingers on the surface convert
the IF signals into acoustic waves that travel across the filter
surface. Controlling the shapes, sizes, and spacing of the
interdigital filters makes it possible to tailor the response to
any application. Inter-digital fingers at the output convert the
acoustic waves back into electrical signals at the IF. The response
of the SAW IF filter is shown in figure Note that the filter
greatly attenuates the sound IF. The maximum response occurs in the
43- to 44-MHz range. The picture carrier IF is down 50 percent on
the curve. The lower sideband contains frequencies up to 1.25 MHz
away from the carrier frequency. With no compensation, these
frequencies would be emphasized after detection in the receiver,
since they are found in both the LSB and the USB of the transmitted
TV signal. However, the response curve) does compensate for this
effect. Frequencies near the picture carrier (45.75 MHz) are
attenuated because of the shape of the response curve. The overall
effect is that vestigial LSB does not produce extra output, after
detection, for the lower video frequencies. The IF signals are next
amplified by IC amplifiers. The video (luminance or Y) signal is
then recovered by an AM demodulator. In older sets, a simple diode
detector was used for video detection. In most modern sets a
synchronous balanced modulator-type demodulator is used. It is part
of the IF amplifier IC. The output of the video detector is the Y
signal and the composite color signals. These signals are amplified
by the video amps. The Y signal is used to create an AGC voltage
for controlling the gain of the IF amplifiers and the tuner
amplifiers and mixers. The color signals are selected from the
video amp output by a filter and fed to color- balanced demodulator
circuits. The color

Operation of Color Television Set
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burst signal is also picked up by a gating circuit and used to
Operation of synchronize an oscillator that produces a 3.58-MHz
sub-carrier Color signal of the correct frequency and phase. The
output of this Television Set oscillator is fed to two balanced
demodulators that recover the 1 and Q signals or the R-Y and B-Y
signals. These are combined in matrix with the Y signal and out
comes the three color signals (R, G, and B). These are amplified
and sent to the picture tube, which reproduces the picture. More
about the picture tube later. To recover the sound part of the TV
signal, a separate sound IF and detector section are used. Note
that the video IF signal is fed to the sound detector circuit. This
video IF signal contains both the picture carrier at 45.75 MHz and
the sound carrier at 41.25 MHz. The sound detector is a nonlinear
circuit that heterodynes the two carriers and generates the sum and
difference frequencies. The result is a 4.5-MHz difference signal
which contains both the AM picture and the FM sound modulation.
This is the sound IF signal. It is passed to the sound IF
amplifiers, which are tuned to 4.5 MHz and which also perform a
clipping and limiting function to remove the AM and leave only the
FM sound. The audio is recovered with a quadrature detector or
differential peak detector. The audio is amplified by one or more
audio stages and sent to the speaker. If stereo is used, the
appropriate demultiplexing is done by an IC and the left and right
channel audio signals are amplified. A major part of the TV
receiver is concerned with the sweep and synchronizing functions
which are unique to TV receivers. In other words, the receiver's
job does not end with demodulation and recovery of the picture and
sound. For the picture to be displayed on a picture tube, special
sweep circuits are needed to generate the voltages and currents to
operate the picture tube, and sync circuits are needed to keep the
sweep in step with the transmitted signal. The sweep and sync
operations begin in the video amplifier. The demodulated video
includes the horizontal blanking and sync pulses. The sync pulses
are stripped off the video signal with a sync separator circuit and
fed to the sweep circuits. The horizontal sync pulses are used to
synchronize the horizontal oscillator to 15,734 Hz. This oscillator
drives a horizontal output stage that develops a saw- tooth of
current that drives magnetic deflection coils in the picture tube
yoke; these coils sweep the electron beams in the picture tube. The
yoke is a coil assembly that fits around the picture tube's neck
(the narrow part at the back of the tube).
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The horizontal output stage, which is a high- power switch, is
Operation of also used to create a switching power supply. The
horizontal Color output transistor drives a step-up/step-down
transformer called Television Set the flyback. The 15.734-kHz
pulses are stepped up, rectified, and filtered to develop the 30-
to 35-kV high-voltage DC required to operate the picture tube.
Step-down windings on the flyback produce lower-voltage pulses that
are rectified and filtered into low voltages used as power supplies
for most of the circuits in the receiver. The sync pulses are also
fed to an integrating circuit that takes the horizontal sync pulses
during the vertical blanking interval and integrates them into a
59.94Hz sync pulse that is used to synchronize a vertical sweep
oscillator. The output from this oscillator is a saw-tooth sweep
voltage at the field rate of 59.94 Hz. This is amplified and
converted into a linear sweep current that drives the magnetic
coils in the picture tube yoke that produce vertical deflection of
the electron beams in the picture tube. In most modern TV sets, the
horizontal and vertical oscillators are replaced by digital sync
circuits. The horizontal sync pulses from the sync separator are
normally used to phase-lock a 31.468-kHz oscillator that is two
times the normal horizontal rate of 15.734 kHz. Dividing this by
two gives the horizontal pulses that are amplified and shaped in
the horizontal output stage to drive the deflection coils on the
picture tube. A digital frequency divider divides the 31.468-kHz
signal by 525 to get a 59.94-Hz signal for vertical sync. Then this
signal is shaped into a cur- rent saw-tooth and is amplified by the
vertical output stage which drives the deflection coils on the
picture tube.
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Color Demodulator

Color Television Receivers. A color television receiver is
essentially the same as a black-and-white receiver except for the
picture tube and the addition of the color decoding circuits.
Figure shows the simplified block diagram for the color circuits in
a color television receiver. Ale composite video signal is fed to
the chroma bandpass amplifier, which is tuned to the 3.58-MHz
subcarrier and has a bandpass of 0.5 MHz. Therefore, only the C
signal is amplified and passed on to the B-Y and R-Y demodulators.
The 3.58-Mhz color burst is separated from the horizontal blanking
pulse by keying on the burst separator only during the horizontal
flyback time. A synchronous 3.58-MHz color subcarrier is reproduced
in the color AFC circuit, which consists of a 3.58MHz color
oscillator and a color AFPC (automatic frequency and phase control)
circuit. The color killer shuts off the chroma amplifier during
monochrome reception (no colors are better than wrong colors). The
C signal is demodulated in the B-Y and R~Y demodulators by mixing
it with the phase coherent 3.58 Mhz sub carrier. The B-Y and R-Y
signals produce the R and B video signal by combining them with the
Y signal in the following manner: BY+Y = B RY+Y = R The G video
signal is produced by combining the B Y and R Y signals in the
proper proportions.TV SERVICING MERALCO FOUNDATION INSTITUTE
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Block Diagram of a Monochrome Television Receiver
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RF AMPLIFIERAng nasasagap na picture at sound signal carrier
mula sa antenna ay tatanggapin ng RF AMPLIFIER upang piliin at
palakasin. Dahilan sa maraming ibat-ibang frequency signal, ang
pagpili ay maaring maganap sa pamamagitan ng pamamaraang resonant
circuit na pagtotono. Ang signal na pinipili ay mula sa Channel 2
hanggang Channel 13 para sa VHF, at ang signal na mula Channel 14
hanggang Channel 83 naman para sa UHF at ito ang ipapasok sa RF
MIXER na ihahalo sa signal na dulot naman ng VHF LOCAL OSCILLATOR.
Low noise amplifier ang ginagamit na RF AMPLIFIER upang maiwasan
ang snowy picture. Napaka-sensitibo ang stage na ito kaya maselan
sa pagsapi ng mga noise signal kayat karaniwan na naka-shielded ang
mga component dito. Ang output ng RF section ay patungong
Intermediate Frequency (IF) section.

Operation of a Monochrome Television Receiver (TAGALOG
VERSION)

LOCAL OSCILLATOR

Ito ang stage na nakakapag-generate nang isang mataas na
sariling frequency upang maipang-halo sa RF signal frequency na
dulot ng RF AMPLIFIER. Ang frequencing ito ay nakataas sa 45.75 Mhz
para sa kanyang picture carrier signal at 41.25 Mhz para naman sa
kanyang sound carrier signal. Gumagana ito sa kanyang sariling
input signal circuit, ito ang oscillator frequency signal. Katulad
ng RF AMPLIFIER naka-disenyo ito at nangangailangan ng tamang
shielding o isolation para hindi makagambala sa operasyon ng mga
katabing circuits.

MIXERIto ang circuit o stage na nag-hahalo ng dalawang
magkaibang frequencies na galing sa picture at sound signal carrier
ng RF AMPLIFIER at ang oscillator frequency signal na galing naman
sa LOCAL OSCILLATOR . Ang kumbinasyon ng mga frequencies na ito ay
nagreresulta ng tinatawag na Intermadiate Frequency (IF) signal.
Ang mga component ng stage na ito ay maaaring diode, bipolar
transistor, MOSFET o ang tetrode vacuum tube. Ang output ng mixer
stage ay patungo sa Common Video IF Amplifiers.TV SERVICING MERALCO
FOUNDATION INSTITUTE
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VIDEO IF AMPLIFIERSAng Intermediate Frequency signal lamang ang
tinatanggap at pinapalakas ng stage na ito na galing sa output ng
Mixer. Ang pangunahing operasyon ng IF section ay para palakasin at
itaas ang mga IF signal. Ang stage na ito ay kinapapalooban ng
magkakasunod na dalawa hanggang tatlong amplifiers (1st IF Amp.,2nd
IF Amp. and 3rd IF Amp.) para mapanatiling malakas hanggang sa
paglabas sa Video Detector. Ang sound IF signal ay nakatono sa
41.25 Mhz at ang (picture) video IF signal ay nakatono sa 45.75
Mhz. Sa mga modernong circuit ngayon ito ay nakapaloob na sa
Integrated Circuit (IC).

Operation of a Monochrome Television Receiver (TAGALOG
VERSION)

VIDEO DETECTORAng signal na galing sa Video IF Amplifiers ay
ire-rectify ng Video Detector. Ang pangkaraniwang component ng
stage na ito ay ang diode,at dahil sa proseso ng rectification
nagreresulta o naipoproduce nito ang tatlong signals: (1) Ang
lumalabas na picture signal dito ay tinatawag na composite video
signal na nagtataglay ng sync pulses, blanking pulses at video
information na patungong Video section., (2) Ang 3.58 Mhz Chroma
signal na ginagamit naman para sa color circuits ng mga color
television recievers., at ang (3) Ang 4.5 Mhz FM sound signal na
patungong Sound IF

section.

SOUND IF AMPLIFIERSAng signal na tinatanggap nito ay ang sound
signal carrier na 4.5 Mhz na inihiwalay sa composite video signal
na galing sa Video Detector. Ang signal 4.5 Mhz lamang ang
tinatanggap nito dahil sa ang circuit nito ay tuned frequency
nakatono sa 4.5 Mhz. Ang stage ng Sound IF Amplifier ay maaaring
isa o dalawang stage (1st Sound IF, 2nd Sound IF). Ang pinalakas na
sound signal carrier na galing dito ay patungong Sound Detector.TV
SERVICING MERALCO FOUNDATION INSTITUTE
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FM SOUND DETECTORAng pumapasok na signal sa stage na ito ay 4.5
Mhz IF signal na galing sa Sound IF amplifiers. Inihihiwalay ng
stage na ito ang mataas na carrier signal at ang pinapalabas lamang
ay ang FM audio signal na patungo naman sa Audio Amplifier. Maaari
ring tawaging Sound Discriminator ang stage na ito, pangkaraniway
Ratio Detector circuit o Foster Seely Discriminator ang circuit na
ginagamit dito. Frequency Modulated (FM) signal ang ginagamit dito
dahil sa malaya ito sa mga noise o interference.

Operation of a Monochrome Television Receiver (TAGALOG
VERSION)

AUDIO AMPLIFIERAng audio signal (audio information) na
tinatanggap nito ay galing sa FM sound detector. Dahil sa
napakahina pa ng output signal ng detector, ang stage na ito ang
nagpapalakas upang mai-drive audio information sa speaker ng
telebisyon.

VIDEO AMPLIFIERAng composite video signal na kinapapalooban ng
sync pulses, blanking pulses at video information na galing sa
video detector ang siyang papalakasin ng stage na ito para
mai-drive sa picture tube o cathode ray tube (CRT). Dalawang stage
ito kadalasan, una ito ay maaaring tawaging Video Driver, Video
Preamplifier o kayay 1st Video Amplifier. Ang pangalawa ay maaring
tawagin na Video Output, Video Amplifier o kayay 2nd Video
Amplifier. Ang sound signal na 4.5 Mhz ay hindi maaaring makasama
sa stage na ito sa dahilang mayroon ditong 4.5 Mhz Sound Trap na
siyang humaharang upang hindi makagambala sa picture o video signal
na patungong CRT.
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SYNC SEPARATORIto ay isang amplifier na nag-ooperate bilang
Class C Amplifier. Interesado ang stage na ito doon lamang sa sync
pulses na galing sa composite video signal ng video drive o video
preamplifier. Ang sync pulses ay kinapapalooban ng Vertical Sync
pulse na may frequency signal na 60 Hz at Horizontal Sync pulse na
may frequency signal na 15,750 Hz (15.75 KHz). Ang output ng Sync
Separator na vertical sync pulse (60 Hz) ay patungong Vertical
Integrator Circuit (Low Pass Filter), at ang horizontal sync pulse
(15,750) naman ay papunta sa Horizontal Differentiator Circuit
(High Pass Filter), kung kaya hindi nagagambala ang dalawang sync
pulses na patungo naman sa kanilang mga Deflection Circuit

Operation of a Monochrome Television Receiver (TAGALOG
VERSION)

(Vertical Deflection at Horizontal Deflection).

VERTICAL OSCILLATORAng vertical sync signal na may bilis na 60
Hz na galing sa Sync separator na nagdaan sa Vertical Integrator
network, ay kaalinsabay sa takbo ng Vertical Oscillator na may
bilis rin na 60 Hz para sa tamang vertical synchronization. Ang
Vertical Oscillator ay pangkaraniwang free running multibibrator o
blocking oscillator type. Ang Vertical Hold Control ay ginagamit
upang mabago ang frequency signal na 60 Hz at maaari rin na
tawaging vertical frequency control, kalimitan ito ay nasa input
circuit ng stage na ito. Dito rin matatagpuan ang vertical height o
vertical size control.

VERTICAL DRIVEIto ay isang amplifier para palakasin ang mahinang
signal na dulot ng Vertical Oscillator. Sa stage na ito matatagpuan
ang vertical linearity control para sa pag-aadjust ng linearity
trace. Ang ouput ng vertical drive ay patungong vertical
output.
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VERTICAL OUTPUTAng vertical output stage ay madalas na power
transistor amplifier stage na nagge-generate ng sawtooth waveform
na dulot naman ng RC charging network .Napakahina ng signal na
dulot ng vertical driver kaya dapat ito ay palakasin sa
pangangailangan na rin ng picture tube (CRT). Ito rin ang
nagbibigay ng vertical scanning current sa Vertical Deflection Coil
(Yoke) para sa pagbaba at pagtaas ng galaw ng electron beam.

Operation of a Monochrome Television Receiver (TAGALOG
VERSION)

HORIZONTAL AFCAng circuit na Automatic Frequency Control (AFC)
ang nagkukumapara ng feedback signal na galing sa Horizontal Output
Transformer (Flyback Transformer) at ang horizontal sync pulse
naman na galing sa output ng Horizontal Differentiator. Ito ang
stage na nag-aayos (automatically) kung wala sa synchronization ang
dalawang signal para maiwasan ang pagbe-bend ng picture. Kapag ang
bilis ng horizontal sync pulses ay kaparehas ng bilis ng feedback
pulse ang output signal ng AFC ay zero, ang ibig sabihin nito ay
walang error voltage sa circuit kung kayat ang picture signal sa
harapan ng screen ng CRT ay naka-steady. Ngunit, kung ang sync
pulses ay mas mataas o mababa sa feedback pulses, magkakaroon ng
positive o negative error voltage sa output ng AFC at ito ang
nagiging dahilan ng pagbe-bend ng picture.

HORIZONTAL OSCILLATORAng horizontal sync signal na may bilis na
15,750 Hz na galing sa Sync Separator na nagdaan sa Horizontal
Differentiator network, ay kaalinsabay sa takbo ng Horizontal
Oscillator na may bilis rin na 15,750 Hz para sa tamang horizontal
synchronization. Ang Horizontal Oscillator ay pangkaraniwang free
running multivibrator. Ang Horizontal Hold Control ay ginagamit
upang mabago at maisa-ayos ang frequency signal na 15,750 Hz, kung
ang picture signal ay nagbe-bend.TV SERVICING MERALCO FOUNDATION
INSTITUTE
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HORIZONTAL DRIVEPangkaraniwan sa amplifier circuit ng Horizontal
Drive ang pagkakaroon ng RC network upang mai-convert ang pulse
signal at gawing kumbinasyon ng sawtooth signal at pulse signal.
Pinapalakas din ng stage na ito ang mahinang signal na galing sa
Horizontal Oscillator patungong Horizontal Output stage.

Operation of a Monochrome Television Receiver (TAGALOG
VERSION)

HORIZONTAL OUTPUTAng Horizontal Output stage ang nagge-generate
ng mataas na boltahe na patungo sa flyback transformer. Pinapalakas
o ina-amplify nito ang voltage signal na galing sa output ng
Horizontal Driver. Ang pangkaraniwang main-component ng stage na
ito ay ang Horizontal Output Transistor (HOT). Ito rin ang
nagbibigay ng horizontal scanning current sa Horizontal Deflection
Coil (Yoke) para sa kaliwat kanang galaw ng electron beam. Ang
output ng stage na ito ay patungong High Voltage section (flyback
transformer).

FLYBACK TRANSFORMERIto ay isang uri ng step-up transformer para
makapag-produce o makapag-generate ng mataas na boltahe. Ang
primary winding ng transformer na ito ay naka-parallel sa
Horizontal Deflection Coils para gumana ang horizontal scanning
current. Ang mataas na boltahe sa secondary winding ay ire-rectify
ng diode at magiging DC Anode Voltage para sa picture tube o
cathode ray tube (CRT). Ang iba pang function ng flyback
transformer ay para sa supply ng iba pang circuits katulad ng AGC
circuit, nagsisilbing feedback pulse patungong Horizontal Automatic
Frequency Control (HAFC).

TV SERVICING

MERALCO FOUNDATION INSTITUTE

45

Monochrome Television Reception

A block diagram of an RF section is shown in figure. The RF
section includes the UHF and VHF antennas, the antenna coupling
circuits, the pre-selectors, an RF amplifier, and a
mixer/converter. A Yagi-Uda antenna is used for the VHF channels,
and a simple loop antenna is used for the UHF channels. The
purposes of the RF or front-end section are to provide channel
selection (that is, tuning), to provide image-frequency rejection,
to isolate the local oscillator from the antenna (thus, preventing
the local oscillator signal from radiating), to convert RF signals
to IF signals, to provide amplification, and to provide antenna
coupling. VHF signals are captured by the antenna, coupled to the
receiver input, band limited by the pre-selector, and then
amplified by the RF amplifier and fed to the mixer/converter. The
mixer/converter beats the local oscillator frequency with the RF to
produce the difference frequency, which is the IF. Channel
selection is accomplished by changing the band pass characteristics
of the pre-selector and RF amplifier by switching capacitors or
inductors in their tuned circuits and, at the same time, changing
the local oscillator frequency. The pre-selector and local
oscillator tuning circuits are ganged together. Commercial
television receivers use high-side injection (the local oscillator
is tuned to the IF above the desired RF channel frequency).

RF Section
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IF Section

(b)

IF Section The -IF section of a television receiver provides
most of the receiver's selectivity and gain. The block diagram for
a three-stage IF amplifier is shown in figure a. The IF section is
generally several cascaded high-gain tuned amplifiers. In modern
receivers, the IF section processes both the picture and sound IF
signals. Such receivers are called inter-carrier receivers. The
standard IFs used in commercial television receivers are 45.75 MHz
for the picture and 41.25 M-Hz for the sound. The IF carriers are
separated by 4.5 MHz just as the RF carriers are. IF amplifiers use
tuned band-pass filters that band limit the signal and pre- vent
adjacent channel interference. A typical IF response curve is shown
in figure b. Special narrowband bandstop filters called wave-traps
are used to trap or block the adjacent channel picture and sound
carrier frequencies (39.75 and 47.25 MHz, respectively). Wave-traps
are also used to attenuate the sound and picture carriers of the
selected channel and limit the IF pass-band to approximately 3 MHz.
3 MHz is used rather than 4 MHZ to minimize interference from the
color signal.
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Video Section

The Video Section. The video section includes a video detector
and a series of video amplifiers. A simplified block diagram for a
video section is shown in Figure a. The detector down-converts the
picture IF signals to video frequencies and the first sound IF to a
second sound IF. The second sound IF is fed to the FM receiver,
where the aural information is removed and fed to the audio
amplifiers. The video detector is generally a single-diode peak
detector. The IF input signal provides the as voltage necessary to
drive the diode into conduction as a half-wave peak rectifier. The
output from the video detector is the composite video signal, which
is fed to the video amplifiers. The video amplifiers provide the
gain necessary for the luminance signal to drive the CRT. Video
amplifiers are generally direct coupled to provide dc restoration
of the picture brightness. The contrast and brightness controls are
located in the video section, and the AGC takeoff point is
generally at the output of the first video amplifier. The
brightness control simply allows the viewer to vary the de bias
voltage of the video signal. The contrast control adjusts the gain
of the video amplifiers. The picture and sound IF signals mix in
the diode detector, which is a nonlinear device, and produce a
difference signal of 4.5 MHz, which is the second sound IF. A
typical frequency-response curve for a video amplifier section is
shown in Figure b.
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Horizontal and Vertical Deflection Circuits

Horizontal and Vertical Deflection Circuits. A simplified block
diagram showing the vertical and horizontal deflection circuits is
shown in the figure. The deflection section includes a sync
separator, horizontal and vertical deflection oscillators, and a
high-voltage stage. The horizontal and vertical synchronizing
pulses are removed from the composite video signal by the sync
separator circuit. The horizontal and vertical sync pulses are then
further separated with filters and fed to their respective
deflection circuits. The deflection circuits convert the sync
pulses to saw-tooth scanning signals and provide the de high
voltage required for the anode of the CRT.
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Sync Separator

(a) (b) Sync separator. Figure shows the schematic diagram for a
single-transistor sync separator, which is a simple clipper
circuit. Q, is a class C amplifier and the R1, C1 coupling circuit
provides signal bias. The positive portion of the composite video
signal (the sync pulses) forward biases Q,, causing base current to
flow, which charges C, to the polarity shown. Between sync pulses,
C, discharges slightly through R,. The long RC, time constant keeps
C, charged to approximately 90% of the peak positive value.
Therefore, once C, has charged, the luminance signal drives Q,
further into cutoff. Thus Q, conducts only during the more positive
sync pulses. Consequently, the sync pulses are the only portion of
the composite video signal that appears at the collector of Q]. The
base-emitter circuit of Q, is effectively a diode rectifier. The
rectifier operation is shown in Figure b. Once removed, the
horizontal and vertical sync pulses are separated with filters. A
high-pass filter (differentiator) detects the 15,750-Hz horizontal
sync pulses, and a low-pass filter (integrator) detects the 60-Hz
vertical sync pulses.

Vertical Deflection Oscillator

Vertical deflection oscillator. The output from the integrator
is a 60-Hz wave- form, which is fed to the vertical deflection
oscillator. The deflection oscillator produces a 60-Hz linear
saw-tooth deflection voltage, which produces the vertical scan on
the CRT. Figure shown above is the schematic diagram for a
transistorized blocking oscillator, which is a circuit often used
to produce the saw-tooth scanning waveform.TV SERVICING MERALCO
FOUNDATION INSTITUTE
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Vertical deflection oscillator. The output from the integrator
is a 60-Hz wave- form, which is fed to the vertical deflection
oscillator. The deflection oscillator produces a 60-Hz linear
saw-tooth deflection voltage, which produces the vertical scan on
the CRT. Figure shows a schematic diagram for a transistorized
blocking oscillator, which is a circuit often used to produce the
saw-tooth scanning waveform. A blocking oscillator is simply a
triggered oscillator that produces a sawtooth output waveform that
is synchronized to the incoming vertical sync pulse rate. The
frequency control sets the threshold or trigger level for the
oscillator. However, the frequency of oscillation is determined by
the recovered vertical sync pulses. The output from the vertical
oscillator is fed to a vertical output amplifier, which produces
the saw-tooth current wave required to drive the vertical
deflection coils. The integrator (low--pass filter) passes only the
vertical sync pulses and produces a 60-Hz trigger pulse for the
blocking oscillator.

Horizontal Automatic Frequency Control (HAFC)

Fig. Push-Pull Horizontal AFC Circuit Noise pulse can be
mistaken for synchronizing pulses and trigger the oscillator at the
wrong time, thus changing the horizontal scanning rate. To improve
noise immunity, automatic frequency control (AFC) circuits are
often used for horizontal deflection oscillator in television
receivers. Figure shows the schematic diagram for a push-pull sync
discriminator commonly used for horizontal AFC. A phase splitter
generates two 180 out-of-phase sync pulses, which are required for
push-pull operation. The dualdiode sync discriminator produces a
horizontal saw-tooth waveform across output capacitor C..
Consequently, the saw-tooth frequency is synchronized to the
recovered horizontal sync pulses. The output from the AFC circuit
is fed to the horizontal deflection circuit, where it provides
horizontal scanning current for the CRT. The output of the
horizontal deflection amplifier is also fed to the receiver high-
voltage section, where the anode voltage for the CRT is produced.TV
SERVICING MERALCO FOUNDATION INSTITUTE
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HORIZONTAL DEFLECTION (Left and Right Motion)

Magnetic Deflection (Horizontal & Vertical)

VERTICAL DEFLECTION ( Up and Down Motion )

All picture tubes, either color or monochrome, use magnetic
deflection with Vertical and Horizontal scanning coils in an
external yoke around the neck of the tube. For the magnetic
scanning coils, saw-tooth current is required. Because of the
current in each coil has a magnetic field that reacts with the
magnetic field of the electron beam. The resulting force deflects
the electrons at right angles to both the beam axis and the
deflection field ( to form raster ).
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Deflection Yoke

GREEN

VERTICAL WINDING

YELLOW

HORIZONTAL WINDING the

BLUE

RED

Vertical Winding : Green and Yellow Terminal Horizontal Winding
: Blue And Red Terminal

The electron beam is deflected down and to the right for the
electron flow shown in the coils.TV SERVICING MERALCO FOUNDATION
INSTITUTE

In a cathode-ray tube, the electron beam may be deflected by
means of charged plates, or by means of coil is called the YOKE of
the tube.
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Horizontal & Vertical Windings
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YELLOW

DAMPING RESISTORS RED BALANCING CAPACITOR YELLOW BLUE GREEN

RED

BLUE

GREEN

TV SERVICING

MERALCO FOUNDATION INSTITUTE

54

Trouble Symptoms in Deflection Yoke

LOSS OF VERTICAL SWEEP Open Vertical Winding

LOSS OF HORIZONTAL SWEEP Open Horizontal Winding

ION SPOT Open Vertical & Horizontal Winding

NECK SHADOW Yoke not properly push forward

VERTICAL KEYSTONED Partial short in half of the vertical
winding

HORIZONTAL KEYSTONED Partial short in half of the horizontal
winding

REVERSED HORIZONTALLY Interchanged in horizontal winding
connections

REVERSED VERTICALLY Interchanged in vertical winding
connections
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ANODE BUTTON

EXTERNAL COATING DEFLECTION YOKE

Cathode Ray Tube (CRT)

APERTURE MASK INTERNAL COATING

GLASS FACEPLATE

BASE PINS

ELECTRON GUN PHOSPHOR DOT SCREEN GLASS ENVELOPE IMPLOSION
PROTECTION

The cathode-ray tube (CRT), or kinescope serves as the "screen"
for the television receiver to display the televised signal. The
CRT consists of three major parts: an electron gun rigidly
supported inside the neck, an outer envelope or bulb, and a viewing
screen coated inside with a luminescent phosphor material. This
coating is applied at the back of the screen and serves a dual
purpose. It reflects toward the front most of the rear light given
off by the phosphor screen that would otherwise he lost thus
increasing tube brightness. This coating also protects the phosphor
from damage due to heavy ion bombardment. The faceplate of the CRT
is under great pressure. All CRTs must be handled with care but be
particularly careful if the tube does not have integral
protection.

A cathode-ray tube is a device for obtaining a graphic display
of an electronic function.
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Cathode-Ray Tube

Electron Gun

Electron Gun Assembly

Basic structure of an electron gunThe electron gun contains
these elements: cathode and its heater; control grid GI; 1st
accelerating anode, also called screen grid G2; focusing anode G4
and an aquadag coating as the accelerating anode also called second
anode. The electron gun in the kinescope shapes the electron beam
and gives the electrons their initials acceleration in the
direction of the screen. A phosphor coating deposited inside on the
glass faceplate (screen) fluoresces (gives off light) when
bombarded by electrons. Elements of the electron gun are connected
to the base pins and receive their rated voltages from the CRT
socket that is wired to the receiver.TV SERVICING MERALCO
FOUNDATION INSTITUTE
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After the beam has been formed, shaped, and accelerated by the
electron gun, it must be deflected to follow a set path. This is
accomplished by the deflection yoke magnetically by varying
deflection current. Yoke is positioned around the CRT neck. A
conductive coating (aquadag) inside the tube acts as the high-
voltage accelerating anode contact with this accelerating anode is
made by means of a connector on the CRT, usually called HV
connector. An outer conductive aquadag coating is found on the
outside of the envelope of the CRT. This must be grounded to the
receiver because it is one plate. of a high-voltage capacitor. The
aquadag coating inside the CRT is the other plate, and the glass
bulb acts as the dielectric.

Electron Gun

The cathode is a small metallic oxide disk placed at the end of
the narrow tube. Although, the cathode is heated to produce
thermionic emission , it is electrically insulated from the heater.
Next along the tube axis is the control-grid cylinder, labeled G1.
The negative bias voltage at the control grid with respect to the
cathode enables G1 to control the space charge of electrons emitted
from the cathode. As a result, the beam current can be varied and
the brightness modulated by the video signal voltage that is
applied between G1 and the cathode. The screen grid G2 is also
considered the first anode. It accelerates electrons in the beam
because of its positive voltage. Following G2 is the focus cylinder
G3, which forms an electrostatic lens with G2 to force electrons
into paths that come to a point at the phosphor screen.

All cylinders are made of nickel or a nickel alloy. They are
supported by glass or ceramic insulating rods that are parallel to
gun axis. Connections to all the elements are made at the base
pins, except for G4, which is part of the ultor. This cup has a
metallic spring fingers that make contact with the inner Aquadag
coating for the anode voltage.
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Types of Electron Gun

In-Line Gun

Red beam Blue beam Green beam

Improvements in gun design have led to the in-line system
generally used today. All three guns are in one horizontal plane on
a diameter of the tube neck. Green is usually at the center. Color
convergence is much easier with in-line guns because one gun is at
the center and the other two are in the same horizontal plane.
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Types of Electron Gun

Delta Gun

Blue Beam

Green Beam Red Beam

The first shadow mask tubes, produced by RCA, used the delta
guns arrangement. The three electron guns are mounted at the
corners of an equilateral triangle, forming a delta . This system
allows maximum diameter for the focus electrode in the individual
guns, with the neck of the tube. However, the ability to maintain
registration of the three beams at all points on the screen are
complicated by the fact that no combinations of the guns can be in
the same vertical or horizontal plane.
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Types of Electron Gun

Trinitron Gun

Red Beam

Blue Beam Green Beam

It is a unique approach to the focusing system. All the
electrodes are in a single electron gun, but with three cathodes.
The G1 cup and the accelerating grids have three holes to
accommodate the three beams. All three beams emerge from G1, toward
the crossover point . Then the beams pass through a large-diameter
Einzel lens that focuses all three with a common electric field by
low-voltage electrostatic focusing.
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8-pin base for Monochrome Tubes

14-pin base for Color Tubes

CRT Base Pins

Pin 1 : Pin 2 : Pin 3 : Pin 4 : Pin 5 : Pin 6 : Pin 7 :

Heater Cathode of red gun Grid no.1 of red gun Grid no.2 of red
gun

C

:

External conductive coating Grid no.3 (Focusing electrode)
Cathode of blue gun Grid no.1 of blue gun Grid no.2 of blue gun
Heater Collector (anode wall coating)

Pin 9 : Pin 11: Pin 12:

Grid no.2 of green gun Pin 13: Cathode of green gun Pin 14:
:

Grid no.1 of green gun CL

Anode cap : Anode (Grid no.4, screen,collector)
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CATHODE-HEATER SHORT CIRCUIT GRID-CATHODE SHORT CIRCUIT

Problems With Picture Tube

GAS AND LOSS OF VACUUM

OPEN-CIRCUIT HEATER INTERNAL ARCING CONTINUING SPOT
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A short circuit between the cathode and control grid G1 is a
common problem. As a result, there is no picture, but there is a
bright raster, and the brightness control has no effect. The reason
for the bright raster is that the short circuit has reduced the
picture tube bias to

Grid-Cathode Short Circuit

zero.

In some cases, the beam current is so great that the high
voltage supply might be excessively loaded. Then the symptom is no
raster, with little or no high or no high voltage. However, the
high voltage will return if the ultor lead is disconnected from the
picture tube.

This short circuit also can reduce the bias on the
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