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FOREWORD

This book is intended to help the reader to gain a sound basic knowledge of colour television and video
cassette recorder principles.

The days are gone (if they ever existed) when electronic enthusiasts and service technicians could ‘get
by’ using rule of thumb methods, intuition and guesswork. In today’s world of advanced electronic
technology a thorough grasp of basic principles is essential in order to properly understand and service
colour television receivers and domestic video cassette recorders.

The book consists of 14 chapters, originally published as two series of articles in Electronics Australia.
The first chapter opens by discussing the nature of light and colour, and then goes on to explain in detail
how various colour TV systems work.

In the next seven chapters, the practical operation of the complete circuitry of a colour TV is thoroughly
covered. The emphasis is on the PAL system.

The next six chapters explain the basic principles employed in domestic video cassette recorders.

The principles of magnetic recording are described. Then the apparently complex circuitry of a VCR is
broken down, so that the reader can easily understand the operation of each component and circuit block.

Included is much essential information hard to find elsewhere. Also, an understanding of colour
TV and VCR technical terms has not been assumed.

Explanations and meanings have been given in straightforward language. Plenty of schematics and
diagrams are included to help you to quickly grasp essential technical principles.

The aim of this book is to impart a sound basic knowledge of colour television and domestic video
cassette recorder principles to the reader — knowledge that will be invaluable during the coming years.
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THE NATURE OF
LIGHT AND COLOUR

Part 1

Before we try to understand the principles of colour television in general, or the specific
details of the PAL colour TV system, we should refresh our concepts regarding the nature of light

and colour.

In order to grasp the principles of
colour television we first need an un-
derstanding of light and colour. We'll
define light as the natural medium by
which objects are made visible to our
eyes, i.e., that section of the
electromagnetic spectrum to which our
eyes respond.

Much remains to be discovered con-
cernin% the nature of light, but it is
generally accepted that light consists of
electromagnetic waves which travel in
straight lines and can be measured in
terms of wavelength. This ‘wave theory
explains why light bends when passed
through water or glass, the operation of
lenses, and why solid objects cast sharply
defined shadows.

However, it does not explain why light
striking a metal plate causes the plate to
emit a shower of electrons.

Further, the wave theory cannotex-
plain the action of light in the case
of solid-state optoelectronic devices.
Here light behaves as if it consists of
particles which can be absorbed into
semiconductor materials. So light seems
to travel as waves, yet appears to
consist of tiny particles!

The present understanding, known as
the quantum theory, is that light travels in
waves consisting of a number of tiny par-
ticles or packets of energy called photons.

In a vacuum the velocity of all
electromagnetic waves, including light, is
3 x 108 metres per second.

The electromagnetic spectrum covers
a range from the cosmic, gamma and
x-rays, through ultra-violet rays and the
narrow band of visible light frequen-
cies, down to the lower frequencies of
infrared waves, television and radio
waves (Fig.1).

White light can be split into a spectrum
of colours by passing it through a glass
prism (Fig.2). The wavelengths of the
various colours, measured in nanometres
(10-? metres), are approximately -
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purple/violet 380 to 450
blue 450 to 490
green 490 to 565
yellow 565 to 590
orange 590 to 630
red 630 to 760.

How our eyes see
light and colour

Because a colour television picture is
produced by mixing several colours in
order to reproduce as accurately as pos-
sible the colours of the transmitted scene,
it’s helpful to know how our eyes see light
and colour. When we view a scene, the
curved surfaces of the cornea, eye fluids
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Fig.1: The electromagnetic spectrum.

and lens of the eye focus the image onto
the retina, a light sensitive layer of cells at
the back of the eye. This image is fed to
the brain by the optic nerve which con-
sists of about 800,000 nerve fibres.

The retina contains two kinds of light
sensitive cells. These are named ‘rods’
and ‘cones’, according to their shape. The
rods, which number approximately
twelve million, are very sensitive and are
able to detect small amounts of light and
very fine detail.

The cones, which respond particularly
to colour, consist of three groups, each
group having peak sensitivity to a dif-
ferent colour.

Thus some cone-cells have a peak
response to yellow light, some to red
light and others to green light The
cone-cells total about seven million.

When the right balance of colours are
detected by the three types of cone-cells,
the optic nerve sends the sensation of
white to the brain.

The rod-cells seem to be mainly con-
cerned with monochrome vision and
vision in low light intensities. Our under-
standing of both rod and cone cells
remains incomplete for the present.

Although various colours possessing
the same radiant energy may be present,
the response of our eyes is not the same
for all colours. Fig.3 shows the response
curve of what is known as the ‘standard’
human eye possessing normal sight.
Notice that green and yellow colours ap-
pear brighter to the eye than do red and
violet shades.

When our eyes view a relatively large
area in normal light, we easily distinguish
between colours. However, as the size of
the area decreases, the eye finds it harder
to distinguish one colour from another.
Blue and green become confused, and
difficult to distinguish from grey. Blue and
yellow appear grey.

Reds remain fairly distinct, but tend
to merge with greys as the colour area
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Flg.2: The colour spectrum can be ob-
tained by passing white light through
a glass prism.

becomes smaller. When the area is
very small, all our eyes can distinguish
are changes in brightness; colour cannot
be seen at all.

Colour television systems use these
properties of our eyes by transmitting the
detail of the picture in high-definition
monochrome (‘black and white’), and the
colour information at a relatively low
definition. A rough comparison is that of a
child’s painting book where the picture is
drawn in black and white, and the colour
painted in the blank areas.

Sending the fine detail in monochrome
has the further advantage that the colour
transmission can be received in black and
white on a monochrome receiver.

Why objects appear
the colour they do

An object takes its colour from the
colour of the light it reflects. When, in
white light, an object appears green to us,
it is because all other wavelengths of light
are absorbed, and only green light is
reflected. Similarly, a red object appears
red because only red light is reflected,
and the rest of the light absorbed.

If in a darkened room we shine a red
light onto a green object, the object will
appear to be black, because there is no
green light available for the object to
reflect.

Similarly, if the object is red, with only
green light illuminating it, it will also ap-
pear to be black, as again there is no
green light to be reflected.

A dull black object is black in any light-
ing conditions, because it reflects virtually
no light of any colour. However, an un-
polished pure white object reflects every
colour and seems to the eye to be the
colour of the light illuminating it.

Thus, if bathed in pure green light it
will appear as a green object, while in
pure red light it will appear as a red ob-
ject. Hold your book in a coloured light
in a darked room, and the white page
appears that colour, but the black print
remains black.

Some basic terms used in colour
television are hue, saturation, brightness
and chromaticity.

Hue is the colour of the light as it ap-
pears to our eyes — the wave length
of the light.

Saturation is the measure of how deep
the colour is — the deeper the saturation,
the less the amount of white light mixed
with it. Thus deep red is highly saturated,
but we say pink is less saturated because
white light is mixed with the red colour.

Brightness is a term describing the
intensity, or amount of light energy of
a colour.

Chromaticity is the quality of colour
and is dependent on both hue and satura-
tion, but not on its brightness. Achromatic
light is light without colour, ranging
from white, through grey to black.
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Fig.3: Response curve of the eye to
various colours.

Colour mixing

Colour mixing, using three properly
selected primary colours to obtain a
wide range of colours, may be subtractive
or additive.

Primary colours are those which mix
together to produce a wide range of

colours, but no two of these colours will
combine to yield the third colour.

Subtractive colour mixing uses the prin-
ciple of mixing primary colours in such a
way as to absorb some colours, leaving
only the required colours. This method of
colour mixing is generally employed in
modern colour photography systems.

If we subtract red light from white light
we obtain the colour known as cyan.
Subtract blue light from white light and
the result is yellow. Removing green light
from white leaves magenta. These three
colours — cyan, yellow and magenta —
together form three primary colours.

Fig4 demonstrates the use of three
coloured filters placed in front of a white
light. The cyan filter absorbs all red light
from the white light source, the yellow
filter the blue light, and the magenta filter
the green light.

This subtractive action results in the
colour sensations of cyan, yellow and
magenta. Thus a colour filter allows only
the colour light of its name to pass
through it. If we overlap the magenta and
cyan filters (Fig.4a), the magenta filter
removes the green light and the cyan
filter the red light, so that our eyes see a
blue colour.

Overlap all three filters as in Fig.4b,
and the overlapping magenta and yellow
filters remove green and blue light, leav-
ing only red light. Similarly, the overlap-
ping cyan and yellow filters stop the red
and the blue light so that our eyes see a
green colour. Where all three filters over-
lap, no light at all passes and our eyes
register a black colour.

The primary colours used in subtractive
colour mixing are known as complemen-
tary colours, because, as we have seen, to
produce the primary colour another
colour known as an additive primary was
removed from white light to produce it
So the additive primaries of cyan, yellow
and magenta are red, blue and green in
that order.

‘ SENSATION OF |
' BLUE COLOUR I
(a)

Fig.4: The cyan filter absorbs red light, the yellow filter blue light and the

magenta filter green light.
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Additive colour mixing

Colour television makes use of additive -

colour mixing. Although any three
primary colours may be used for additive
mixing, the three colours, red, green and
blue, combined together in various
proportions, provide the colour television
viewer with the widest possible range of
colours. Additive colour mixing may be
demonstrated by the use of three projec-
tors filtered with red, green and blue fil-
ters (Fig.5). When a single colour
illuminates the white screen, that colour
is reflected because a white screen
reflects all colours.

When both red and green light are
projected onto the screen, we see a yel-
low colour. This is because the cone-cells
of our eyes are stimulated in the right
proportions to make a yellow sensation,
even though no pure yellow spectrum
light is present.

Project green and blue and our eyes
register a cyan colour. Red and blue
projected together will appear magenta. If
we now project all three colours, red,
green and blue, at the correct intensities
(by adjusting the brightness control of
each projector), the result will appear
as white.

Note that the six colours produced
match those generated by the standard
colour bar generator used for tele-
vision servicing.

By using the three brightness controls to
produce red, §reen and blue light at
various levels of intensity, a large range of
colour sensations may be obtained. The

EACH PROJECTOR FITTED WITH A
BRIGHTNESS/ON'OFF CONTROL

Flg.5: Basic additive colour mixing
scheme.

proportions of the three primary colours
used to form a wanted colour are known
as Tristimulus values.

The colour picture reproduced by a
television picture tube makes use of red,
green and blue light-emitting phosphers.
These produce a wider range of colours
than a photographic colour print using
subtractive colour mixing. However, the
colour photograph is able to reproduce
heavily saturated blues and greens out-
side the range of colour television.

Fig.6 shows the well known horseshoe
shaped chromaticity diagram. Around the
perimeter are figures that show the

520 D

SPECTRUM
Locus

LINE DEMONSTRATES
DESATURATION
OF BLUE

LINE DEMONSTRATES
ESATURATION
OF GREEN

G

Flg.6: The horseshoe-shaped chromaticity diagram. The figures around the
perimeter show the wavelengths of different hues of colours, in nanomeires.
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wavelengths of different basic hues of
colours, in nanometres.

At the centre is a point labelled white.
Sunlight at midday, daylight or light
seen through a skylight are all white
light, but with different energy levels
over the entire colour spectrum of 400 to
700 nanometres.

Since there is no ‘standard’ white,
various ‘reference whites’ are used, such
as equal energy white light, llluminant A,
llluminant B and llluminant C.

The Australian standard is based on a
warmer reference white known as Il-
luminant D 6500. This contains less blue
and slightly more green light than the
white of llluminant C.

If we draw a line from the point num-
bered 520 at the perimeter of the
chromaticity diagram to the point marked
‘white’, then at the edge of the diagram
we have spectrum green at a wavelength
of 520 nanometres.

As we move down the line towards the
centre, more and more white light is
added to the green, until at point C only
white light remains.

Thus the spectrum green has been
gradually diluted to produce graduations
of colour from green to white. The mid-
point of the line represents spectrum
green saturated 50% with white light.
Similarly, a line drawn from the point
numbered 480 to point C begins at
spectrum blue and is increasingly
saturated with white light. The blue thus
becomes paler in colour until only white
light remains.

If you draw a straight line between any
two points on the numbered perimeter of
the chromaticity diagram, you will see the
various colours that can be produced by
combining two colours additively in
various amounts.

The perimeter line at the bottom of the
diagram is known as the region of non-
spectral colours, because no pure colours
are present here. In this area all colours
are formed from different mixtures of red
and blue.

The triangle within the diagram —
called an RGB triangle — shows the
range of colours that can be displayed by
the colour television receiver using three
colours. These are: red at a wavelength of
about 610 nanometres; blue at 470
nanometres; and green at about 540
nanometres.

Colours outside the RGB triangle can-
not be displayed, a fact that might appear
to limit the reproduction of the colour
picture. However, the more saturated
colours outside the RGB triangle are not
essential to good colour reproduction.

Since red, green and blue light in the
right proportions stimulate the eyes to see
white, the correct balance of the three
colours can be used to transmit the



monochrome or brightness detail of the
television picture. This is called the Y or
luminance signal. The Y signal can be
received by a monochrome receiver to
provide a normal monochrome picture.

Because the eye is most sensitive to
green, and more sensitive to red than to
blue, the best balance of the three
primary colours to form the Y signal is
59% green, plus 33% red, plus 11% blue.
This is better expressed as:

Ev=0.59EG + 0.33Er + 0.11E8
where E represents the relative voltages of
the different signals, and G, R and B the
colours.

It might at first appear that to obtain a
colour picture we need to transmit the
Ey signal, to form the high definition
detail of the picture, and three colour
signals carrying respectively red, green
and blue colour information, in

order to reproduce the colours of the
transmittedscene.

To do this would require excessive and
unacceptable bandwidth in the trans-
mitted television signal, and would result
in unnecessary complexity of the colour
television receiver, increasing the cost
considerably.

Our study of additive colour mixing
shows that it is not necessary to transmit
three colour signals because all the
colour information is contained in
the Y signal and two of the three
colour signals — recovering the third by
subtracting the two colour signals
transmitted from the Y signal. We could
use any two of the three primary colour
signals, and recover the third. The
colour signals chosen are red and blue,
sent in a form known as colour dif-
ference signals.

Green is not used to produce one of the
two required colour difference signals be-
cause the maximum voltage of a green
colour difference signal would be less
than that of a red or blue colour dif-
ference signal, and would be more liable
to distortion in transmission.

These colour difference signals are
formed by invertinF the Y signal (by
means of an amplifier) to produce a
-Y signal. By adding this -Y signal to the
red signal (R), the red colour difference
signal ER-Ey is obtained (usually referred
to as the R-Y signal).

Similarly, by adding the -Y signal to the
blue (B) signal, the B-Y colour difference
signal is formed.

We now have the Y signal, plus the
R-Y and B-Y colour difference signals,
and from these we can recover the
G-Y signal.

Guide to Colour TV & VCRs
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EARLY COLOUR
TELEVISION SYSTEMS

Part 2

Here we deal with the history of early colour TV systems, and look at how the need to maintain
compatibility between colour and monochrome transmissions and receivers has been satisfied.

A modern colour television system
must meet certain requirements. The sig-
nal transmitted by the colour television
station must be compatible. In other
words, the signal must be able to be
received not only in colour on a suitable
receiver, but also as a good quality black
and white picture on an ordinary
monochrome TV.

Also the colour television receiver
ought to be able to receive monochrome
transmissions — as, for example, for a
film made in black and white. This is
called reverse compatibility.

When the transmission is in colour, a
high standard of both detail and colour is
essential, without colour changes caused
by signal distortion in the transmission
path.

In addition, since channel space is
limited, with perhaps several TV stations
transmitting on nearby frequencies, it is
important that there is no increase in the
bandwidth of the transmitted signal over
that required by the existing monochrome
TV stations.

Usually, an existing monochrome TV
transmitter must be converted to handle
colour signals. Since expense is a big fac-
tor, it is desirable that the colour system
chosen enables an existing monochrome
transmitter to be converted to the new
colour system by the addition of extra
components. The alternative, of building
a complete new colour transmitter, is un-
acceptable.

The final points to consider when
choosing a system of colour TV transmis-
sion and reception, are the probable cost
and reliability of the proposed colour TV
receiver. If the receivers are overly com-
plex, they will be unreliable and expen-
sive to service.

Let us accept for the moment that every
country which now has television has
either gone through the above process of
selection, either via costly research and
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development or by the decision to adopt
one of the now proven and refined colour
TV systems, such as PAL, NTSC or
SECAM.

Colour television as we know it is a
refinement of the principles used in black
and white television. Therefore, before
studying colour TV principles, we will
briefly revise those used in black and
white television.

SCAN DIRECTION———>—

SodNONaWN =

LINES 1, 3,5,7,9 11, AND 13 ARE THE FIRST “FIELD"
LINES 2, 4, 6, 8, 10, 12 AND 14 ARE THE SECOND “FIELD"
IN PRACTICE SEVERAL HUNDRED LINES ARE SCANNED

Fig.1: This dlagram shows how the
electron beam of the TV camera scans
a scene. The flyback lines are not
shown as the TV receiver blanks them
out.

Scanning

You will remember that at the TV sta-
tion, the monochrome TV camera scans
the scene at a fixed rate, beginning at the
top and moving from left to right. At each
point of this scan a signal voltage propor-
tional to the brightness of the scene ap-
pears at the output of the camera (see
Fig.1).

The first line completed, the camera
beam scan returns to the top left of the
scene at high speed, and scans again —
but just slightly below the first ‘trace’. The
process is then repeated until the whole
scene has been scanned.

To reduce flicker, the camera again

scans the scene in a series of lines inter-
spaced (interlaced) between the first set.
The section of the scene traced by each
set of lines is called a ‘field’, and the
complete picture from these two fields is
referred to as a ‘frame’.

In a monochrome television system
using 625 lines, fifty fields each second
are traced, so that each complete frame of
the transmitted scene is repeated 25 times
per second.

The viewer’s TV receiver builds up a
matching series of lines by the movement
of the electron beam of the cathode ray
tube across the tube face.

The beam is synchronised with the
scanning of the TV camera, and its inten-
sity is controlled by the received signal,
reproducing the same light intensity as
the transmitted scene at each point of the
scan.

Our eyes retain an impression of what
we see for a brief moment — a quality we
call persistence of vision.

Because of this quality, helped by the
brief afterglow properties of the picture
tube phosphors, a complete black and
white picture, composed of a series of
fine closely spaced lines is seen, despite
the fact that only a single fast moving spot
of light of changing brightness is actually
present on the screen.

Colour television systems

As explained in the first chapter, colour
television employs additive colour mixing
by using three primary colours: red, green
and blue.

This, you will recall, enables a wide
range of colours to be reproduced by the
colour television receiver.

A simple system to accomplish this is to
send three colour pictures simultaneously,
each picture containing only the separate
red, green or blue components of the
transmitted scene. To do this, three TV
cameras are used. Camera 1 has a red



filter fitted, Camera 2 a blue filter and
Camera 3 a green filter (Fig.2).

From our study of colour we know that
only the radiant energy of the red
light in the scene will be registered by
Camera 1, the blue light energy by
Camera 2 and the green light energy by
Camera 3.

A separate transmission path carries
each of the three colour components of
the studio scene to the viewer. At the
receiving end each camera colour pic-
ture signal is detected, amplified and then
displayed by one of three separate
cathode ray tubes.

Cathode ray tube 1 displays the red
component of the received picture,
cathode ray tube 2 the blue component,
and cathode ray tube 3 the green com-
ponent. The three CRTs are simply
monochrome tubes fitted with individual
red, green and blue colour filters.

Alternatively, each tube could use a dif-
ferent coloured phosphor screen to
produce the three primary colours. The
separate red, green and blue received
pictures are then optically combined to
reproduce the colour picture.

Quite a good colour picture could be
obtained using this system, although there
would be problems in combining and
synchronising the three pictures. The un-
acceptable drawback is that the trans-
mitted signal needs a total channel
bandwidth of three times that of a
monochrome television signall

To overcome the bandwidth problem
the idea of transmitting the three colours
in sequence, switching from one camera
to another in turn at high speed was tried.
At the receiver end, another switch,
synchronised with the camera signals,
diverted the received signal to each pic-
ture tube in turn.

Since the change from one colour to
the next is very fast the eye sees the scene
as a complete colour picture (Fig.3).

By using this sequential system, the sta-
tion bandwidth of the transmitted colour
signal is no greater than that of a
monochrome transmission. The main
drawback was that the picture suffered
from a nasty flicker effect.

CBS sequential system

To eliminate this defect, a version of the
sequential system was further developed
by the Columbia Broadcasting System
in the USA from 1946 onwards.

A monochrome television camera was
used, in front of which was a rotating fil-
ter disc made up of colour filter sections
— red, blue and green. At the viewer’s
end, a similar filter disc, synchronised to
run at the same speed as the disc at the
TV camera, rotated in front of the

TRANSMITTED
NN PICTURE

THE THREE TRANSMISSION PATHS

COMPLETE

OPTICAL DEVICE ENSURES
EACH CAMERA VIEWS THE SCENE
WITHOUT PARALLAX ERRORS

GREEN FILTER

N 'L- CAMERA 1 { COLOUR PICTURE _,
y N i
N \ -
Cofy moruren ReD FLTER—1_ S
\ ' N
\( CAMERA 2 - 41 TUBE 2 I )/
L AT ’,\\
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Fig.2: It would be possible to transmit and receive a colour picture by using three
separate transmission paths for the red, blue and green information but the

required bandwdith would be prohibitive.

receiver’s monochrome cathode ray tube.
Because of the high rotation speed, per-
sistence of vision caused the viewer to
see a complete colour picture.

Once again, excessive bandwidth
proved to be a problem. In fact, one
early version of the CBS sequential
system needed a channel bandwidth of
12MHz.

To keep the station bandwidth within
the normal 6MHz channel allocation, the
scanning lines in the picture were
decreased from the standard 525 (for
USA) to 405 lines. Each of the 144 fields
per second consisted of 202.5 lines, with
a horizontal scanning rate of 29,160Hz
(202.5 x 144).

The colour disc rotated at 1440rpm and
contained six filters coloured red, green,
blue, red green, blue, in that order. Six
fields were scanned in sequence for each
disc rotation, so that each field of the pic-
ture was scanned in turn by all three
primary colours.

ATV receiver with a monochrome pic-
ture tube of some 30cm in diameter or
less was used so that the viewer’s spin-
ning synchronised colour disc was not ex-
cessive in size. The viewer could increase
the picture size by fitting a large magnify-
ing glass to the face of the picture tube.

This CBS field sequential system was

not compatible, although the system was
‘convertible’. The television receiver con-
tained scanning circuitry that could be
switched from 144 fields to 60 fields per
second, the colour disc being removed
for reception of monochrome transmis-
sions.

RCA sequential system

Colour television broadcasts using the
CBS system began in the USA in mid
1951 in New York. However, Radio Cor-
poration of America continued to develop
their Dot-Sequential Colour TV system.

This system was based on the standard
USA monochrome television which
employed 525 horizontal lines for each
frame. Each frame therefore consisted of
two fields of 262.5 lines scanned at 60
per second. This gave a frame rate of 30
per second.

Use was made of the principle of
‘mixed highs’. This simply means that the
fine detail of the picture is sent in
monochrome at high definition, and the
colour information at a considerably
lower definition.

In the RCA system, the monochrome
signal occupied a bandwidth of 2 to
4MHz and the colour information a
bandwidth of 0 to 2MHz. The three
colour signals were electronically

INPUT FROM BLUE SIGNAL

INPUT FROM  RED SIGNAL HIGH SPEED SYNCHRONISED SWITCHES m RED
CAMERA 1 ————————Q_ -

N
D
CAMERA 2 *O‘"—" )-

INPUT FROM  GREEN SIGNAL *
CAMERA 3 —————(f

g

AN

Gmn

Fig.3: An alternative to using three transmission paths would be to send
the red, blue and green picture information sequentially. Again, bandwidth

would be a problem.
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switched at 3.58MHz. This high speed

. sampling of the three colour signals
A caused the colour picture to be formed by
a series of differently coloured dots.

Early versions used three cathode ray
tubes and combined the three pictures
using a system of colour-selective mirrors
to produce a complete colour picture.
This arrangement needed a lot of space,
and was difficult to set up correctly both
optically and electronically.

For this reason, later versions used a
single picture tube, known as ‘Tricolour’
tube, on which the viewer could see the
complete colour picture.

When a monochrome picture was
received the dots combined to produce a
black and white picture, so that the RCA
dot sequential system was truly com-
patible. Picture flicker was the main
drawback of this system.

Fig.4: This diagram shows the relative phase angles of the ‘I'and ‘Q’ signals and .
the respective colours for NTSC and PAL systems. A mechanical system

Long before the development of any
other system, John Logie Baird
demonstrated the world’s first colour
3 television pictures in 1928. Mechanical
scanning of the picture was used, being
developed from his earlier monochrome
system.

The ‘Scanning Disc’ as it was called in-
cluded three spirals with colour filters in-
stead of a single spiral, the transmitted
\ picture being scanned by the three

® ® primary colours in turn. Thus, it was a
sequential system.

VOLTAGE

Fig.5: The result of combining two sine waves of the same frequency and The NTSC system

amplitude but 90 degrees out of phase. (1) and (2) are sine waves while (3) Is the Since both the PAL and SECAM colour
resultant waveform. This Is depicted at right in vector form. TV systems are a result of work originally
based on the NTSC system, we’ll consider
the operation of this system first.

The design of the NTSC system was
- A directed by a committee in the USA
known as the National Television System
Committee. Commercial colour TV
broadcasting using the NTSC system

L\J received the approval of the Federal
AN ——————= Communications Commission (FCC) on

| ! (c) VECTOR FOR BLUE January 2nd, 1954 and the CBS system

= = then became obsolete.

(a) VECTOR FOR RED (b) VECTOR FOR MAGENTA The NTSC picture is made up of 525
lines and 30 frames per second (60
fields). The bandwidth is the same as for a
monochrome signal (6MHz) which in-
cludes the sound carrier, and the colour
information is cleverly interleaved with

wm-n the monochrome information during pic-
. ture transmission.

(f) VECTOR FOR YELLOW Again the use of the principle of ‘mixed
~A-nL _ —J-r-n highs’ is used, the picture detail being
transmitted in monochrome at high
definition. A transmission made using the
NTSC system can be received as a good

Fig.6: These vector diagrams show the colours produced by relative R-Yand B-Y  quality black and white picture using a
voltages. monochrome receiver.

®
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S
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l
|
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(d) VECTOR FOR CYAN (e) VECTOR FOR GREEN
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The monochrome or brightness signal
for the NTSC system is referred to as the
luminance of ‘Y’ signal. What is trans-
mitted is the monochrome signal with
a frequency bandwidth of 0 to 4MHz,
and only two of the three colour signals,
the third colour signal being recovered by
subtracting the two transmitted colour sig-
nals from the Y signal.

The two colour signals transmitted in
the NTSC system are referred to as the |
signal, which has a frequency range of 0
to 1.5MHz, and the Q signal with a range
of 0 to 0.5MHz.

These signals are sent as amplitude
modulated colour subcarriers, both at
3.579545MHz but 90 degrees out of
phase with each other. The frequency of
3.579545MHz was selected to avoid in-
terference with the luminance signal.

In chapter 1 we saw that the Y
(monochrome brightness) signal consists
of a combination of the three primary
colours expressed as:

EY=0.59 EG+0.30ER+0.11 EB
with E standing for the relative voltages,
and G, R and B for the colours green, red
and blue.

Inverting the Y signal to produce -Y
and adding -Y in turn to the red sig-
nal R, and the blue signal B, we obtain
the ER - Ey and EB - Ev signals, which
we'll now call the R-Y and B-Y signals.

Fig.4 shows the relative phase angles of
the | and Q signals. Notice that the +|
signal is displaced 33 degrees to the left
of the R-Y signal, and the +Q signal is 33
degrees left of the B-Y signal. This
produces better results than if the | and Q
signals were made to correspond exactly
with the R-Y and B-Y signals.

Once the R-Y and B-Y signals are ob-
tained, the G-Y colour difference signal
can be recovered in the receiver’s matrix
circuitry, knowing that

(G-Y) =0.41G - 0.30G - 0.11B.

How this is done will be discussed
in a later chapter, because the method
G-Y recovery from the matrix in an NTSC
receiver is similar to that used in a PAL
receiver.

Thus the amplitude-modulated
3.58MHz colour subcarrier needs to be
modulated by two colour signals only, the
I and Q signals.

Fig.5a shows the result of combining
two signals of the same frequency and
same peak voltage, but out of step with
each other by 90 degrees. Because these
signals rise and fall evenly against a time
scale they are sine waves.

According to the relative voltage of
each colour signal, a resultant carrier will
be produced (Fig.5b). The greater the
depth or saturation of a transmitted
colour, the higher this resultant voltage

VOLTAGE

/\
VARV

(a) MODULATED

VOLTAGE

(b) UNMODULATED

Fig.7:In suppressed carrier modula-
tion, the waveform Is present (a) when
modulated by signal but absent when
modulation Is zero (b).

will be. The hue of the colour transmitted
will determine the phase angle of the
resultant (Fig.6).

As you may know, the resultant arrows
shown in the diagrams are vectors, If you
look again at Fig.5 you will see the phase
angles of various colours.

The 3.579545MHz or ‘3.58MHZz’
colour signal is transmitted with its carrier
suppressed, only the sidebands being
sent. This carrier suppression (see Fig.7)
prevents the generation of a beat note be-

V SIGNAL
REVERSED 180°

Fig.8: In the PAL system, phase distor-
tion is comrected. The dotted lines show
how phase distortion has delayed the
red vecior, taking it towards magenta.
Averaging the phase errors restores the
colour to red.

tween the colour subcarrier and the
sound carrier of the colour TV receiver,
which could produce interference lines
on the picture. Another advantage is that
during a monochrome transmission no
colour signal is present.

To recover the colour difference signals
in the receiver so that the | and Q signals
may be demodulated, the missing subcar-
rier is re-inserted.

A local 3.58MHz oscillator, contained
in the receiver circuitry and synchronised
by a transmitted colour burst signal, is
generally used to do this.

The receiver circuitry can now recover
the three basic colours (red, blue and
green) which, together with the black and
white picture information, are applied to
the picture tube to display a colour pic-
ture.

Before adopting the PAL colour
television system, the British Broadcasting
Corporation experimented with its own
version of NTSC using a 405-line version,
this being the number of lines used by the
existing monochrome TV system in
England. The colour subcarrier chosen
was 2.6578125MHz. This figure is an odd
multiple of half the line scan frequency of
10,125Hz (5062.5 times 525).

At the time of its introduction the NTSC
system made all other colour systems ob-
solete. However, if the NTSC TV signal is
distorted for any reason in its transmission
path the phase of the colour signal be-
comes incorrect, and the colour hues on
the screen will be wrong.

To compensate for this failing, an NTSC
receiver usually has a phase control for
the viewer to adjust when changing sta-
tions, or if the colours appear incorrect.

To overcome this failing, further efforts
were made to develop new colour sys-
tems.

The SECAM system

In the SECAM system, only one colour
difference signal for each line of the pic-
ture is used. The TV receiver ‘stores’ each
line (by means of a delay line) just long
enough to use it again on the next line.
For one line only, the B-Y signal is used
plus the ‘stored’ R-Y signal from the pre-
vious line.

The next line uses the R-Y signal only
plus the ‘stored’ B-Y signal of the line
before. The following line uses the B-Y
signal again plus the ‘stored’ R-Y signals
of the previous line, and so on.

The subcarrier is frequency modulated,
with each of the two colour difference
signals having its own subcarrier. Phase
distortion is no longer a problem and
the colour hues remain constant.

In this book the emphasis will be on the
PAL colour television system, considered
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by many engineers to be the best. (How-
ever, recently when visiting France, the
writer viewed both PAL and SECAM TV
and could see little difference in the
received pictures!)

The PAL system

The PAL system owes much to the
NTSC system. Dr W. Bruch, of the
Telefunken TV Laboratories in Germany,
who devised the PAL system, described it
as a variant of NTSC. Again two colour
difference signals are used.’

These are known as the V signal and
the U signal (refer again to Fig.4). The

PAL system renders unnecessary the dis-
placement of the V and U colour dif-
ference signals by 33 degrees from the
R-Y and B-Y axes, and both have equal
bandwidths.

With the BBC 625 line PAL transmis-
sions, the suppressed subcarrier frequen-
cy is 4.43361876MHz. To cancel out
colour phase errors due to transmission
path distortion, the phase of the R-Y (the
V signal) is reversed by 180 degrees as
alternate lines of the picture are trans-
mitted. So, if one line of picture phase
distortion takes the colour away from red,
the next takes it toward the red, the

average of the two lines producing the
correct hue (Fig.8). Hence the term ‘PAL’
standing for Phase Alternation Line.

As in the NTSC system, circuitry in the
colour TV generates the missing subcar-
rier in order that the U and V signals can
be demodulated and recovered. The
phase of the subcarrier regenerator ouput
must be switched by 180 degrees for
each line when modulated by the R-Y sig-
nal. The main advantage of PAL when
compared to NTSC is that phase distor-
tion has practically no affect on the pic-
ture, resulting in excellent colour
reproduction.

14 Guide to Colour TV & VCRs



THE PAL

COLOUR SIGNAL

Part 3

Here the author discusses colour television cameras and the makeup of the PAL colour signal.

A colour television camera scans the
scene to be transmitted, producing video
signal outputs proportional to the black
and white light, and of the colour present
in the scene. Fig.1 shows the principle of
the three-tube camera. Three dichroic
mirrors are used to split the light into its
red, green and blue components.

Dichroic mirrors do this by reflecting
only one primary colour and allowing
light of all other wavelengths to pass
through. These are so arranged that only
red light falls on camera tube (a), blue
light on tube (b), and green light on
tube (c).

Camera beam current

Each of the camera tubes has a target of
photoconductive  material which is
scanned by an electron beam which
scans from left to right. As light strikes
each element of the target, it produces an
electric charge which is then removed
as the electron beam scans across the
element. The net effect is that the
electron beam current varies as the
scene is scanned, according to the varia-
tions in brightness.

In effect then, each camera tube can be
considered to be a capacitor with a high
value of parallel resistance which varies
according to the brightness of the scene at
any point (Fig.2). The electron beam
through the tube circuit then becomes the
video output signal.

In a 625 line system, the electron
beam scans horizontally at a rate of
15,625 lines each second, the vertical
scan rate being 50Hz. Field and line
scan coils are used to deflect the beam
and the scanning of the three colour
tubes must be accurately synchronised.

Some colour TV cameras have used
four pick-up tubes, one for each of the
three primary additive colours, and a
separate tube for the monochrome or Y
signal. Most colour cameras, however,
use three pick-up tubes.

If for a scene consisting of pure white
and correctly illuminated with white light,
each camera tube supplies one volt of sig-
nal, then the outputs must be adjusted to
combine 0.30 volts from camera tube A,
0.11 volts from tube C and 0.59 volts
from tube B.

These proportions combine to make
up the luminance, or Y signal, as
defined previously.

(Y =0.59EGg + 0.30Eg + 0.11Ep
where E represents the signal voltage, and
G, R and B the colours).

In a three tube colour camera, the three
colour output signals are added in this
way to obtain the Y signal. When the
camera scans a pure green scene, the
green and the Y outputs will both be 0.59
volts, because Ey consists of the green sig-
nal voltage only. The figures below show
the camera outputs for various colour
backgrounds. Because additive colour
mixing is used in colour television, yel-
low is produced by mixing red and green
light, cyan by mixing green and blue, and
magenta by mixing red and blue (see
Table 1).

When a normal scene is scanned by

the camera the output signals from the
three tubes will vary continuously. as the
colour and brightness content of the
scene changes. The three combined sig-
nals produce the Y signal which (as ex-
plained last month) contains the high
definition detail of the picture.

Since only two colour signals will be
transmitted, together with the luminance
signal, all three colour signals, together
with the Y signal are fed into a matrix
circuit to obtain the desired signals. How-
ever, before being matrixed, the signals
must be gamma corrected (see Fig.3)

Gamma correction

When the input signal to the television
receiver cathode ray tube increases, the
light from the screen does not increase in
direct proportion. As an example, if the
signal voltage input to the picture tube
doubles, the light output from the screen
phosphors increases by approximately
four times. So the picture tube is not
linear and the camera output needs to be
modified to compensate for it.

Gamma correction circuitry in the form
of a non-linear amplifier is used to over-
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Fig.1: Basic principle of the three tube colour TV camera. Red light falls on
pickup tube A, green on pickup tube B, and blue on pickup tube C.
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A Philips LDKS colour TV camera In use by a BBC London Outside Broadcast crew. (Photo courtesy BBC, London).

come this problem. This is interposed be-
tween the television camera, and what is
known as the matrix circuitry. The non-
linear amplifier compresses the signals
non-linearly to compensate for the
non-linear television receiver picture
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Fig.2: The camera tube can be
considered as a capacitor with a high
value parallel resistance.
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tube characteristics. Gamma corrected
signals are indicated with an apostrophe,
called a ‘prime’, so that for example, Ey
gamma corrected is shown as E'y,

Matrixing the signals

Fig.3 shows a simplified diagram of a
matrix network. The E'g, E'c and E's sig-
nals all go via resistors R1, R2 and R3, to
form the E'y signal. Amplifier A inverts the

'y signal to produce a -E’y signal. The E'g
and E's signals then have the -E'y signal
subtracted from them to produce two dif-
ferent signals, (E'r - E’y) and (E’s - E'v),
which are usually referred to as the (R-Y)
and (B-Y) colour difference signals.

Notice that the signal at output (1) is
0.877 multiplied by the (R-Y) signal, and
the signal at output (2) is 0.493 multiplied
by (B-Y). This ‘weighting’ of the colour
signals is necessary to prevent overload-
ing the transmitter. Without weighting, the
peak colour signals would exceed 100%
modulation and cause distortion (Fig.8).

The weighted (R-Y) signal now be-

TABLE 1

Ey Er Es
Red 030 030 0.00 0.00
Blue 0.11 0.00 0.1 0.00
Green 059 0.00 000 0.59
Yellow 089 030 000 059
Cyan 070 0.00 0.1 0.59
Magenta 041 030 0.1 0.00

comes the PAL V signal, and the (B-Y) the
U signal. Because the (G-Y) colour dif-
ference signal is recovered at the
television receiver, only the U and the V
colour difference signals, together with
the Y signal are transmitted.

The PAL transmitter

The U and V signals feed through low
pass filter stages A and B to the modulator
stages (see Fig.4). The subcarrier gener-
ator has a precise frequency of
4.43361875MHz.

This 4.43MHz signal must be modu-
lated by both the U and V signals to
produce a single modulated carrier. Fur-
thermore, the colour information must not
interfere with the monochrome signal.

The output signal from the 4.43MHz
oscillator is taken directly to modulator B
to be modulated by the U colour dif-
ference signal. However, the 4.43-MHz
signal is not taken directly to modulator
A, but passes through circuitry which
changes the phase by 90 degrees. This 90
degree phase-shift 4.43MHz signal goes
via a PAL switch inverter circuit which
switches the 4.43MHz signal 180 degrees
to coincide with every alternate scanned
line of the picture.

Ring modulator

To prevent the colour subcarrier inter-
fering with the monochrome signal, and
producing objectionable patterning on



the received colour picture, suppressed This occurs in the NTSC system i
carrier modulation is used. (Fig.7a). This is the reason why, 13; the The colour burst S|gnal

One way to accomplish this is by use of ~ PAL system, the 4.43MHz oscillator signal The colour television receiver must
a ring modulator circuit (Fig.5). The cir-  supplied to the modulator handling the V. ‘decode’ the transmitted colour informa-
cuit is assumed to be perfectly balanced  signal is switched 180 degrees on alter-  tion. To do this the colour subcarrier must
although in practice, preset adjustments  nate lines of picture signal. be re-inserted, by means of a local
are included. Now if the colour signal received by  4.43MHz oscillator in the receiver.

When the 4.43MHz signal is positive- the viewer suffers phase distortion, the This re-inserted 4.43MHz carrier must
going at connection ‘C’ of transformer T1,  next line with the V signal 180 degrees in  be exactly locked in phase with the
the signal at connection ‘E’ will be nega-  opposite phase will correct the error, 4.43MHz oscillator at the TV transmit-
tive going. producing the correct colour (Fig.7b). ter. To enable the TV's local oscillator to

This means that only diodes D2 and D1
will conduct, D1 to produce a positive

output and D2 a negative output, which ,

exactly cancel each other out. Diodes D3 Y ¢ v" ouPUT

and D4 will not conduct, therefore no sig- SIGNAL — )

nal appears across connection ‘D’ and ‘Y’ "From 3 NVERTER

or at connections ‘X’ and ‘Z’ of trans- e b 9t " aup. A )

former T2, and so there will be no subcar- 1= Y

rier output. o o] Mt e | E’—% N
Similarly, when connection ‘C’ is nega- ¢ CQMPLIIER. 4 - MV QUTPUT 1

tive-going and connection ‘E’ is positive- € [ [ A

going only diodes D3 and D4 produce ke W G AR

outputs, again producing opposing vol- $ }_

tages at connection ‘Z’ on transformer T2. i1

As before, no signal appears across ‘D’

and ‘Y’, or at connections ‘X’ and ‘Z’, and
the subcarrier output is zero.

The output remains zero until a V' sig-
nal input appears at the input terminals.
Signal current now flows between con-
nections ‘X’ and ‘Y’ and then, in turn, be-
tween ‘Y’ and ‘Z’ during successive half ¥ SIGNAL DELAY
cycles of the V signal, because the diode " LNE
outputs no longer cancel each other out. LOW-PASS MODULATOR
As the current through the primary of v SIGNAL| 0wz A
T2 changes, suppressed subcarrier out- "
put is generated in the secondary
winding of T2.

A similar ring modulator handles the U
signal. The suppressed carrier outputs LOW-PASS MODULATOR

8

from the two ring modulators are com- wsonm] TV G

bined to form the chrominance signal. ™ I i TRANSMTTER
Fig.6 compares amplitude modulation SWITCHING 1
with suppressed carrier modulation. [ PULSE STNC

The suppressed carrier outputs of the 443Kz
two ring rF:\‘:)dulators are combﬁned in the SENERATOR i e BT NCHROMSATION
adder circuitry, producing a composite [ I
subcarrier containing all the colour infor-
mation needed for the transmitter.

The voltage amplitude and phase of g5 4. pagic schematic of a PAL modulator.
this composite signal will depend on
the relative amplitude voltage of the V
and U signals (which always remain 90
degrees out of phase with each other)
see Fig.7. This method of modulation is
known as quadrature modulation.

You will remember that the phase of
the transmitted colour signal determines
the hue, and the amplitude of the signal
its saturation.

Should the TV signal be distorted for
any reason in its transmission path to the
receiver, the phase of the colour signal
will be changed, and incorrect colours
will be displayed. Fig.5: The ring modulator is used to produce suppressed carrier modulation.
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Fig.3: Basic scheme for a matrix network. This Is used to produce the weighted
(R-Y) and (B-Y) colour difference signals (referred to as the PAL ‘V’ and ‘U’
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Fig.6: Comparison of amplitude
modulation (top) with suppressed car-
rier modulation (bottom).

do this, 10 cycles of 4.43MHz colour
‘burst’ information are sent with each line
of signal information. This burst sits on
thebackporch of the line synchronisation
pulse. Fig.8 shows one complete line of
signal as the camera scans a standard
colourbarchart.

(a) (b)
+7V" SIGNAL
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BURST N -~ =S
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Fig.7a: (Top) The hue of the colour is determined by the relative signal voltages
of the ‘V’ and ‘U’ signals. The resultant arrow is called a ‘phasor’. (Bottom) The
arrow (3) Indicates a yellow colour while arrow (2) shows the result of phase
distortion at the TV receiver due to transmission path problems. Arrow (1) is the
burst signal phasor.

Fig.7b: (Top) For the next line, the ‘V’ signal has been switched by 180 degrees.
Compare the recelved phase distorted signal (2) with (2) in Fig.7a and note that
the averaged resultant gives the correct colour. (Bottom) The dotted lines repre-
sent the alternate phase distorted signals while the solid line shows the resul-
tant average signal.

The burst signal is referred to as the
‘PAL swinging burst’ because its phase
changes with each transmitted line of pic-
ture information by 90 degrees, keeping it
in step with the transmitted V signal
(Fig.7a and 7b). Notice that the burst vec-
tor on the first line is shown 45 degrees

L COLOUR
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Fig.8: The video signal waveform generated by a standard colour bar chart. Note

the colour burst signal on the back porch of the line sync puise.
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above the -U axis line, and on the next
line 45 degrees below the -U axis.

Looking again at the block diagram of
the colour section of a PAL transmitter
(Fig.4), you will see that the 4.43MHz
subcarrier generator signal output also
feeds into the sync generator. Sync pulses
are supplied from this generator to the
adder circuitry and also to the burst pulse
generator, which feeds burst signals into
the two modulators. A further pulse from
the sync generator synchronises the PAL
inverter switch.

The Y signal from the matrix circuitry
goes via a delay line to the adder cir-
cuitry, and arrives at the correct time and
phase to fit in with the chroma signals.
The complete signal waveform now goes
to the transmitter.

Interleaving the signals

One of the requirements of a colour
television system is that there be no in-
crease in the station bandwidth of the
transmitted signal over that required by
the existing monochrome TV stations.

The total bandwidth used by the
Australian 625-line transmitters is 7MHz,
which includes the sound signal carrier.
The high definition Y signal, which you'll
recall conveys the black and white detail



of the picture, occupies 5MHz of the sig-
nal bandwidth. How then, can we add
the colour subcarrier signal without in-
creasing the station bandwidth?

And how do we ensure that viewers
with black and white TV receivers can
still  receive  the  programs in
monochrome?

Fortunately, monochrome signals do
not occupy the entire bandwidth of the
signal, but occur in clusters of energy at
multiples (harmonics) of the line frequen-
cy. This is because the monochrome pic-
ture is scanned one line at a time,
building up the complete picture.

This means that the transmitted colour
information can be interleaved between
peaks of monochrome energy (Fig.9). The
‘distance’ between each peak of colour
signal energy and the last and next cluster
of monochrome signal energy is half the
line frequency.

To ensure that the colour signal energy
clusters are properly spaced between
the monochrome clusters, the frequency
of the colour subcarrier must be care-
fully chosen. For a 625-line system, the
line frequency is 15,625Hz and the field
rate 50Hz.

The exact value of the colour subcarrier
frequency chosen to do this s
4.43361875MHz. This is calculated using
the formula:

Subcarrier frequency = 0.5 x field

frequency + (283.5 + 0.25) x 15,625Hz.

The complete PAL signal

Our study of the PAL system has shown
us that the complete PAL signal includes
the Y signal containing the fine detail of
the picture.

Then the U and PAL switched V sup-
pressed carrier colour signals, together

RCA’s first colour TV receiver, the Victor Model CT100, was produced in 1954.

(Photo couriesy RCA Corporation, USA).

with the colour burst signals, are quadra-
ture modulated and combined together
with the Y signal in the adding circuitry
(Fig.4).

Line and field synchronising signals to
‘lock’ the transmitted picture, whether in
monochrome or colour, plus the neces-
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Fig.9: The colour signal’s subcarrier sidebands are interleaved wlth the

monochrome signal sidebands.

sary blanking pulses are also supplied to
the adder circuitry.

The result is a complete video signal,
known as an encoded signal, which is
sent to the transmitter, and via the trans-
mitter path to the TV viewer’s receiver
where the received signal is decoded.

The 7MHz TV station bandwidth used
in Australia has the frequency modu-
lated sound carrier separated from the
vision carrier by 5.5MHz (known as PAL
system ‘B’).

Britain uses a station bandwidth of
8MHz, with the FM sound carrier
being separated from the vision carrier
by 6MHz (System 1). PAL systems
‘B’ and ‘I’ both use 625 lines and
50 frames per second.

We have referred to the fact that the Y’
signal used in colour television is made
up of the proportions Y = 0.59G +
0.30R + 0.11B.

You will remember these proportions
are used because the eye is most sen-
sitive to green light, and more sensi-
tive to red light than blue light. As we
will be referring again to this formula
you will find it helpful to commit it to
memory.
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VIEWING THE
RECEIVED PICTURE

Part 4

The shadow-mask picture tube forms the heart of the modern colour TV receiver. Here we ex-
amine the basic principles of the shadow mask tube and discuss the problems of purity and con-

vergence adjustment.

Modern colour TV systems make use of
the principle of ‘mixed highs’. This, you
will remember, simply means that the fine
detail of the picture is transmitted as a
high definition monochrome signal,
together with the accompanying colour
information at lower frequencies.

The television receiver circuitry then
presents the colour display device with a
monochrome or Y signal, proportional to
the brightness of each point of the
scanned scene, plus colour information in
the form of varying proportions of red,
green and blue colour signals. These sig-
nals must then be combined by the dis-
play device to produce a colour picture
which faithfully reproduces the scene at
the TV studio.

The display device must be reasonably
compact and not prohibitive in cost. It
must also be capable of producing a pic-
ture which is free from objectionable
flicker and with colours of correct hue
and saturation.

In addition, the picture should be easy
for a family to view in the lighting
conditions of the average home. Finally, it
must not demand unacceptably complex
circuitry in the television receiver, or re-
quire continuous adjustment and setting
up for satisfactory results.

Display development

During the development of colour
television, many display device ideas
were researched and built. Some of these
were described in the second article in
this series, including the world’s first
colour television receiver demonstrated
by John Logie Baird in 1928. Fig.1 shows
his earlier monochrome receiver from
which this colour system was developed.

When the British Broadcasting Corpora-
tion began to transmit regular colour
television programs in 1967, the only
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Fig.1: This photograph shows John Logie Baird’s scanning disc ‘televisor’, from
which his colour ‘televisor’ was developed. (Photo courtesy of the Baird
Museum and Radio Rentals Limited, Relay House, Swindon).

practical display device for home use was
the tri-gun shadow mask cathode ray
tube.

The shadow mask tube was invented
and developed by Radio Corporation of
America, and first demonstrated by that
company in 1950. It had the advantage
that it could be used with almost any
colour television system.

The shadow mask picture tube uses a
delta-gun arrangement; so-called because
the grouping of the electron guns
resembled the Greek letter delta (Fig.2).

Delta-gun tubes are no longer fitted in
the latest television receivers, although
you’ll find them still in use in many older
colour TVs. Also, some high-definition
computer displays use an advanced

type of delta-formation tube. Almost
all modern colour tubes are a develop-
ment of the delta-gun shadow mask
tube developed by RCA. Because of this,
we need to understand its basic
operating principles.

If you consider Fig.3, the shadow mask
tube appears as three tubes in one.
Deposited inside the faceplate of the
tube are dots of phosphors in trian-
gular groups of three, the whole being
coated with a thin film of aluminium
which reflects light towards the phosphor
material to increase brightness.

Three difference kinds of phosphors
make up each triangular group, deposited
and spaced with precise accuracy. When
struck by a beam of electrons, one of the
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Fig.2: The delta-gun arrangement.

phosphors emits red light, another green
light, and the third blue light.

Notice that in Fig.3, the electron guns
are labelled Red, Green and Blue.

If we can ensure that the electron beam
from the ‘red’ gun hits the correct phos-
phor dot in each triangular group, red
light will be emitted. The brightness of the
emitted light from each phosphor dot will
depend on the intensity of the stream of
electrons striking it.

In practice, the three electron beams
are deflected together, line by line, by the
receiver’s scanning circuitry. In this man-
ner, they build up a set of horizontal lines
known as a raster.

A single visible raster really consists of
three separate rasters, one red, one green
and one blue. Thus, if switches ‘G’ and ‘B’
in Fig.3 were opened, a red raster would
be seen. Similarly, if switches ‘R’ and ‘B’
were opened and switch ‘G’ closed, a
green raster would be visible. And if ‘R’
and ‘G’ were opened and ‘B’ closed, a
blue raster would be visible.

When switches ‘R’, ‘G’ and ‘B’ are all
closed, and the intensity of the electron
beams from the three guns correctly
balanced, a white raster will be seen. This
is because the phosphor dots are grouped
so closely together that, by additive
colour mixing of the red, green and blue
primary colours, the eye registers the sen-
sation of white.

To ensure that each electron beam falls
on its correct colour emitting phosphor
dots, the three gun assemblies are
slightly angled towards each other. This
means that, with the receiver scanning
circuitry disconnected, and the beams
stationary, the three electron beams meet
(or converge) at a single spot at the mid-
dle of the screen.

As each electron beam curves through
the scanning coils, it is suddenly
deflected at a point called the ‘apparent
deflection centre’ (Fig.4).

The scan coils can be moved up and
down the neck of the tube, changing
the position of the apparent deflection
centre and the position where the beams

meet. In the delta-gun shadow mask
tube this is an essential adjustment.

The shadow mask

Just behind the tube face is the shadow
mask, a fixed steel plate perforated with
tiny holes spaced so thateach is exactly
in line with the centre of one of the trian-
gular phosphor groups.

The shadow mask fitted in a 63cm tube
has about 400,000 of these perforations.
As the three electron beams are
deflected by the scanning circuitry, they
converge together at the shadow mask
holes (Fig.5a).

Fig.5b shows how the electron beams
are reduced in size by the shadow mask.
The phosphor dots are placed very close
to each other, each individual dot having
a diameter of 0.25mm. There are three of
these dots (one red, one green and one
blue), for each individual hole in the
shadow mask, giving a total of over one
million dots.

The function of the shadow mask is to
prevent each separate beam of electrons
from ‘spilling over’ and energising more
than one dot. The other two dots in the
triangle lie in the shadow of the mask,
hence the term ‘shadow mask’.

Colour purity

Various adjustments are needed in the
television receiver so that the red, green
and blue rasters of the delta-gun tube will
be in proper registration with each other,
appearing to the eye as a single raster. To
achieve this it is essential that the red

raster is pure red, the blue raster pure
blue, and the green raster, pure green.

This means that the three electron
beams must be deflected at their correct
apparent deflection centres and pass
through the holes in the shadow mask
perforations to strike the proper ‘colour’
phosphor dots.

Due to small manufacturing production
differences in individual picture tubes,
compensating adjustments are needed.
These colour correction adjustments are
usually referred to as purity adjustments.

If you look again at Fig.4 you'll notice
on the neck of the tube the purity magnet
assembly, which consists of two mag-
netised rings which can be independently
rotated. These produce a weak magnetic
field that can be altered in strength and
direction to bend the three electron
beams together so that they pass through
the correct perforations in the metal
shadow mask.

Even so, some phosphor dots of the
wrong colour may still be energised at
the edge of the screen, this time due
to manufacturing variations in the scan-
ning deflection coils etc. When this oc-
curs, the scanning coils can be moved
up and down the tube neck to obtain cor-
rect purity at the edges of the picture.

Before adjusting the purity, the green
and blue electron guns are first switched
off. Adjustment of the purity magnets and
scanning coils is then repeated several
times until the purest possible red
raster is obtained. When the blue and
green rasters are subsequently viewed
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separately, they should also now be pure
in colour.

That is not the end of the story, how-
ever. Although the three rasters may now
be pure in colour, the three electron
beams may not necessarily enter the
same perforations in the shadow mask as
they scan across the picture tube. The
result is a picture with colour fringes, or
even three separate pictures not in
registration with each other.

To correct this condition, a conver-
gence assembly containing three adjus-
table permanent magnets, together with
coils energised by electrical currents
derived from the television receiver cir-
cuitry, is fixed on the neck of the pic-
ture tube.

Inside the tube are pole pieces through
which the three electron beams pass.

Each of the three adjustable permanent
magnets act on one set of pole pieces in
the picture tube. By adjusting the magnets
the individual beams can be moved, as
shown in Fig.6.

Mounted on the tube neck, between
the purity magnets and the picture tube
base, is the blue lateral magnet. This ad-
justable magnet moves the blue electron
beam horizontally, to the point where the
red and blue beams cross.

These static magnetic adjustments con-
trol convergence at the centre of the pic-
ture so that the three rasters merge as one.

However, because the electron beams
are deflected both horizontally and verti-
cally by circuitry in the colour television
receiver, misconvergence will still be
seen at the top, bottom and sides of the
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picture. To correct this condition,
dynamic convergence adjustments are
provided, which control currents passed
through the coils in the convergence as-
sembly. More about this in a later part.

Another source of colour problems is
the shadow mask itself. Because it is
made of steel, it can become magnetised
and ruin the purity of the picture by
producing patches of incorrect colour on
the screen.

To prevent this, a magnetic shield con-
taining a coil is fitted on the outside of the
cone of the picture tube.

This coil is known as a degaussing coil.
It is arranged so that, whenever the
receiver is switched on, an alternating
current at mains frequency passes through
the coil for a short period of time.

The resulting alternating magnetic field
produced by the coil demagnetises (or
degausses) the metal shadow mask. The
current then gradually dies away.

The colour picture

The three preset controls, VR1, VR2
and VR3 shown in Fig.3, can be adjusted
to control the relative intensities of the
red, green and blue electron beams so
that the eye sees a white raster at maxi-
mum brightness.

The Y or luminance signal is sup-
plied to the three cathodes of the
shadow mask picture tube by the
receiver circuitry.

Thus, the intensity of all three beams at
each point on the tube raster is controlled
by the received brightness signal from the
TV studio camera via the television trans-
mitter, transmission path and TV receiver.

Because the receiver raster scanning
is synchronised with the camera
scan, a black and white picture will
be seen in the case of a monochrome
transmission.

When a colour broadcast is received,
the detail or brightness signal is produced
as for a monochrome transmission.

In addition, signal voltages proportional
to the red, blue and green colouring are
applied individually to the three control
grids of the picture tubes, thus decreas-
ing or increasing the brightness of each
of the three electron beams.

If we view a discrete area in the picture
which is pure green, the red and blue
electron beams will be completely cut off
in that area of the scan.

As varying intensities of the beams
occur according to the received colour
signals, mixtures of red, blue and green
are produced so that the viewer sees a
wide range of colours. Because these
colour areas and the detail of the
luminance signal are combined, a com-
plete colour picture is produced.

This method of driving the colour
picture tube is known as colour dif-
ference drive and was used in early
colour receivers.

Practically all modern receivers use
RGB drive. With RGB drive, the
luminance signal drives all three cathodes

“RED"” PHOSPHOR DOT

SECTION OF
SHADOW MASK

“BLUE"
BEAM

“RED"
BEAM

(a)

“BLUE"
PHOSPHOR
ooT

SHADOW
MASK

y

ONE
PHOSPHOR
/ Dot

ELECTRON——»
BEAM

WASTED ENERGY
HEATS THE

(d)

Fig.5: The shadow mask ensures that the electron beams hit the correct phos-

phor dots.



as the colour difference drive method.
However, the three signal voltages
proportional to the red, blue and green
colouring of the picture are supplied, not
to the control grids of the tube, but in-
dividually to each cathode.

Brightness variations still produce the
detail of the picture, but the red, blue and
green signal voltages now control the
relative values of the cathode voltages,
varying the relative intensities of the three
electron beams. As in the colour dif-
ference drive method, a mixture of red,
blue and green hues combined with the
monochrome signal produce the com-
plete colour picture.

Drawbacks

Although the delta-gun shadow mask
tube is capable of displaying excellent
monochrome and colour pictures, it does
have drawbacks. Look again at Fig.5b
and you will see that the shadow mask
absorbs a great deal of energy as the
electron beams strike it — energy
which is wasted in heating up the
metal of the mask.

After a period of use this heating effect
may cause the shadow mask plate to
warp, or even to become loose, making
it impossible to obtain correct purity.

Another problem is caused by the
shadow mask. It reduces the size of the
electron beams and so the picture bright-
ness is also reduced. To overcome this
problem, an extra high tension supply
(EHT) of 25 kilovolts is required for the
final anode of a 63cm picture tube.

This accelerates the electron beams to
a velocity of 321,800 kilometres per
hour, with a maximum beam current of
one milliamp.

This high voltage makes the electron
beams more difficult to deflect, so that
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increased energy must be supplied to the
scan coils.

An electrical shock from this EHT supp-
ly is very dangerous and could prove
fatal. This is so even after the colour TV
receiver is switched off, because the inter-
nal capacitance of the shadow mask tube
may retain a high voltage charge for a
considerable period of time. A further
problem is that, after some use, the com-
plex purity and convergence adjustments
tend to drift and must be reset.

Since the invention of the original
shadow mask tube, several new types of
picture tubes have been developed.
Let's take a quick look at how they
operate.
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PRODUCES THREE
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“RED"
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BEAM
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SECTION OF, PHOSPHOR STRIPES
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Fig.7: Basic arrangement of the Sony Trinitron tube.

The Trinitron

Sony Corporation’s Trinitron tube was
first produced in 1968 and has been im-
proved over the years. It employs a
single in-line gun that emits three
electron beams, each beam being
emitted from its own individual cathode.
Fig.7 shows the basic arrangement of
Sony’s latest Trinitron tube (using their
new PanFocus Gun). RGB drive circuitry
is employed.

Because a single gun is used, a much
smaller and sharper spot size is possible,
giving greatly improved resolution. And
instead of a shadow mask having
thousands of circular perforations, Sony
use a special ‘aperture grille’ system.

The use of this grille results in a much
brighter picture. As in the shadow mask
tube three kinds of phosphor are
deposited inside the tube faceplate.
However, in the Trinitron tube, these are
arranged, not as triangular dot groups, but
as vertical colour stripes.

Further advantages of the Trinitron pic-
ture tube are excellent purity and conver-
gence without the need for the complex
adjustments required by the shadow mask
tube. Static convergence controls move
the two outside electron beams to meet
the middle beam, then simple dynamic
adjustments are made.

In-line tubes

This type of tube has three electron
guns but, instead of being arranged in
delta formation, they are arranged in a

Guide to Colour TV& VCRs 23



horizontal in-line configuration. The tube
neck is fitted with specially designed
deflection coils, while the shadow
mask uses slotted holes. The colour phos-
phors inside the faceplate are in stripe
formation.

This type of tube is capable of produc-
ing a brighter picture than the older delta-
gun configuration, due to the slotted
shadow mask which blocks less of the
electron beams. Because of this, some
type of slotted shadow mask is now
used in most modern colour TV tubes.
The main exception is, of course, the
Sony Trinitron tube.

One modermn tube, the Philips 20AX,
uses three in-line electron guns, is made
to extremely accurate tolerances, and
requires only minor convergence adjust-
ments. But even these adjustments are un-
necessary with the Philips 30AX tube,
‘which features specially designed self
locating scan coils, and internal factory
set magnets fitted within the tube.

The very latest development is the
FST tube. It features a virtually flat tube
face constructed of extra thick glass, and
has much squarer corners than conven-
tional tubes. It also uses in-line guns,
the exception being the latest Mul-
lard/Philips 45AX version which has a
three-beam single gun.

Projection TV

To obtain large size pictures, projection
television systems are used. In these,
three special projection picture tubes,
each with a different colour face phos-
phor, and operated at very high final
anode voltages, are fitted. The red, green
and blue colour signal voltages, together
with the luminance signal, are fed
separately to each tube.

The three pictures are combined opti-
cally and the resulting colour picture is
projected onto a screen. Customer pre-
ferred screen sizes are 90 to 94 cen-
timetres (measured diagonally). It is
best to view the picture in subdued
room lighting due to inherent brightness
limitations.
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Just for the record, here’s what the Baird Televisor looked like when enclosed
in its case. The picture was viewed through the small rectangular window on

the right hand side.

Liquid crystal displays

A liquid crystal display, as used in a
watch or calculator etc., contains so-
called nematic liquids which are nor-
mally transparent. When subjected to
an electric field, however, they be-
come opaque.

To construct a liquid crystal display
that will produce a television pic-
ture, a screen containing thousands of
tiny liquid crystal elements is used.

The received luminance signal con-
trols the brightness of each point of the
display so that a monochrome picture can
be viewed.

You have probably seen, or may own, a
pocket monochrome TV set featuring a

liquid crystal display. External lighting or
a back light is needed to see the picture.
Large sums of money are at present
being invested by television manufac-
turing companies to try to produce a
practical large flat colour display
suitable for use in TV receivers.

Fitting different colour filters over each
tiny crystal of an LCD display is a future
possibility. By this means, variations in
brightness and colour intensity between
the tiny picture elements would cause the
eye to see a colour picture.

Another method is to use combinations
of LCDs, each display producing one
of the primary colours. Projection TV
using this idea is under development.



THE COLOUR
DECODER - 1

Part 5

By far the most complicated part of a modern colour TV receiver is the colour decoder. Here we
examine how the decoder circuit works and discuss how the various signals are derived.

In Part 3, we saw that the transmitted
TV signal contains:
(a) the monochrome signal carrying the
fine detail of the picture;

(b) the colour information consisting of
U and PAL switched V suppressed
carrier signals;

(c) the ‘swinging burst’ colour
synchronisation signal;

(d) the line and field synchronising
pulses needed to keep the receiver’s
raster in step with the camera scan;
and

the frequency modulated sound

signal.
Since all the colour information is en-
coded before transmission, it must be
decoded after demodulation by the
receiver’s video detector, so that these
various signals can be applied to the cor-
rect sections of the receiver.

U]

The colour bar signal

A standard colour bar signal
produces a pattern of vertical bars on the
screen of a colour television receiver.
Viewed from left to right, the bars are
white, yellow, cyan, green, magenta, red
and blue (Fig.1). Notice that yellow, cyan

and magenta are produced by additive
colour mixing.

This colour bar signal may be trans-
mitted by the TV station or produced by a
colour bar generator and fed into the
receiver antenna socket. When an oscil-
loscope is connected to various points in
the colour receiver, the various
waveforms can be easily identified. This
makes the colour bar signal very useful
in the study (and servicing) of a colour
TV receiver.

Fig.2 shows one line of a monochrome
television picture, while Fig.3(a) shows a
complete colour bar waveform where the
signal is at 100% amplitude and with
100% colour saturation.

Fig.3(b) shows the colour bar signal as
transmitted by the British Broadcasting
Corporation at 100% amplitude and 95%
colour saturation.

Fig.3(c) is the colour bar signal as
defined by EBU standards for Europe
with 75% amplitude and 100% colour
saturation.

Notice how the ten-cycle colour burst
signal sits on the ‘back porch’ of the line
synchronising pulse.

To prevent the colour subcarrier inter-
fering with the luminance signal and
producing objectionable patterning on

the received colour picture, suppressed
carrier modulation is used at the TV trans-
mitter. The colour information of the
transmitted program is then sent in the
form of sidebands only (see part 3).

Thus, in the colour TV receiver, it is
necessary to replace the missing carrier so
that the original amplitude modulated
colour signals can be recovered.

The colour decoder

Fig.4 shows a block diagram of a typi-
cal colour decoder. The decoder circuitry
separates the various parts of the com-
plete signal and demodulates the U and V
colour signals.

You will remember that the U signal
contains the (B-Y) colour information, and
the V signal the (R-Y) information.

In Fig.4, point ‘A’ is where the signal
from the video detector enters the
decoder. If we tuned the TV receiver to a
colour bar transmission, an oscilloscope
connected to ‘A’ via a 10:1 isolating
probe would display the complete colour
bar signal.

From point ‘A, the signal travels
through a bandpass filter which removes
the luminance signal, allowing only the
chrominance information and burst signal
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Fig.1 shows the standard colour bar signals as displayed

on the TV screen.
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Flg.2 shows one line of a monochrome video signal.
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to pass. At point ‘B’, the signal appears as
in Fig.5(a).

The following chrominance amplifier
supplies the signal to a burst blanking cir-
cuit, which is controlled by pulses from
the line time-base circuitry. This removes
the ‘swinging burst’ signal so that the sig-
nal at point (c) appears as in Fib.5(b).

Because of the way it looks, this
signal is often referred to as a ‘cotton reel’
waveform. Two detector circuits are
needed, one to demodulate the V signal
while the other demodulates the U signal.

From point ‘C’, the signal is fed to the
PAL delay line and to the adder and sub-
tractor circuits. The output from the adder
circuit is the U signal, while the output
from the subtractor is the V signal. Fig.6
shows the basics of the PAL glass delay
line. The incoming electronic signal is
first fed to a transducer which converts it
to an ultrasonic wave. This wave is then
detected by a second transducer and con-
verted back to electronic form.

Because ultrasonic signals take time to
travel through the glass, this gives rise to a
delay time. In a PAL colour TV receiver,
the delay line is manufactured to ex-
tremely tight tolerances to give a delay
time of 63.943 microseconds.

Fig.7(a) shows the delay line and adder
and subtractor circuitry of a typical com-
mercial colour TV set.

Suppose that two lines of chroma infor-
mation arrive at ‘C’ (Fig.4), each line pos-
sessing the same hue and saturation. The
first line, which we’ll call F1, is amplified
by transistor Q1 and goes through the
delay line, and emerges 64 microseconds
later across coil L.

This means that the signals at points ‘X’
and ‘Y’ will be of equal voltage, but of
opposite phase. The next line of chroma
information, which we will refer to as F2,
arrives directly at point ‘Z’ at exactly the
same time as line F1. Thus lines F1 and
F2 arrive together at coil L.

At point x on L, the plus and minus U
signals will cancel out and the two
minus V signals will add together, to
produce a signal voltage of -2V
(Fig.7(b). At the bottom of coil L, the
plus and minus V signals will cancel
out, and the two U signals added to
produce a voltage of +2U.

When the next line of signal arrives
(line F3), line two will have passed
through the delay line, and line F3
will arrive direct. The result will be as
in Fig.7(c).

The U voltages will again cancel out,
and the V voltages will add to give +2V.
At the bottom of coil L, the V voltages
will cancel and +2U will be produced.
In any two lines, hue errors will occur in
opposite phase directions. Because
chroma errors will be a product of
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two lines, the errors will cancel and the
correct hue will be produced.

Similarly, because the ‘burst’ signal
switches 45 degrees above and below the
-U axis every other line (Fig.8), burst er-
rors due to transmission errors will tend to
cancel. We will see the reason for this
when we discuss subcarrier recovery.

Note that the outputs at the top of
coil L are V signals only, and those at
the bottom of coil L are U signals only.
So the PAL delay line and the adder and
subtractor circuitry have separated the
U and V signals.

VR1 in Fig.7(a) adjusts the gain of
transistor Q1. Together with the preset

phase adjustment, this allows compen-
sation to be made for any delay line
and circuit variations.

The signals at F and G in Fig.4 now
aﬁpear as in Fig.5(d). These U and V
chroma subcarriers have a 90 degree
phase difference between them and
must be separately demodulated. How-
ever, before discussing how this is done
we first need to know how the colour
burst signal is used.

Separating the burst signal

The output of the chrominance
amplifier, consisting of the chroma signal
and the colour burst, is also applied to the
burst gate and amplifier circuitry (Fig.4). A
pulse from the line timebase circuitry
controls (or gates) this amplifier, allowing
it to operate only for the duration of the
ten-cycle colour burst signal.

The amplified burst signal emerges at
‘E’. It is then applied to the following
phase detector stage, where it is com-
pared in phase with the TV receiver
4.43MHz subcarrier oscillator.

This 4.43MHz crystal controlled oscil-
lator is used to replace the missing sub-
carrier. While some texts refer to this as
‘re-inserting’ the carrier, it is more ac-
curate to say that the output generated by
the receiver subcarrier oscillator is modu-
lated by the U and V colour sidebands.

The resulting signals are then demodu-
lated to reproduce the required colour
signals. As shown in Fig.4, an automatic
phase control (APC) loop signal is fed
back to the phase detector. Fig.10(a)
shows the basic circuit. '

The colour burst signal is applied to
connections ‘1’ and ‘2’ of transformer T.
The signals on the secondary winding at
points ‘3’ and ‘4’ are 180 degrees out of
phase with each other.

Thus, current will flow through the
diodes only during positive half cycles at
position ‘3’ and negative half cycles at
position ‘4’. The output from the local
4.43MHz oscillator is applied to point ‘5.

You will see from Fig.10(b) that the
local oscillator sine wave output passes
through its zero position at the peaks of
the burst signal.

This can only happen when the phase
of the oscillator ‘lags’ exactly 90 degrees
behind the burst signal. It then follows
that, because the diodes are centre con-
nected anode to cathode, there will be no
DC output voltage at ‘H’.

We know that the colour burst sig-
nal swings 45 degrees above and below
the -U axis during every other line of
picture signal (Fig.8). Thus, the ‘mean’
or average of the phase of the colour
burst signal is on the -U axis. The circuit
is so designed that the subcarrier oscil-
lator responds only to this mean value.

The subcarrier oscillator is thus ‘locked’
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Fig.4: The block diagram of a typical PAL colour decoder. The way in which each block works is explained in the text.

to the same frequency and phase as
the +V chroma signal. When the local
oscillator ‘lags’ behind the mean of
the burst signal by 90 degrees there
will be no DC voltage output at the
wiper of present resistor R1 (point ‘H’),
as stated previously.

However, if the frequency or phase of

the local oscillator changes, the currents
flowing through diodes D1 and D2 will
no longer be equal, and a positive or
negative DC output voltage will be
produced at ‘H’. This voltage is then ap-
plied to the subcarrier oscillator to correct
its frequency and phase.

The phase detector produces another

o

(a) WAVEFORM AT “B” Fig. 4

AT “F"

(e) WAVEFORM AT “H" 7.8kHz RIPPLE

-

(d) WAVEFORMS AT “F" AND "G"

It

e
(b) WAVEFORM AT “C"

AT “G™

(f) WAVEFORM AT "D 7.8kHz SINE WAVE

Fig.5: These diagrams show the waveforms at various points on Fig.4 (see text).

useful signal. As the burst signal swings
above and below the -U axis, a ‘half line
frequency’  (7812.5kHz) pulse is
produced. This pulse is amplified and
shaped to synchronise the PAL switch (see
Figs.4, 5e and 5f).

Some early model colour TV receivers
did not contain a 4.43MHz crystal oscil-
lator. Instead, the colour burst signal was
amplified and used to energise a ‘ringing
coil’ circuit. The resulting 4.43MHz signal
was then used instead of a conventional
crystal oscillator, but the decoder adjust-
ments were quite critical in such sets.

You'll find that many of the latest PAL
receivers contain subcarrier oscillators
controlled by an 8.867MHz crystal. This
arrangement is becoming increasingly
popular with manufacturers. Why and
how the 8.8MHz oscillator is used will be
discussed in a later part.

Demodulating the
U and V signals

Fig.9(a) shows the circuit of a popular
type of synchronous demodulator. The
signal from the TV’s 4.43MHz subcarrier
oscillator passes through R1 and R2 to
points ‘X’ and ‘Y’.

The values of the components are
selected so that when X approaches its
positive peak and Y its negative peak, the
diodes conduct.

It is only during this period of time that
there is a path for the chrominance signal
between point ‘P’ and the output. In
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Fig.6: The basic scheme for a PAL glass delay line. The output signal emerges

64us after the input signal.

Fig.9(b), the dotted line represents the
waveform of the transmitted signal, and
the solid line as it actually appears at
point ‘P’. The subcarrier frequency is of
course 4.43MHz, but for simplicity is
shown as just a few cycles.

Fig.9(c) shows the locally generated
subcarrier, the solid portions of the line
representing the periods when the
diodes conduct.

Look carefully at the dia 0grams and you
will see that, during period ‘A’, the posi-
tive peaks of the subcarrier occur at ex-
actly the same time as the positive peaks
of the chroma signal.

However, during period ‘B’ the phase
of the incoming chroma signal changes
by 180 degrees. Now the negative
peaks of the chroma signal occur at the
same time as the positive peaks of the
local subcarrier.

The result is that, during period ‘A,

the positive half cycles of the chroma
signal are demodulated. Similarly,
during period ‘B’, the negative half-
cycles are demodulated.

Fig.9(d) depicts the resulting output
waveform at ‘Q’. The solid line across the
signal peaks shows the output signal after
filtering by choke L1 and capacitors C1
and C2. If the local oscillator signal is not
in correct phase with the chroma carrier,
the signal output at ‘Q’ will only be a
slight ripple.

The filter stage then removes this rip-
ple so there is no output signal. If, in
Fig. 9(a), diodes D2 and D3 are
replaced by suitable resistors, the circuit
will still work and this configuration is
in fact commonly used.

The two synchronous demodulators
used in the colour receiver for
demodulation of the U and V signals
are usually identical.
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Fig.7: The delay line and adder and subtractor circuitry of a PAL colour TV set.
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Synchronising the PAL switch

There is a phase difference of 90
degrees between the transmitted V and
U colour signals. For this reason, the
output from the crystal controlled oscil-
lator is phase shifted by 90 degrees
before it is fed to the U synchronous
demodulator (Fig.4).

In addition, a signal is also fed from
the subcarrier oscillator to the V
synchronous demodulator via the 180
degree PAL switch.

The PAL switch must be properly
synchronised to ensure that the subcarrier
fed to the V detector is correctly ‘in step’
with the transmitted V signal.

You'll remember that the V signal is
switched 180 degrees every other line
at the TV station. The PAL switch s
operated by the application of a square
wave from what is called a bistable or
‘flip-flop’ circuit which has two outputs.

A square wave appears at each output
in turn every time a switching pulse ar-
rives from the receiver line circuitry. A
‘triggering’ pulse is required to ensure that
the bistable circuit correctly synchronises
the receiver PAL switch.

Without this triggering pulse the bis-
table circuit would still work. However, if
the PAL switch is not correctly ‘in step’
with the switched V signal as received
from the TV station, incorrect colour
appears in the picture.

For example, if you look at the
relative phase angle diagram shown in
part 2, you will see that green colours
would show as red.

You will see from Fig.4 that the
7.8kHz (7.8025kHz) half-line frequency
ripple pulse produced in the phase
detector is applied to a 7.8kHz shaper
circuit. This signal synchronises the bis-
table circuit, ensuring that the TV
receiver PAL switch is correctly in
phase with the transmitted V+ and V- on
each line of the chroma signal.

Because the 7.8kHz sine wave correct-
ly identifies these lines, it is referred to as
the ‘ident’ signal.

LINE F1

45°,
u- U+
45°

LINE F2

Fig.8: The colour burst signal swings
45 degrees above and below the -‘U’
axis, on alternate lines.
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The 7.8kHz ident signal is also used to
control the colour killer circuitry. As you
can see from Fig.2, during a monochrome
transmission the colour burst signal is not
transmitted. This means that the burst
signal, the 7.8kHz pulse from the phase
detector, and therefore the ident signal
will not be produced.

The result is that the signal from the

colour killer to the chrominance amplifier
is absent and thus the chrominance
amplifier is based off. The reason for
doing this is very simple — if the
chrominance ampilifier continued to work
during a black and white transmission,
colour patterns and splashes would be
visible on the picture.

The ACC (automatic colour control) sig-
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nal from the burst gate and amplifier is
fed back to the chrominance amplifier.

The voltage of this signal depends on
the amplitude of the received colour
burst and controls the gain of the
chrominance amplifier. This keeps the
level of the colour saturation of the pic-
ture constant if the received signal
should vary in strength.

When the PAL switch is correctly
synchronised to the signal, the local
4.43MHz carrier will be in the correct
phase and frequency to be fed to the V
demodulator.

As stated above, the 90 degree
phase shifted oscillator signal is fed to
the U demodulator. Following demodula-
tion, the resulting (R-Y) and (B-Y) sig-
nals are ampli?ied and fed to the
matrix circuitry.

The NTSC decoder

An NTSC colour transmission, as you’ll
recall, uses | and Q signals, instead of V
and U signals. The | signal is 33 degrees
from the PAL V signal and the Q signal 33
degrees from the U signal (see part 2).
The | signal is not switched every other
line as is the V signal.

A block diagram of an NTSC decoder
resembles Fig.4 but the bistable and PAL
switch circuitry would be absent.

The signal from the TV receiver’s sub-
carrier oscillator (3.579545MHz for the
USA) is sent directly to the | demodulator
which replaces the V demodulator in our
block diagram.

PAL-S and PAL-D

Some early PAL colour TV receivers
used PAL-S circuitry. In a PAL-S (PAL-
simple) receiver, the PAL delay line and
adder and subtractor circuitry is omitted.
In any two lines, hue errors of the same
colour occur in opposite phase directions.

When this happens, the PAL-S receiver
relies on the eye to average out any dif-
ferences in hue.

However, if there are large colour
phase errors between two close
lines of picture, bar patterns, known
as ‘Hanover’ blinds, will appear on
the picture.

To overcome this problem, a phase
control was fitted between the subcarrier
oscillator and the two synchronous
demodulators. The viewer then adjusted
this control for maximum reduction of the
blind effect.

The PAL-D (PAL-deluxe or PAL-delay)
decoder, as shown in Fig.4, thus displays
a superior colour picture when compared
to the simple PAL-S receiver.

For this reason, all modern sets use
PAL-D colour decoders. In fact, in the
very latest designs, most of the decoder
circuitry is taken care of by a single large
scale integrated circuit.
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THE COLOUR
DECODER - 2

Part 6

In the last part, we discussed the operation of a typical PAL colour decoder. Before continu-
ing our study of the decoder, we’ll look again at the U and V signals and their relationship to

each other.

Fig.1 is the  horseshoe-shaped
chromaticity diagram (see also Fig.6, Part
1). In this case, the diagram has been
turned around so as to bring the ‘red’ light
wavelengths slightly to the left of the top
of the diagram.

The ‘blue’ wavelengths are now at the
right and the ‘green’ wavelengths at the
lower left. The ‘axis’ lines show the posi-
tions of the V and the U signals. This
diagram will help us to understand
how the relative values of the U and
the V signals produce various colours.

Remember that the hue of a colour is
determined by the relative signal voltages
of the U and V signals, and the saturation
of a colour depends on the amplitude of
the two signal voltages (see part 3).

Fig.2 shows the vector diagram for
blue. The solid line of the phasor arrow
represents a lightly saturated blue.
Medium saturation is indicated by the
arrow on the line of dashes, and a heavily
saturated blue by the arrow at the top of
the dotted line. The angle (and thus the
hue) between the U and the V arrows
remains the same, but as the saturation
increases so does the phasor voltage.

Because the V signal in the PAL sys-
tem is switched 180 degrees every other
line of colour picture information, the
signals for the next line are shown
above the +U axis. On the third line (for
the same hue) the signal is again below
the +U axis.

Fig.3 shows the ‘cotton reel’ waveform
of the chroma signal before it passes
through the PAL delay line and the
adder/subtractor circuitry of the decoder.

The colour represented by each section
is marked on the diagram together with
the proportional signal voltages. We need

You'll remember that the colour signals
are ‘weighted’ to prevent overloading the
TV transmitter. So the U signal is the (B-Y)
signal multiplied by 0.493, and the V sig-

you will see how the ‘cotton reel’
waveform is formed. The U and V
weighted signal values for the colour
bars are as follows:

nal is the (R-Y) signal multiplied by 0.877.  Yellow V =0.1 U=-0.44
Fig.1 shows the relative signal voltages Cyan V =0.62 U= 0.15
of the weighted colour bar signals. Green V =-0.52 U=-0.29
Notice that the phasor arrow lengths are  Magenta V = 0.52 U= 0.29
given for each colour. <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>