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Chapter 1 

Developing the color signal 
The video signal from a color -TV 

transmitter actually consists of two 
separate signals. These are the lu- 
minance and chrominance signals. 
To properly understand the color - 
TV transmission system, we must 
study the make-up of these signals 
at the transmitter. 

The scene to be televised is 

viewed by a tricolor camera which 
receives white light from the scene 
and produces three signals repre- 
sentative of the red, green, and blue 
components of that white light. Fig. 
I shows the basic components of 
the tricolor camera. 

The white light from the scene 
is focused by the optical system and 
is directed onto the dichroic mirror 
at A. This type of mirror is de- 
signed and manufactured to pass all 
light frequencies of the spectrum 
except those of one particular pri- 
mary color. Thus the mirror at A 
reflects blue light and passes all the 
other light. The beam of blue light 
is directed onto a front -surface mir- 
ror at B and thence onto the photo - 
surface of the blue camera tube. 

The light passing through the 
mirror at A strikes another dichroic 
mirror at C. which is designed to 
reflect red light. The red beam is 

directed to a front -surface mirror at 
D and thence to the red camera 
tube. The light beam passing through 
mirror C is devoid of blue and red 
and contains only green light; thus 
it goes directly to the green camera 
tube. We can see that the light from 
the scene being televised has been 

broken up into the three primary 
colors. 

The three camera tubes and their 
associated amplifiers develop three 
voltages which are representative of 
the three colors. These voltages we 
will designate as ER for red, E6 for 
green, and E for blue. We will go 
on to see how the luminance and 
chrominance signals are formed 
from these three voltages. 

The Luminance Signal 

In order for the color signal to be 

compatible with black -and -white 
receivers, one portion of the signal 
must represent the televised scene 
in terms of brightness only and must 
be very similar to the video signal 
specified for monochrome transmis- 
sion. This signal is called the lumi- 
nance signal. 

When the specifications for this 
luminance signal were being drawn 
up, the response of the human eye 
to light of different frequencies was 
considered. The human eye does 
not see all colors with equal bright- 
ness. We can best illustrate this with 
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Fig. 1. Arrangement of basic com- 
ponents of a tricolor camera. 

three projectors for red, green. and 
blue beams. If these projectors are 
adjusted so that their outputs are 
equal, as measured by photoelectric 
instruments, white light will be pro- 
duced when the three beams are 
superimposed upon each other. When 
viewed separately, the green light 
will appear to the average person to 
he almost twice as bright as the red 
light and from five to six times as 

bright as the blue light. We can see 

that the human eye is most sensitive 
to green. less sensitive to red, and 
least sensitive to blue. 

This varying sensitivity of the 
eye was considered when the lumi- 
nance signal was designed: The 
color signals from the camera are 
combined in definite proportions to 
form the luminance signal: 59 per 
cent of the total green signal, 30 
percent of the total red signal, and 

I I per cent of the total blue signal. 
We frequently call the luminance 

signal by the term, Y signal, and ex- 
press its signal voltage as E. The 
equation for expressing the content 
of E, can he derived from the per- 
centages given previously and is 

written as: 
E, = .59 Ea + .30 ER + . I 1 E (I ) 

where, 
Eo = the voltage of the green 

signal, 
ER = the voltage of the red sig- 

nal, and 
the voltage of the blue 

signal. 
The actual formation of a lumi- 

nance signal can be understood by 

E = 
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considering Fig. 2. Assume the 
scene to he televised consists of a 

card having four vertical bars. These 
are, from left to right: white, red, 
green, and blue. We adjust the cam- 
era so that each of the color signals 
from the camera is one volt when 
the camera is focused on the white 
bar. As equation I states, the lumi- 
nance, or Y signal, will also he one 
volt at this time. A monochrome 
receiver tuned to this signal would 
produce a bright white bar on its 
screen. 

When the camera is shifted to 
scan the red bar, the red signal re- 
mains at one volt and the blue and 
green signals drop to zero. If ER 
and E,; in equation I are zero, E, 
must equal .30 volts. A mono- 
chrome receiver will produce a gray 
bar with this signal. 

Scanning of the green bar will 
produce a green signal of one volt 
and, zero for the red and blue sig- 
nals. The luminance or Y signal will 
have a value of .59 volts and will 
produce a very light gray bar on the 
monochrome receiver. Scanning of 
the blue bar will cause the blue sig- 
nal to he one volt and the red and 
green signals to be zero. The Y 
signal will he . I I volts and the mon- 
ochrome receiver will produce a 
dark gray bar. 

The Chrominance Signal 
In addition to the luminance sig- 

nal which conveys the black -and - 
white information, we must transmit 

a signal conveying the color infor- 
mation. This is called the chromi- 
nance signal and. since it conveys 
only color information, we must 
remove the black -and -white or lu- 
minance information from it. We 
can do this by subtracting the lu- 
minance voltage. E. from each of 
the three color signals produced by 
the color cantera. Fig. 2 shows how 
this is done. The polarity of the 
luminance signal is inverted and 
combined with each of the three 
camera signals. The result is three 
signals representing red minus lu- 
minance, blue minus luminance, and 
green minus luminance. These are 
the important color-dillerenee signals 
and are designated as: E - E. 

- E. , and Ec - E. . These are 
often shortened to R - Y. B - Y. 
and Ci - Y; but it should he remem- 
bered that these represent voltages 
and not colors. 

The term E, ' in each of the color - 
difference signals has the value 
given in equation I. If we substitute 
this value, we obtain three equations 
for the color -difference signals in 
terms of the three primary colors. 

E,t - Er = 

E -E, = 

E -E, _ 

E - ( .30 ER + 
.59 Ec+.I I E) 
ER- .30 ER - 
.59 Ec -.I I E 
.70 E - 
.59Ec-.1I E (?) 

Similarly 
Ec-Ey _ .41 Ec- 

.30 E -. I I E,< ( 3) 

E-Ey = .89 E- 
.59 E-.30 E,< (4) 

A further understanding of these 
color -difference signal equations can 
he derived from Fig. 2. If the red 
bar is being scanned, the R -Y 
matrix receives one volt of red sig- 
nal. The luminance signal is .30 
volt at this time (from equation 1). 
The polarity inverter changes this 
value to -.30 jolt which is also 
applied to the R -Y matrix. The 
two voltages applied to the R -Y 
matrix form the R -Y signal: 1.0 
volt minus .30 volt or .70 volt. 
Note that this agrees with the co- 
efficient of ER in equation 2. 

The luminance signal is .59 volt 
when the green bar is being scanned 
and the red signal is at zero. The 
R -Y signal becomes - .59 volt. 
This agrees with the coefficient of 
E,; in equation 2. During the scan- 
ning of the blue bar, the signals to 
the R -Y matrix are zero and - . I 1 

volt; the resultant R -Y signal be- 
comes -.11 volt. This is the co- 
efficient of E in equation 2. The 
voltages of the color signals in 
equations 3 and 4 can he derived in 
a similar manner. 

The voltages of the color -differ- 
ence signals all become zero when 
the white bar is scanned and no 
chrominance signal is developed. 
This is as it should he, because only 
a luminance signal is needed for 
black -and -white information. This 
is also true for any shade of gray. 
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Assume that the brightness of the 
white bar has been reduced to 50 
per cent. This means that the cam- 
era tube output signals would he 
reduced to .50 volt. If each coeffi- 
cient in equation I is reduced by 50 
per cent, the luminance signal volt- 
age would equal .15 + .295 + .055 
or .50 volt; and the color -difference 
voltages would still he zero. The 
only signal would be the luminance 
signal representing the bar but its 
amplitude would he only 50 per 
cent. The monochrome receiver 
would reproduce a gray bar half- 
way between white and black. 

For the sake of economy, .the 
designers of our color -TV system 
decided that only two signals could 
he used to transmit the three color - 
difference signals. It was found that 
a signal representative of E6 - E, 
could he formed in a receiver by 
combining suitable proportions of 
E,1 -E,- and E -E,-; therefore 
there was no need to transmit 
E6 -E. The proportions of -.51 
(ER-Er) and -.19 (E,1-E,) 
will produce a signal equivalent to 

In the actual transmission of 
color, two signals are used to convey 
color information. These are the I 

and Q signals and they are formed 
by combining specific proportions of 
E,1 - E, and E - É,, as shown in 

Fig. 2. It was found that better 
reproduction of color could he ob- 
tained with this system. 

By combining .74 (ER -Ed and 
-.27 (E,1-E, ). the I signal is 

formed. The O signal is composed 
of .48 (E11-E, ) and .4I (E,1-E,). 
If we subtract the value of E, 
(equation 1), we obtain E, and E, 
in terms of the three color camera 
signals. 

E, = .60 E-.28 E6-.32 E,1(5) 
E,t = .2I E,1-.52E6+.31 E,1(6) 
The matrix unit in the transmitter 

forms the luminance. I. and Cl sig- 
nals by mixing the three camera sig- 
nals as can he seen in Fig. 3. The 
luminance signal passes through a 

handpass filter and is fed into the 
adder section. The I and O signals 
also pass through handpass filters 
but then are fed to the modulators. 
The I signal modulates a suhcarrier 
with a phase of cos (1..t + 33°): 
the Q signal modulates a suhcarrier 
with a phase of sin (,..t + 33°). 
The phase reference is the phase 
of the color burst plus 180°. The 
phase angles between the two sub - 
carriers and between them and the 
color burst are also shown in Fig. 3. 

The I suhcarrier is leading the Q 
suhcarrier by 90° and lags the color 
hurst by 57°. 

A very close tolerance is required 
for these phase differences. This is 

luminance, I, and Q signals. 

accomplished by using a common 
source at 3.58 MHz for all signals 
including the synchronization. 

The chrominance signal is formed 
by the outputs of the I and O mod- 
ulators. and is then merged with the 
luminance, sync. and blanking sig- 
nals to form the composite color 
signal ready for transmission. 

The Composite Color Signal 

The original 4.25 -MHz band- 
width of the monochrome (lumi- 
nance) signal had to he retained in 
the color TV system in order to 
meet the requirements of compati- 
bility. The chrominance signal also 
had to he included within the al- 
loted 6 -MHz channel. Meeting these 
requirements posed quite a prob- 
lem to the system designers hut was 
accomplished by placing the chro- 
minance signal at the proper place 
within the hand of video frequencies 
and by limitation of its bandwidth. 

An interleaving process makes 
possible the inclusion of both the 
chrominance and luminance signals 
within a 425-Mtllz video hand. The 
energy of the luminance signal. as 
with anv signal. concentrates at def- 
inite intervals in the frequency spec- 
trum. Consider an amplitude modu- 
lated signal of 10 MHL The side - 
hands of the signal would exist rela- 
tively close on either side of 10 
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Fig. 4. Divided -carrier system modulates subcarrier with I and Q signals. 

MHz. There would he no energy 
existing between the upper sideband 
and the edge of the lower sideband 
of the second harmonic at 20 MHz. 
It is in these blank areas that the 
chrominance signal energy is con- 
centrated. There is no objectionable 
interference between the luminance 
and chrominance signals. 

The luminance signal is transmit- 
ted by conventional amplitude mod- 
ulation of the video carrier. The 
chrominance is transmitted by means 
of a subcarrier, the frequency of 
which was chosen to interleave 

properly with the luminance signal. 
This suhcarrier frequency (3.579545 
MHz) is high in the video hand so 

that its sidebands. when they are 

limited in bandwidth, do not inter- 
fere with monochrome reproduc- 
tion of the luminance signal. 

The subcarrier is modulated by a 

process known as divided -carrier 
modulation since two different sig- 
nals (I and Q) must he placed on 
the same suhcarrier. Fig. 4 illustrates 
the basic principle of the system. A 
generator supplies the subcarrier 

Fig. S. Doubly balanced modulator circuit used in divided -carrier system. 

frequency of 3.58 MHz which is 

applied to modulator A. The same 
signal is shifted in phase by 90° 
and applied to modulator B. The 
schematic in Fig. 5 represents either 
modulator. The modulating signal 
(I or Q) is split in phase and ap- 
plied to the control 'grids of the two 
tubes. The suhcarrier is also split 
in phase by the transformer and 
applied to the suppressor grids of 
the two tubes. 

Tube No. 1 increases in conduc- 
tion when the signal at its control 
grid goes positive and a suhcarrier 
signal of increased amplitude is pro- 
duced. Tube No. 2 receives a nega- 
tive signal at the same time and its 
conduction and output signal de- 
crease. On the next half cycle of the 
input signal, these conditions are 

reversed. 

The plates of the two tubes are 
tied together so the waveforms 
shown at the plates cannot exist 
separately but are actually com- 
bined. The signals at the plates can 
be seen to he I 80° out of phase, 
and the actual output sidebands will 
consist of a combination of the two 
plate signals. Because they are out 
of phase, a cancellation takes place, 
and the output amplitude becomes 
the difference in the amplitudes of 
the two signals. Additionally, the 
phase of the output is the phase of 
the largest signal. 

A change in the amplitude of 
the input signal causes amplitude 
change of the output signal. If the 
phase of the input signal changes, 
the phase of the output signal will 
change 180°. The output signal 
therefore represents the input signal 
but in terms of the phase and ampli- 
tude of the subcarrier frequency. 

Modulator B in Fig. 4 operates 
in an identical manner except that 
the suhcarrier input is delayed by 
90°. Thus, the output of modulator 
B is 90° from that of A. This can 
he either a lead or lag depending 
upon the polarities of the modu- 
lating signals. 

The output signals from the mod- 
ulators are combined in the adder 
stage. Fig. 4, and become a single 
waveform varying in amplitude and 
phase in accordance with the ampli- 
tudes and phases of the I and Q 
signals. Two signals have been 
placed upon a single suhcarrier and 
can he recovered by reversing the 
modulation process in the receiver. 
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So far, we have considered only 
simple, unchanging waveforms ap- 
plied to the modulators. In actual 
practice, the waveforms are quite 
complex because the picture may 
be composed of many different hues 
and may he constantly changing as 
well. Consequently, it is necessary 
to consider the modulation charac- 
teristics in terms of vectors rather 
than in terms of sine waves. Refer- 
ring to Fig. 6, we have two vectors 
which are displaced from each other 
by 90° just as the I and Q axes are 
separated by this amount in a color 
transmitter. The first pair of vectors 
are shown at zero time. The vector 
which represents the instantaneous 
value of A leads vector B by 90° 
(Vector motion is arbitrarily in the 
counterclockwise direction.) At this 
point in time, the value of A is zero 
while B is maximum negative. The 
resultant, or vector, sum of the two 
voltages is equal to the value of B. 

If we cause the vectors to rotate 
45°, the magnitudes of A and B will 
be equal in value (70.7% of max- 
imum) but opposite in polarity. In 
the sine wave diagram, the resultant 
is shown to be zero. At time 2, A 
is maximum positive while B has 
decreased to zero and the resultant 
is equal to A. We see that at time 3 

the resultant has reached its positive 
maximum and both A and B are 
70.7% of their maxima. At time 4, 
the value of the resultant is the 
same as it was at time 2, but the 
amplitudes of A and B have been 
interchanged. It is possible to show 
the value of the resultant for every 
value of A and B by simply per- 
forming the calculations for every 
degree of rotation of the two vec- 
tors. However, the above illustration 
should prove adequate for our 
purposes. 

The voltages from modulators A 
and B of Fig. 4 arc combined in the 
adder to form a single waveform 
which varies in phase and amplitude 
in accordance with the amplitudes 
and phases of the two signals (I and 
Q axes) which produced it. Thus, 
the two modulating signals are able 
to modulate a single carrier in such 
a manner that both signals may he 
recovered separately in the receiver. 
As we shall see later on, it is not 
even necessary that the demodula- 
tion he accomplished on the same 
axes as the ones on which the mod- 
ulation was impressed. In fact, re- 
ceivers in use today demodulate on 
I and Q. X and Z, R- Y and B- Y 
axes, and even on three axes (R - 
Y. B - Y, and G -Y). 

Video Spectrum 

The discoveries of Pierre Metz 
and Frank Gray were the key to 
the problem of inserting the color 
information into what seems to be 
the already -crowded 6 -MHz TV 
channel. Their studies of the scan- 
ning process used in telephotogra- 
phy and television proved that the 
energy in the video spectrum is con- 
centrated at certain discrete points 
in the bandwidth. These points are 
situated at frequencies which are 
whole multiples of the scanning rate 
or frequency. The actual proof 
which they developed is far too 
complicated for inclusion in this 
series, but the following illustration 
should help to understand the prin- 
ciples involved. 

It can be proven mathematically 
that any video signal is the combi- 
nation of a number of pure sine 
waves which are multiples or har- 
monics of a fundamental frequency. 
Thus, a video waveform consists of 
a series of sine waves all of which 

are multiples of the horizontal scan- 
ning frequency. There is a second 
series of frequencies to be consid- 
ered, the vertical scanning frequency 
and its harmonics. This energy is 
concentrated in "sidebands" of each 
multiple of the horizontal scanning 
frequency. 

From the foregoing, it is apparent 
that there is actually a considerable 
portion of the video spectrum of the 
TV channel which is not used in 
passing the monochrome informa- 
tion. Further analysis shows that 
these "holes" in the spectrum occur 
at the odd harmonics of one-half 
the horizontal scanning frequency. 
The color suhcarrier frequency was 
carefully chosen to occupy one of 
these "holes." 

In radio transmission and in 
monochrome TV, the modulation is 
recovered by a simple detection 
process. In color TV, however, the 
color suhcarrier sidehands are made 
a part of the video modulation and 
must be processed further after 
video detection in order to recover 
the chroma information. Since the 
sidehands of the chroma subcarrier 
are a portion of the composite video 
signal, the frequency of the chroma 
suhcarrier has to chosen not only 
for minimum degradation of the 
existing monochrome information 
but also so that it will not add undue 
interference to the picture. In ad- 
dition, it must he chosen so that 
the chroma information which is 
modulated on it will not he outside 
the receiver bandpass. 

By keeping the chroma suhcarrier 
frequency as high as possible, the 
interference will be held to a mini- 
mum. In this manner, the reduced 
response near the upper limit of the 
video passband of most mono- 
chrome receivers will reduce the 
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amplitude of the interference which 
reaches the picture tube, and the 

relatively tine "grain" produced by 
a high frequency is less objection- 
able. On the other hand, the suhcar- 
rier frequency must he low enough 
so that the upper sideband of the 

chroma information will pass 
through a color receiver. 

Experimentation proves that it is 

not necessary for the pure chroma 
information to have frequency com- 
ponents which extend as high as the 
components of the monochrome 
signal. Stated another way. the R. 
B, and G signals do not require rise 
times which are as steep as the rise 

time of the Y signal. While lumin- 
ance information must have fre- 
quency components above 3MHz to 
produce a pleasing picture, there 
will he no noticeable decrease in 
quality of a color picture if the up- 
per limit of the chroma information 
is only 600kHz. Thus, the chroma 
suhcarrier frequency should he ap- 
proximately 3.6MHz if we consider 
that the practical video bandwidth 
for color transmitters and receivers 
is approximately 4.2MHz. 

It has been shown that the signal 
energy which is produced by scan- 
ning an image is concentrated 
around the harmonics of the scan- 
ning frequencies. By the same rea- 
soning, we find that the energy con- 
tained in the chroma suhcarrier 
sidehands appears at frequencies 
which are the sum and difference of 
the suhcarrier and the line and 
frame frequencies. Therefore, a fre- 
quency which is an odd multiple of 
one-half the horizontal frequency 
must he used for the chroma sub - 
carrier so that the "interleaving" 
characteristic may he utilized. This 
subcarrier may be tentatively estab- 
lished by the following formula: 

f_ 15750X455 - 3,583125Hz ,_ 

2 

This frequency was not adopted 
because of an objectionable feature 
which became apparent. Mono- 
chrome receivers which employ an 
intercarrier sound system develop a 

4.5 -MHz signal at the output of the 
video detector. When this 4.5 -MHz 
signal beats with the color sub - 
carrier, a difference frequency of 
approximately 900k Hz results and 
this produces an objectionable pat- 
tern on the screen. When the beat 
frequency is an odd multiple of one- 
half of the horizontal scanning fre- 

quency, it is least objectionable. 
Since it would have been im- 

practical to change the 4.5 -MHz in- 
tercarrier frequency, another method 
had to he found. This was done by 
changing very slightly the horizontal 
scanning frequency for color. This 
new scanning frequency was com- 
puted as follows: 

f = 4' 281 6 - 15.734.264 Hz 

Thus, the 286th harmonic of the 
new line frequency equals the 4.5 - 
MHz intercarrier frequency. 

Since each frame must consist of 
525 lines, the color field frequency 
has been changed to 59,94 Hz. 
Finally, the color suhcarrier fre- 
quency becomes 3.579545 MHz. 

The new scanning frequencies are 

slightly below those which were 

chosen for black -and -white trans- 
mission; however, the changes 
amount to less than I %. These are 

ithin the tolerances that are 

allowed and do not affect the opera- 
tion of black -and -white receivers 
when receiving a color signal. For 
the purpose of maintaining close 
synchronization of color receivers. 
the tolerance for the suhcarrier fre- 
quency is held to ±.00030. or 
about ± I OHz; and the rate of 
change may not exceed I / 10Hz per 
second. The same percentage of 
tolerance also applies to the line 
and frame frequencies. and it is 

standard practice to develop all 
these frequencies from a common 
source. 

Now let's see how all this theory 
works out on a real, live TV set. 

Since the chroma signal falls within 
the handpass of the video amplifier. 
a dot pattern is actually produced 
on the screen of a receiver which is 

tuned to a colorcast. However, the 
interference is not visible because 
of a phenomenon known as "can- 
cellation efTect." This cancellation 
effect is actually nothing more than 
a way of taking advantage of a 

characteristic of the eve which has 

been known for a long time. The eye 

has the ability to actually integrate 
a series of visual signals and, con- 
sequently, it can detect a signal of 
very low intensity if it recurrs at 

corresponding points in each of a 

group of adjacent traces on a scope. 
This was discovered in radar tech- 
nology where it was found that an 

observer could detect a target whose 
amplitude was actually less than 

the amplitude of the receiver back- 
ground noise or "grass." 

Since it has been established that 
all of the sine wave components of 
the luminance signal are harmonics 
of the line and field frequencies. 
these components may be con- 
sidered to he in phase during suc- 
cessive lines or frames. Thus the 
signals on adjacent lines are additive 
and tend to reinforce each other. 
The eye tends to integrate these suc- 
cessive signals and consequently it 
"sees" not individual lines and 
frames, hut a composite of a num- 
her of them. 

Conversely, the interference sig- 
nal. which is the result of the 
3.579545 -MHz subcarrier, is ap- 
plied to the picture tube in opposite 
polarity on adjacent scanning lines. 
The eye tends to reject this signal 
because it averages the light pro- 
duced by the spots, and, of course, 
the average of the alternate dark 
and light spots is zero. 

Summary 
In this first chapter we have dis- 

cussed the fundamental operation 
of the color camera and the method 
by which the three color signals 
from it are used to develop the 
luminance and chrominance signals. 
These have to he transmitted sepa- 
rately so that a black -and -white re- 
ceiver can receive a color signal. 
The chrominance signals from the 
color camera are ultimately im- 
pressed on a suhcarrier in such a 

manner that they may he recovered 
by the color receiver. 

The chroma suhcarrier sidehands 
can be transmitted in the same 
spectrum along with the luminance 
or Y information because the lumi- 
nance signal energy is not evenly 
distributed in the spectrum, and so 

the two signals may be "interleaved" 
without interference. 

To achieve compatibility, slight 
modifications had to he made in the 
horizontal and vertical scanning fre- 
quencies. but these are so slight 
that the normal tolerances of re- 
ceivers will accept either scanning 
rates. 
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Chapter 2 

Tuner to video amplifier 

A color receiver may be divided 
into sections for the purpose of 
study. One of these is composed of 
those circuits which are more or 
less similar to their counterparts in 
a b -w receiver. As we shall see, 
some of these circuits are almost 
identical to their b -w ancestors, 
while others have been modified 
extensively to meet the more de- 
manding requirements of color re- 
ception. The remaining circuits of 
the color receiver have functions 
which are related specifically to 
color and have no b -w counterparts. 
This lesson will deal principally 
with the circuits in the first category. 
Fig. 1 is a functional block diagram 
of a color receiver. The circuits 
which are practically unchanged 
from their b -w counterparts are 
shown unshaded, those which have 
b -w counterparts but have been ex- 
tensively modified are shaded, and 
those circuits which are peculiar to 
color are crosshatched. 

Receiver Bandpass 

Before discussing the specific 
circuits used in RF and video IF 
amplifiers of color receivers, let's 
consider the bandpass requirements 
of a color receiver as opposed to 
black -and -white. Present-day b -w 
receivers of good design usually 
have an overall response from the 
mixer to the video detector output 
that is 3 to 3.25 MHz wide at the 

6dB points. This means simply that 
a video signal component at 3 MHz 
would produce only one-half the 
output voltage at the detector as 

one having a frequency of perhaps 
2 MHz. 

Typical color receivers of mod- 
ern desigr have responses which are 
3.58 to 4.0 MHz wide at the -6dB 
points. This is necessary to allow 
the color burst to pass through the 
IF strip and, more important, to 
allow the upper sideband of the 
color subcarrier to pass. From the 
first lesson, you will recall that the 
color burst has a frequency of 3.58 
MHz and that the upper sideband 
extends to about 4.2 MHz. While it 
may appear that these frequencies 
cannot pass the IF strip, we shall 
see later that the relative attenua- 
tion of these frequencies in the IF 
strip is compensated by the tuned 
circuits of the chroma bandpass 
amplifier. 

Still another requirement of the 
IF and RF bandpass of a color re- 
ceiver is the shape of the curve. 
Because of the tendency of the 
color subcarrier and the 4.5 -MHz 
intercarrier audio signal to beat in 
the chroma circuits and produce in- 
terference in the picture, the output 
stage of the video IF must have ex- 
cellent 4.5 -MHz trapping. (The 
sound is recovered from a point 
preceding this trap.) It is also im- 
portant that the slope of the IF 
response curve on each side of the 
lower -6dB point be constant so 

the overall response through the 
chroma amplifier will be smooth 
from 3.0 to 4.2 MHz. 

RF Tuner 

The function of the RF amplifier 
and mixer of a color receiver is the 
same as it is in a b -w receiver. It 
must tune to the 12 VHF channels 
and to the output of the UHF tuner 
with a reasonably constant noise 
figure across the band. However, the 
requirements for bandpass are more 
stringent, and the need for low noise 
is more pronounced in color, espe- 
cially in fringe areas. Thus, a tuner 
which was entirely satisfactory for 
b -w reception might prove inade- 
quate for color. 

Although a tilt or sag in the re- 
sponse curve of a monochrome 
tuner might be compensated in the 
IF amplifiers, it is necessary to pro- 
vide uniform response across the 
band for proper reception of color 
signals. A tuner having a response 
similar to Fig. 2 would produce ex- 
cellent results in a color receiver. 
It is interesting to note that since 
color receivers have become so pop- 
ular, some of the manufacturers are 
adapting their color tuners to their 
black -and -white sets. Two examples 
of this are the RCA tuner Model 
KRK118 and Zenith tuner Model 
175 -503. 

With the exception of tube fail- 
ures, both color and b -w tuners 
present only a moderate number of 
service problems. It is important. 
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Fig. 1. Functional block diagram of a typical color receiver. 

that the technician appreciate fully 
the necessity of accurate alignment 
and careful repair techniques when 
dealing with color tuners. It is 

possible to "repair" a tuner using 
slipshod methods or improper align- 
ment procedures only to find that 
color reception has been seriously 
impaired even though b -w reception 
is reasonably good. Many of the 
compromises which have become 
common practice in b -w receivers 
cannot he made in tuners used in 

color receivers. 
Video IF Amplifiers 

and Detector 
Although the function of the IF 

I- -I 

amplifiers in a color receiver is es- 
sentially the same as for a mono- 
chrome set, the bandpass require- 
ments are more stringent just as 
they were in the tuner. First of all, 
the purpose of the section is to 
amplify and select a certain band 
of frequencies as shown in Fig. 3. 

Notice that the sound carrier fre- 
quency ís lower than the video car- 
rier. This is due to the fact that 
the local oscillator in the tuner is 

tuned to a frequency above the 
channel and thus the sideband posi- 
tions are reversed. The transmitted 
upper sideband becomes the IF 
lower sideband and vice versa. 

-b MHz 

- 4.5 MHz - 
VIDEO 

CARRIER 3. 58 MHz 

e. 75 

PICTURE CHROMA 
CARRIER SUR -SOUND 

CARRIER CARRIER 47.E 

44. D 

SOI 

1 

CHR OM A 

SUB - 
CARRIER 

42. 17 

41.t5 

Fig. 2. Ideal tuner bandpass curve. Fig. 3. Typical IF bandpass curve. 

In the past dozen or more years, 
the video IF amplifier has evolved 
from a very complex circuit with 
six stages of amplification to con- 
temporary designs with, as few as 
two stages only slightly more com- 
plex than those used in present-day 
black -and -white receivers. The IF 
amplifier and video detector (RCA 
chassis CTCI9) shown in Fig. 4 

is a typical two -stage circuit. 
The mixer plate coil, L202, and 

the coupling transformer, L2, are 
tuned to approximately the center 
of the passband, and C14 controls 
the bandwidth of the combination 
by changing the amount of coupling. 
When properly adjusted, these com- 
ponents produce a passband at the 
grid of VI having - 6dB points at 
42.17 and 45.75 MHz. A2 is a 

sound trap which attenuates the 
sound carrier and produces a 

"notch" at 41.25 MHz. The com- 
bination of the tuned circuit, LI 
and C13, and R 19 form a second 
trap tuned to the sound carrier of 
the adjacent channel. Fig. 5 shows 
the actual bandpass curve seen at 
the plate of V I. At the time of ob- 
servation, L3 was swamped and, 
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Fig. 4. IF amplifier and detector of RCA CTC 19 chassis. 

therefore, had no effect on the 
curve. 

L3 is the interstage coupling cir- 
cuit between VI and V2. It is a 
fairly conventional double -tuned 
circuit and is adjusted so that a 

symmetrical curve having a 3.58 - 
MHz bandpass appears at the plate 
of V2 when the plate circuit is 
"swamped." 

The output of V2 is developed 
across two separate loads. The 
shunt -fed sound takeoff coil, L14, 
is resonant at the sound IF (41.25 
MHz). The audio must be recov- 
ered in front of the video detector 
because the sound IF freuency is 
trapped out before \ ideo detection. 
The remainder of the audio circuit 
will be discussed later. 

The second plate load of V2 is 
L4 which consists of a double -tuned 
coupling transformer and a 41.25 - 
MHz sound trap. The coupling 
transformer is overcoupled to in- 
crease its bandwidth and the two 

45.75 MHz 42. 17 MHz 

Fig. 5. Response curve at V1 plate. 

slugs are adjusted for symmetry 
and bandwidth so that the video 
output appears as shown in Fig. 6. 
Naturally, the sound trap (Al ) is 
tuned to trap out the 41.25 -MHz 
sound carrier. 

A final 4.5 -MHz sound trap, 
A 14, is located in the output of 
the video detector. Notice that there 
is a total of three sound traps in the 
receiver. These are necessary to 
completely remove the 4.5 -MHz 
beat from the video section, as even 
a minute signal will heat with the 
chrorna subcarrier in the color de- 
modulator and cause interference. 

The IF section of Admiral's 
I G 1 155-1. chassis (Fig. 7) is typi- 
cal of the three -stage IF amplifier 
currently in use. The interstage cir- 
cuit between the mixer plate and VI 
is similar to the circuit employed in 
the RCA chassis except that it does 
not have a 41.25-Mllz sound trap. 
L4, 1.6, and L7 comprise a stag- 
gered triple with the three trans- 
formers single -tuned to 45.75, 42.5. 
and 43.8 MHz, respectively. Notice 
that the sound IF takeoff is from 
the last IF amplifier plate as it was 
in Fig. 4. 

The input to the video detector is 

trapped at 41.25 N Hz to attenuate 
the sound carrier, and a 4.5 -MHz 
trap in the output of the detector 
further attenuates the sound. Al- 
though it is not shown in Fig. 7, 

there is one more 4.5 -MHz trap 
which is located in the grid circuit 
of the first chrorna bandpass ampli- 
fier. Thus, both the Admiral and 
RCA have the same number of 
traps, one adjacent -channel trap 
and three sound traps, although their 
locations in the circuit are different. 

Notice that the first and second 
IF amplifiers are "stacked." That 
is, the plate supply of the first tube 
is taken from the cathode of the 
second. This circuit is used in many 
receivers, both color and mono- 
chrome, and has the following ad- 
vantages: (I) Since the plate volt- 
age does not have to be dropped by 
a bleeder, the load on the power 
supply is decreased. (2) The sec- 
ond IF amplifier acts as a voltage 
regulator for the first IF stage to 
improve its stability and signal-to- 
noise ratio. (3) The AGC voltage 
which is applied to the grid of the 
first W amplifier is amplified and 
applied to the cathode of the second 

Fig. 6. Overall IF response curve. 



stage to improve the overall AGC 
action. 

Referring once more to Fig. 4, 

there are two outputs from the 
video detector. One of these drives 
a.. cathode follower and its output 
ultimately reaches the CRT cath- 
odes as the Y, or luminance, signal. 
The second output from the detector 
drives a sync and chroma amplifier, 
and this amplifier, in turn, supplies 
signal to the sync and AGC circuits 
as well as to the chroma bandpass 
amplifier. 

The video detector employed in 

the Admiral chassis (Fig. 7) has 

only one output which goes to the 
first video amplifier. Then the video 
signal is distributed to the sync, 
AGC, Y, and chroma circuits. 

Sound IF and Audio 

Except for the point of takeoff 
and the separate sound IF detector, 
the sound system of a color receiver 
is essentially the same as those in 

monochrome receivers. The sound 
takeoff point in a color receiver is 

normally the plate of the final video 
IF amplifier because one or more 
sound traps following this point se- 

verely attenuate the sound signal 
before it reaches the video detector. 
Fig. 8 shows the sound IF and audio 
section of Zenith Chassis 24MC32 . 

The 4.5 -MHz sound signal ,is de- 
veloped by the sound and sync de- 
tector which is connected to the 
plate of the third IF amplifier. The 
detector output is amplified by V6A 
and the sync pulses are supplied to 
the AGC and sync circuits. The 4.5 - 
MHz signal is amplified further in 

V6I3 and then detected by the quad- 
rature detector, V8A. The remain- 
der of the circuit is so familiar that 
no further explanation is warranted. 
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AGC and Sync 

Although it is conventional in 

operation. the AGC circuit is very 
important in color reception since 
variations in signal level in the video 
and chroma circuits will cause the 
color of the image, as well as the 
brightness, to vary. 

The AGC keyer, sync separator, 
and noise canceller circuit of the 
Admiral Chassis I G I 155-1 is 
shown in Fig. 9. During retrace 
time, the plate (pin 3) is supplied 
with a positive pulse from the high - 
voltage transformer. At the same 
instant, a positive sync pulse is ap- 
plied to the suppressor grid (pin 6). 
Also, at the same instant, a negative 
sync pulse is applied to the control 
grid; but its normal amplitude is 

insufficient to hold the tube in cutoff 
and k+e shall ignore it for the 
moment. 

With both the plate and suppres- 
sor grid driven positive, V6 con- 
ducts and charges the top of C4I 
negative. Col tends to discharge 
between pulses, but the time con- 
stant during discharge is so long that 
the voltage remains substantially 
constant between sync pulses. Since 
the amplitude of the pulse applied 
to the plate is constant, the amount 
of charge on C4I is determined by 
the amplitude of the sync pulses 
applied to the suppressor grid and. 
of course, the bias set by the AGC 
control. Thus an increase in the 
amplitude of the sync pulses causes 
a greater negative charge to accu- 
mulate on C41 and this decreases 
the gain of the receiver. 

If a noise spike should appear 
on top of (coincident with) a hori- 
zontal sync pulse, it seems that the 

charge on C4I would be excessively 
negative. This would cause a radical 
increase in AGC voltage and result 
in varying contrast on the CRT. To 
preclude this, negative sync pulses 
are applied to the control grid of 
V6. If a noise spike appears on 
top of the sync pulse, the tube 
simply does not conduct and the 
AGC voltage remains unchanged 
until the next normal sync pulse 
arrives. 

The voltage developed on C4I 
has high -amplitude pulses super- 
imposed on it and these must he 

filtered out before the voltage can 
he used for AGC. This is accom- 
plished by the long time constants 
of R35, C9 and R38, CIO. 

The sync circuit is conventional. 
The right side of V6 remains cut 
otT except when positive sync pulses 
are applied to its suppressor grid. 
The sync pulses are amplified and 
inverted by V6 and fed to the de- 
flection circuits. The control grid of 
.6 is common to both sides, and a 

noise spike "riding" a sync pulse 
also holds this side of V6 in cutoff. 
As a result, one sync pulse does not 
appear at the output, but this does 
not cause the deflection circuits to 
fall out of sync. 

Luminance Circuits 

The main function of the lumi- 
nance channel is to amplify the out- 
put of the video detector to a level 
Which is sufficient to drive the CRT 
cathodes. The channel may have 
one, two, or three stages depending 
on the video output level, the delay - 
line loss. gain per stage, etc. Fig. I 

shows two stages since this number 
is a reasonable compromise among 

several modern sets. 
While the luminance channel is 

similar in many respects to the video 
amplifier of a b -w receiver, it per- 
forms some additional functions. In 
many sets, the first luminance (or 
video) amplifier is used to amplify 
the signal fed to the sync and AGC 
circuits. In other sets, these signals 
are amplified separately or in con- 
junction with the sound IF signal. 
Some manufacturers take the 
chroma signal directly from the 
video detector to the chroma band- 
pass amplifier while others take this 
signal from the output of the first 
video amplifier. The luminance 
channel also introduces a specific 
delay in the brightness signal, con- 
tains the brightness and contrast 
controls, and has means for setting 
the signal levels at each of the in- 
dividual CRT cathodes. 

Fig. 10 was chosen to illustrate 
the luminance channel because it 
performs all of the functions men- 
tioned above. The output of the 
video detector passes through a 

4.5 -MHz trap and a peaking coil 
to the grid of V4A. The level of the 
composite video at this point is 

approximately 2.5 volts. 
Four outputs are derived from 

the plate circuit of V4A. A signal 
having a sync -pulse amplitude of 
60 volts is taken from the bottom 
of L 10 and fed to the chroma sec- 
tion. A 35 -volt signal from the 
bottom of R59 goes to the sync 
separator, and one having an am- 
plitude of 20 volts goes to the AGC 
keyer. The fourth output is applied 
to the grid of V4B through L 12 

and R6I. These components reduce 
the high -frequency response to at- 
tenuate the chroma subcarrier side - 
bands. A portion of the output of 
the vertical output tube is also 
coupled to this grid to provide 
vertical blanking. In modern color 
receivers, it is common practice to 
inject the vertical blanking pulse 
into the luminance channel. 

The delay line driver, V4B, is a 

triode because a fairly low output 
impedance is required. The type of 
delay line driver varies among sets 

of different make, but it is charac- 
terized by relatively low output im- 
pedance. Notice that the plate load 
resistor of V4B is only 6800 ohms. 
To drive the delay line, some manu- 
facturers use a cathode follower, 
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others use a bootstrap amplifier, and 
still others employ a transistor. 

One characteristic of any am- 
plifier circuit is that signals passing 
through it are delayed by an amount 
which is inversely proportional to 
the bandpass. Since the bandpass of 
the luminance channel is more 
broad than that of the chrominance 
channel, the transit time is about I 

microsecond less. If no correction 
were made, the Y signal would be 
presented on the CRT before the 
chrominance signal and the color 
would "trail" the black -and -white 
image approximately N/64 inches, 
where N is the width of the raster 
in inches. 

Although the term "delay line" 
may be new to some technicians, all 
have worked with transmission lines 
and coaxial cables which are, in 

reality, delay lines. As we all know, 
the velocity of propagation (speed) 
in a line is less than it is in free 
space, and so any transmission line 
could be used as the delay line in 

the luminance channel. The velocity 
of an electromagnetic wave is 300 
meters per microsecond in free 
space but only 200M/usec in RG- 
59/U cable. Thus 200 meters (656 
feet) of RG/59U would produce the 

desired delay. 

T T T T 
A. lumped constant line. 
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B. Early -model delay line. 

.:. ,...,. Yo 
.liuáíliiil- r C ' 

FIBRE INSULATION FOIL STRIP PLASTIC TUBE 

C. Modern delay line. 

Fig. 11. Evolution of delay lines. 

Unfortunately for the cable man- 
ufacturers, more convenient delay 
lines have been developed. Delay 
lines consisting of lumped constants 
(Fig. 1 1 A) have been used in many 
applications, but a "distributed con- 
stants" line is somewhat more eco- 
nomical. Fig. II B is a drawing of 
the cable used in an early General 
Electric receiver (Model 15CL 100). 

The inner conductor is wound a- 

round an insultating tube to increase 
its inductance, and a coating of 

powdered aluminum and styrene 
increases the shunt capacity. In this 
manner, a I -microsecond delay is 

achieved in only 18 inches of this 
cable. Fig. I I C shows a more re- 
cent delay line which is only about 
5 inches long. 

Four signals are applied to V4 
(Fig. 10). In addition to the delayed 
luminance signal and vertical blank- 
ing pulses, horizontal blanking 
pulses are inserted through R68 to 
the bottom of the brightness con- 
trol. The brightness control deter- 
mines the DC potential at the grid 
which, in turn, controls the plate 
voltage of V4 and, ultimately, the 
CRT cathode voltages. Notice that 
the lower ends of R65 and L14 are 
connected to the slider of the AGC 
control and the cathode of the AGC 
keyer. As the cathode bias of the 
AGC keyer tube is made more posi- 
tive, the AGC voltages is decreased. 
resulting in greater receiver gain 
and a darker picture. However, this 
same bias which is applied to the 
cathode of the AGC keyer is applied 
to the grid of V5. Thus, as an in- 
creased signal tends to darken the 
picture, the CRT brightness is auto- 
matically increased. 

The contrast (video gain) control 
located in the cathode circuit of V5 
functions in much the same fashion. 
As the resistance is decreased, the 
contrast is increased and the plate 
potential is reduced. This reduces 
the CRT cathode potentials to in- 
crease the brightness. 

The network in the plate circuit 
of V5 splits the signal into three 
separate signals which, in turn, are 
fed to the three CRT cathodes. 
While the red drive is fixed, the blue 
and green cathodes are connected 
through drive controls to provide for 
gray scale adjustments. In the 
"service" position, the service -nor- 
mal switch shorts the primary of 
L16 and removes the luminance 
signal from the CRT. (Another 
switch section is used to remove the 
vertical sweep.) 

An output is taken from the com- 
mon ends of R11, R12, and R201; 
and, after it is integrated or filtered, 
it is used as the control voltage for 
the high -voltage regulator. For ex- 

ample, if the brightness control is 

set for less brightness, the DC level 

of the CRT cathodes is made more 
positive. This increased positive 

level increases the conduction of the 
shunt regulator to compensate for 
the reduced conduction of the CRT. 
Thus, the load on the high -voltage 
power supply remains constant. 

Some of the receivers which were 
checked incorporated some type of 
video peaking control in the lumi- 
nance channel. This control changes 
the high -frequency response of the 
video amplifier to give a sharper 
or softer picture. If it is a back -of - 
set control, it should be set accord- 
ing to the owners preference. 

One important characteristic of 
all luminance amplifiers is often 
ignored by many technicians. Since 
all the stages in the channel are 
direct coupled, a. moderate change 
in voltage level at one point in the 
circuit may have drastic effects else- 
where. For example, suppose that 
R55 in the cathode circuit of V4A 
increases in value enough to make 
the cathode potential rise to 1 volt. 
If this were a conventionally cou- 
pled amplifier, there would be very 
little change in operation since the 
tube would continue to function 
reasonably well with a moderate 
increase in bias. Not so in a chain 
of direct -coupled amplifiers! The 
increase in positive cathode bias will 
cause the plate voltage to rise. 
Since the two succeding plates are 
direct coupled, this change in level 
is amplified just like any other 
signal. The voltage gain from the 
grid (or cathode) of V4A to the 
CRT is about 40, so the .5 -volt 
change at the cathode of V4A will 
cause the CRT cathodes to change 
about 20 volts. The change at the 
CRT cathodes would be positive, 
so a noticeable decrease in bright- 
ness would result. 

Because of this characteristic, it 
is very important to be sure that an 
abnormal voltage near the output 
of the channel is actually being 
caused by a component in that spe- 
cific area. Often the cause of trouble 
is far removed from the point where 
the symptoms are first detected. It 
is sound practice to check back to- 
wards the input until a point is 

reached where everything is normal 
and then examine the components 
just after this point. 

Power Supply 

The power supplies of color re- 
ceivers are quite similar to those 
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found in many b -w receivers. Fig. 
12 is the power supply of the RCA 
CTC19 chassis. While this power 
supply uses a full -wave bridge rec- 
tifier, full -wave doublers are used 
by some manufacturers. Some re- 
ceivers use B + voltages as low as 

280 volts, but a B + source nearer 
400 volts is more popular. All the 
sets checked used a power trans- 
former with a step-up winding for 
the rectifier and a separate filament 
winding for the shunt regulator and 
CRT. This winding is connected to 
B + to reduce the heater -cathode 
potential of these tubes. 

Nearly all present-day sets feature 
automatic degaussing and the cir- 
cuit in Fig. 12 is typical. When the 
receiver is off, the resistance of 
R198 is high while the resistance 
of R197 is low. When the set is 

turned on, AC flows through the 
rectifier and the degaussing coil 
which are effectively in series. A 
small current flows through R198, 
causing it to become warmer. This 
warming action decreases the re- 
sistance of R198 and this decreases 
the voltage drop across M 10 and 
R197. R197 is voltage sensitive, 
that is, its resistance increases as the 
applied voltage decreases. The ac - 

Fig. 12. Power supply of RCA CTC19 chassis. 

tion of R197 and R198 is cumula- 
tive, and so the current through the 
degaussing coil falls to zero after a 

few seconds. 

Summary 
Referring to Fig. 1, the color 

receiver circuits may be divided 
into three groups. One group com- 
prises those circuits which are simi- 
lar or identical to circuits found in 

b -w receivers: tuner, IF strip and 
video detector, most of the sound 
circuit, AGC keyer, sync separator, 
and the deflection oscillators. The 
video amplifiers, power supply, 
high -voltage supply, and deflection 
output circuits have b -w counter- 
parts; but these circuits have been 
modified extensively to adapt them 
for color. The third group includes 
the circuits which do not have 
counterparts in a b -w receiver. 
These are the chroma circuits, 
sound IF detector, convergence cir- 
cuits, video delay line, high -voltage 
regulator, and the focus rectifier. 

The tuner and IF circuits are 
modified only slightly to increase 
the response near the upper edge of 
the video passband. Additional traps 
are required to prevent interaction 
between the 4.5 -MHz sound carrier 

and the 3.58 -MHz chroma informa- 
tion. The additional traps make it 
necessary to move the sound takeoff 
point "forward" and use a separate 
sound IF detector. Otherwise, the 
sound system is conventional. The 
AGC and sync circuits are nearly 
identical to the ones found in mono- 
chrome receivers. 

The luminance channel performs 
the same functions as the mono- 
chrome video amplifier and also it 
has some additional features. It pro- 
vides for video delay, performs the 
retrace blanking, incorporates the 
brightness control, and, of course, 
it drives three CRT cathodes instead 
of one. The luminance channel is 

direct coupled and this can lead to 
service problems for the unwary 
technician. 

The power supply is essentially 
a "beefed up" b -w power supply. 
The usual B+ output is about 400 
volts with a current drain near 500 
ma. Automatic degaussing is ac- 
complished by the power supply as 

an additional function. 
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Chapter 3 

Deflection 
and 
High -Voltage 
Circuits 

In Chapter 2 of this book, the 
tuner, video IF amplifier, sound IF 
amplifier and output, luminance (or 
video) amplifier, and the sync and 
AGC circuits were discussed. All of 
these circuits are similar to circuits 
having the same functions in a 
black -and -white set. 

The tuner and IF circuits are 
modified only slightly to increase 
the response near the upper edge of 
the video passband. Additional traps 
are required to prevent interaction 
between the 4.5 -MHz sound carrier 
and the 3.58 -MHz chroma informa- 
tion. The additional traps make it 

necessary to move the sound takeoff 
point "forward" and use a separate 
sound IF detector. Otherwise, the 
sound system is conventional. The 
AGC and sync circuits are nearly 
identical to the ones found in mono- 
chrome receivers. 

The luminance channel performs 
the same functions as the mono- 
chrome video amplifier and also it 
has some additional features. It pro- 
vides for video delay, performs the 
retrace blanking, incorporates the 
brightness control, and, of course, 
it drives three CRT cathodes instead 
of one. The luminance channel is 

direct coupled and this can lead to 
service problems for the unwary 
technician. 

Vertical Deflection Circuit 

The circuit most frequently used 

to generate the vertical deflection 
current is a modified free -running 
multivibrator. The modifications are 
incorporated to change the usual 
square -wave output into a wave- 
form which produces a sawtooth 
current through the deflection coil 
or yoke. Since the impedance of the 
yoke is inductive, current lags the 
voltage; and so the multivibrator 
output waveform rises very steeply, 
decays steeply to about one-half its 
maximum, and then decays at an 
almost linear rate. 

The circuit shown in Fig. 1 is 
from the Zenith 24MC32 chassis. 
This circuit is typical of many re- 
ceivers although several sets exam- 
ined used the old, familiar twin - 
triode configuration. We also noted 
that some circuits have the hold 
control in the cathode circuit instead 
of the grid circuit of the normally 
cutoff tube. 

Consider the circuit at a time 
when the vertical sweep is approach- 
ing the bottom of the CRT. The 
grid of V9 is swinging in a positive 
direction as current flows upward 
through R97 to charge the right side 
of C45. The current through V9 
and the deflection coils is increasing 
at a linear rate. V7 is cut off by 
the negative charge at the top of 
C46 although this voltage is ap- 
proaching the level where the tube 
can go into conduction. 

Shortly before V7 would go into 
conduction spontaneously, the nega- 

tive, integrated vertical sync pulse 
is applied to the grid of V9. The 
following things all happen in a 
eery few microseconds: 

I. The current through V9 is 

diminished. 
2. The field around the deflec- 

tion coils begins to collapse, causing 
a positive spike to begin forming at 
the plate of V9. 

3. This positive pulse is coupled 
to the grid of V7 causing it to 
conduct. 

4. The plate of V7 swings in a 
negative direction and this negative 
spike is coupled to the grid of V9. 

5. V9 is cut off and the plate 
rises to a peak of several hundred 
volts as a result of the total collapse 
of the field around the deflection 
coils. 

6. The collapsing field drives 
the electron beam to the top of the 
CRT, ready to begin another down- 
ward scan. 

7. The positive spike is coupled 
from the plate of V9 to the grid 
of V7. This drives V7 into satura- 
tion, the grid draws heavy current, 
and a negative charge collects at the 
top of C46. When the spike from 
the plate of V9 is ended, C46 be- 
gins discharging through R93 and 
R4 and this cuts off V7. 

8. As soon as V7 returns to 
cutoff, its plate swings positive. This 
positive -going pulse partially dis- 
charg..s C45 and allows V9 to re- 
sume conduction. 
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Fig. 1. Vertical multivibrator of the Zenith 24MC32 chassis. 

When V9 begins conduction, the 
trace begins its downward deflection. 
The grid voltage of V9 gradually 
becomes more positive as current 
flows upward through R97 to charge 
C45. This increases the current 
through V9 and the deflection coils 
to produce the vertical sweep. 

There are three controls in the 
vertical circuit: hold, size, and lin- 
earity. The hold control determines 
the time required for C46 to dis- 
charge to the point where V7 can 
conduct, If this discharge time is 

too short, (free -running frequency 
too high) a new vertical scan will 
have started before the arrival of 
the next sync pulse and the picture 
will roll down. If the free -running 
frequency is slightly lower than the 
scan rate, the vertical multivibrator 
synchronizes normally. 

The size control determines the 
plate saturation voltage of V7. The 
difference between saturation volt- 
age and B + is the amplitude of the 
signal which is coupled to the grid 
of V9 and this ultimately determines 
the amplitude or size of the sweep. 

The voltage at the grid of V9 is 
not completely linear since it is a 

portion of the exponential charging 
curve of a capacitor: however, V9 

is not linear either (gain is different 
at various bias levels). By proper 
adjustment of the linearity control, 
a level of bias is obtained that 
causes these two inherent nonlin- 
earities to be equal and opposite. 

The network consisting of C47, 
K2, R98, and C50 shapes the feed- 
back pulse to the grid of V7. The 
shape of this pulse determines the 
conduction time of V7 and this de- 
termines the retrace time. M7 dis- 
ables the multivibrator for color 
setup purposes. R102 and R103 are 
loading resistors across the deflec- 
tion coils. They prevent the coils 
from oscillating at the end of the 
retrace interval. The resistance of 
R95 decreases with temperature 
rise to compensate for the increase 
in resistance of R96, R8, and R4 
as the temperature rises. 

Some sets use a vertical centering 
circuit to control a small DC cur- 
rent which flows through the vertical 
deflection coils. This current either 
aids or opposes the vertical deflec- 
tion current to shift the entire raster 
up or down. 

Horizontal Phase Detector 

The horizontal oscillator and its 

synchronizing circuits used in color 
sets are no different than those used 
in h -w receivers. The schematic 
shown in Fig. 2 is the horizontal 
phase detector circuit used in the 
Philco 160T85 chassis. The two 
inputs to the phase detector are 
compared to determine their rela- 
tive timing and a correcting voltage 
(error signal) is developed to correct 
the oscillator frequency. 

Negative sync pulses from the 
sync separator are applied to the 
junction of the cathodes of the 
phase detector diodes and both 
diodes conduct. This places a nega- 
tie charge on the tops of C75 and 
C52. Between sync pulses, these 
capacitors discharge as follows: 
C75 discharges downward through 
RI 13 causing the anode of X20 to 
be negative with respect to ground. 
C52 discharges downward through 
R 112 causing the bottom of R 112 
to be positive with respect to its top. 
Since the voltage at the bottom of 
R 112 cannot be negative with re- 
spect to the top of R 113 and the 
voltage drops across RI12 and 
R l 13 are nearly equal, the voltage 
measured from the top of R 112 

(or C52) to ground is nearly zero. 
At about the same time that the 
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Fig. 2. Horizontal phase detector of the Philco 16QT85 chassis. 

sync pulse is applied to the junction 
of the diode cathodes, a negative 
pulse from the horizontal output 
transformer is supplied to the junc- 
tion of C76 and C77. This drives 
electrons away from the top of C76 
and down through R 112 and R Ill. 
During the interval between pulses, 
the current flows back up through 
R l 1 1 and R 112 producing a posi- 
tive -going sawtooth at the top. 

Now consider the interaction of 
the two separate actions which re- 
sult from the sync pulse and the 
feedback pulse. Referring to Fig. 
3A, we see the phase relation of the 
two voltages when the oscillator is 

operating at the correct frequency. 
The sync pulse arrives shortly after 
the start of the negative -going feed- 
back pulse. Since X19 can conduct 
only until its anode becomes neg- 
ative with respect to its cathode. 
only a portion of the electrons that 
could be supplied by the sync pulse 
actually get to the top of C52. Dur- 
ing the long interval between sync 
pulses, some of the electrons re- 
quired to recharge the top of C76 
are supplied from C52 and the re- 
mainder Now upwards through RIII 
and R 112. Since the total -current 
through RIII and R112 has been 
diminished by the action of the 
feedback pulse, the average -voltage 
at the top of C76 is less positive 
than it would be in the absence of 
the sync pulse. 

Fig. 3B illustrates the action of 
the phase detector if the oscillator 
frequency is too high. The feedback 

pulse is shifted to the left from its 
normal position and the anode of 
X19 is driven farther negative be- 
fore the sync pulse arrives. As a 

result, fewer (or none) of the elec- 
trons supplied by the sync pulse 
are actually deposited on the top of 
C52. During the interpulse interval, 
all of the electrons must flow up- 
wards through R 1 1 1 and R 1 12 and 
the voltage at the top of C76 is 

more positive. 
Inspection of Fig. 3C shows that 

if the feedback pulse arrives too 
late (frequency low), a greater por- 
tion of the sync pulse electrons 
reach C52 and the average voltage 
at the top of C76 is less positive 
than before. 

Referring once again to Fig. 2, 

R 115, R 116, R 1 17, C79 and C80 
form the anti -hunt network. This is 
essentially an integrating circuit 
v.hich smooths the voltage at the 
top of C76 into an almost constant 
level. If the integrations are too 
great (time constants too long), hori- 
zontal pulling will result because 
the AFC tube will not correct the 
frequency quickly enough. On the 
other hand, too little integration 
will cause horizontal jitter because 
the AFC tube will tend to overcor- 
rect the frequency (hunt). 

From this discussion of the phase 
detector circuit, we learn that an 
increase in oscillator frequency re- 
sults in a positive -going error signal 
at the grid of V7. While this is 
true of this specific circuit, some 
circuits are designed so that the 
exact opposite is true. That is, in- 
creased frequency produces a neg- 
atie-going error signal in some 
receivers even though the circuit 
configuration is quite similar. 

Horizontal AFC and Oscillator 
Referring to Fig. 4 which is the 

schematic of the AFC and oscil- 
lator circuits of the same Philco 
I6QT85 chassis, the error signal is 

applied to pin 9 of V7. However, 
before attempting to understand the 
operation of the AFC tube, the op- 
eration of the oscillator must be 
thoroughly understood. 

The oscillator is basically a Hart- 
ley type although the tank circuit 
capacity, as well as the inductance, 
is tapped. The waveshape of the 
oscillator output is modified by R - 

SYNC PULSE 

FEEDBACK PULSE 

A. Horizontal frequency correct. 

SYNC PULSE 

FEEDBACK PULSE 

B. Horizontal frequency too high 

SYNC PULSE 

FEEDBACK PULSE 

C. Horizontal frequency too low. 

Fig. 3. Horizontal sync and feedback pulses. 
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124 and C88 before it is applied to 
the output tube. V7B is grid -leak 
biased by R122 and C84. 

The frequency -determining cir- 
cuits of the oscillator are L37, C85, 
C86, and the AFC tube. Insofar as 

an AC signal is concerned, the AFC 
tube is shunted across CR6, and so 

the current through V7A is part of 
the total current of the tank circuit. 

V7A has two inputs, the error 
signal from the phase detector and 
also the 15,750 -Hz signal present 
at the cathode of V7B. This second 
signal is shifted in phase by the 
combination of C81, R 117, and C80 
so that the voltage at the grid of 
V7A is leading the voltage at the 

cathode of V713. This leading volt- 
age causes a leading current to flow 
through V7A and through the tank 
circuit. From basic electronic the- 
ory, we recall that a leading current 
is a capacitive current, and so the 
current of V7A appears as an ad- 
ditional capacitive current in the 
tank. Thus, as the error signal goes 

positive, the capacitive current in- 
creases and the resonant frequency 
decreases to reduce the error. 

R4 and R 120 set the bias of V7A 
and determine the free -running fre- 
quency of the oscillator. The error 
signal at the grid of V7A causes the 
capacitive current to vary above or 
below this level to maintain hori- 
zontal sync. 

It was pointed out earlier that the 
direction of the error signal gen- 

erated by the phase detector can be 

either positive or negative for a 

given frequency error. It is also 

possible to change the AFC circuit 
from the one shown in Fig. 4 so 

that a positive error signal at the 
grid will increase the frequency 
rather than decrease it. One way of 
doing this is to interchange the 
values of C80 and C8I. Now, the 
feedback would lag and the current 
through V7A would appear induc- 
tive rather than capacitive. 

There are numerous other cir- 
cuits which are used to generate the 
horizontal time base. Space limita- 
tions do not allow an exhaustive 
analysis of each of them in this 
course. For most service problems, 
the technician will be able to solve 
the difficulties if he will simply take 
time to identify the frequency - 
determining components and deter- 
mine the direction of the error signal 
from the phase detector. 

Horizontal Output and 
High -Voltage Circuits 

Regardless of the oscillator and 
AFC circuits used, the designs of the 
horizontal -output sections used by 
various manufacturers are similar. 
In many respects, the circuits are 
the same as ones used in mono- 
chrome receivers, but the whole 
horizontal deflection system has been 
"beefed up" for several reasons: 

I. The ultor (high -voltage anode) 
voltage (about 25 kv) is higher than 
it usually is in b -w receivers, and 
the CRT beam current is increased 
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Fig. 4. Horizontal oscillator and AFC of the Philco 160T85 chassis. 

three -fold. 
2. The shunt regulator draws 

additional current from the ultor 
supply. 

3. The boosted B + has a higher 
potential and the load is greater. 

4. The focus rectifier and 
bleeder, the convergence circuits, 
and the pincushion circuits extract 
power from the horizontal output 
circuit. 

The schematic of the horizontal 
output and high -voltage circuit used 
in the Zenith 25LC30 chassis is 

shown in Fig. 5. The yoke is driven 
in the conventional manner by taps 
on the primary of the high -voltage 
transformer. A secondary winding 
is used to obtain the voltages neces- 
sary for convergence, horizontal 
AFC, and keying of the AGC, color 
killer, and burst amplifier. 

The anode supply for the focus 
rectifier is obtained from a tap on 
the primary of the high -voltage 
transformer. The output of V I S is 

divided by the bleeder consisting of 
R 130. R 13 I . 12 132. and R20; and 
the focus voltage is controlled by the 
setting of R20. C68 is a filter for 
the focus supply and R133 is an arc 
protector. 

The ultor voltage is developed in 
the usual manner but, unlike b -w 
supplies, it is regulated by a shunt 
regulator. Regulation is accom- 
plished by the special regulator tube 
(V 16). R I9 is used to set the bias 
on V 16 so that it is near cutoff when 
an all -white picture is being dis- 
played. As portions of the picture 
are made black or gray, the CRT 
beam currents decrease and the ultor 
supply voltage tends to rise. The 
boosted B + also rises and this posi- 
tive -going voltage is used to de- 
crease the bias on V16. Thus, V16 
conducts more, the load on the ultor 
supply remains constant, and the 
ultor voltage is stabilized. 

Some manufacturers use the aver- 
age potential of the CRT cathodes 
as a control voltage for the ultor 
regulator. A black picture is pro- 
duced by a positive -going voltage at 
the CRT cathodes, and this voltage 
(in lieu of the boosted B +) is used 
to increase the conduction of the 
regulator tube. 

A rather unique approach to the 
problem of high -voltage regulation 
is illustrated in Fig. 6. This is a 

schematic of the horizontal output 
and high -voltage section of the Ad - 
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Fig. 5. Horizontal 

nliral 1G1155-1 chassis. Notice that 
no shunt regulator is used. 

A feedback pulse from the sec- 

ondary winding ( terminals I and 2) 
of T4 is rectified by X10 and the 

resulting voltage is added to the bias 

supply for the horizontal output 
tubes. This total bias determines the 

amount of drive to the high -voltage 
transformer and, finally, the poten- 
tial of the ultor supply. 

As the CRT beam currents in- 
crease and load the supply, the am- 
plitude of the feedback pulse is 

decreased and this results in a lesser 
bias voltage at the grids of V I O and 
VII. This causes V I O and VII to 
conduct more heavily to increase the 
ultor voltage. 

output and high -voltage circuit of the Zenith 
While this system is adequate, it 

does allow some variations in the 
high voltage. In order to maintain 
good focus over a range of ultor 
voltages. the focus voltage is made 
to "track- the ultor voltage. This is 

accomplished by. R 141 and R 142 
along with their filter. C99. As the 
CRT beam currents increase, the 
voltage across R141 and R142 in- 
creases and this voltage is added to 
the output of the focus rectifier to 
adjust the focus automatically for 
changes in CR"T current. A slight 
change in width as the brightness 
control is rotated is normal in re- 
ceivers using this circuit. 

The horizontal output and high - 
voltage circuits of the RCA CTCI6 

25LC30 chassis. 

chassis are shown in Fig. 7. In this 
circuit. the focus rectifier is con- 
nected to the plate of the horizontal 
output tube and develops 4 to 4.5 
kv. The ultor-voltage supply and 
regulator are similar to the Zenith 
chassis discussed earlier. but the 
regulator control voltage is derived 
from the CRT cathodes. 

The horizontal -centering problem 
is solved by driving the yoke with 
two identical windings of the high - 
voltage transformer. A 10 -ohm 
potertiometer used as a centering 
control is connected between ter- 
minals 3 and 4, and a small DC 
potential exists across it. One end 
of the yoke is connected to the cen- 
ter arm of the control. Depending 
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Fig. 7. Horizontal output and high -voltage circuit of the RCA CTC16 chassis. 

on the setting of the control, a small 
DC current can be caused to flow in 
the yoke to change the centering. 

A third method of high voltage 
regulation has been developed in 

the Zenith 23XC38 chassis. The 
horizontal output circuit is shown 
in Fig. 8. This circuit uses a type 
6HS5 regulator (V21) whose cath- 
ode and plate are connected to B + 
and a tap of the horizontal -output 
transformer, respectively. Since the 
tube is operating at potentials which 
are much lower than those encount- 
ered in the conventional shunt reg- 
ulator circuit, there is no need for 
radiation shielding or a double - 
ended envelope for the tube. 

The control signal for V21 is de- 
rived from a divider network con- 
sisting of R82, R83, and R84 con- 
nected between a portion of the 
boosted B+ supply and ground. 

R83 is used to set the bias level of 
V2I and this ultimately adjusts the 
ultor supply voltage. A second volt- 
age is also applied to the grid of 
V21. This is a positive pulse taken 
from the cathode circuit of the hor- 
izontal oscillator. 

Assume a white raster which re- 
sults in maximum loading of the 
ultor power supply. The boosted 
B + potential is minimum and the 
bias on V2I is maximum. Under 
these conditions, the conduction of 
V21 is minimum and the regulator 
has little effect on the output voltage 
of the ultor supply. 

Under black -raster conditions, 
there is no load on the ultor supply 
and this voltage tends to rise. The 
boosted B + also tends to rise and 
the bias of V21 is reduced. The 
horizontal -oscillator pulse causes 
V21 to conduct during the retrace 
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interval and this conduction loads 
the horizontal output transformer. 
Stated another way, V21 clips the 
positive excursion of the "ringing" 
or flyback pulse of the horizontal - 
output transformer and this tends 
to reduce the ultor supply voltage. 
The amount of clipping (or loading) 
is determined by the boosted B+ 
potential which, in turn. is deter- 
mined by the load on the ultor sup- 
ply. As the raster changes from 
black to white, the conduction of 
V21 becomes progressively less and 
so the ultor supply voltage is stabil- 
ized. 

The regulator tube is pulsed on 
only during horizontal retrace for 
two reasons: 

I. Since V2I is cut off during 
the forward scan, it does not affect 
the width of the raster. 

2. Since V2I conducts only dur- 
ing retrace, the duty cycle is low 
and only a minimum amount of 
power is extracted from the hori- 
zontal -output circuit. This also min- 
imizes the plate -dissipation require- 
ments for V21. 

Summary 
In this chapter, we have analyzed 

the power supply and deflection cir- 
cuits. The principal difference be- 
tween these circuits and their b -w 
counterparts is that greater power - 
handling capability and greater sta- 
bility are required in the circuits of 
color receivers. 

Fig. 8. Horizontal output circuit in Zenith 23XC38 chassis. 
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Chapter 4 

Block Diagram Analysis 
of Chroma Circuitry 

As we have seen from Chapters 2 

and 3 of this book, much of the 
circuitry of a color receiver is simi- 
lar to that which is found in a well - 
designed monochrome set, a n d 
many of the modern circuit re- 
finements are nothing more than 
the result of the normal progress 
of the art of electronics. The two 
sections of a color TV whose cir- 
cuits differ from black -and -white 
circuitry are the chrominance chan- 
nel and the picture tube itself. 

In considering the chrominance 
circuits and the color picture tube, 
it is well to remember one impor- 
tant point: Black -and -white TV de- 
signers in the late '40's had a 
wealth of information from which 
to draw, including a great amount 
of practical experience obtained 
from WW II electronics devices 
similar to television. On the other 
hand, many brand-new concepts 
were involved in the design of the 
first color sets. Thus, the chroma 

circuits are of . much more recent 
design and are still undergoing a 
certain number of "growing pains." 

To cite two examples, consider 
the continuing development of the 
color CRT and the numerous var- 
iations in demodulator designs in 
present-day sets. In this discussion 
of the chrominance circuits, we will 
consider the more popular present- 
day designs, realizing that radically 
different designs are a possiblity. 

Block Diagram 

Figs. 1 and 2 are block dia- 
grams of two chrominance circuits. 
The essential difference is whether 
high-level or low-level chroma de- 
modulation is used. Low-level 
demodulation (Fig. 1) is an earlier 
design but it is by no means ob- 
solete. At present, all the major 
manufacturers, with the exception 
of Admiral, Motorola, and Zenith, 
are using low-level demodulation. 
As shown in Fig. 2, the Zenith de- 
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Fig. 1. Functional diagram of a chroma circuit using low-level demodulation. 

sign uses two tubes in the high-level 
demodulator while Admiral and 
Motorola use only a single tube. 

Most of the sets that use low- 
level demodulation use two demod- 
ulator tubes operating on the X 
and Z axes. Three color -difference 
amplifiers are used, R - Y, B - Y, 
and G - Y. The input for the G- Y 
amplifier is derived from a matrix 
circuit driven by the other two dif- 
ference amplifiers. 

General Electric has developed 
a demodulator circuit using diodes 
in a modified phase -sensitive de- 
tector. Some of their sets use three - 
axis chroma demodulation, but oth- 
ers demodulate only two axes and 
derive a third signal, G - Y, from a 
matrix. In either case, R- Y, 
B - Y, and G- Y color -difference 
amplifiers are used. Electrohome 
also uses diode demodulators in 
some of their models. 

Referring to Fig. I, there are four 
major functions which the chroma 
circuits must perform. They must 
reconstitute the 3.58 -MHz color 
reference signal, amplify the 
chroma sidebands, demodulate 
these sidebands to develop the 
R - Y, B - Y, and G -Y color - 
difference signals, and amplify the 
difference signals to a level which 
is sufficient to operate the picture 
tube. (These last two functions are 
combined in circuits using high- 
level demodulation.) The chroma 
circuits perform two auxiliary func- 
tions, color killing and horizontal 
blanking; however, these are not 
essential to color operation. In fact, 
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the color killer only operates dur- 
ing b -w reception, and not all 
chroma circuits have blanking. 

The Reference Signal 

From Part 1 of this book, we 
recall that the 3.58 -MHz chroma 
subcarrier was suppressed at the 
transmitter. There are two reasons 
for suppressing this subcarrier: 
I. The energy contained in the 

subcarrier would be part of the 
total available transmitter pow- 
er and the useful signal power 
would be decreased accordingly. 

2. The presence of a strong 3.58 - 
MHz signal at the video detec- 

tor of the receiver would make 
it very difficult to prevent a 920 - 

kHz heat from appearing in the 
picture. This interference could 
have been trapped out of sets 
built subsequent to the date 
when the color transmission 
standards were implemented. 
but b -w receivers already in 
service at that time would have 
been almost useless during 
color broadcasts. 

Since the chroma subcarrier is 

suppressed at the transmitter, it 

must he regenerated in the re- 
ceiver. This is accomplished by 
the 3.58 -MHz reference oscillator. 
This is a crystal -controlled oscil- 
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Fig. 3. Sync pulse and color burst 

circuit using high-level demodulation. 

lator whose phase is controlled by 
the color burst signal which is part 
of the transmitted composite video. 

The color burst is a short burst 
of the 3.58 -MHz signal generated 
in the color modulator. A minimum 
of eight cycles of this signal is trans- 
mitted immediately following each 
horizontal sync pulse. Fig. 3 shows 
the position and amplitude of the 
color burst relative to the hori- 
zontal sync pulse. This waveform 
may he observed at the output of 
the video detector of the receiver 
and this is a convenient starting 
point when troubleshooting a no - 
color condition. 

Referring again to Fig. I, the 
composite video signal, including 
the color burst, is applied to the 
input of the burst amplifier which 
is biased below cutoff. A second 
input of the burst amplifier is an 
"on" gating pulse. usually taken 
from the horizontal output trans- 
former. Thus. the burst amplifier 
is a coincidence gate which can 
amplify only the color burst. 

After the color burst is separa- 
ted from the remainder of the com- 
posite video by the burst amplifier, 
it is applied to the phase detector. 
The function of the phase detector 
is similar to the familiar horizontal 
phase detector in that it compares 
a synchronizing signal with a lo- 
cally generated signal and develops 
an error voltage proportional to 
the difference in phase of the two. 
This error signal is used by the AFC 
circuit to correct the phase of the 
3.58 -MHz reference oscillator and 
synchronize it with the color burst. 

The reference oscillator is a cry- 
stal -controlled oscillator which op- 
erates at the exact frequency of 
the reference oscillator at the trans- 
mitter. The FCC standards for the 

oscillator at the transmitter are 
3.579545 MHz ± .0003% with a 

maximum rate of change of fre- 
quency not to exceed .1 Hz per 
second. In a well -designed receiver, 
the reference oscillator output ap- 
proaches this same precision be- 
cause it is corrected at the start of 
each horizontal trace-I 5.734 
times per second. 

Returning for a moment to the 
burst amplifier, let's consider its 

second function. During a color - 
cast, a portion of the burst signal 
is used to cut off the color killer 
tube. During a black -and -white 
broadcast, the color killer conducts 
and biases the chroma bandpass 
amplifier below cutoff to prevent 
colored "snow" from .appearing on 
the CRT. 

Bandpass Amplifier 

The chroma bandpass amplifier 
is similar to a conventional IF am- 
plifier having a center frequency of 
3.58 MHz. Fig. 4A is the chroma 
amplifier response curve of Zenith 
Chassis 24MC32 which uses two 
stages of amplification. and Fig. 4B 
shows the response of the single - 
stage amplifier of the RCA Chassis 
CTCI9. Notice that the Zenith re- 
sponse is somewhat broader. Nearly 
all current sets have response 
curves which lie within the limits 
set by these two curves. 

The curves obtained in Figs. 4A 
and 4B were obtained by injecting 
a signal from a sweep generator at 

3,0t 3.58 ,4,1 

4.50 

(A) Zenith Chassis 24MC32. 

3.08MC 4.08MC 

75% MIN. 

1 

(B) RCA Chassis CTC 19. 

Fig. 4. Bandpass amplifier response. 
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the video detector output and ob- 
servine the response at the signal 
grid of a demodulator. An interest- 
ing variation in the method of de- 
termining the response is discussed 
in an article by Carl I3ahcoke which 
appeared in TEST EQUIPMENT 
CYCI.OPEI) IA, Howard W. Sams 
& Co.. Inc.; Cat. #50007. Using 
this method, known as "video 
sweep modulation" (VSM). a sig- 
nal at the receiver intermediate fré- 
quency (45.75 MIIz) is modulated 
by a video -frequency sweep gen- 
erator operating between approxi- 
mately 2 and 5 Mllz with suitable 
markers injected. 1 he response 
curve shown in Fig. 5 is typical of 
the curve that should he observed 
at a demodulator grid. This method 
of observing the response of the 
chroma handpass amplifier takes 
into account any misalignment of 
the video IF strip and is a valuable 
"quick - check" for overall align- 
ment of the receiver. 

This rather lengthlv discussion of 
the handpass characteristics of the 
chroma amplifier and the reference 
to overall bandpass was included 
because of the importance of cor- 
rect handpass in obtaining a good 
color picture. Even the rather mod- 
erate change in response shown in 
Fig. 6 (same method of observation 
as Fig. 5) will seriously degrade 
the color performance of a set. In- 
deed, there are cases on record 
where a too sharply tuned antenna 
has made color reception impos- 
sible even though the receiver band- 
pass was well within tolerance. 

Fig. 5. Typical overall response of IF 

and chroma (VSM method). 

1....._\_sr\f) 

i 

T 

Fig. 6. Incorrect overall response curve 
(VSM method). 

Again referring to Figs. I and 2, 

the input to the chroma bandpass 
amplifier is the 3.58-\lHz chroma 
information. The 4.5 -MHz audio 
subcarrier is rejected by traps. dis- 
cussed in Part 2 of this series. and 
the luminance or Y signal and the 
sync pulses are blocked by a small 
couplint' capacitor between the 
video detector and the handpass 
amplifier. The design of some re- 
ceivers (the RCA CTC 12 chassis. 
for example) incorporates a circuit 
which cuts off the handpass ampli- 
fier during horizontal retrace. 

Generally, a single -stage band- 
pass amplifier is used in conjunc- 
tion with low-level demodulators. 
and two stages of amplification pre- 
cede a high-level demodulator. At 
any rate, the output of the hand - 
pass amplifier, which is applied to 
the demodulators, is a 3.58-MHIz 
signal whose phase is determined 
by the hue of the picture being 
transmitted at that particular mo- 
ment. The amplitude of this same 
3.58-N Hz signal is determined by 
the intensity, or degree of satu- 
ration, of the hue. 

Chroma Demodulation 

In part I of this series, it was 
explained how the three primary 
colors could he modulated on a 

single carrier without losing any 
of the information. By a rekersal 
of this modulation process. the 
color information may he obtained 
from the chroma signal. It is not 
necessary to demodulate on three 
separate phase axes since the third 
color -difference signal usually 
(G - 1" ) may be derived from a suit- 
able combination of the other two 
(R -Y and 13- Y). The G-Y volt- 
age is a combination of -.51 R -Y 
voltage and -.19 B -Y voltage. 
Ec - E = -.51 (E,, - Er) - .19 (E., - Er). 

It can be proven mathematically 
that the chroma signal can be de- 
modulated on nearly any pair of 
axes, but considerations of economy 
in design have resulted in the use 
of the X and Y axes in most sets. 
However, some manufacturers 
(Admiral and Zenith, for example) 
use the R -Y and B- Y axes. Fig. 
7 shows the more important phase 
angles involved in color modulators 
and demodulators. The 1 and Q 
axes are no longer being used for 
demodulation, by the way. 

An inspection of Fig. 7 will show 
that the R -Y and 13 -Y axes are 
not far removed from the X and 
Z axes. Thus, the axes of demodu- 
lation of nearly all sets of current 
design are approximately the same. 

Referring to Fig. I, the chroma 
signal is applied to the X and Z 
demodulators in the same phase. 
A potentometer in the output of the 
handpass amplifier is used to adjust 
the amount of color signal which is 

fed to the demodulators. This is a 

front -panel control and is usually 
labeled "Color" 

A second input, from the refer- 
ence oscillator, is also fed to the 
demodulators; however, the phase 
of the reference signal is not the 
same at each demodulator. If the X 
and Z axes are being used, the 
reference signals at the two demod- 
ulators differ by 63.9°; or, in the 
case of R -Y and 13 -Y demod- 
ulators, the phase difference is 90°. 

In an}' event, the function of the 
X demodulator is to produce an 

output which is proportional to the 
chroma information present along 
this particular axis. By the same 
token, a Z demodulator produces 
an output corresponding to the 
chroma information on the Z axis, 
an R -Y demodulator detects the 
information present on its axis, etc. 
We will take up the specific cir- 
cuitry of the various demodulators 
later in the series. 

While many texts explain the 
operation of the demodulators by 
proving what .outputs will be pre- 
sent for a number of hypothetical 
input -signal phases, it is perhaps 
more meaningful to show the de- 
modulator outputs which result 
when a keyed -rainbow signal is fed 

Fie. 7. Chroma demodulator axes. 
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Fig. 8. Keyed -rainbow chroma signal, 
CRT presentation, and phases. 

into the set. Fig. 8 shows the wave- 
form that will be observed at the 
signal grids of the demodulators. 
Notice that there are eleven energy 
pulses, in addition to the color 
burst, although only ten bars are 
normally seen on the color receiver. 
The eleventh pulse occurs during 
retrace and cannot be seen, and, 
of course, the burst pulse is in- 
visible on the CRT. Fig. 8 also 
shows the color bars produced by 
the first ten energy pulses along 
with the phase angle of the chroma 
signal at the center of each color 
bar. The various axes which were 
shown in Fig. 7 also appear again 
in Fig. 8. 

Fig. 9 shows the outputs of I, Q, 
R - Y, B - Y, and G -Y demodu- 
lators. Notice that the output of 
each demodulator reaches a posi- 
ive maximum when the signal 

phase is the same as the axis of 
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Fig. 9. Demodulator waveforms. 

the particular demodulator and 
reaches a negative maximum 180° 
later. Also notice that the output 
of a demodulator is zero when the 

signal is displaced 90° from its axis. 
These zero -output points, or nulls, 
are more frequently discussed since 
they are more easily observed than 
the maximum output points. 

It is customary to observe the 

waveforms of the X and Z demod- 
ulators after their outputs have 

been amplified by the color -differ- 
ence amplifiers. Under these con- 
ditions, the X and Z signals will be 

identical to the R - Y, B- Y, and 

G- Y signals because the points of 
observation are the same; i.e., the 
CRT grids. If the output of the X 
demodulator is observed directly, 
the waveform is similar to an in- 
verted R -Y output waveform; 
but the maximum negative output 
will accur at a point between the 
third and fourth bars, the null is 

between the sixth and seventh bars, 
and the maximum positive output 
is between the ninth and tenth bars. 
Fig. IO shows the output from the 

X and Z demodulators when a 

keyed -rainbow signal is fed into the 

receiver. Notice that the output of 
the Z demodulator is similar to the 

inverted B- Y waveform of Fig. 9, 

but that it is shifted slightly in 
phase (13.5°). 

Color Difference Amplifiers 

Referring again to Fig. 1, the 

outputs of the X and Z demodula- 
tors are fed to the R -Y and B -Y 
difference amplifiers, respectively. 
These amplifiers and their associ- 
ated circuitry amplify and invert 
their inputs and feed them to the 

CRT control grids. It is common 
practice to connect the cathodes of 
the three color difference amplifiers 
together and to leave the cathode 
resistor unbypassed. Thus, a por- 
tion of both the R -Y and B -Y 
signals are mixed together and fed 
to the cathode of the G -Y ampli- 
fier. In addition, a portion of the 
R -Y amplifier output is fed to 
the grid of the G -Y amplifier. In 
this manner, R -Y and B -Y are 
combined to form G- Y. Also 
notice that, because of the common - 
cathode arrangement, some B -Y 
voltage is fed to the R -Y differ- 
ence amplifier and vice -versa. 
The effect of this is to cause the 
output of the R -Y amplifier to 

actually be the R -Y voltage al- 
though the apparent input to the 
amplifier is ;he X-axis voltage. A 
similar action takes place in the 
13 -Y difference amplifier. 

As noted previously, not all 
manufacturers incorporate horizon- 
tal blanking in the chroma circuit. 
When horizontal blanking is used, 
the usual arrangement is to apply 
a positive pulse to the cathodes of 
the difference amplifiers to cut them 
off during horizontal retrace. In 
some sets, horizontal blanking is 

accomplished in the chroma band- 
pass amplifier. 

A variation from the conven- 
tional low-level demodulator design 
was noted previously in this article. 
This is the circuit used by General 
Electric in which three separate 
demodulators (R-Y, B - Y, and 
G - Y) were used. Obviously, since 
the G -Y axis is demodulated, it 
is not necessary to derive this volt- 
age from a matrix. 

Referring to Fig. 2, notice that 
the outputs from the demodulators 
are of sufficient amplitude to drive 
the CRT. By definition, this is high- 
level demodulation. Since there are 
no color -difference amplifiers, it is 

somewhat more convenient to use 

the R - Y, B - Y, and G-Y axis 
for demodulation. The circuitry 
used by the three principal pro- 
ponents of high-level demodulation 
(Admiral, Motorola, and Zenith) 
will be discussed later in this book. 

Fig. 10. Demodulator waveforms.. 
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Chapter 5 

Circuit Analysis of 
Chroma Circuitry 

Circuit Analysis of 
Reference Oscillator Circuits 

Fig. 1 shows the portion of the 
RCA chassis CTC25 chroma sec- 
tion which reconstitutes the 3.58 - 
MHz reference signal. These circuits 
are the burst amplifier, Chroma. 
sync phase detector, chroma refer- 
ence oscillator control, and the 
Chroma oscillator. Two signals are 
applied to the control grid of V19, 
a positive gate pulse and the output 
of the first video amplifier. Because 
of the filters which are incorpor- 
ated in the first video amplifier and 

the very small value of the coupling 
capacitor, C25, the low -frequency 
components of the video signal have 
been removed and only the chroma 
information remains. 

Between pulses from the hori- 
zontal output transformer, which 
are fed to its grid, V19 is cut off 
by a positive pulse from the hori- 
zontal output transformer applied 
through a divider to the cathode. 
This pulse is integrated by C116, 
and the average cathode potential 
is maintained at about 35 volts. The 
positive gate pulse applied to the 
grid of V19 is sufficient to over- 
come the cathode bias and the tube 
amplifies the color burst which is 

applied at this same instant. 
The output of V19 is developed 

across the primary of L31 which 
is tuned to 3.58 MHz. Transformer 
coupling is used between the burst 
amplifier and the phase detector to 
block the enabling pulse from the 
circuits which follow. Thus, the 
input to the phase detector, which 
comes from the burst anplifier, is 
eight or nine cycles of the 3.58 - 
MHz signal which originated at the 
transmitter, and nothing else. 

In the absence of a signal from 
the reference oscillator, the output 
of the phase detector at the junc- 
tion of R173 and R174 is zero. 
Since the signals at the extreme 
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ends of these resistors are equal 
and opposite, and the center of the 
secondary of L3I is grounded, the 
junction of R173 and R174 re- 
mains at ground potential during 
the half -cycle when the diodes are 
conducting-as well as when they 
are cut off. 

Since the reference oscillator 
signal is fed to the cathode of X 14 

and the anode of XIS. one diode 
is forward biased at the same in- 
stant that the other is reverse bi- 
ased. During the half -cycle when 
the burst signal causes the diodes 
to conduct, it is possible for X 1 4 

to he reverse biased or forward 
biased depending on the phase of 
the signal from the reference oscil- 
lator. At the same instant. X15 
will be biased in the opposite di- 
rection. Unless the reference oscil- 
lator is operating at the correct 
phase, the amounts of conduction 
in X14 and X l 5 are no longer 
equal and the voltages at the ex- 
tremes of R 173 and R174 arc no 
longer equal and opposite. There- 
fore, the voltage at the junction of 
R173 and R174 can swing either 
positive or negative depending on 
the phase relationship of the re- 
ference signal and the color burst. 

The network consisting of R I76, 
L33, and R I along with C110. 
CIII, L29, and L30 determines 
the phase shift of the feedback 
signal from the reference oscillator 
to the phase detector. By changing 
the setting of R1, this phase shift 
may be varied. This generates an 
error signal in the phase detector 
which eventually changes the phase 
of the reference oscillator. The 
range of this control is adequate 
to shift the reference oscillator 
about 30° in either direction. This 
will shift a keyed -rainbow pattern 
one complete color bar from nor- 
mal in either direction. 

The output of the phase detector 
is integrated. or filtered, by C122, 
R 177, and C123 and fed to the 
grid of the chroma reference oscil- 
lator control tube. This is essen- 
tially an AFC tube and the opera- 
tion is very similar to that of the 
horizontal oscillator AFC tube dis- 
cussed in Part 3 of this series. The 
principal differences are the fre- 
quency of operation and the fact 
that the DC component of the plate 
current flows through the oscillator 

tank circuit. 
The reference oscillator is a crys- 

tal -controlled electron -coupled os- 
cillator. The tuned circuit, L34 and 
C127, is tuned to the exact fre- 
quency of the color burst and the 
crystal stabilizes the frequency. 
Grid -leak bias is developed by 
C128 and R 181. The output is 

developed across the primary of 
L35 which is tuned to the oscillator 
frequency. The output of the X 
demodulator is taken directly from 
the top of the secondary of L35. 
The reference signal for the Z de- 
modulation is shifted in phase by 
L37, C132 and R185. 

Color Killer 
Fig. 2 is the schematic of the 

color killer circuit of the RCA 
CTC25 chassis. This circuit is im- 
mune to noise because it is actuated 
by the phase difference between the 
reference oscillator and the color 
burst rather than by the mere pre- 
sence of the burst signal. 

First, consider the operation of 

the circuit when no color burst is 

present. Notice that its operation is 

quite similar to a keyed AGC cir- 
cuit. A positive pulse from the 
horizontal output transformer causes 
current flow through V14 to charge 
the right side of C103. Between 
pulses, C103 must discharge 
through R172 to ground, develop- 
ing about -15 volts at the top of 
R172. The long time constant of 
C108 and R172 maintains this 

voltage at a steady level. This fil- 

tered voltage is used to hold the 
chroma bandpass amplifier in cut- 
off. 

The actual amount of conduction 
of V14. and hence the amount of 
bias at the chroma bandpass ampli- 
fier, is determined by the amplitude 
of the positive pulse, also from the 
horizontal output transformer, ap- 
plied to the grid of V14. The mag- 
nitude of this grid pulse is set by 
the color killer adjustment. 

In the absence of the color burst, 
only the reference oscillator signal 
is applied to X12 and X13. Both 
diodes conduct the same amount 
and the output at the junction of 
R 158 and R l 59 is zero. When a 

color burst is present, the conduc- 
tion of X12 and X13 is unequal 
and a negative output appears at 
the junction of R158 and R159. 
This negative voltage opposes the 
positive pulse voltage at the grid of 
V14 and the tube remains in cut- 
off. As a result, no bias is devel- 
oped in the plate circuit and the 
chroma bandpass amplifier is al- 
lowed to amplify the chroma signal. 

Unlike the chroma sync phase 
detector whose output can be either 
positive or negative, the output of 
the color killer detector is always 
negative. This is true because the 
phase relationship between the re- 
ference oscillator output and the 
color burst is a constant in the 
color killer detector but a variable 
in the chroma sync phase detector. 
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Automatic Chroma Control 

Another refinement of the 
chroma system has been incorpo- 
rated in some sets. Called "auto- 
matic chroma contra I" (ACC), 
this circuit is essentially an AGC 
circuit for the chroma bandpass 
amplifier. A means of automatically 
controlling the gain of the chroma 
bandpass amplifier is desirable for 
two reasons: 

I. The receiver AGC circuit is 

controlled by the amplitude 
of the horizontal sync pulses, 
not the color burst level. In 
theory. the relation between 
these two levels is constant, 
but this may not be true un- 
der all circumstances This 
condition is especially notic- 
able in fringe areas. Accord- 
ingly, the level of the chroma 
signal may vary even though 
the sync pulse level is main- 
tained fairly constant by the 

AGC. 
No AGC circuit, or any other 
closed -loop correcting system 
for that matter. is 100% ef- 
ficient. (If it were, no error 
signal could he developed.) 
Therefore, an "auxiliary" 
AGC circuit will maintain a 

more nearly constant output 
with varying inputs. 

The ACC detector circuit used 

in RCA Chassis CTC21, CTC28, 
and CTC30 has about the same 

configuration as the color killer 
detector circuit shown in Fig. 2. 

The phasing is set so that an in- 
crease in the level of the color 
burst produces a negative -going 

2 

output and a decrease in the level 
of the color burst produces a posi- 
tive -going output. This output volt- 
age is used to raise or lower the 
bias of the chroma amplifier to 
maintain a more nearly constant 
level of chroma signal. This helps 
to prevent changes in color intensity 
and precludes the owner having to 
readjust the color control every - 
time the input signal level changes. 

RCA Closed -Loop ACC 

The previously described ACC 
(Automatic Chroma Control) used 
in RCA chassis CTC21, 28, and 30 
is an open loop system. That is, 
the output of the ACC circuit is 

not used to control the gain of the 
amplifier which feeds it. By con- 
trast, the ACC circuit used in the 
RCA CTC31 chassis is a closed 
loop system. The loop is from the 
grid of the first chroma amplifier, 
through the burst amplifier, through 
the ACC amplifier, and back to the 
grid of the first chroma amplifier. 
Fig. 3 is a simplified schematic of 
this circuit. 

The color burst as well as the 

chrominance information are ampli- 
fied by the first chroma bandpass 
amplifier. The plate load is the pri- 
mary of the double -tuned transform- 
er and one of the outputs front the 

secondary is fed to the burst ampli- 
fier. The burst amplifier amplifies 
the color burst and injects it into 
the reference oscillator circuit to 

control its phase. 
First. consider the circuit with no 

burst signal present. The oscillator 
operates at its natural frequency and 
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Fig. 3. Simplified ACC circuit of the RCA CTC31 chassis. 

develops approximately 3.5 volts of 
negative bias at its grid. This volt- 
age is applied to the emitter of the 
ACC amplifier and a positive po- 
tential of about 35 volts is present 
at the collector. Because of the volt- 
age drop across R739, the DC po- 
tential at the grid of the first chroma 
bandpass amplifier is about +5 
volts. (This bias voltage may vary 
considerably front set to set.) 

During color operation. the color 
burst from the first chroma bandpass 
amplifier is fed through the burst 
amplifier, which is gated on during 
horizontal retrace, to the grid of the 
oscillator. This signal increases the 
drive and causes the bias to increase 
to about -8 volts. This 5 -volt 
change in voltage at the grid of the 
reference oscillator is amplified by 
the ACC amplifier transistor and 
causes a 3I -volt swing at its collect- 
or. The normal collector voltage is 

about 4 volts when a nominal 80 - 
volt burst signal is applied to the 
oscillator grid. The bias voltage at 
the grid of the first chroma amplifier 
is approximately -5 volts under 
these conditions. If the amplified 
color burst signal increases in am- 
plitude. the grid of the reference os- 

cillator becomes more negative and 
the emitter current increases. This, 
in turn, causes the collector current 
to Increase and the collector po- 
tential to swing in a negative direc- 
tion. Finally, this negative -going 
voltage is used to increase the bias 
of the first chroma amplifier and 
reduce its gain. 

Conversely, if the amplified color 
burst decreases in'amplitude for any 
reason. the emitter and collector 
voltages of the ACC amplifier be- 
come less negative, decreasing the 
bias on the first chroma amplifier 
and increasing its gain. Thus, the 
burst amplitude at the grid of the 
oscillator is maintained at a constant 
80 volts. This is the optimum level 
to properly phase the reference os- 
cillator. Since the first chroma band- 
pass amplifier also amplifies the 
chrominance signal, it, too, is main- 
tained at its optimum level, This, of 
course, is the more important func- 
tion of the ACC circuit. 

The principal advantage of the 
closed -loop ACC circuit is its ability 
to maintain a more nearly constant 
level of chrominance signal. The 
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curves shown in Fig. 4 demonstrate 
the characteristics of the two types 
of control, open -loop and closed - 
loop. Bear in mind that these curves 
illustrate the characteristics of the 
two basic systems and do not apply 
to any specific circuits. 
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B. Closed -loop system. 

Fig. 4. Characteristics of open -loop 
and closed -loop control systems. 

Notice that R732, R777, and 
R735 are quite critical as to value, 
drift characteristics, and tempera- 
ture coefficient. For this reason, 
glass resistors having close tolerance 
and low temperature coefficients are 
used. 

RCA Color Killer 

Incorporation of closed -loop ACC 
made it necessary to revise several 
other circuits in the RCA chroma 
system. Since the color burst is 

amplified by the first chroma ampli- 
fier, color -killer bias had to be fed 
to a different stage; the demodulat- 
ors were chosen. The use of transis- 
tors in the ACC and color killer is 

also a significant departure from 
earlier RCA designs. 

A simplified schematic of the color - 
killer circuit used in the RCA CTC31 
chassis is shown in Fig. 5. The base 
voltage of the killer transistor is 

established by the setting of the 
killer control and the potential at 
the grid of the reference oscillator. 
Under no -color conditions, the base 
potential is about .5 volt positive 
with respect to the emitter and the 
transistor is cut off. Since the tran- 
sistor is cut off, the collector voltage 
is determined by the voltage divider, 
R737 and R749, connected between 
the blanker grid and ground. Since 
the blanker grid is about - 100 
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Fig. 5. Simplified color -killer circuit of the RCA CTC31 chassis. 

volts, the collector voltage is about 
-25 volts. This voltage is also pres- 

ent on the screen grids of the de- 
modulators and keeps these tubes 
below cutoff. 

When a color burst is applied to 
the reference . oscillator, the grid 
swings negative and the killer tran- 
sistor is driven into saturation. This 
clamps the collector voltage to the 
emitter potential, raising the screen 
voltage of the demodulators to about 
2 volts, well above cutoff. Notice 
that the color -killer transistor op- 
erates either at saturation or cutoff. 
Thus, variations in color -burst amp- 
litude have no effect on the bias 
supplied to the demodulators. 

RCA Reference Oscillator 
The RCA CTC31 chassis uses an 

injection type reference oscillator 
which is similar to the one used in 

the CTC 18, CTC20 and CTC24 
chassis. Fig. 6 is a simplified sche- 

matic of the oscillator used in the 
CTC31. Basically, the oscillator is 

of the tuned -plate, tuned -grid, elec- 
tron -coupled type. The frequency is 

determined by the crystal in con- 
junction with the small trimmer 
capacitor shunted across it. 

As with any TPTG oscillator, the 
oscillator plate tank (L704) is tuned 
slightly above the oscillator frequen- 
cy. In this circuit, it is adjusted so 
that the self -bias developed at the 
oscillator grid is -3.5 volts with no 
burst signal applied. In earlier mod- 
els using the injection oscillator, the 
counterpart of L704 was not adjust- 
able. In the absence of a color burst, 
the oscillator runs at the reference 
frequency, but with a random phase. 
When the burst is injected through 
T702, this signal pulls the oscillator 
into phase with it. The oscillator is 

stable enough to remain properly 
phased until the arrival of the next 
burst. 
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Admiral Burst Amplifiers 
and Reference Oscillators 

Fig. 7 shows the burst amplifier 
and reference oscillator circuit of 
the Admiral 1G1155 and other 
chassis. The more recent chassis, 
3H10, 4H10, 5H10, and 4H12, use 
essentially the same burst amp and 
oscillator circuitry except for the 
tube type. The chroma signal from 
the plate of the first chroma band- 
pass amplifier and a positive enabl- 
ing pulse from the horizontal out- 
put transformer are both fed to the 
burst -amplifier grid. The enabling 
pulse, having an amplitude of 50 
volts, brings the tube out of cutoff 
and the color burst is amplified to a 
peak -to -peak amplitude of about 
170 volts. The large value of cathode 
resistance, 39K ohms, prevents sat- 
uration. During the time that V5 
is conducting, the drop across R166 
charges C120. Between pulses, cur- 
rent flows upwards through R166 
to discharge C120, maintaining an 
average cathode bias of about + 45 
volts. This prevents the chrominance 
signal from appearing in the plate 
circuit of the burst amplifier. 

The reference oscillator is an in- 
jection type, electron -coupled oscil- 
lator and its operation is similar to 
that of the RCA circuit discussed 
above. The self -bias under free - 
running conditions (no color) is 

-.3 volt. When a burst signal is 
injected, this bias swings negative 
and the negative excursion is used 
to operate the color killer and the 
ACC circuit. The output of the 

reference oscillator is coupled 
through the plate transformer, L35, 
to the phase shifting circuits, L36, 
C129, and L37, which establish the 
correct phase of the reference sig- 
nal for R -Y and B -Y demodula- 
tion. C128 and R6, the tint control, 
are used to shift the phase of the 
reference signal without disturbing 
the phase displacement between the 
R-Y and B-Y axes. 

Admiral ACC and ASC Circuits 

As shown in Fig. 7, the ACC cir- 
cuit used in the chassis series 
1G1155-1, 2G1156-2, 2G1157-1, 
3G1155-2, and 3G1155-3 has two 
variations. In the solid -line drawing, 
the ACC control voltage is taken 
from the grid of the reference oscil- 
lator and, after filtering, is used as 
bias voltage for the first chroma 
amplifier. Since the oscillator grid 
swings more negative as the color 
burst increases in amplitude, the 
chroma-amplifier gain is reduced as 
the level of the composite chromi- 
nance signal (chroma and color 
burst) increases. The operation of 
the dashed -line circuit is much the 
same, although a diode detector 
has been added. Since this addition 
increases the amount of the control 
voltage, a divider network, 180K 
ohms and 270K ohms, is also added 
to the circuit. 

The ASC (Automatic Saturation 
Control) circuit used in the 
3 H 1 ONC57-1 chassis is shown in 
Fig. 6. This circuit, as well as the 
one described above, is a closed- 
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Fig. 7. Reference -signal circuits of the Admiral 1G1155 chassis. 

loop system. A portion of the out- 
put from the first chroma amplifier 
is rectified by XII and the negative 
voltage which is produced is used, 
after filtering, to control the gain of 
the first chroma amplifier. Thus, 
as the chrominance level increases, 
the 'bias increases to reduce the 
amplifier gain and vice versa. If 
this were the only control voltage, 
the dynamic range of saturation 
would be seriously limited (the de- 
gree of color saturation of the pic- 
ture would remain constant regard- 
less of the degree of saturation of 
the scene being televised). To pre- 
vent this, a second voltage is com- 
bined with the bias derived from 
X11. The negative voltage at the 
grid of the reference oscillator, which 
is proportional to the color -burst 
amplitude, is also fed to the grid of 
the first chroma amplifier. Thus, 
sufficient bias is always available to 
maintain the desired dynamic range 
of saturation. 

Admiral Color Killer 

The color -killer circuit shown in 
Fig. 8 is typical of many of the cir- 
cuits used in late -model Admirals. 
The positive cathode bias of the 
burst amplifier is divided across the 
threshold control, R9, and negative 
voltage is obtained from the grid of 
the reference oscillator. In the ab- 
sence of a color burst, this negative 
voltage is slight and the color -killer 
tube will conduct if plate voltage is 

supplied. The source of plate volt- 
age is the positive pulse from the 
horizontal -output transformer which 
is fed to the left side of C128. Cur- 
rent flows through V 15A, charging 
the right side of C128 to a negative 
potential. Between pulses, C128 par- 
tially discharges through R170 and 
the negative voltage which is devel- 
oped holds the second chroma amp- 
lifier below cutoff. When a color 
burst is received, the negative volt- 
age at the grid of the reference os- 
cillator increases and cuts off the 
color -killer tube. This allows C128 
to completely discharge and the cut- 
off bias is removed from the second 
chroma amplifier. 

Notice that the setting of R9 af- 
fects the bias of the first chroma 
amplifier and, if R9 is misadjusted, 
the operation of the ASC circuit will 
be impaired. To properly set R9, 
adjust all front -panel controls for 

31 



CO/02 
AICIfR 

6GH8A 
t -1r 

5.60 

OUTPUT 
wANSCORMIR 

.01 

100 

VIDrO 
A10001 r Sor1rR 

0, 81,21 
BUR51 

6AF9 

2500 

I 

ISI CRNn0A BANOPASS 
AMP 

A6%9 

GTK 
AUTOMATIC 

COIOR 
ISO SATURAIION 

DETECTOR - 
moor I 

250v 2500 

7ND CORO... 
AAN5RAS5 

AMR 

BOA 

OrAepOU1AT0º5 

Fig. 8. Reference -signal circuits of the Admiral 3H10NC57-1 chassis. 

proper operation and set the color 
control at mid -range. Turn to an 

unused channel, set the color -killer 
control fully clockwise, and then ad- 
just it until the color in the snow 
almost disappears. 

Zenith Burst Amplifier and 
Reference Oscillator Circuit 

The chroma-reference circuits of 
Zenith's 20X1C36 and 20X1C38 
are shown in Fig. 9. In many re- 
spects, they are similar to the circuits 
of the RCA CTC25 chassis dis- 
cussed under the heading "Circuit 
Analysis of Reference Oscillator Cir- 
cuits" in Part 5. The composite 
cnrominance signal from the plate of 
the first chroma amplifier and a 

positive enabling pulse from the 
horizontal -output transformer are 
fed to the grid of the burst amplifier. 
Since the color burst is coincident 

with the enabling pulse, the burst 
is separated from the remainder of 
the cnrominance signal and ampli- 
fied. The positive cathode bias of 
about 45 volts is developed by con- 
duction through R176 while the 
tube is gated on, and this voltage is 

sustained between pulses by the 
charge stored in C127. 

The output of the burst amplifier 
is fed to the chroma-sync phase de- 
tector and to the ACC and color - 
killer detector. The hue control, R3, 
in conjunction with C131 allows 
the viewer to vary the phase of the 
amplified color burst. 

The chroma-sync phase detector 
compares the relative phases of the 
reference oscillator signal from L30 
and the color burst from the burst 
amplifier. Any phase error is con- 
verted to a voltage error which is 

used to change the conductance of 

the chroma reference -oscillator con- 
trol tube. The operation of this type 
of circuit was explained in Part 3 

of this series. 
The reference oscillator is typical 

of the type of oscillator used in con- 
junction with an AFC tube. Since 
the system of chroma demodulation 
used by Zenith requires four refer- 
ence signals in quadrature. a special 
output transformer is used instead 
of the usual RLC phase-splitter net- 
work. 

Zenith Color -Killer 
and ACC Circuits 

The color -killer and ACC circuit 
of the Zenith 20X I C36 chassis is 

also shown in Fig. 9. The color - 
killer and ACC detector is a con- 
ventional phase detector, hut, since 
the phase relationship of two inputs 
is constant, the amplitude of the 
output becomes a function of the 
amplitude of the color burst. When 
no burst is present, the output is 

-.7 volt, but, during normal color 
reception, this potential increases to 
approximately -6 volts. If the amp- 
litude of the color burst decreases 
from its normal value for any reason, 
the detector output also decreases. 

The output of the detector is 

filtered by C64 and used as bias for 
the grid of the first chroma ampli- 
fier, V4B. Under no -color condi- 
tions, V4B is near saturation and the 
screen potential is about 75 volts. 
This voltage is at one end of a series 
network consisting of R l 65, R17, 
and R164. The opposite end of 
R164 is connected to the grid of 
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Flg. 10. Burst gate and subcarrier amplifier of the General Electric HC chassis. 

the horizontal discharge tube which 
is 65 -volts negative. When R 17 is 
properly adjusted, the voltage at its 
junction with R164 is about -28 
volts. This voltage is used to bias 
the second chroma amplifier below 
cutoff. C118 is a bias filter which 
integrates the horizontal pulses from 
the horizontal discharge tube. 

During color reception, the grid 
bias of V4B increases to -6 volts 
and the screen and plate voltages 
rise to 225 volts. This would cause 
the voltage at the grid of the second 
chroma amplifier to rise to a posi- 
tive potential if it were not for the 
clamper diode connected across 
C118. The actual bias of the second 
chroma amplifier is 0 volt. 

As stated before, the output of 
the color -killer and ACC detector 
is -6 volts under conditions of 
normal color reception. If the chro- 
minance level varies from its normal 
value, the detector output will also 
change. Thus, a decrease in chroma 

level reduces the negative bias on 
V4B, increasing its gain. Converse- 
ly, an increase in the chroma level 
increases the bias on V4B to reduce 
its gain. Notice that small variations 
in bias on V4B do not affect the 
bias of the second chroma amplifier 
because of the action of the clamper 
diode. This, too, is a closed -loop 
system. 

General Electric 
Reference Circuits 

Fig. 10 shows the burst gate and 
subcarrier amplifier circuits of the 
General Electric HC chassis. The 
output of the chroma-bandpass 
amplifier is fed to the cathode of 
the burst gate tube, V5B, and the 
100 -volt enabling pulse from the 
horizontal -output transformer is fed 
to the grid. This allows the color 
burst to be separated from the com- 
posite chroma signal and amplified. 
The positive enabling pulse causes 
the grid of V5B to draw grid cur- 
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Fig. 11. Reference -signal circuits of the Motorola A22TS-918A chassis. 

rent, charging C72 and C73. Be- 
tween pulses. these capacitors dis- 
charge through R87, developing 
about 85 volts of bias. This bias, 
of course, holds the tube below cut- 
off" between pulses. 

The output from the burst -gate 
tube is coupled through L20 and 
excites the 3.58 -MHz crystal. caus- 
ing it to ring. Because of the high 
Q of the crystal, this ringing con- 
tinues throughout the interval be- 
tween color bursts. Each successive 
color burst rephases the crystal if 
there has been any drift. The ampli- 
tude of the ringing signal at the 
grid of V5C is large enough to 
overdrive the tube, and thus the 
output remains constant throughout 
the interval between bursts. 

C86, connected between the plate 
of V5C and ground, shifts the phase 
of the reference signal to provide 
tint control. Quadrature reference 
signals are required, so a transform- 
er having two secondaries is used as 

the plate load of V5C. 
No color -killer circuit, as such, is 

used in this chassis. Since the de- 
modulators have no output unless 
there is a reference -signal input, and 
since the 3.58 -MHz crystal "rings 
out" if there is no color burst, the 
modulators are, in effect, cut off 
during b -w operation. 

Motorola Reference Circuits 

The burst amplifier, chroma sync 
amplifier, color killer, and demodu- 
lator of the Motorola A22TS-918A 
are depicted in Fig. 11. The chroma 
cathode follower (not shown) drives 
both the chroma bandpass amplifier 
and the burst amplifier. An enabling 
pulse from the horizontal -output 
transformer turns on the burst am- 
plifier, V 16A, during the horizontal 
retrace interval, allowing the color 
burst to he separated from the com- 
posite chrominance signal. 

The interstage transformer be- 
tween VI6A and V 16B is tuned to 
the burst frequency. The network 
consisting of R4, L31, and C149 is 

a phase -shifting network which al- 
lows the phase of the burst to be 
adjusted for correct hue. V 16B fur- 
ther amplifies the color burst and 
feeds it, via the 3.58 -MHz crystal, 
to the chroma-demodulator tube. 
Notice that the positive pulse ap- 
plied to the screen grid of V 16B 
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gates this tube on during the hori- 
zontal retrace interval only. 

The chroma-demodulator tube 
not only demodulates the chroma 
signal, but serves as the reference 
oscillator as well. This combination 
of both functions in a single tube 
was not noted in any of the other 
makes of sets examined. Since this 
particular portion of the color train- 
ing series is limited to reference - 
signal and associated circuits, the 
method of demodulation will be dis- 
cussed at a later time. At present, 
we will consider only the functions 
of the cathode, control grid, and 
screen of V15. 

Consider V15 as an electron - 
coupled Hartley oscillator. In the 
absence of color bursts, oscillations 
are sustained by virtue of the split - 
inductance tank typical of a Hartley 
oscillator. During color reception, 
the amplified color burst is injected 
through the crystal to the grid of 
V15 and rephases the tank circuit 
to synchronize it with the burst sig- 
nal. In this respect, the oscillator is 

similar to the injection -locked os- 
cillator used in a number of other 
sets. 

Since the oscillator is an integral 
part of the demodulator circuit, 
there is no way to split the oscillator 
phase prior to demodulation. As we 

shall see later, chroma demodulation 
may be achieved so long as the 
phase of either the reference signal 
or the chroma signal is split. Motor- 
ola's decision to split the phase of 
the latter instead of the former is 
unique but equally acceptable. 

The color -killer circuit is similar 
to the ones used in many of the sets 

P({(POKE 

INPUT 

Fig. 12. Simplified phase -sensitive 
detector using diodes. 

discussed in the preceding pages. In 
the absence of color, a pulse from 
the horizontal -output transformer 
causes V5B to conduct, charging 
Cl 31 and producing cutoff bias for 
the chroma amplifier. During color 
reception, the cathode current of 
V15 increases (because of the in- 
creased oscillator activity) and this 
drives the cathode of V5B positive 
into cutoff. Since C131 cannot 
charge when V5B is cut off, the bias 
is removed from the chroma-band- 
pass amplifier. 

Since the function of the chroma 
bandpass amplifier (or amplifiers) 
is simply one of increasing the level 
of the chrominance signal, there is 

very little to be said about it. The 
bandpass considerations were dis- 
cussed in Part 4 of this series. The 
means by which it is gated by the 
color killer and controlled by the 
ACC circuit were covered in Parts 
4 and 5. 

Malfunction in the chroma band- 
pass amplifiers will normally result 
in insufficient color or no color at 
all. If the gain of the amplifier- is 

reduced, color saturation will be 
decreased; if the amplifier fails com- 
pletely, there will be a complete 
loss of color. Improper alignment 
of the amplifier will cause color 
smearing or "grainy" color, but 
alignment problems are more likely 
to be the result of tampering than 
drift. Realignment should be at- 
tempted only if the necessary test 
equipment is available. "Eyeball" 
alignment will usually result in fur- 
ther degradation of picture quality. 

Diode Chroma 
Demodulators 

In essence, a chroma demodulator 
is simply a phase -sensitive detector 
-no more, no less. Although phase - 
sensitive detectors (PSD) have been 
used in the majority of b -w receivers 
built in the past 20 years, the use 
of a pair of phase detectors to ex- 
tract the color -difference signals 
from the chroma sidebands seems 

to excite a great deal of interest. 
Thus, a thorough discussion of each 
of the four popular types of chroma 
demodulators is included here. Since 
the circuit which utilizes diodes is 

perhaps the most easily explained, 
we will begin this discussion with it. 

Fig. 12 shows a simplified phase - 
sensitive detector and associated 
waveforms. The input from the ref- 
erence transformer is constant, 
while the phase of the information 
input varies. Cases 1 and 2 show 
the information signal at two pos- 
sible phase angles. In case 1, diode 
X I cannot conduct since the in- 
stantaneous cathode and anode volt- 
ages are equal throughout the cycle. 
Consequently, the voltage at point 
A is a simple sine wave whose first 
excursion is positive. 

During the first half of the cycle, 
X2 conducts because its cathode is 
negative with respect to its anode, 
and the instantaneous voltage at 
point B is equal to the sum of the 
two applied voltages. These are 
equal in amplitude, but opposite in 
polarity; the potential at point B is 
0 during the time that X2 is con- 
ducting. During the second half - 
cycle, X2 is cut off because the 
cathode is positive with respect to 
the anode. The voltage at point B 
is the positive excursion of a sine 
wave. 

The voltage at point C, the out- 
put, is the sum of the instantaneous 
voltages at points A and B. During 
the first half of the reference sine 
wave, the voltage at point A com- 
pletes a positive half -cycle while the 
voltage at point B is clamped to 
zero. Therefore, the voltage at point 
C is a positive half -cycle having an 
amplitude equal to one-half the am- 
plitude of the half -cycle at point A. 
During the second half of the sine 
wave, the voltages at points A and 
B are equal in amplitude but of \ lso° 270° 

270° 00 / 
PHASE 
RELATION 

Fig. 13. Typical output curve for 
a phase -sensitive detector. 

34 



opposite polarity, and the voltage at 
point C is zero. Thus, if the input 
signals arc in phase, the circuit func- 
tions as a half -wave rectifier with a 
positive output. 

Case 2 shows the instantaneous 
voltages that arc present when the 
information signal is 180° out of 
phase with the reference signal. Now 
it is X2 which never conducts, and 
X I acts as a half -wave rectifier. 
But, X1 is connected in the opposite 
polarity from X2, so its output is 

negative instead of positive. Thus, 
if the input signals are out of phase, 
the circuit functions as a half -wave 
rectifier having a negative output. 

Additional waveforms to show 
the output of the PSD for inter- 
mediate phase relationships could 
be included, but they add little to 
the discussion. Instead, Fig. 13, 
showing the output for various phase 
relationships, is presented. Notice 
that the curve has the form of the 
familiar sine wave. 

The polarity of the output from 

a PSD may be reversed by two 
means: reversing the diodes or re- 
versing either of the transformers 
that supply the signals. Another 
characteristic which is of particular 
interest is this: With the exception 
of the positive and negative maxi- 
mums, any output amplitude (in- 
cluding zero) may be the result of 
two different phase relationships. 
These statements become meaning- 
ful when the PSD we have been 
discussing is renamed a chroma de- 
modulator and placed in a TV set. 

Since the phosphors used in a 
color CRT are red, blue, and green, 
a minimum amount of circuitry will 
be used if one demodulator produces 
a maximum output when a red 
chroma signal is received. If we 
arrange the circuits preceding the 
demodulator so that a chroma signal 
representing red reaches the de- 
modulator in phase with the refer- 
ence signal, we have a red (R -Y) 
demodulator. (The red axis is at 
76.6° and the R -Y axis is at 90°. 
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Fig. 14. Chrome demodulators and color -difference amplifiers 
of the General Electric HC Chassis. 

This discrepancy is more apparent 
than real since the color difference 
amplifiers shift the axis slightly and 
also because the various red phos- 
phors in use have slightly different 
colors. Depending on these vari- 
ables and the position of the "tint" 
control,the true axis of operation 
of the R -Y demodulator may 
be any angle from, perhaps, 60° to 
120°). 

In actual practice, the R -Y de- 
modulator of a TV receiver may be 
followed by an amplifier. This in- 
verts the signal so that the R -Y 
demodulator output must be maxi- 
mum negative, instead of maximum 
positive, to produce red on the CRT. 
To he absolutely correct, we must 
refer to an R -Y demodulator fol- 
lowed by a difference amplifier as 
a - (R - Y) demodulator. 

A second demodulator might well 
be connected so that its maximum 
outputs occur when the chroma sig- 
nal is "all blue" and "no blue." 
Notice that we may cause this de- 
modulator to have either a positive 
or negative output (for an "all -blue" 
signal) merely by reversing the 
phase of the reference signal. 

Fig. 14 shows the chroma demod- 
ulators and difference amplifiers of 
the General Electric HC chassis. 
Consider the R -Y demodulator. 
The phases of the two inputs are 
such that a "red" (R - Y) chroma 
signal produces a negative output. 
This output is fed to the R -Y 
color -difference amplifier where it 

is amplified and inverted. The out- 
put from the R -Y difference am- 
plifier is the R -Y signal which is 
fed to the red control grid of the 
CRT gun. 

The B -Y demodulator is iden- 
tical to the R -Y demodulator but 
the phase of the reference signal 
has been changed. In the B -Y de- 
modulator, a "blue" (B - Y) 
chroma signal produces the maxi- 
mum negative output. This is am- 
plified and inverted in the B-Y 
color -difference amplier and finally 
appears as a positive signal at the 
blue grid of the CRT, turning on 
the blue gun and causing a blue 
field. 

It was stated previously that a 
specific amplitude and polarity of 
output from a demodulator may be 
the result of either of two phase 
relationships. For example, observe 
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from Fig. 13 that phase relationships 
of I60° and 200° each produce a 

negative output which is 94% of 
the 180° output. However, since the 
reference signal applied to the B -Y 
demodulator is shifted 90° from the 
reference signal at the R -Y de- 
modulator, the 160° signal at the 

R -Y demodulator becomes a 70° 
signal at the B -Y demodulator. 
Again referring to Fig. 13, this sig- 
nal will produce an output from the 
13- Y demodulator which is positive 
with an amplitude that is 34% of 
maximum. By the same token, the 
200' signal at the R-Y demodula- 
tor becomes a 110° signal at the 
B-Y demodulator, and a negative 
output with an amplitude which is 

34% of maximum is produced. 
From the above, it is apparent 

that even though two chroma signals 
having different phase angles can 
produce the same output from a 

single demodulator; when these 
same chroma signals are fed to the 
second demodulator, they cause rad- 
ically different outputs. Therefore, 
any phase of chroma signal may he 
described in terms of the outputs 
it produces from the two demodu- 
lators. Stated another way, two de- 
modulators are sufficient to extract 
all of the color information from 
the chroma signal. 

In spite of this, three color dif- 
ference signals are necessary to op- 
erate the color CRT because the 
colors from three phosphors are re- 
quired to produce all the visible 
hues. There are two methods of 
producing control voltage for the 
excitation of the third phosphor. A 
third demodulator operating on the 
color axis of the third phosphor 
(green) may be used, or this voltage 
may he derived from the outputs of 
the R -Y and B -Y demodulators. 
This latter method is more popular 
although the former method is often 
used. 

The generation of the G -Y sig- 
nal by combining portions of the 
R -Y and B -Y signals is the 
method used in the General Electric 
HC chassis shown in Fig. 14. Since 

the signals at the plates (pins 5 and 
2) of V 11 are the R- Y and B- Y 
color -difference signals, respectively, 
the grid signals of these two triodes 
are the - (R -Y) and - (B -Y) 
signals. These signals also appear at 
the cathodes of the respective triodes 

since C96 and C93 have significant 
impedance at the frequencies con- 
tained in the color difference signals. 
(At .5 MHz, C93 has an impedance 
of 145 ohms.) 

In part 1 of this series it was 

stated that 

G-Y = 
-.51(R-Y) - .19(B-Y) 

Thus, by combing suitable portions 
of the cathode signals of VII B and 
V I IC, a G- Y signal is fed to the 
cathode of VII A. Since the VII A is 

operated as a grounded -grid ampli- 
fier, there is no inversion and the 
G -Y signal at its plate may be 

connected directly to the green grid 
of the CRT. 

Since the cathode -to -ground re- 

sistance of each section of V 11 is 

different, the bias present on each 
cathode is also different. To develop 
the desired bias on each section of 
V I I, the grids are returned to a 

bias -bleeder network, consisting of 
R89, R88, R98, and R99, which is 

connected between ground and 
the B + supply. 

R8A and R8B are the blue and 
green brightness controls, respec- 
tively. Since the red phosphor is the 
least brilliant, the red grid is oper- 
ated at the maximum positive po- 
tential and no adjustment is required. 
R8A and B are used to set the blue 
and green conduction to produce 
reference white. 

Blanking of the CRT during hori- 
zontal and vertical retrace is accom- 
plished by the signals fed through 
C90 to the cathodes of VII. These 
signals are negative pulses taken 
from the horizontal and vertical out- 
put transformers. Since there is no 

signal inversion in a driven -cathode 
amplifier, the amplified pulses at 

the plates of VII are negative. and 
cut off the three guns of the CRT. 

Low -Level Triode 
Demodulators 

Any attempt to prove that the 
use of the diode phase -sensitive 
detector is inferior or superior to 
the use of amplifying devices in a 

phase -sensitive detection system is 

inconclusive. Each system has in- 
herent advantages and limitations. 
The use of amplifying devices (tube 
or transistor) has the advantage that 
some gain is contributed to the sys- 
tem, but increased complexity and 
lowered gain -stability is the price of 

this amplification. Similar argu- 
ments apply in choosing from 
among the various types of ampli- 
fying detectors: triode, pentode, 
sheet -beam, and twin -pentode. The 
use of transistorized demodulators 
offers some interesting possibilities, 
although no such circuits were used 
in the 1967 and early 1968 product 
lines that we examined. 

The demodulator and difference - 
amplifier circuits used in the Philco 
17QT85A chassis are shown in Fig. 
15. Although pentodes are used as 

demodulators, they are connected as 

triodes, the plates and screens being 
tied together. Fig. 16 is a plot of the 
combined plate and screen currents 
of the pentode section of a 6BL8 
when it is connected as a triode. The 
circuit used in developing the curve 
was quite similar to the Z demodu- 
lator of Fig. 15 although bias was 

applied to the grid instead of the 
cathode. This has the effect of in- 
creasing the plate potential 8 volts, 
which effectively increases the steep- 
ness of the curve a slight amount. 

In the Z demodulator (V 14A of 
Fig. 15) the reference signal which 
drives the cathode has a p -p am- 
plitude of 4.5 volts. In the absence 
of any other signal, the conduction 
of V 14A and V 15A produces a 

positive bias of 8 volts on each tube. 
Since this is the approximate cutoff 
bias of the tubes, V 14A conducts 
only during the negative half -cycles 
of the cathode signal. At the instant 
when the reference voltage is peak 
negative, the tube bias is reduced 
to 3.5 volts and the tube current is 

about 8.2 ma. The unfiltered plate 
waveform would consist of negative - 
going half -cycles. However, the pi 
filter (C145. L35, and CI46) in- 
tegrates the pulses, and the voltage 
at the output of the pi filter is at a 

DC level of 235 volts. 
When a chroma signal is fed to 

the grid of V 14A. the instantaneous 
current is determined by the instan- 
taneous grid -cathode voltage. This 
voltage is the sum' of three poten- 
tials: (1) the cathode bias. (2) the 
instantaneous reference -signal volt- 
age, and (3) the instantaneous 
chroma-signal voltage. For example, 
if the chroma and reference signals 
are 180° out of phase, the control 
grid is nominally 1.25 volts positive 
at the same instant that the cathode 
potential is + 3.5 volts (bias less 
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the peak reference signal of 4.5 voltage is - 2.25 volts. From Fig. 
volts.) Thus, the total grid -cathode 5, the tube current is about 12.7 
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ma at this instant. This is an in- 
crease of about 4.5 ma from the 
peak current with no chroma signal 
applied. After a number of cycles of 
voltage, the plate voltage will sta- 
bilize at a new voltage which is less 
positive than it was when no 
chroma signal was applied. 

In the example just cited, the in- 
stantaneous peak tube current 
reaches its maximum value. The 
minimum instantaneous peak cur- 
rent may be approximated by con- 
sidering the effect on tube conduc- 
tion of in -phase chroma and refer- 
ence signals. In this case, the grid 
is maximum negative at the same 
instant that the cathode is maximum 
negative (minimum positive) and 
the instantaneous grid -cathode 
potential is -4.75 volts. Again 
referring to Fig. 16, the current is 

approximately 4.5 ma. A third con- 
dition which is easily described is 

the 90° or 270° phase relationship. 
In this case, the chroma signal is 
passing through zero when the ref- 
erence signal is maximum negative, 
and the peak tube current is the 
same as if no chroma signal were 
applied; 8.2 ma. 

From the above examples, we 
find that the maximum and mini- 
mum instantaneous peak tube 
currents are 12.7 and 4.5 ma, 
respectively. Since the plate load 
resistor is 3.9K ohms in the actual 
circuit of Fig. 15, the swing in plate 
voltage may be predicted to be 32 
volts. Since the chroma reference - 
signal amplitude at the grid of V 14A 
is 2.5 volts, p -p, during normal 
operation with a keyed -rainbow gen- 
erator as a signal source, the pre- 
dic:ed "gain" is 12.8. Actual 
observations showed this "gain" to 
be 10. 

Bear in mind that the above ex- 
amples are an oversimplification of 
the operation of the circuit since 
only the instantaneous peak currents 
were considered. In actual practice, 
the tube conducts throughout ap- 
proximately 180° of the reference - 
signal sine wave, and the magnitude 
of the current may be represented 
by the positive half of a sine wave. 
Nevertheless, we can conclude that 
the tube conduction is proportional 
to the sum of the instantaneous arim- 

plitndes of the reference signal and 

Fig. 16. Characteristics of the 6BL8. 
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chroma signal during the intervals 
when the tube is out of cutoff. In 
the circuit of Fig. 15, these intervals 
correspond to the negative half - 
cycles of the reference signal. The 
operation of the X demodulator of 
Fig. 15 is similar to that of the Z 
demodulator just described. 

Now, consider the operation of 
the two demodulators if the signal 
source is an unkeyed-rainbow gen- 
erator. Using an unkeyed-rainbow 
signal, there is a constant rate of 
change of phase difference between 
the chroma signal and the reference 
signal. Since the chroma signal is 

fed to both demodulators at the 
same phase angle, the outputs of 
the two demodulators differ in phase 
by the same amount as the phase 
difference of the reference signals 
applied to the two demodulators. In 
a system using X and Z demodula- 
tion, the phase of the reference - 
oscillator signal applied to the two 
demodulators differs by 63.9°. Ob- 
servations of the outputs of the two 
demodulators when an unkeyed- 
rainbow generator is used as a sig- 
nal source confirm that the sinusoi- 
dal output of the Z demodulator 
passes through zero about 64° later 
than the output of the X demodula- 
tor passes through zero. 

The operation of the color -dif- 
ference amplifier shown in Fig. 15 is 
typical of most color -difference am- 
plifiers used in conjunction with low- 
level, vacuum -tube demodulators. 
The difference signals from the de- 
modulators are coupled through 
C147 and C151 to the B -Y and 
R -Y amplifiers, respectively. These 
signals are amplified and fed to the 
respective control grids of the CRT. 

Notice that there are two ap- 
parent discrepancies in the fore- 
going discussion. First, since the 
signals at the red and blue control 
grids of the CRT are R-Y and 
B -Y respectively, the signals at 
the inputs to the difference ampli- 
fiers must bear the negative sign, 
-(R-Y) and -(B-Y) Hence, 
the demodulators are actually -X 
and -Z demodulators. However, 
it is common practice to ignore this 
reversal of polarity. 

Also observe that while the de- 
modulators operate on the X and 
Z axes, the difference amplifiers 
operate on the R -Y and B -Y 
axes. Although this seems unlikely, 

it is actually the case. Since the 
difference amplifiers have a com- 
mon cathode circuit, a portion of 
the -Z signal which is fed to the 
B -Y amplifier appears at the cath- 
ode of the R -Y amplifier and 
vice versa. Thus, a small portion 
of the -Z signal is added vector- 
ially to the -X signal, shifting the 
true axis of the difference amplifier 
to R - Y. Also, a portion of the 
-X signal is added vectorially to 
the -Z signal in the B-Y ampli- 
fier to establish its true axis. 

The means of deriving the G -Y 
signal is similar to the method de- 
scribed in the explanation of the 
General Electric circuit. In the cir- 
cuit of Fig. 15, an additional portion 
of the R -Y signal is fed from the 
plate of V 15B to the grid of V 13B 
where it is added to the - (R - Y) 
signal being fed to the cathode of 
V 13B. A sample of the - (B - Y) 
signal is also fed to the cathode of 
V 13B. The total of these three sig- 
nals produces a voltage at the plate 
of V13B which is -.51 (R-Y) 
-.19(B-Y), equal to G-Y. 

Low -Level Pentode 
Demodulators 

The operation of a low-level 
pentode demodulator is quite simi- 
lar to the triode demodulator just 
discussed. The demodulator circuit 
used in Packard -Bell Chassis 
98C15 is shown in Fig. 17. The 

6GY6 tubes used as demodulators 
belong to the family of tubes having 
two independent control grids. That 
is, both the suppressor grid and the 
control grid have considerable ef- 
fect on the plate current. 

The plate current of V18 and 
V19 are controlled by the instan- 
taneous values of chroma and ref- 
erence signals and detection takes 
place at the plate of the tube. The 
operation of the color -difference 
amplifiers is essentially the same as 
the ones discussed previously. 

Sheet -Beam Demodulator 

The sheet -beam demodulator 
used in Zenith receivers is actually 
a variation of the pentode de- 
modulator. However, there are two 
significant departures from the con- 
ventional design. Since the ampli- 
tude of the output from sheet -beam 
demodulators is sufficient to drive 
the CRT directly, they are known as 
high-level demodulators. The more 
important difference is the means 
by which detection of the chroma 
signal is accomplished. In the triode 
and pentode circuits just discussed, 
the amount of cathode current is 
controlled jointly by the chroma 
and reference signals. In the sheet - 
beam demodulator, cathode current 
is controlled solely by the chroma 
signal, but the selection of which 
plate receives the current is con- 
trolled by the reference signal. 
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Fig. 18 shows the demodulators 
used in the Zenith 24MC32 and 
42 chassis. Consider the B -Y de- 
modulator under no -signal condi- 
tions. The reference signal is fed 
to the two deflection plates in op- 
posite phases and so the cathode 

current is directed alternately to 
each of the plates. Since the am- 
plitude of the reference signal is 

considerably greater than the mini- 
mum required to deflect all of the 
current to one plate, the current at 
each plate consists of a series of 
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square -wave pulses of constant 
amplitude. 

During color reception, the 
chroma signal is fed to the control 
grid and determines the amount of 
instantaneous current that is avail- 
able to the plates. Assume, for ex- 
ample, that the left deflection plate, 
pin I, is maximum positive at the 
same instant that the contr')l grid 
is maximum positive. In this case, 
the current of the left plate is max- 
imum and the plate voltage is mini- 
mum. Since the right deflection 
plate is positive one-half cycle later, 
the control -grid voltage is negative 
during the time that the right plate 
is gated on. Thus the current of the 
right plate is minimum and the volt- 
age is maximum. 

A 90° phase difference between 
reference and chroma signals causes 
one plate to be gated on while the 
chroma signal swings from peak 
positive to peak negative. The other 
plate is gated on while the chroma 
signal swings from peak negative to 
peak positive. Therefore, the aver- 
age of all the values of instantan- 
eous grid voltage present while one 
plate is gated on equals zero and 
the average value of plate current 
is equal to the amount of current 
under no -color conditions. For in- 
termediate phase relations of the 
reference and chroma signals, the 
current of a specific plate varies in 

the same manner as in any of the 
other demodulators described. The 
curve shown in Fig. 13 applies to 
this circuit except that the phase 
relationship is shifted 180°. 

The phase of the reference signal 
is established so that the left side 
of V21 demodulates on the R -Y 
axis and the output is fed to the red 
grid of the CRT. The right side of 
L3I is a filter which attenuates the 
3.58 -MHz ripple. Since the right 
deflection plate of V21 is driven 
180° out of phase with the left de- 
flection plate, the right side of V21 
is operating on the - (R- Y) axis, 
another way of saying that its out- 
put polarity is reversed. In the 
same fashion, the right side of V20 
operates on the B -Y axis and 
drives the blue grid of the CRT 
while the left side produces the neg- 
ative or - (B - Y) output. 

As we have pointed out previous- 
ly, the G -Y signal is composed 
of -.51(R-Y) and -.19(B-Y). 
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Fig. 20. Chroma demodulator of Motorola Chassis A22TS-918A. 

The signals from the left side of 
V20 and the right side of V21 are 
combined in the proper proportions 
and the G- Y signal which results 
is fed to the green grid of the CRT. 

Twin -Pentode Demodulators 

The twin -pentode demodulator 
used in Admiral and Motorola re- 
ceivers is still another significant 
variation of the conventional pen- 
tode demodulator. The circuit 
shown in Fig. 19 is used in the Ad- 
miral 1G1155-1 chassis. 

Insofar as demodulation of the 
R -Y and B -Y signals is con- 
cerned, the operation of this circuit 
is not greatly different from the 
operation of a circuit employing a 
pair of pentode demodulators. The 
reference signal is fed to the sup- 
pressor grids at the correct phase 
to cause the left and right halves of 
the tube to demodulate on the 
B- Y and R -Y axes, respectively. 
After the 3.58 -MHz ripple has been 
filtered, these plate signals are used 
to drive the blue and red grids of 
the CRT. 

Before attempting to explain the 
method used to develop the G -Y 
signal, we must digress somewhat 
to consider the distribution of the 
cathode current between the screen 
grid and plate of a pentode. An 
oversimplified explanation may be 
developed by considering what hap- 
pens if the plate voltage is removed 
from a pentode having a low -im- 
pedance screen supply. There is 
an immediate increase in screen 

current followed by a gradual de- 
crease as the screen -grid structure 
melts and flows to the bottom of 
the envelope. While this demonstra- 
tion is, perhaps, more dramatic than 
useful, it does indicate that the 
screen current increases if the plate 
current decreases. 

Actually, the screen current 
depends to a great degree on the 
velocity of the electrons passing 
between its conductors. If the'elec- 
trons are travelling at very high ve- 
locities, the positive potential of the 
screen grid deflects them from their 
path only slightly. Thus, the only 
electrons which impinge on the 
screen grid are the ones which hap- 
pen to be travelling directly towards 
the wires of the grid. However, if 

the velocity is decreased, the screen 
grid causes more deflection of the 
electrons. Since the screen grid is 

positive, the electrons are deflected 
toward its conductors and more of 
the electrons actually strike the 
wires. This, of course, causes an 
increase in screen current. 

Now, consider the electron ve- 
locity with various suppressor grid 
potentials. If the voltage on the sup- 
pressor is driven negative, electrons 
in the region between the screen 
and the suppressor are decelerated 
to a lower velocity and the screen 
current increases. Conversely, if the 
suppressor is driven positive, elec- 
trons are decelerated a lesser 
amount, and the screen current is 
reduced. 

A positive suppressor voltage 
which decreases the screen current 

also increases the plate current, and, 
while the plate swings negative, the 
screen swings positive. Thus, a sig- 
nal on the suppressor grid may be 
amplified in both the plate circuit 
and the screen circuit. The signal 
is inverted between suppressor and 
plate, but, since a decrease in plate 
current is attended by an increase 
in screen current, the signal at the 
screen is in phase with the suppres- 
sor grid and out of phase with the 
plate. 

Returning to the circuit of Fig. 
19, since the signals at the two plates 
of V16 are B- Y and R -Y, the 
common screen grid has elements 
of the -(B-Y) and -(R-Y) 
signals on it. However, the suppres- 
sor -to -screen transconductance is 

comparatively low and the G- Y 
signal at the screen grid is insuffi- 
cient to drive the green grid of the 
CRT. To increase the G- Y signal 
at the screen, portions of the R -Y 
and G- Y signal from the plates of 
V16 are coupled back to the control 
grid. This signal is amplified in the 
control-grid/screen-grid circuit and 
the amplified signal adds to the 
G -Y signal already present at 
the screen. Since the (R - Y) " 
(B- Y) signal at the control grid 
is a video frequency and the 
chroma-signal frequency is much 
higher, the interaction between 
them is too small to be objection- 
able. The concept of amplfying two 
dissimilar signals in the same tube 
(reflex amplification) is by no 
means a new one. For example, a 
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single tube is used as the second 
video IF amplifier and first sound 
IF amplifier in the Muntz J chassis 
(PHOTOFACT Folder 444-2). 

The demodulator used in N o- 
torola chassis A22TS-918A (Fig. 
20) t_ses the twin -pentode which 
serves as the reference oscillator to 
demodulate all three color axes. 
The explanation of the division of 
current between plate and screen 
grid which was given above also 
applies to this circuit. 

In this part of this book, it was 

pointed out that the cathode, con- 
trol -grid, and screen -grid circuits of 
V 15 (Fig. 20) function as a refer- 
ence oscillator in a Hartley con- 
figuration. In considering V I5 as a 
demodulator, we need only remem- 
ber that a high-level reference - 
oscillator signal is being fed to the 
control grid. 

Since this control grid is common 
to both pentode sections, the refer- 
ence signal cannot he split prior to 
demodulation. Consequently, the 
phase of the chroma signal is shifted 
between the two suppressor grids. 
Since the axis of a particular de - 

of RCA Chassis CTC27. 

modulator depends on the relative 
phases of the reference and chroma 
signals fed to it, it is not important 
where in the reference or chromi- 
nance circuits the phase -shifting 
network is located. In Fig. 20, the 
phases of the chroma signal are 
established by L28 and its asso- 

ciated components so that the left 
plate of V15. pin 6, demodulates 
on the B -Y axis and the right 
plate, pin I, demodulates on the 
R -Y axis. 

Because the division of current 
between plate and screen grid is 

determined by the instantaneous 
voltage of the suppressor grid, ele- 
ments of the - (R - Y) and 
- (13- Y) signal are present on 
the screen grid of V I5. A portion 
of the B -Y signal from the junc- 
tion of R208 and R207 is added to 
the screen -grid signal, reducing the 
- (B -Y) content. The total of the 
three signals is the G -Y voltage 
fed to the green grid of the CRT. 
C I 6 I , C162, and CI63 in conjunc- 
tion with L36 are used to attenuate 
the 3.58 -MHz ripple which is pres- 
ent on the plates and screen grid 
of V15. 
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Miscellaneous Circuits 

Three circuits which are being 
used more frequently are CRT grid 
dampers (DC restorers), color 
tracking circuits, and tint controls. 
Fig. 20 shows an example of the 
latter. R6A is connected between 
the red and blue grids of the CRT 
and allows the customer to adjust 
the relative conduction of these two 
guns. 

Fig. 21 shows the CRT grid 
dampers used in the RCA CTC27 
and CTC3 I chassis. By inserting 
coupling capacitors between the 
plates of the difference amplifiers 
and the CRT grids, it is possible to 
operate these two elements at non - 
related DC potentials. This allows 
simplification of the circuits and 
also precludes changes in color tem- 
perature caused by changes in the 
static conduction levels of the dif- 
ference amplifiers. Thus, the CRT 
grids are not affected by aging of 
the difference -amplifier tubes and 
components. 

Although the use of coupling 
capacitors is desirable for the rea- 
sons stated above, a means of main- 
taining the correct CRT grid volt- 
ages during b -w reception had to 
be devised. Otherwise, the right 
sides of the coupling capacitors 
would slowly charge through the 
2.2-megohm resistors to 405 volts, 
saturating the CRT. To prevent 
this, a negative -going pulse with a 

negative peak of 180 volts positive 
above ground (refer to waveform in 
Fig. 21 is fed through the damper 
diodes to the CRT grids during 
horizontal -retrace time. Between 
pulses, the CRT grid voltages rise 
from 180 volts to about 181 volts, 
but this is insufficient to cause a 

noticable change in brightness across 
the screen. 

A method of increasing color sat- 
uration, as well as contrast, with a 

single control is illustrated in Fig. 
22. As the contrast control is ad- 
justed for greater contrast, the for- 
ward bias on Q 1 is increased. The 
increased current through QI 
causes the collector voltage to de- 
crease, reducing the positive cath- 
ode bias of the chroma bandpass 
amplifier and increasing its gain. 
Positive blanking pulses are also fed 
to the cathode of the chroma-band- 
pass amplifier. 
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Chapter 6 

The Color CRT 

The circuitry used to extract the 
luminance and chrominance infor- 
mation from the composite video 
signal has been explained in Chap- 
ters 2, and 5 of this book. From 
these discussions, we learn that 
there are four video inputs to the 
color CRT: (1) the luminance, or 
Y, signal which contains only 
brightness information; (2) the 
R -Y signal containing, essentially, 
only the red information without 
any brightness information, (3) the 
B -Y signal containing the blue in- 
formation, and (4) the G -Y sig- 
nal which contains the green infor- 
mation only. 

It is customary to assign a nota- 
tion of polarity to each of the last 
three of these signals. Thus we have 
the quantities - (R -Y), 
-(B-Y), and -(G-Y) as well 
as their positive counterparts ex- 
pressed above. These arbitrary des- 
ignations can become confusing 
when considering the operation of 
the CRT itself since a specific gun, 
red for instance, conducts even when 
a - (R - Y) signal is fed to its grid. 
Actually, the quantity 0 (R-Y) is 
defined as the amount of conduc- 
tion of the red gun which, when the 
G -Y and B -Y signals are also at 
zero level, will produce reference 
white. Stated another way, zero 
levels of R - Y, B -Y and G -Y 
are present during b -w reception. 
Negative R - Y, B - Y, or G -Y 
refers to an amount of conduction 
of the specific gun which is less than 
that which is required to produce 
reference white. 

Notice that the conduction of a 
specific gun is not entirely depen- 
dent on the color -difference signal 
fed to its grid. Conduction is deter- 
mined by the grid -to -cathode voltage 
of the gun, and since the cathode is 

being driven by the luminance, Y, 
signal, the absolute value of conduc- 
tance of each gun is determined by 
the sum of the color -difference and 
Y signal being fed to it. But, the 
cathodes of the three guns receive 
the same signal; therefore, bright- 
ness is determined by the total con- 
ductance of all three guns, but hue 
is determined by the relative con- 
ductance of each of the three. 

Unlike the picture tube used in 
a monochrome TV, which must re- 
produce only brightness information, 
a color CRT must also translate 
the various input signals into colors 
as well as brightness. In the earliest 
color TV's, the color -difference sig- 
nals (R-Y, B-Y, and G-Y) 
were recombined with the luminance 
(Y) signal outside the CRT, but 
nearly all modern sets depend on 
the CRT itself to perform this func- 
tion. This, of course, makes the 
design of the color CRT even more 
critical. The Y signal is fed to the 
three cathodes of the CRT in phase 
and at approximately the same am- 
plitude. The three color -difference 
signals are fed to the control grids 
of the red, blue, and green guns. 
Therefore, the beam current from 
the blue gun is controlled by com- 
bining the B -Y signal with Y to 
obtain blue (B) information, R-Y 
is combined with Y in the red gun, 

and G -Y is combined with Y in 
the green gun. 

The no -signal conduction of each 
gun is preset by adjusting the grid 
No. 2 (screen) voltages of each gun 
for reference white. If the charac- 
teristics of the three guns were iden- 
tical, no further adjustments would 
be necessary. However, the trans - 

conductance, 
beam current 

of 
o grid voltage 

the three guns may vary slightly, 
causing the overall tint of the pic- 
ture to change with changes in 
brightness. This condition (known 
as improper gray -scale tracking) is 
corrected by inserting gain controls 
in the cathode circuits of two of the 
guns. These are adjusted so that the 
hue of the picture is not affected by 
its brightness. 

Fig. 1 is a graph showing the 
brightness produced by each of the 
three guns in a hypothetical CRT. 
These curves show no specific 
quantities but only a relationship 
between the three guns. In this hy- 
pothetical tube, if white were pro- 
duced at 12 brightness units, the 
screen would tend to become blue 
with increased brightness. At bright- 
ness levels less than 12, it would be 
predominantly green. By decreasing 
the transconductance of the blue gun 
and increasing the transconductance 
of the green gun, reference white 
can be obtained at all brightness 
levels. This, of course, is known as 
gray -scale tracking. 
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Fig. 1. Possible gain 

CRT Geometry 

At the present state of the art, 
the color tube most commonly used 
has three guns spaced at equal 
angles around the axis of the tube, 
a shadow mask with color -dot tri- 
ads, electromagnetic deflection and 
convergence, and electrostatic focus. 

Fig. 2 is a cross section of the 
neck of a CRT showing the position 

BLUE 

O 
1210° 

20° 

RED 

Fig. 2. Cross section of CRT neck. 

of the three guns. Notice that the 
red and green guns share a common 
horizontal plane while each gun lies 
in its own vertical plane. A view of 
two gun assemblies is shown in Fig. 
3. A close examination of these gun 
assemblies would show that each of 
the three guns is tilted so that the 
three beams will converge at a com- 
mon point at the center of the 
shadow mask. This simplifies the 
convergence circuitry associated 
with the tube. 

As shown in Fig. 3, each gun 

variations of the three CRT guns. 

consists of a heater, cathode, con- 
trol grid (No. 1), accelerating grid 
(No. 2), focusing grid (No. 3), 
and a final accelerating grid (No. 
4) which, since it is connected to 
the neck coating and shadow mask, 
is part of the ultor or high -voltage 
anode of the tube. A pair of pole 
pieces are located at the end oppo- 
site the cathode of each gun. These 
are used in conjunction with exter- 
nal fixed magnets and electromag- 
nets to position the beams to 
provide proper convergence. In 
some CRT's, an additional set of 
pole pieces are situated adjacent to 
the focusing grid of the blue gun. 
These, too, are used in conjunction 
with an external magnet (the blue 
lateral magnet) to aid in converging 
the blue beam with the other two. 

Fig. 4A shows a side view of a 
typical 23V color CRT with the 
deflection components in place, and 
Fig. 4B is a cutaway view of a 19V 
tube. Of particular interest is the 
arrangement of the shadow mask 
and phosphor screen. The shadow 
mask is a thin sheet of metal which 
has been perforated with a series of 
very small holes by a photoengrav- 
ing process. 

For each hole in the mask, 
three bits of colored phosphorescent 
material are deposited on the face 
plate of the tube in a pattern called 
a triad. These dots are arranged so 
that electrons emanating from the 
red gun pass through a specific hole 
in the mask and excite the red 
phosphor dot. At the same time, 
electrons from the blue gun pass 
through the same hole in the 
shadow mask to excite the blue 
phosphor dot; and, of course, the 
electron beam originating at the 
green gun at this same instant passes 
through the identical hole and ex- 
cites the green phosphor dot. 

Color Purity 

The degree of color purity de- 
pends on how well the beams from 
the guns actually pass through the 
holes in the shadow mask to strike 
the phosphor dots. The two vari- 
ables which affect purity are the 
distance from the deflection plane to 
the shadow mask and the points on 
this plane through which the beams 
pass. Fig. 5 illustrates these two 
variables. 

The relative positions of the phos- 
phor dots and the holes in the mask 
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A. 23V rectangular tube. B. 19V round tube. 

Fig. 3. Typical electron -gun assemblies. 
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were fixed at the time of manu- 
facture of the CRT. These positions 
are such that if lines were to be 
drawn from each red dot, through 
their respective holes in the mask, 
toward the neck of the tube, all of 
the lines would come together at 
one precise point. In making the 
purity adjustments, the beam from 
the red gun is made to emanate 
from this same point, which is some- 
where on the correct deflection 
plane. 

Referring to Fig. 5, notice that 
the correct point and two incorrect 

Fig. 4. Details of CRT construction. 

points of apparent beam origin are 
shown. If the beam emanates from 
an incorrect point on the proper 
deflection plane (point A), it will 
miss the red phosphor dots at the 
edges of the screen and also at the 
center. On the other hand, even 
though the deflection plane is in- 
correct, if the point of origin is cor- 
rect (point B), the beam will hit 
the red dots near the center of the 
screen but miss them at the edges. 

The correct procedure for ad- 
justing purity may be inferred from 
this discussion. If the deflection. yoke 

is moved toward the rear of the 
CRT as far as possible, it will be 
in the vicinity of the incorrect de- 
flection plane shown in Fig. 5. This 
allows the purity magnet to be ad- 
justed for the proper point of ap- 
parent beam origin (point B of 

Fig. 5), as evidenced by a pure red 
area at the center of the raster. 
Then the yoke is moved forward 
until red purity is obtained over the 
entire raster. 

The purity magnet must be cap- 
able of producing a uniform mag- 
netic field of adjustable intensity 
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Fig. 5. Deflection geometry showing effects of purity adjustments. 
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perpendicular to the neck of the 
CRT. Also, this field must be cap- 
able of being oriented in any di- 
rection. To accomplish this, two 
magnetic rings, each polarized as 
shown in Fig. 6, are mounted on 
the CRT neck. Depending on the 
relative position of the two rings, 
their fields will either aid or oppose 
each other to determine the inten- 
sity of the field. To determine the 
direction of the field, the two rings 
are rotated together. 

N 

5 

Fig. 6. A typical purity magnet. 

In discussing purity, we have con- 
sidered only the red beam and phos- 
phor dots and, in fact, the blue and 
green guns are normally disabled 
while making purity adjustments. 

This procedure is acceptable since 
the blue and green beams are de- 
flected the same amount by the 
purity magnet as was the red beam 
and, consequently, are automatically 
positioned at approximately the cor- 
rect points on the deflection plane. 
The subsequent convergence ad- 
justments position the points pre- 
cisely to their correct locations. 

Static Convergence 

Fig. 7 is a distorted view of a 
color CRT which illustrates some of 
the geometrical aspects of conver- 
gence. The distance from the shad- 
ow mask to the phosphor screen has 
been increased while the distance 
from the tube neck to the shadow 
mask has been decreased so that 
the divergence of the beams after 
they pass through the mask may be 
seen. The plane depicted in Fig. 7 
is horizontal, that is, the observer 
is looking down at the CRT and 
the center horizontal line of the 
CRT is being scanned by the elec- 
tron beams. In actual practice, the 
plane of the convergence yoke is 
to the rear of the plane of the de- 
flection yoke; however, for the pur- 
poses of this discussion the two 
planes are assumed to coincide. This 
greatly simplifies the explanation 

and, from a qualitative point of 
view, has no effect on the operation 
of the convergence system. 

Consider the moment when the 
triad at the center of the screen 
is illuminated. The beam from the 
green gun crosses from left to right 
(looking from the guns toward the 
screen), the red beam crosses from 
right to left and the blue beam goes 
straight ahead. (Actually the red 
and green beams are aimed upwards 
slightly and the blue beam is slightly 
depressed, but this cannot be ob- 
served from the present point of 
observation). When the three beams 
actually behave as shown, the tube 
is correctly converged at the center. 
This is called static convergence, 
since there is no horizontal- or 
vertical -deflection field acting on the 
beams at this instant. 

From the above, it may be in- 
ferred that static convergence con- 
sists simply of aiming all three guns 
at the center of the CRT screen. 
This is accomplished by adjusting 
the three permanent magnets which 
are part of the convergence yoke so 
that the electron beams are correctly 
aimed. Fig. 8 shows the red and 
blue positioning magnets and the 
blue lateral magnet, soon to be 
discussed. The positioning magnets 
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Fig. 7. Deflection geometry showing correct convergence. 
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Fig. 8. Convergence components. 

themselves are imbedded in a plastic 
sleeve, and these sleeves may be 
pushed in closer to the CRT neck 
to increase the effect of the fields. 
The sleeves may be rotated 180° in 
their holders to reverse the mag- 
netic field if necessary. Of course, 
other magnet configurations are pos- 
sible, but the operation is essen- 
tially the same. 

Fig. 9 shows the effect of the 
positioning magnets on their re- 
spective beams. As the red and 
green postioning magnets are repo- 
sitioned, the respective beams scan 
the screen in the direction shown 
by the arrows. Since the guns are 
aimed, roughly, at the center of 
the CRT during manufacture, the 
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Fig. 9. CRT screen section shows effects 
of static -convergence magnets. 

landing points of the red and green 
beams can be made to coincide at 
some point near the center of the 
screen. The blue positioning magnet 
causes the blue beam to fall at 
some point along a vertical line on 
the screen (also near the center), 
which point is determined at will 
by adjusting the positioning magnet. 
When the blue spot is directly 
alongside the spot illuminated by 
the red and green beams, the blue 

Fig. 10. Dynamic -convergence error due to non -spherical mask. 

lateral magnet (also pointed out in 
Fig. 8) is adjusted to move the blue 
spot horizontally until all three spots 
coincide. 

The blue lateral magnet is 
mounted on the CRT neck to the 
rear of the convergence yoke and is 
situated at right angles to the blue 
positioning magnet. Because of its 
position, the only one available, it 
has a slight effect on the red and 
green beams as well as on the blue 
beam. Accordingly, the position of 
all four magnets must be "roughed 
in" first and then retouched for 
best convergence. 
Dynamic Convergence 

Unlike static convergence, which 
may be accomplished by permanent 
magnets, dynamic convergence re- 
quires the generation of fairly com- 
plex magnetic fields. Before examin- 
ing the circuitry required to produce 
these fields, let's define dynamic 
convergence and describe the mag- 
netic fields which are required to 
accomplish it. 

The major factor which affects 
dynamic convergence is the curva- 
ture (or rather, the lack of it) of 
the shadow mask and screen. If the 
screen were a sector of a sphere 
whose center was on the conver- 
gence plane, dynamic convergence 
would be relatively simple. How- 
ever, the screen has a radius much 
greater than the distance to the de- 
flection plane and , if nothing is 
done to correct it, a beam which is 
converged at the center of the screen 
will converge behind the mask at 
every other deflection angle. This is 
illustrated in Fig. 10. Accordingly, 
progressively less convergence field 
is required as the deflection field in- 
creases. Notice, too, that dynamic 
convergence is required for the ver- 
tical sweep as well as the horizontal 
sweep. 

Fig. 11 shows the effect of no 
dynamic convergence on vertical 
and horizontal lines passing through 
the center of the raster. In consider- 
ing the effects of convergence, these 
lines are of particular interest be- 
cause the dynamic horizontal -con- 
vergence field is zero when these 
vertical lines are being produced, 
and the dynamic vertical -conver- 
gence field is zero when the center 
horizontal lines are being produced. 
The total dynamic -convergence field 
when any other point on the raster 
is being scanned is a sum of both 
the horizontal- and vertical -conver- 
gence fields. 

Notice that three vertical, but 
only two horizontal, lines are 

BLUE 

Fig. 11. Raster with dynamic - 
convergence circuits disabled. 

produced. This is easily understood 
if one considers that each gun is in 
a separate vertical plane, but that 
the red and green guns are in the 
same horizontal plane. Thus the red 
and green beams track each other 
in a horizontal scanning line. 

The curves produced on the ras- 
ter by unconverged beams are para- 
bolic in shape, and so a parabolic 
correction current through the con- 
vergence coils will straighten the 
lines. Although it is possible to 
dynamically converge all three 
beams with a single device, it is 
standard practice to use independent 
electromagnets for each gun and to 
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Fig. 12. Parabolic -current waveforms. 
generate separate currents for each 
of them. By doing this, the ampli- 
tude and the tilt (angle of the axis 
of the parabola relative to the ver- 
tical axis of a graph) of the cur- 
rent in each convergence coil may 
be adjusted for the best possible 
appearance of the raster. Fig. 12 
relates the terms "tilt" and "amp- 
litude" to a parabola. 

Referring to Fig. 8, the red and 
blue dynamic -convergence electro- 
magnets may be seen immediately 
in front of the red and blue position- 
ing magnets. Fig. 13 shows a single 
convergence electromagnet and il- 
lustrates the relative size of the 
horizontal- and vertical -convergence 
coils. Since the horizontal- and 
vertical -convergence currents have 
the same repetition rate as the 
horizontal- and vertical -deflection 
oscillators, the vertical -convergence 
coils must have many more turns 
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Fig. 13. Typical dynamic -convergence 
electromagnet. 

to obtain a reasonable impedance. 
The circuitry used to develop the 
convergence currents will be dis- 
cussed later in this article. 

Pincushion Effect 

Those who were in the TV serv- 
icing business a generation ago will 

recall when the effects of pincushion 
distortion first became a problem. 
In the earliest black -and -white sets, 
using a small deflection angle and 
a near -spherical screen with a fairly 
short radius, pincushion distortion 
was no problem. Then, as wider de- 
flection angles and flatter screens 
became popular, pincushioning be- 
came objectionable. Fig. 14 shows 
a raster with severe pincushioning. 
Actually, pincushion distortion is 
aggravated by the use of cosine or 
cosine -squared yokes, necessary to 
maintain focus over the surface of 
the flat -screen, wide -deflection CRT. 

In b -w sets, pincushion correction 
is fairly simple. By positioning small 

Fig. 14. Pincushion distortion. 

permanent magnets around the 
CRT, just forward from the de- 
flection yoke, the beam is caused 
to move outward as it crosses the 
horizontal and vertical center lines, 
straightening the scan lines on the 
CRT. Unfortunately, the use of pin- 
cushion magnets in a color set is 

not possible. As we all know, it is 
problem enough to get rid of mag- 
netic fields around the CRT bulb 
without introducing any additional 
magnets. Secondly, since the three 
beams have different points of ori- 
gin on the deflection plane, pin- 
cushion magnets would not affect 
the three beams equally, making 
convergence at the edges of the 
CRT very difficult. 

Since the use of pincushion mag- 
nets is precluded, the correction 
field must be generated electromag- 
netically. Small correcting currents 
are generated in the pincushion cir- 
cuit and added to the deflection cur- 
rents in the yoke. A typical circuit 
will be examined under a separate 
head in this article. 

Dynamic -Convergence Circuits 

As pointed out previously, the 
currents through the dynamic -con- 
vergence electromagnets must be 
parabolic in shape and have con- 
trollable amplitude and tilt. This is 
true of both the horizontal and 
vertical dynamic -convergence cur- 
rents; however, since the circuits 
used to generate these currents are 
different, they will be discussed 
separately. 

Fig. 15 shows the vertical dy- 
namic -convergence circuit used in 
the Admiral 2Gl 156-1 chassis. The 
sawtooth from the cathode of the 
vertical -output tube is fed through 
C6 and R199 to the top of a bleeder, 
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Fig. 16. Result of adding parabolic 
and sawtooth currents. 

consisting of R22 and R25, and 
thence to ground. A portion of this 
voltage is picked off by the slider 
of R25 which connects to one end 
of the blue convergence coil, L44A. 
The opposite end of L44A is con- 
nected to the slider of R26 which, 
in turn, is across a winding of the 
vertical output transformer. Thus, 
the parabolic current waveform pro- 
duced by the action of R199, C6, 
and L44A is modified by the saw - 
tooth current from the transformer 
winding. This is illustrated in Fig. 
16. Since the ends of the transform- 
er are out of phase, either a 
positive -going or negative -going cur- 
rent may be picked off by the 
slider of R26; and the parabola 
may be tilted in either direction. 

In considering the currents through 
L44B and C, we will first trace the 
current produced by the lower wind- 
ing of the vertical -output trans- 
former of Fig. 15. The amplitude 
and phase of voltage taken from 
this winding is determined by the 
setting of R20. The relative amp- 
litudes of this voltage which are 
fed to L44B and C is determined 
by the postion of the slider of R19. 
Notice that as more current is 

caused to pass through one coil, 
less passes through the other; but 
that if current flow through one 
coil is from terminal 1 to terminal 
2, it is from 2 to 1 in the other. 

A second sawtooth is taken from 
the upper winding of the vertical - 
output transformer. This is tapped 
by R23 and fed through L44C, then 
L44B, to the slider of R22, and 
ultimately back to ground. Since the 
setting of R23 determines the phase 
of this sawtooth, current may be in 
either direction, but if it passes from 

2 to I of L44C, it also passes from 
2 to 1 of L44B. In either case this 
sawtooth modifies the tilt of the 
parabolic current supplied from 
R22. Depending on the positions of 
the various controls, R23, R19, 
R20, and R22, the amplitude and 
tilt of the parabolic currents through 
the red and green coils may be ad- 
justed over a wide range. 

Fig. 17 shows a typical horizon- 
tal -convergence circuit. Although 
the current waveforms are very simi- 
lar to the ones developed in the 
vertical -convergence circuits (ex- 
cept for frequency), the circuitry is 
somewhat different. These circuit 
differences are present because a 
suitable sawtooth input is not avail- 
able and also because the red and 
green guns are in the same horizon- 
tal plane and require approximately 
the same convergence current. 

The input for red and green con- 
vergence is a 300 -volt pulse from 

the horizontal -output transformer. 
This is shaped into a sawtooth by 
LI and a parabolic current is 
caused to flow through the coils. 
The ganged potentiometers, R8A 
and B, arc connected so that the 
current returns to ground through 
either of two windings. These wind- 
ings arc out of phase, and so the 
parabolic current may be tilted in 
either direction, depending on the 
setting of the potentiometers. Notice 
that the potentiometers are con- 
nected so that the currents in the 
two coils tilt in opposite directions. 
R9 changes the loading on the saw - 
tooth at the top of C8 and has the 
effect of tilting the parabolic current 
in each of the two coils in the same 
direction. 

Blue horizontal convergence is 
accomplished by a parabolic cur- 
rent developed by the network con- 
sisting of L2, L3, C6, and C7. A 
portion of the 30 -volt pulse fed to 
R I0 is fed to the network. L3 and 
C7 are tuned to 15,750 Hz while 
L2 and C6 are tuned to the second 
harmonic, 31.5 kHz. The combina- 
tion of these impedances causes a 
parabolic current in the conver- 
gence coil. By tuning L2 above or 
below its center frequency, the cur- 
rent may be tilted in either direc- 
tion at will. 

Pincushion Circuit 
To correct pincushion distortion 

at the top and bottom of the screen, 
it is necessary to decrease the ver- 
tical -deflection current in the yoke 
when the horizontal scan is at the 
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extreme right and left edges of the 
screen. Correcting pincushion dis- 
tortion at the sides of the screen is 

accomplished by decreasing the 
amplitude of the horizontal deflec- 
tion current when the vertical de- 
flection is at its maximum upper and 
lower limits. The circuit in Fig. 18 

shows one way of accomplishing 
this. 

In Fig. 18, a portion of the hori- 
zontal deflection current flows 
through the bottom winding of T5, 
inducing a current in the two sec- 
ondaries. The phase of this induced 
current is adjusted by the slug in 
L36 so that it opposes the vertical 
sweep current at the time when the 
horizontal scan is at the edges of 
the screen. Thus, the vertical de- 
flection is reduced only at the edges 
of the raster. The amount of reduc- 
tion of the vertical sweep is deter- 
mined by the setting of R15. 

Side pincushioning is also cor- 
rected by the same circuit. A por- 
tion of the vertical -deflection current 
passing through the two upper wind- 
ings of T5 induces a voltage in the 
lower winding which opposes the 
horizontal deflection current. This 
opposing voltage must be present 
only when the top and bottom of 
the CRT are being scanned. This 
is accomplished by using a satur- 
able core in T5. The core saturates 
when the vertical sweep is near the 
center of the raster and, conse- 
quently, there is only a small trans- 
fer of energy in the transformer. As 
the core comes out of saturation, 
more and more vertical -sweep ener- 
gy is coupled to the horizontal - 

deflection system so that the scan 
lines are shortened at the top and 
bottom of the picture. 

The Sony One -Gun 
Color Picture Tube 

The Sony one -gun Trinitron` 
color picture tube often is confused 
with a different color CRT called 
the chromatron, which never got 
into a commercial set. But they're 
definitely not the same. Nor even 
much alike. To end any mixup. 
here's a thorough description of the 
Trinitron, how it works and what its 
advantages are. 

For the most part, this little por- 
table looks and operates much like 
any other color set. 

That is, it does until you open it 
up and look for the adjustments. 

'A Sony Trademark. 

Then it's a different story. There 
are so few-only a half -dozen, in- 
cluding convergence. That's a far 
cry from the couple dozen a con- 
ventional picture tube needs. 

Color by Vertical Stripes 
The first odd thing you notice 

about a Trinitron picture tube is its 
color phosphors. There are three 
primary colors-red, green, blue- 
just as in a regular color CRT. But 
these in the Trinitron are deposited 
on the tube face in vertical stripes, 
side by side. There's a red, then a 

green, then a blue: then another red, 
another green, another blue, and so 

on, as shown in Fig. 19. 

The second unusual thing is the 
Trinitron shadow mask. It doesn't 
has,e holes like a conventional one. 
It has slots. It's not even called a 

shadow mask; it's called an aperture 
grille. 

You can see its relationship to 
the phosphor stripes in Fig. 19. It's 
just behind the stripes, between 
them and the guns. The vertical 
slots line up with the green phos- 
phor. Each slot is only as wide as 

one stripe. You can see from the 
sketch, the slots and stripes are 
both much narrower than the beam 
of electrons from the electron gun. 

One Gun, Three Beams 
To understand how the aperture 

grille works, you need to know what 
the electron gun of the Trinitron 
does. 

Conventional color CRT's have 
three guns. The Trinitron has only 
one. But it puts out three beams. 
How that's done is illustrated in 
Fig. 20. 

Fig. 19 Phosphors 
are deposited on 

APIRIURE 
screen in vertical GRILLE 

stripes. Aperture 
grille is really a 
vertically slotted 
shadow mask. 
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First, look at Fig. 22 and how the 
aperture grille masks each of three 
beams. It allows each beam to hit 
only the phosphor it's supposed to 
excite. 

Each beam covers at least two of 
the slots in the grille. The green 
beam, coming straight in, hits green 
phosphor stripes. The red beam 
comes into the slots at an angle set 
by the convergence plates. It strikes 
two red stripes, but can't hit blue or 
green-the grille prevents it. Like- 
wise, the blue beam, coming through 
the grille slots from the opposite 
angle, can't hit red or green stripes 
-only blue. 

Getting purity in the center is 
easy. But when the yoke sweeps the 
beams, they could easily land wrong. 
The yoke has to be in just the right 
position along the CRT neck so the 
point of deflection (called deflection 
center) is correct. Fig. 21 illustrates 
this. 

A purity magnet (Fig. 21A) 
mainly affects how the beams land 
near the center of the screen. The 
arrows show how shifting the mag- 
net moves beam relationships. If 
you're adjusting the purity magnet, 
you try for best purity in the center. 
Use a green raster. 

Fig. 21B illustrates yoke position- 
ing. If it's too far back onthe neck, 
the deflection center is out of posi- 
tion. Out near the edges, the beams 
don't go through the slots like 
they're supposed to. You adjust for 
best purity all over the screen by 
sliding the yoke forward or back- 
ward on the neck of the CRT. 

There's one more adjustment to 
assure that each beam lands on only 
its intended color. It's called the 
Neck -Twist Coil. Slight misalign- 
ment in the gun may keep the three 
beams from lining up horizontally. 
The effect is shown above the photo 
of the coil, in Fig. 23. The red or 
blue beam may spill over onto some 
green stripes. Turning the neck -twist 
coil corrects this. During adjust- 
ment, watch a red raster; this ad- 
justment doesn't affect green. 

Converging at the Edges 
With purity as good as you can 

get it, turn your attention to keep- 
ing the beams going through the 
slots together all the way across the 
screen. The face of the Trinitron is 
only slightly convex. The angle of 
beam deflection inscribes a much 
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Fig. 22 Masking effect of aperture -grille slots. Angles of beams are adjusted 
so they illuminate only the phosphor for their own color. 
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Fig. 23 Neck -twist coil is rotated to improve 
green purity. DC flowing in it keeps the three 
CRT beams lined up horizontally. 

shorter radius. 
Fig. 24 illustrates what this does 

to the beams. The deflection point 
is further from the screen at the 
edges than at the center. If the beam 
crossover point stays the same dis- 
tance from the gun, out near the 
edges the beams cross before they 
reach the aperture grille. That's mis - 
convergence. 

What's needed is something to 
lengthen their focal distance at the 
beginning of each line, let it return 

to normal as the beams sweep 
across center, and lengthen it again 
as they move on toward the right 
edge. 

DC voltage on the convergence 
assembly determines the crossover 
point in the first place. So, logic- 
ally, a parabolic voltage that's per- 
fectly in step with the horizontal 
sweep can be added to it; the re- 
sulting voltage variation alters the 
focal length as needed. 

The parabolic voltage waveform 

is shown in Fig. 24, below the sweep 
sketch. Applied to the convergence 
plates, the parabolic voltage adds to 
the 19 -KV DC that's already there. 
Rising and falling, it stiffens the 
beams during the start and finish of 
each line-moving the focal point 
out and back to conform exactly 
with aperature-grille curvature. 

That's all there is to horizontal 
convergence. The circuit is simple. 
A parabolic signal is taken from 
the horizontal -yoke return circuit 
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Fig. 24 Sketch shows how parabolic waveform added 
convergence plates lengthens focal point of beams as 
they sweep toward edges. The controls in the photo 
are the only convergence adjustments you normally 
will make. 
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and fed through a capacitor to the 
convergence plates. 

Vertical convergence is even sim- 
pler. Slight vertical misconvergence 
doesn't show up anyway; if a beam 
lands a little high, it's still on the 
same color stripe so there's no visi- 
ble error. Whatever slight correction 
is needed is designed into the ver- 
tical output stage and deflection 
coils. 

There are only two convergence 
adjustments (Fig. 24). One is the 
Vertical Static adjustment. You 
make it first. Just put horizontal 
crosshatch lines on the screen and 
adjust the control to converge them. 
The other, the Horizontal Dynamic 
adjustment, primarily affects verti- 
cal crosshatch lines. It makes one 
end or the other of the parabolic 
signal higher in value, in case a 

little extra beam -stiffening is needed 
toward one side of the screen. 
There's also a capacitor you can 
change to improve convergence if a 

replacement Trinitron cannot be set 
up correctly. 

Powering the Trinitron 

Supply circuits for the Trinitron 
are diagramed in Fig. 25. The photo 
shows the second -anode button and 
the I9 -KV high -voltage connection. 

As mentioned earlier, there are 
three cathodes. They are the driven 
elements in the Trinitron. Color 
video signals; to which the Y or 
brightness components have already 
been restored, are fed to the cath- 
odes. They control how many elec- 
trons get into the beams, and thus 
determine average scene brightness 
and the mixture of primary colors 
that make a color scene. About 70 
peak -to -peak volts of video are ap- 
plied to them. 

The control grid (GI) is common 
to all three beams. With the cath- 
odes driven, GI stays at ground 
(zero volts) potential most of the 
time. Average bias is set by what- 
ever average DC is on the cathodes 
-about 100 volts DC. However, 
horizontal and vertical blanking 
pulses are fed to the grid, driving it 
deeply negative for those short in- 
tervals when they are present. 

The efficiency of Trinitron phos- 
phors is closely matched for all 
colors. Also, because of the com- 
mon G I transconductance for each 
beam is about the same. There's no 
need for complex gain adjustments, 
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Fig. 25 Circuitry surrounding Trinitron picture tube stresses simplicity, com- 
pared with shadow -mask -tube circuits. Photo shows second -anode cap at 
top of tube instead of at side of bell as in conventional CRT's. 
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so the screen (G2) is common to all 
beams, too. No gray -scale tracking 
is necessary. There's no series of 
screen adjustments-just one It 
varies the DC voltage applied to G2 
-between 300 and 400 volts. 

Focus voltage can be varied from 
zero (ground) potential to the full 
voltage that's available for G2. I 

have already indicated the voltage 
on the convergence plates; it's 19 

KV, plus the parabolic dynamic - 
convergence signal. 

A Step Toward Easier Servicing 
The Trinitron ís simpler than pic- 

ture tubes of the three -gun shadow - 
mask variety. There's less to go bad 

inside and outside a Trinitron. 
The Trinitron color portables I've 

seen in operation produce a satis- 
factory picture. Convergence was 
good, and colors seemed warm and 
true. Color pictures are bright 
enough to be viewed comfortably 
under strong flourescent lighting, 
but they don't seem any brighter 
than (if as bright as) pictures on the 
new black -surround color CRT's it 
some U.S. brands. 

Whatever its other advantages, 
the Trinitron is unique and easy to 
set up. 

Conclusion 
The preceding chapter was writ- 

ten to explain how the geometry of 
the color CRT places certain re- 
quirements on the circuitry associ- 
ated with it. After these require- 
ments were pointed out, typical cir- 
cuits which perform the various 
functions were described. Since spe- 
cific circuits vary widely from one 
make of set to another, generalized 
setup procedures are almost point- 
less and no attempt has been made 
to formulate them. Through careful 
attention to the appropriate service 
data, and experience in making the 
various adjustments, you will evolve 
the techniques best suited to your 
specific requirements. 
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Chapter 7 

Solid -State 
Circuitry 
In Color 
Sets 

Regardless of whether transistors 
or vacuum tubes are used in a color 
receiver, the functions of the several 
circuit systems remain unchanged. 
That is, a solid-state set still has a 
tuner, IF strip, horizontal and verti- 
cal deflection systems, chroma sys- 
tem, etc. Thus, the radical changes 
brought about by the adaptation of 
transistors to color -receiver circuitry 
occur in the circuits themselves, not 
in the overall design concept. There 
is one exception to this statement; 
the use of solid-state devices makes 
modular construction much more 
feasible than it was in vacuum -tube 
designs. A vacuum -tube color re- 
ceiver of modular construction has 
been marketed (Setchell-Carlson), 
and at least one manufacturer is 
contemplating a solid-state color 
receiver which does not have mod- 
ular construction. The relative 
merits of the two types of construc- 
tion are not an appropriate subject 
of discussion here. 

Review of Transistors 

In presenting the following infor- 
mation, we assume that the techni- 
cian has some prior knowledge of 
transistor circuitry. For this reason, 
we will not dwell on the theory of 
their operation. The physical laws 
which govern the operation of solid- 
state devices have been published 
many times and the interested reader 
may aursue the subject by studying 
any of a host of books. For our 
present purposes, we will consider 
most of the transistors used in a 
color receiver as "black boxes" 
which amplify. 

It is worth noting that some of 
the characteristics of transistors 
dictate significant changes from 
conventional tube circuitry. In their 
most usual configuration, transistors 
exhibit very low input impedance. 
For this reason, resistors in the cir- 
cuit arc usually relatively small and 
capacitors have relatively large 
values. 

Fig. I will help to illustrate this 
important point. Assuming that each 
circuit must operate at I kHz. we 

will calculate the value of CI which 
will allow reasonably good energy 
transfer from the first stage (rep- 
resented by a generator) to the 
second stage. As a general rule of 
thumb, the impedance of the cou- 
pling capacitor should not exceed 
1/10 of the impedance of the input 
circuit of the following circuit. In 
the vacuum -tube circuit (Fig. 1 A) 
the maximum impedance of Cl may 
be n5 greater than 50K ohms and 
the capacitance may be calculated 
by 

1 

C 2ir F Xe 

1 

6.28 x 103X5X 10' 

= 1 - 3.18 x 10-8 
3.14 x 108 

C = .0032 mfd 

To maintain the same impedance 
ratio between coupling capacitor 
and input, the value of CI in the 
transistor circuit (Fig. IB) may not 
exceed 47 ohms. 

1 

C 27r F Xc 

1 

6.28 X 103x4.7x 10' 

1 

2.95 x 105 

C = 3.4 mfd' 

- 3.39 x 10-" 

Because large coupling capacitors 
are necessary, it is sometimes more 
practical to eliminate them entirely 
and couple successive stages di- 
rectly. This is also done in vacuum - 
tube circuitry where response to 
very low frequencies is desirable, 
but each direct -coupled stage re- 
quires, roughly, at least 100 addi- 
tional volts from the power supply, 
a serious limitation. Transistors op- 
erate from more moderate voltages 
than tubes, and several stages may 
he direct coupled even though the 
power supply produces only 100 
volts or less. By using alternate 
NPN and PNP transistors in a 
direct -coupled cascade, an almost 
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unlimited number of stages may be 

direct coupled without increasing 
the power -supply voltage. 

While the use of direct -coupled 
transistor stages is desirable from 
the point of view of economy and 
design simplicity, it may introduce 
a troubleshooting problem. A direct - 
coupled amplifier will pass DC as 

well as any other frequency, and so 

any change in emitter -to -base DC 
potential of the first stage is ampli- 
fied in each following stage. Thus, 
if a shift in bias of 0.1 volt should 
occur at the front end of a string 
having a gain of 100, a change in 
output of 10 volts would result. 

In practical applications, a DC 
swing of 10 volts is nearly impos- 
sible because some transistor in the 

string probably would either satu- 
rate or cut off at a smaller shift in 

bias. The result is the same-the 
problem area is in front of the cir- 
cuit where the symptoms are most 
likely to be detected. 

DC feedback loops and current 
limiters are often used in transistor 
circuits to prevent the runaway con- 
dition just described. The circuit 
shown in Fig. 2 has such a feedback 
path. (The circuit is not in the Mo- 
torola receiver.) Assume that the 
positive base voltage of Q9 de - 

B+ 

(A) Tube amplifier. 

1 

BIAS 

(B) Transistor amplifier. 

Fig. 1. Comparison of transistor and 
vacuum -tube amplifiers. 

creases for some reason. The con- 
duction of 09 will decrease, causing 
the base voltage of Q10 to rise. The 
increased conduction of the collec- 
tor of Q10 causes an additional 
drop across R51, and the base of 
Q 1 1 becomes less positive. This 
causes increased collector current in 
011 and the collector swings posi- 
tive because of the increased drop 
across T1. 

Without a feedback loop, a small 
decrease in bias at the base of Q9 
might well cause such a large in- 
crease in collector current through 
Q11 that the transistor would be 

damaged. The feedback loop con- 
sists of R55, C19, and R54, con- 
nected between the collector of 011 
and the base of Q9. By virtue of 
this loop, as the collector voltage 
of 011 tends to rise, a portion of 
this positive -going voltage is cou- 
pled back to the base of Q9 to 
increase its conduction. Thus, the 
action of the feedback loop is al- 
ways to oppose any change in the 
DC operating potentials of the tran- 
sistors. Note that C19 acts as a 

low-pass filter in the feedback loop. 
Because of it, only DC, or low - 
frequency AC, is fed back to Q9. 

In our discussion about the DC 
feedback loop, we assumed that the 
potential at the base of Q9 changed 
for some unspecified reason. While 
idle conjecture about the cause of 
this shift is pointless, it is true that 
changes within 09 itself, or varia- 
tions among transistors in a produc- 
tion run, are a major source of the 
variations. Thus, we may conclude 
that DC stabilization is required for 
two reasons: the DC instability of 
direct -coupled amplifiers, and the 

inherent DC instability of transistors 
themselves. 

VOLUME 

CONTROL, 

2mfd 

In general, it is also true that the 
gain stability of transistors is poorer 
than it is for vacuum tubes. For 
this reason, an AC feedback loop 
also may be incorporated in an am- 
plifier string. Referring again to Fig. 
2, the AC feedback network con- 
sists of R53 and C49. A portion 
of the amplifier output is fed back 
to the input in phase opposition. 
Thus, if the gain of the overall cir- 
cuit increases, so does the amplitude 
of the inverted signal fed to the 
input, and the gain is maintained 
constant. Note that this feedback 
circuit incorporates a high-pass filter 
so that it is insensitive to DC. 

Another characteristic of tran- 
sistors which is sometimes confusing 
to the technician is the manner in 
which they fail. Although a triode 
with a grid -to -plate short is quite 
rare, a base -to -collector short in a 

transistor is a distinct possibility. 
Furthermore, while a grid -plate 
short probably would be destructive 
to associated components, a base - 

collector short may cause no exter- 
nal damage. A transistor with a 

base -collector short may pass the 

signal (without amplifying it, of 
course) but there will be no inver- 
sion of the waveform. 

Typically, vacuum tubes fail 
because of gradually decreasing 
cathode emission and lowered trans - 

conductance. This is unlike tran- 
sistors which usually maintain a 

nearly constant gain throughout 
their lives; failures are due to shorts 

or excessive leakage. 

Motorola 23TS-915 and 
919 Chassis 

Chroma Circuitry 
Fig. 3 is a block diagram of the 

chroma circuits used in the Mo- 
torola 23TS-915 and 919 chassis. 
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Although most of us are accustomed 
to only about half this number of 
blocks, the functions performed by 
this chroma circuit and one using 
vacuum tubes are essentially the 
same. With the exception of the 
demodulators and color amplifiers, 
which are rather novel, the entire 
chroma circuit is quite similar to a 

vacuum -tube design. 

Reference Circuits 

Following the same sequence that 
was used in Chapter 4 of this book, 
we shall examine the reference -sig- 
nal circuits first. Video from the first 
video amplifier is fed to the first 
chroma-bandpass amplifier, which 
has two outputs. One of these out- 
puts, consisting of the chroma side - 
bands and the color burst, is fed to 
the chroma-sync amplifier. The 
chroma-sync amplifier is the equiv- 
alent of the burst amplifier of con- 
ventional designs and is a coinci- 
dence gate. Also fed to the chroma- 
sync amplifier is an enabling pulse 
from the burst amplifier and pulse 
limiter. This pulse gates the sync 
amplifier on at the time when the 

color burst is present at its input, 
allowing it to pass. During the re- 
mainder of the scanning interval, the 
sync amplifier is gated off, removing 
the chroma sidebands from its 
output. 

The color burst from the sync 
amplifier is developed across the 
3.58 -MHz crystal, causing it to 
ring from one burst to the next. 
The crystal is amplified by Q53 and 
the output of this stage is a CW 
signal which is rephased at the start 
of each horizontal scan. 

The chroma-reference oscillator, 
Q54, is a Colpitts oscillator which 
free runs during black -and -white 
reception. However, if a color burst 
is present, the output from the crys- 
tal amplifier phase locks the oscil- 
lator, causing its output to be in 
phase with the color burst. 

The chroma-reference phase in- 
verter is actually a splitter which 
develops two out -of -phase signals 
from the single input. A potentiom- 
eter across these outputs, the hue 
control, selects the specific phase 
of reference signal required for cor- 
rect hue of the picture. 

Finally, the reference signal is 

amplified by Q56 and fed to the 
three demodulators. The phase of 
the signal from Q56 is correct for 
the green demodulator, and phase 
shifting networks develop the cor- 
rect phase for the blue and red axes. 

ACC and Color Killer 
A portion of the output from the 

3.58 -MHz crystal amplifier is recti- 
fied and fed to the ACC amplifier. 
If the amplitude of the burst in- 
creases, the output of the crystal 
amplifier increases, and this, in 
turn, causes the bias developed in 
the ACC amplifier to increase. This 
decreases the gain of the first 
chroma bandpass amplifier to main- 
tain a constant -amplitude output 
with a varying input. (See "Closed - 
Loop ACC" in Chapter 5 of this 
book.) 

The output of the ACC amplifier 
also is supplied to the killer ampli- 
fier, Q43. In conjunction with Q44, 
the killer output stage, Q43, oper- 
ates as an electronic switch. That 
is, the circuit is either cut off or 
saturated-there is no "in between." 
In the absence of a color burst, the 
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Fig. 3. Detailed block diagram of the Motorola solid-state chromes circuits. 
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killer cuts off the second chroma- 
bandpass amplifier; when a burst is 

present, the second chroma-band- 
pass amplifier is turned on. The 
color intensity control is located in 

the network between the killer and 
the second bandpass amplifier. 

Bandpass Amplifiers 

The two chroma bandpass am- 
plifiers, Q45 and Q46, are straight- 
forward in design. As stated above, 
the gain of the first stage is con- 
trolled by the ACC amplifier and 
the second stage is cut off during 
monochrome reception by the color - 
killer circuit. The color intensity 
control also is incorporated in the 
input of the second bandpass ampli- 
fier. The two stages are tuned to 
pass sidebands having frequencies 
up to 500 kHz above or below the 
burst frequency. 

Chroma Demodulators 

The diode chroma demodulators 
used in this receiver are similar in 

many respects to the ones used in 

some General Electric receivers. 
The essential difference is that a 
third input, the luminance (or Y) 
signal is also fed into the three 
Motorola demodulators. 

Today, the majority of color re- 
ceivers recombine the luminance 
signal and the ,three color -difference 
signals within the CRT. (See Chap- 
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ter 4 of this book.) This practice 
was adopted because of its relative 
simplicity and economy, but it 
makes the ability of the receiver to 
track the gray scale dependent on 
the degree of nicety with which the 
three guns of the CRT can maintain 
identical transconductances. The 
concept of recombining the lumi- 
nance and chrominance information 
outside the CRT allows more ac- 
curate adjustment of gray -scale 
tracking and the possibility of cor- 
recting for long-time variations in 
CRT parameters and also for 
changes in the external circuits. 
Time will tell whether or not this 
second -generation external matrix 
will fulfill expectations. 

The three demodulators of Fig. 
3 are identified simply by the color 
(not color -difference) signals which 
they produce. This is entirely 
proper, since color -difference sig- 
nals never appear in this chassis; 
chrominance and luminance infor- 
mation are recombined (matrixed) 
in the demodulators. One of the 
demodulators will be examined in 
detail later in this article. 

Color Amplifiers 

Each of the color demodulators 
is followed by a pair of amplifiers 
which raise the signal level to an 
amplitude sufficient to drive the 
CRT cathodes. These amplifiers are 
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direct coupled, allowing the bright- 
ness control to be connected to the 
emitters of the first stages of each 
amplifier string. Making the emit- 
ters of Q40, 048, and Q57 more 
positive causes the collectors to 
swing in the same direction. This 
swing is inverted in the output 
stages, driving the CRT cathodes 
negative and increasing the bright- 
ness. 

The emitters of 041, Q49, and 
058 (NPN types) return to ground 
through the blanking -control tran- 
sistors Q36. When Q36 is cut off 

during horizontal and vertical re- 
trace, the video -output transistors 
also are cut off, driving the CRT 
cathodes positive into cutoff. 

Brightness Circuit 

The brightness circuit, Q37, Q38, 
and Q39, includes the manual 
brightness control and also an auto- 
matic brightness limiter (ABL). 
The purpose of the ABL circuit is 

to maintain constant CRT beam 
currents (for a given brightness - 
control setting) even though shifts 
in video -amplifier gain, line voltage, 
horizontal -output voltage, etc. might 
tend to change the brightness. Also, 
the ABL control allows the tech- 
nician to preset the maximum 
brightness for optimum operation. 

A sample of the focus voltage is 

used as a control voltage for the 
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ABL. Any shift in brightness will 

shift the level of the control vo tage. 
For example, if the CRT brightness 
decreases for some reason, the focus 
voltage will increase. A positive - 
going control voltage increases con- 
duction of the video amplifiers, 
video outputs, and the CRT guns 
to increase brightness. 

Blanking Circuit 

Positive pulses derived from the 
vertical sweep amplifier and from 
the horizontal -output transformer 
are coupled to the blanking -control 
stage, 036. by the blanking ampli- 
fier. These pulses cut off the video - 
output transistors during retrace. 

To reduce the load on the hori- 
zontal -output circuitry. the horizon- 
tal retrace time of this chassis is 

longer than usual and the CRT is 

overscanned slightly. The width of 
the horizontal -blanking pulse is in- 
creased accordingly, and it is normal 
for a portion of the first color bar 
from a keyed -rainbow generator 
(yellow -orange) to be partially 
blanked and off the left side of the 
raster. 

Chroma-Circuit Analysis 

The three demodulators are prac- 
tically identical, with the exception 
of the phase of the reference input 
and the value of the input attenua- 
tion. Since it serves no useful pur- 
pose to treat them separately, only 
the green demodulator is shown in 

Fig. 4. 
During reception of a black -and - 

white signal, there are two inputs 
to the demodulator. A free -running, 

l 
SYNC 

33(bí 82020 
SEPARATOR 

I80K 

3.58 -MHz signal is fed to the junc- 
tion of C134 and C135. Positive 
video from the contrast control, 
situated in the output circuit of the 
third video amplifier, is fed to the 
center of the secondary of L25. 
There is no input from the chroma- 
bandpass amplifier, since it is cut 
off by the color killer. 

The reference signal prcduces no 
output at the base of 040 because 
of the traps, L33 and C 136, be- 
tween the demodulator and the 
video amplifier. These same traps 
remove the 3.58 -MHz ripple during 
color reception. 

Positive video (a positive signal 
makes a black raster) passes 
through X24 and is developed 
across R 182. The video passes 
through the trap and is duly am- 
plified by the two video amplifiers 
and fed to the CRT cathode. Of 
course, the same things take place 
in each of the other demodulators 
and their amplifiers. Thus, the lu- 
minance signal is amplified and fed 
to the three CRT cathodes to pro- 
duce a monochrome picture. 

The operation of diode chroma 
demodulators is discussed in detail 
in Part 5 of this book. 

To summarize, if the reference 
and chroma signals are in phase, 
a maximum output of one polarity 
is realized; if they are out of phase, 
a maximum output of the opposite 
polarity results; if they are 90° out 
of phase, the output is zero. In the 
demodulator of Fig. 4, in -phase sig- 
nals produce a negative voltage at 
the base of Q40 and increase the 
CRT conduction. 

voltage at the base of 040 and 
increase the CRT conduction. 

So far, we have considered the 
chrominance and luminance signals 
separately, but, since both of these 
signals are developed across the 
same resistor, R 182, they are effec- 
tively added at this point. This suni 
(or difference) of the two signal 
voltages passes through the traps, 
which remove the 3.58 -MHz ripple, 
to the base of Q40 and, ultimately, 
to the CRT. 

Blanking Control 

The blanking and brightness - 
control circuits also are shown in 
Fig. 4, not because the functions 
they perform are novel, but because 
the use of transistors results in un- 
usual circuit configurations 

The emitter currents of the three 
color -video output transistors must 
al flow through the blanking -control 
transistor, Q36. During scanning 
time, 036 is forward biased and the 
complete circuit path of the collec- 
tor current of Q41 is from ground, 
through Q36, R l 86 and 041 to the 
CRT cathode and the 255 -volt 
supply. 

During retrace, Q35 is driven to 
saturation by the positive pulse on 
its base. This removes the forward 
bias from the base of 036, cutting 
it off. This effectively opens the 
low -resistance path from ground to 
the emitters of the video -output 
transistors, cutting them off. 

Automatic Brightness Limiter 

The level of the sample of focus 
voltage taken from the low end of 
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the CRT screen -control potentiom- 
eter indicates the total load on 
the high -voltage and focus -voltage 
supplies, and hence, the amount of 

CRT conduction, or brightness. The 
adjustment of R13, the ABL con- 
trol, determines the size of the sam- 
ple (control voltage) taken and acts 
somewhat as a coarse control of the 
brightness. 

037 is connected as an emitter 
follower, roughly equivalent to a 

cathode -follower tube configuration, 
and the emitter voltage is dependent 
on the amplitude of the control 
voltage. Because of 037, the voltage 
at the top of the brightness control 
cannot become more positive than 
the 34 -volt supply at the collector 
of Q37. This limits maximum bright- 
ness of the CRT. 

The voltage on the base of 039 
is determined by the setting of the 
control voltage. Q39 also is con- 
nected as an emitter follower, and 
the voltage on its base controls the 
bias on the video amplifiers, Q40, 
048, and 057. Notice that the base 
voltage of Q39 is stabilized by 
038, which acts as a regulator for 
the circuit. 

Analysis of 
Horizontal -Deflection Circuits 

Space is not available for an 
analysis of all circuits in the Moto- 
rola solid-state chassis, so this dis- 
cussion is necessarily limited to 
those of greatest significance. In ad- 
dition to the chroma circuits already 

(A) Hunting. (B) Jitter. 

Fig. 6. Appearance of horiontal hunting and jitter 

covered, the design of the horizontal 
deflection system is sufficiently dif- 
ferent from designs using tubes to 
justify an analysis. 

Horizontal Oscillator and AFC 

The horizontal oscillator and the 
AFC circuit (Fig. 5) which con- 
trols its frequency are very similar 
to designs using tubes. The AFC 
circuit compares the phases of the 
horizontal sync pulse and the out- 
put of the horizontal -output transis- 
tors, Q29 and 030, to develop a 

control voltage. This control voltage 
is integrated by R146, R147, C24, 
C112, and C113, and it is used at 
the base of Q25 to control the os- 
cillator frequency. 

The function of the integrating 
circuit between the AFC detector 
and the oscillator is not particularly 
mystifying, but it appears, from the 
number of letters we receive, that 
malfunctions in this circuit cause a 

great number of problems to our 

readers. The following comments 
apply to nearly all sets, vacuum - 
tube or solid-state. 

Failures in the integrator fall into 
four general categories: (I) Loss 
of control voltage caused by R 148 

going open, for example. In this 
case, there is no horizontal sync. 
(2) Radical change in the DC level 
of the control voltage which causes 
a radical change in horizontal fre- 
quency, or may cut off the oscillator. 
(3) Too much integration of the 
control voltage. (4) Not enough in- 
tegration of the control voltage. 

The first two categories named 
above are generally not too difficult 
to diagnose, but the last two seem 
to cause many difficulties. If the 
control voltage is integrated too 
much, the response time of the sys- 
tem becomes too great. Therefore, 
the raster appears to slowly move 
back and forth across the CRT. The 
complete raster will not necessarily 
float the same amount, and so a 
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vertical line on the CRT may curve 
back and forth from top to bottom 
(see Fig. 6A) . This is called hori- 
zontal hunting. 

Too little integration causes the 
oscillator frequency to be over- 
corrected. With insufficient integra- 
tion, the control voltage at the os- 
cillator (or AFC tube) shifts slight- 
ly during each scan. This causes the 
scanning time of each horizontal 
line to be slightly different and a 
vertical line on the CRT appears 
ragged or broken as shown in Fig. 
6B. This is called horizontal jitter. 
Jitter is usually caused by a de- 
crease in value of C24 (or its coun- 
terpart in another set), hunting is 

usually caused by an increase in 

resistance of R146 or R147, or 
their counterparts. 

Referring again to Fig. 5, the 
horizontal oscillator is a Hartley os- 
cillator; L49 and C 1 17 determine 
the frequency. When the top of the 
tank is negative, Q25 is cut off. As 
the top of the tank swings positive, 
the transistor begins conduction at 
some point on the sine wave. This 
point is determined by a combina- 
tion of fixed bias and the control 
voltage from the AFC. The collec- 
tor current of Q25 is a series of 
pulses and the waveform at the 
base of Q26 is approximately a 

square wave. 

Amplifier, Driver and Output 

The train of pulses is fed to the 
driver through the horizontal am- 
plifier, and the output of the driver 
is coupled through T6. The phasing 
of T6 is such that the output tran- 
sistors are turned on when the 
driver is cut off. Deflection of the 
trace from center to the right edge 
of the CRT occurs while Q29 and 
Q30 are conducting. At the in- 
stant that Q29 and Q30 are cut 
off, the sweep retraces, the damper 
begins conduction, and the left side 
of the raster is scanned. 

The network consisting of C124, 
C125, C126, and L43 is a low-pass 
filter which prevents any high - 
frequency transients which may be 
generated in the amplifier, driver, 
or output stages from being coupled 
to the horizontal -output transform- 
er. The pulse -limiter diode, X8, 
limits the amplitude of the collector 
pulses of Q29 and Q30 to protect 
them. 

In case of a high -voltage short, 
a positive pulse is developed at the 
emitter of Q27, causing it to con- 
duct. This clamps the base of 028 
to the base of Q27, causing it to 
conduct and cutting off the horizon- 
tal -output transistors until the arc 
clears. 

Horizontal Regulator 
and Pincushion Circuit 

The circuit which includes Q31, 
Q32, and Q33 (Fig. 7) performs 
the two functions of injecting a por- 
tion of the vertical deflection signal 
into the horizontal sweep system for 
pincushion correction, and it also 
regulates the high voltage. Both of 
these functions are accomplished by 
controlling the supply voltage for 
the horizontal -output transistors. 

A parabolic voltage derived from 
the emitter of the vertical -output 
transistor is amplified by 031 and 
Q32 and added to the supply for 
the horizontal output trqnsistors. 
The supply voltage is i icreased 
when the vertical sweep is at the 
center of the tube, causing the hori- 
zontal scan to expand at this time 
to correct for pincushion efTect. 

R15 picks off the amount of vertical - 
sweep voltage which is required for 
optimum correction. 

At the same time, the relative 
values of the 82 -volt supply and the 
95 -volt supply are compared in the 

emitter -base circuit of Q3I. As 
CRT beam current increases, the 
load on the horizontal -deflection 
circuit increases and the output of 

the 82 -volt power supply drops. 
This decreases the forward bias of 

Q31, causing the collector voltage 
to increase. This increase in col- 
lector voltage increases the conduc- 
tion of Q32 and 033, which tends 
to raise the supply voltage to the 
horizontal -output transistors, there- 
by regulating the high voltage. 

Admiral's K10 Hybrid 
Color Chassis 

To reduce the possibility of dam- 
age occuring in one section while 
working on another, Admiral has 
designed two etched -circuit boards: 
One contains the solid-state circui- 
try; the other, the vacuum tubes. 
These etched boards are separated 
into zones by heavy white lines. 

Each zone is identified by a large 
white letter designating the section. 

A-Video IF 
B-Sound. AGC, and video am- 

plifiers 
C-Chroma amplifiers 
D-Chroma oscillator and color 

killer, color burst amplifier, 
and color demodulators 

E-Vertical 
F-Horizontal 
G-Convergence 
H-Miscellaneous chassis compo- 

nents 
U-UHF tuner 
V-VHF tuner 
This coding system also makes it 

easier to find the components on the 
schematic. Resistor RC64 on the 
wiring diagram will be found in zone 
"C", with the number "64" written 
beside it on the board. 

Circuit Description 
Admiral chassis K10 is comprised 

of twenty-six transistors, twenty-four 
diodes, seven vacuum tubes and a 
CRT. The transistors are used for 
all signal -processing functions, while 
the vacuum tubes are used in cir- 
cuits that have heavier power 
requirements. 

Power Supply 
The power transformer is used 

only for the transistor circuits, al- 
though it does have a 6.3 -volt AC 
tap to supply filament voltage to the 
CRT. A line choke is used to pre- 
vent any unwanted RF signals from 
entering the various circuits through 
the source voltage. 

Video IF Strip (Fig. 8) 
The outputs of the first and sec- 

ond video IF transistors are applied 
across tuned coils. These coils are 
shunted by a pair of capacitors to 
form a capacitance voltage divider. 
The input signal for the next stage 
is obtained from the junction of 
these capacitors. This configuration 
results in the proper impedance 
match for efficient signal transfer. 
The sound "take -off" is from the 
collector of the third video IF. 

Sound Circuits 
The sound section consists of the 

sound takeoff, sound IF, oscillator 
limiter, ratio detector, audio driver 
and audio output stages. 
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The oscillator limiter stage is self - 
oscillating, with the frequency de- 
termined by the incoming signal 

from the sound IF stage. This in- 
coming sound signal serves as a 

"sync" signal for the oscillator 
limiter. Because of the dependency 
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of the output of the oscillator on the 
incoming signal, the output of the 
oscillator does not change in ampli- 
tude and is, therefore, a very effec- 
tive limiter stage. The output of the 

oscillator limiter is then applied to 
the ratio detector. 

AF Sound Circuitry 
The AF sound circuitry has two 

direct -coupled transistors driving an 

output transformer. A voltage de- 
pendent resistor (VDR) is connected 
across the primary of the audio out- 
put transformer to prevent damage 
to the receiver if it is operated with 
the speaker disconnected. 

The output transistor is mounted 
on the end of the chassis, utilizing 
the chassis as a heat sink. A mica 
wafer isolates the collector (transis- 
tor case) from the chassis, resulting 
in a potential of 105 volts DC on 
the transistor case. 

Sync and Sweep 
A transistor is used as a sync sep- 

arator with its output driving a 

vacuum -tube (11 AF9) sync ampli- 
fier (Fig. 9). The sync output volt- 
ages are taken from the plate and 
applied to the vertical and horizon- 
tal circuits. 

The horizontal phase detector and 
horizontal oscillator are similar to 
those used in previous Admiral 
models. 

The horizontal output stage (Fig. 
10) operates as a controlled switch. 
It conducts during half of the scan 
line, and is cut off the other half. 
When drive pulses are applied to the 
grid coupling capacitor (CF33), grid 
rectification produces an extremely 
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Fig. 8 Three -stage transis- 
torized video IF employed 
in Admiral's K10 hybrid 
chassis. 

high negative grid voltage. 
When the output tube conducts, 

heavy current flows through the fly- 
back windings. At the end of the 
line scan, the output tube ceases 
conduction, and the flyback field 
collapses, providing the flyback 
pulse. This pulse is stepped up by 
the high turns ratio of the high -volt- 
age transformer windings. It is then 
rectified by the high -voltage regu- 
lator which próvides the high CRT 
anode potential. As the collapsing 
flyback field shifts into its negative 
half cycle, the damper tube becomes 
forward biased, causing a strong 
damper current to flow. The yoke 
current will then increase and con- 
duct in the same direction as the 
output tube. The damper causes the 
beam to sweep the remaining half 
line. 

Simultaneously, the boost capaci- 
tor is charging up to boost level. 
The dampered flyback field will pro- 
duce an output that is added to the 
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Fig. 11 Triple -triode 8AC10 performs color -difference 
miral's hybrid chassis. 

B+ potential. This boost voltage is 

filtered and used to supply the CRT 
screen voltage, vertical oscillator 
plate and vertical output bias 
requirements. 

The horizontal output circuit is 

protected by a fuse in the cathode 
of the horizontal output tube. This 
circuit protection, which hasn't been 
used in a few years, saves the fly - 
hack. The HV regulation is pro - 

amplification function in Ad- 

vided by a "pulse feedback" circuit. 
Chroma Oscillator 

The reactance control stage pro- 
vides (when necessary) a correction 
voltage to the 3.58 -MHz subcarrier 
oscillator (Fig. 12). An N -channel 
junction field-effect transistor (FET) 
performs this function. Because 
FET's are susceptible to damage 
from static discharges and arcs from 
the CRT, care must be exercised 

3.58MHz 
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3.58MHz OUTPUT 

TO COLOR 

)EMO DU LA TOR 

Fig. 12 Field-effect and 
conventional NPN tran- 
sistors serve in the re- 
actance control and 
chroma reference os- 
cillator section of the 
K10's chroma circuitry. 
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when working in this area. One 
method of testing is to check for 
the presence of voltage on the gate 
of the FET when the 3.58 -MHz os- 
cillator is slightly off -frequency. 
Check operating potentials on the 
gate, drain and source, and compare 

the readings to the voltage values 
shown on the schematic. 

As with most control circuits, the 
reactance control does not operate 
when the subcarrier oscillator re- 
mains on frequency. Varying the 
feedback correction voltage from the 
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Fig. 13 Cutoff of transistorized horizontal blanker during horizontal retrace drives 
cathodes of color difference amplifiers more negative; difference amplifiers be- 

come saturated and their plate voltage decreases, biasing off CRT grids. 
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color phase detector or changing the 
setting of the reactance control po- 
tentiometer will initiate conduction 
in the FET. This changes the tuning, 
or phase, of the 3.58 -MHz subcar- 
rier oscillator. 

Color Demodulation 
Color detection is accomplished 

using -(R -Y) and -(B -Y) signals. 
The output of the demodulators is 

then inverted and amplified by the 
color difference amplifiers, and be- 
comes R -Y and B -Y. 

The demodulators are essentially 
electronic switches with the 3.58 - 
MHz subcarrier signal directing 
their operation. The amount of con- 
duction is determined by the ampli- 
tude of the chroma signal delivered 
to them by the bandpass amplifier. 

The color demodulators used in 
the K 10 chassis are PNP transistors. 
The chroma signal from the band- 
pass amplifier is applied to the emit- 
ters of the demodulators through a 

resistive voltage divider network. 
The switching signal (3.58 MHz) is 

fed to the base of each demodulator. 
Under these conditions, the nega- 
tive -going peaks of the 3.58 -MHz 
signal will cause conduction, and an 
amplified color difference signal will 
be present on the collectors of the 
demodulators. 

To control the time of demodu- 
lator conduction, the 3.58 -MHz sig- 
nal is coupled directly to the -(R - 
Y) demodulator and through a 
phase shift network (90°) to the 
-(B -Y) demodulator. The 3.58 - 
MHz signal present on the collectors 
of the demodulators is trapped out 
by a capacitance/inductance net- 
work. 

Color Difference Amplifier 
(Fig. 11) 

The color difference amplifiers 
arc housed in a three -section triode 
tube, type 8ACIO. The outputs of 
the color demodulators are fed 
through the difference amplifiers, 
and the signals are amplified, in- 
verted and applied to the CRT red, 
blue and green grids. The -(R -Y) 
and -(B -Y) signals come directly 
from the demodulators, and the 
-(G -Y) signal is formed by a ma- 
trix circuit comprised of resistors 
RF43, RF46, RF49 and RF50. 

Horizontal Blanker (Fig. 13) 

To accomplish horizontal blank - 
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ing, each color difference amplifier 
is biased off during horizontal re- 
trace time. A negative blanking 
pulse is applied to each color -dif- 
ference amplifier cathode, causing 
heavy conduction through the tri- 
odes, producing a high -amplitude 
pulse on the CRT grids. The color 
difference amplifier is driven into 
saturation, the plate voltage is de- 
creased sharply, and the CRT is 
driven into cutoff. This action re- 
sults in some signal detection, which 
provides a measure of DC restora- 
tion to the CRT. 

The horizontal blanker stage cuts 
off the CRT during horizontal re- 
trace time by driving the color dif- 
ference amplifier into saturation. 
The PNP transistor acts as a switch 
at the horizontal rate. 

During the horizontal scan time, 
the horizontal blanker conducts 
strongly, due to the biasing action of 
the base resistor, RC48. During the 
retrace interval, a positive pulse 
from the flyback transformer drives 
the base -emitter junction into a re- 
verse -bias condition, and the tran- 
sistor becomes an open switch. The 
collector voltage decreases to zero. 

When the cathode bias voltage of 
the color difference amplifier is re- 
moved (horizontal blanker collector 
at zero volts), the color difference 
amplifiers are driven into saturation. 
The plate voltage decreases sharply, 
cutting off the CRT grids. 

3.58 -MHz Reference Feedback 
System (Fig. 14) 

A buffer amplifier (3.58 -MHz 
reference feedback amplifier) sup- 
plies a 3.58 -MHz reference signal 
for the color -killer detector diodes 
and the phase detector diodes. The 
color demodulator diodes control 
the phase of the redeveloped chroma 
subcarrier. 

The 3.58 -MHz signal is coupled 
to the base of the buffer amplifier. 
The tint control, RH34, and capaci- 
tors CD81 and CD82, connected 
across inductance LD80, are con- 
nected in the collector circuitry and 
alter the phase of the output signal, 
controlling the color demodulation 
when the tint control is varied. In- 
ductor LD27, capacitors CD26, 
CD28 and resistor RD29 restore the 
phase of the reference signal ap- 
plied to the killer detector. 

Color Killer System (Fig. 15) 

The color -killer amplifier cuts off 
the first bandpass amplifier when no 
color information is present in the 
received signal. When no color in- 
formation is present, the color -killer 
amplifier conducts heavily, driving 
the first bandpass amplifier to cut- 
off. This prevents color noise from 
contaminating the b -w picture. 

When color information is pres- 
ent in the signal, the detected burst 
signal is applied to the base of tthe 
killer amplifier. When the killer 
amplifier is cut off, no killer bias is 
applied to the first bandpass ampli- 
fier and it is free to amplify the 
chroma signal. 

When color information is not 
present, a positive voltage, derived 
from the color -killer control (con- 
nected to the 25 -volt line), supplies 
forward bias to the killer amplifier 
through the color -killer detector 
diodes. 

When color information is pres- 
ent, the color signal is detected and 
a negative voltage is developed to 
cancel the forward -bias voltage 

RCA's CTC40 
Color Chassis 

RF Amplifier (Fig. 16 & 17) 

A dual -gate MOS field-effect 
transistor is used in this stage. Oper- 
ation of this device (shown in Fig. 
1) is as follows: A dual -gate FET 
functions in much the same manner 
as two vacuum tubes connected in a 
cascade configuration. Internal feed- 
back capacitance, which tends to 
cause amplifier instability (oscilla- 
tions), is defeated by the relatively 
low input impedance of the driven 
portion of the FET. Because of this 
characteristic of the FET, neutra- 
lization is not necessary at VHF 
frequencies. RF gain control is ac- 
complished by reverse biasing of 
gate G2. This reverse gain -control 
voltage reduces the amplifier gain 
by reducing the drain current of both 
sections of the FET. Since this con- 
trol voltage (reverse bias) is derived 
in combination with the chassis cir- 
cuitry, it actually forms the RF 
AGC. 

Circuit Operation (Fig. 17) 

Signal from a 300 -ohm antenna 
input is applied to an impedance - 
matching circuit on the cabinet back 

to match the 75 -ohm input 
impedance of the receiver. This 
signal is fed to gate GI of the FET 
through the high-pass filter network 
and the RF tuned circuitry. The RF 
AGC voltage is applied to gate G2 
of the FET. This voltage may range 
from -5.0 volts on a very strong 
signal to a 6.7 volts on an ex- 
tremely weak signal. The bias for 
gate GI is comprised of a portion 
of the AGC voltage applied through 
resistor 121 and the voltage devel- 
oped across the source resistor, R2. 
In this circuit the source and gate 
GI voltages will coincide or vary 
with applied AGC, minimizing in- 
put capacitance variations. Printed 
inductances are utilized to couple 
the RF amplifier output signal to 
the mixer input circuit. 

Mixer (Fig. 18) 

The mixer stage is also connected 
in a cascade configuration, using 
two transistors. Transistor A oper- 
ates in a common -emitter circuit and 
its output drives a common -base 
amplifier. As with the FET RF am- 
plifier, the principal advantage to 
this type of circuit is its inherent 
stability. 

The base bias network for tran- 
sistor A is comprised of resistors 
R1, R2, R3 and R4. This bias volt- 
age is maintained at a value de- 
signed to allow the most efficient 
mixing action. Transistor B base 
bias is derived from a biasing net- 
work composed of resistors R2, R3 
and R4. 

The output, or resultant IF signal, 
is coupled from the mixer by a cir- 
cuit configuration called "low -side 
C." The IF output signal is devel- 
oped across capacitor Cl. This ca- 
pacitor is connected from coil LI 
of the tuned output circuit (LI and 
C2) to ground. From this circuit 
configuration comes the term low - 
side C. This coupling arrangement 
tends to minimize the amount of 
oscillator energy that might be 
coupled into the IF circuit. At os- 
cillator frequencies coil LI acts as 
an RF choke and greatly reduces 
the amount of oscillator energy de- 
veloped across Cl. 

Oscillator (Fig. 19) 

The local oscillator is basically a 
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Colpitts-type arrangement. Energy 
at the selected frequency of the os- 
cillators is developed across the tank 
circuit. The inductance of the tank 
is composed of LI (channel 13 ad- 
justment) and the oscillator coil, 
which changes for each channel 
selected. The capacitance of the tank 
is supplied primarily by capacitor 
Cl and the AFT transistor. Oscilla- 
tion is sustained by a capacitive volt- 
age divider made up of the transistor 
internal capacitance existing be- 
tween the emitter and collector 
(CCE) and the emitter and base 
(CEB). Capacitor C2 couples the 
oscillator transistor output to the 
tank circuit. 

Automatic fine tuning is provided 
by transistor 02. The internal ca- 
pacitance of this transistor varies in 
proportion to the AFT control volt- 
age applied to its collector and base 
terminals. This transistor then con- 
trols a portion of the oscillator tun - 

Fig. 16 Circuit dia- 
gram illustrating 
the basic opera- 
tion of the dual - 
gate MOS FET em- 
ployed in RF amp- 
lifier. 

Fig. 17 Simplified 
schematic of RF 

amplifier employed 
in CTC40 chassis. 

Fig. 18 Mixer stage 
employing two 
transistors in cas- 
cade arrangement. 

ing capacitance and, thus, the fre- 
quency output of the oscillator. 

The KRK-132 UHF Tuner 
The UHF tuner used in the CTC 

40 chassis is a KRK-132 and has 
been used previously with several 
other RCA chassis. It contains no 
physical or electrical changes from 
those originally used. 

Video IF Circuits 
The CTC40 IF section contains 

three common -emitter amplifier 
stages (see Fig. 20) capable of sup- 
plying a maximum of 80 dB gain to 
frequencies within the limits of the 
IF bandpass. This IF bandpass is 
established through the proper 
tuning of eight tuned circuits located 
within the IF system. Alignment of 
these circuits is very similar to the 
alignment process of similar RCA 
circuits employed in tube -type re- 
ceiver chassis. 

Gain in the first and second IF 
stages is under AGC control and 
it is possible to reduce the overall 
gain of the IF section up to 70 dB 
under very strong signal conditions. 

Link Coupling (Fig. 21) 

The IF signal contained in the 
output of the mixer stage is link - 
coupled to the first IF amplifier. 
The link coupling circuit used in the 
CTC40 chassis is very similar to 
other recent RCA color chassis. The 
circuit is basically a double -tuned, 
or overcoupled, network consisting 
of the mixer collector coil, coupling 
capacitor, the first IF base trans- 
former and two trap circuits with 
their associated capacitors. The link 
coupling components are essential in 
obtaining a good IF response curve. 
It is necessary that they be aligned 
and adjusted exactly. The correct 
curve is shown in Fig. 22. The man- 
ufacturer's specifications or other 
accurate service data should he con- 
sulted for the correct procedures to 
obtain this response. 

First and Second Video IF Amplifiers 

The first and second video IF 
amplifiers are identical. Both are 
common -emitter types employing 
identical input and output circuits. 

The input coupling circuit to the 
base of each amplifier consists of a 
series resistance/capacitance com- 
bination. This coupling circuit pro- 
vides DC blocking and highly ef- 
ficient impedance transfer. Their 
output signals are developed identi- 
cally across single -tuned circuits. 

Bias for the first and second IF 
amplifiers is obtained as follows: 
The second IF amplifier receives 
base bias voltage from the output 
of the AGC inverter stage. This 
identical voltage (less the small drop 
across the second IF amplifier base - 
emitter junction) is applied to the 
first IF amplifier. In this manner 
both the first and second IF stages 
receive almost identical AGC con- 
trol voltages. The emitters of both 
the first and second IF amplifiers 
are returned to ground through a 
450 -ohm, 7 -watt wirewound resis- 
tor. The positive temperature coef- 
ficient properties of this resistor 
function to vary the bias on both 
transistors and compensate for long- 
term temperature -related gain 
changes. The emitters of both stages 
are bypassed by a capacitor. 
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Third Video IF Amplifier (Fig. 23) 

The third video IF amplifier is 
a common -emitter configuration 
whose output is applied to the video 
detector, AFT, and sound circuits. 
The base bias is derived from a volt- 
age network comprised of resistors 
RI and R2. The source voltage for 
this network is taken from the col- 
lector resistor (R3) of the third IF 
amplifier transistor. DC negative 
feedback is obtained from this ar- 
rangement, which improves bias sta- 
bility. Emitter bias is obtained, or 
determined, by resistor R4. This re- 
sistance is AC bypassed by capaci- 
tor Cl. Due to the high gain (40 
dB) of the third IF stage, neutraliza- 
tion is a necessity, and it is pro- 
vided by feedback capacitor C2. 

The overall frequency response, 
which is determined by the efficiency 
of the link circuit, the interstage 
tuned circuits and the third IF amp- 
lifier output, is illustrated in Fig. 23. 
Again, please refer to the manu- 
facturer's data sheet or PHOTO - 
FACT for information relating to 
alignment procedures. 

Video Detector 
The video detector circuit (Fig. 

24) does not differ greatly from the 
circuits previously used in tube -type 
chassis. Harmonics of both the de - 

TO 

MIXER 

Fig. 19 Local oscil- 
lator and AFT cir- 
cuitry employed in 
KRK-142 VHF 
tuner. 

SM 
INPUT 

VIf 
INPUT 

Fig. 20 Block dia- 
gram of tuner and 
video IF circuits 
employed in CTC- 
40 chassis. 
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tected carriers and difference fre- 
quency signals are bypassed by Cl. 
The 4.5 -MHz difference frequency 
developed by mixing the picture and 
sound carriers is removed by a 4.5 - 
MHz bridged -T trap composed of 
coil L1, capacitor C2 and resistor 
RI. L2 and L3 decrease harmonics 
developed by detector functions. 
The DC component of the detected 
video signal is retained by using the 
average DC level produced by the 
detector as the major portion of the 
first video amplifier base bias. The 
detected video signal is applied 
across the detector load impedance 
comprised of resistor R2 and peak- 
ing coil L4. This voltage is series - 
added to the comparatively small 

'second detector pre -bias voltage de- 
rived from the 15 -volt supply by a 
resistive divider network made up 
of resistors R3, R4 and R5. This 
voltage sets the initial bias level for 
the first video amplifier, and also 
provides a constant emitter bias for 
the gated AGC amplifier. 

AGC 
The purpose of any type of AGC 

is to maintain a constant video de- 
tector output level over a wide range 
of input RF signal levels. The 
changes or variations in video signal 
amplitudes are translated into DC 
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voltages which are used to control 
the gain of the RF amplifier and 
the first and second IF amplifiers. 
in the CTC-40 chassis. 

Video information from the first 
video amplifier is fed to the gated 
AGC amplifier to produce an out- 
put DC voltage that is propor- 
tional to the sync tip amplitude. This 
AGC output is filtered and ap- 
plied simultaneously to the RF AGC 
clamp circuitry and the IF AGC in- 
verter. 

The RF AGC clamp circuit 
sets the requirements of the AGC 
voltage variations that can be ap- 
plied to the RF amplifier. The RF 
amplifier operates under reverse 
AGC control. A more negative volt- 
age (reverse bias) results in gain re- 
duction, and a more positive volt- 
age (less reverse bias) results in in- 
creased gain. 

An AGC inverter stage is required 

TO 1ST 

F---0-VI010 IF 

AMPLIFIER 

Fi3. 21 Doubletuned link coupling is 
used between mixer output and video 
IF input. 
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Fig. 22 Correct response curves of (A) 
link coupling circuit and (B) overall 
video IF circuit. 
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for the first and second video IF 
stages to satisfy their requirements 
for forward AGC control voltage. 
The AGC inverter base bias is made 
variable by the noise control, to 
establish the proper proportions of 
AGC voltage applied to the RF and 
IF stages. 

Gated AGC Circuit Operation (Fig. 25) 

A video signal which contains 
positive -going sync pulses is fed to 
the gated AGC amplifier base. (This 
signal level is proportional to the 
picture carrier strength.) The gated 
AGC amplifier is designed to con- 
duct only during sync pulse time by 
the positive -going keying pulses 
coupled to the collector through ca- 
pacitor Cl. These pulses occur at 

the horizontal frequency rate and 
key the transistor simultaneously 
with the horizontal sync pulses con- 
tained in the video signal applied to 
the base. The bias on the transistor 
is such that the base -emitter junc- 
tion can become forward biased 
only during the positive peaks of 
the sync pulses. This circuit keeps 
spurious noise to a minimum. 

During conduction time, electron 
current flow is from the emitter to 
the collector, leaving a negative 
charge on capacitor Cl. This nega- 
tive charge becomes the AGC volt- 
age and its value is directly propor- 
tional to the amount of amplifier 
conduction; and the amount of amp- 
lifier conduction is directly propor- 
tional to the peak positive ampli- 
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tude of incoming sync pulses. The 
RC network, composed of R1 and 
C2, improves the overall stability 
of the circuit. 

Service Switch 

It is necessary to provide a blank 
raster to aid in picture tube setup. 
A positive voltage is applied to the 
AGC amplifier by operation of the 
service switch. When the service 
switch is actuated, a 30 -volt po- 
tential (normally dropped across re- 
sistor R2) forward biases diode X1 
and appears on the base of the AGC 
amplifier. This potential is sufficient 
to saturate the AGC amplifier and, 
consequently, produces a high nega- 
tive AGC voltage. This voltage, in 
turn cuts off the RF amplifier, and 
the first and second video IF ampli- 
fiers. All video information is re- 
moved from the CRT, and a blank 
raster results. Diode X2, in the col- 
lector circuit of the AGC amplifier, 
prevents the developed negative 
AGC voltage from discharging back 
through the collector -base junction 
between keying pulses. 

AGC Inverter (Fig. 26) 

The first and second video IF 
stages require forward AGC control 
voltages; therefore, it is necessary to 
invert the AGC output before ap- 
plication to the IF circuits. This is 
the function of the AGC inverter 
stage illustrated schematically in Fig. 
11. It is a common -emitter DC amp- 
lifier designed for a gain of ap- 
proximately 0.15. Fractional gain 
is necessary to reduce the large 
voltage range of the AGC ampli- 
fier to within the bias base con- 
trol limits of the IF amplifiers. 
The AGC inverter base bias voltage 
can be varied by the noise control. 
The noise control is used to set the 
proper proportions of AGC voltages 
applied to the RF and IF amplifiers 
throughout the AGC control range. 
The control is used basically to 
establish the point at which the 
AGC voltage starts reduction of RF 
amplifier gain, or, if you prefer, sets 
the RF AGC delay point. Changing 
the bias on the AGC inverter stage 
by changing the noise control setting 
varies the bias and the gain of 
the first and second video IF amp- 
lifiers. The gain of these two ampli- 
fiers sets the video signal level ap- 
plied to the gated AGC amplifier, 
whose output determines the RF 
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AGC voltage. The noise control 
should be adjusted while observing 
a noise -free signal and rotating the 
noise control in the opposite direc- 
tion until the snow is gone. 

Noise Inverter (Fig. 27) 

The purpose of a noise inverter 
circuit is to prevent any spurious 
noise pulses that might be present 
in the video signal from interferring 
with the smooth operation of the 
AGC amplifier or upsetting the sync 
separator. The noise inverter mini- 
mizes the effects of any noise pulses 
by inverting and, thereby, cancelling 
the pulses before they are applied 
to the AGC and sync circuits. 

The circuit operation of the noise 
inverter is as follows: A reverse bias 
is fed to the cathode of X1 from 
the constant source potential avail- 
able at the emitter of the gated AGC 
amplifier. This potential sets the 
conduction threshold for the diode. 
Diode XI conducts only during the 
interval of positive -going pulses. 
These pulses forward bias the diode 
and are applied to the base of the 
noise inverter through diode X1 
añd capacitor Cl. The noise inverter 
transistor does NOT have a DC 
forward bias; therefore, conduction 
will occur only when an incoming 
positive pulse exceeds the base - 
emitter barrier junction potential of 
0.6 volt. The positive -going sync 
pulses fed through diode XI and 
capacitor Cl are only at approxi- 
mately 0.2 to 0.3 volt amplitude and 
are insufficient to cause conduction. 
Only noise pulses in excess of 0.6 
volt will trigger the noise inverter 
into conduction. When the noise in- 
verter does conduct, the noise 
pulses that triggered the stage into 
conduction appear amplified and in- 
verted in the collector circuit and 
cancel the noise pulses coupled to 
the collector from the first video IF 
amplifier. Resistor RI is connected 
in series with diode X1 to limit 
the peak conduction rate. This is re- 
quired to reduce charging of capaci- 
tor Cl. If this capacitor is allowed 
to charge excessively, noise inverter 
action would be blocked until the 
capacitor discharged to its initial 
level. 

Sync Separator (Fig. 28) 

The sync pulses present at the 
collector of the noise inverter are 
applied to the sync separator ampli- 

Fig. 26 AGC in- 
verter provides 
forward AGC con- 
trol of the 1st and 
2nd video IF 
stages. 

Fig. 27 Noise in- 
verter prevents 
spurious noise sig- 
nals from upset- 
ting AGC and sync 
operation. 

Fig. 28 Two -stage 
sync separator 
supplies positive - 
going sync pulses 
to horizontal and 
vertical sync cir- 
cuits. 

Fig. 29 Block dia- 
gram of video 
amplifier section 
employed in CTC- 
40 chassis. 

Fig. 30 Simplified 
schematic of the 
2nd, 3rd and 4th 
video amplifier 
stages. 
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fier base. The output of the sync 
separator amplifier is of the correct 
polarity and amplitude to drive the 
sync separator. 

The sync separator is a PNP com- 
mon -emitter switch which is trig- 
gered into conduction by the nega- 
tive -going sync pulses applied to the 
base through capacitor Cl. Dis- 
charge path for coupling capacitor 
CI is through resistor R 1. The out- 
put of the sync separator is made 
up of positive -going sync pulses 
which are developed across a volt- 
age divider network and applied to 
both horizontal and vertical deflec- 
tion systems. The noise immunity 
features of the sync separator are 
enhanced during horizontal sync 
time through the use of .01 -pf ca- 
pacitor Cl, which provides coupling 
between the stages. Capacitors C2 
and C3 provide filtering for high 
video and chroma components of 
the incoming signal. 

Video Amplifier Section (Fib. 29) 
First Video Amplifier 

The output of the video detector 
is effectively in series with the base 
bias of the first video amplifier. 
Base bias is developed by a voltage 
divider network. The first video 
amplifier is connected in an emitter - 
follower configuration. This circuit 
features a high input impedance to 
match the inherently high output im- 
pedance of the detector circuit. Out- 
put of the emitter -follower is devel- 
oped across a 1000 -ohm resistor in 
the emitter circuit. Additional cir- 
cuit loading results from coupling 
to the following stages: The output 
circuit of the first video amplifier is 
connected to the first chroma cir- 
cuit, the second video amplifier, the 
sync separator amplifier, the noise 
inverter and the AGC gate. 

Delay Line 

The signal output of the first 
video amplifier is coupled to the de- 
lay line. The delay line must be 
properly terminated to prevent ring- 
ing, faulty color registration, etc. 
The CTC40 delay line has a char- 
acteristic terminal impedance (input 
and output) of 680 ohms at video 
frequencies. A 560 -ohm resistor, in 
combination with the first video 
amplifier output impedance, pro- 
vides the delay line with the proper 
680 -ohm input terminal impedance. 

The output terminal of the delay 

line is applied to the second video 
amplifier through a 680 -ohm resis- 
tor. The second video amplifier 
stage is designed to exhibit an AC 
input impedance of zero ohms. 
Therefore, the output of the delay 
line is effectively coupled to AC 
ground through a resistor to pro- 
perly satisfy termination impedance 
requirements. 

Second, Third and Fourth Video 

Amplifiers 

The simplified circuit configura- 
tion illustrated in Fig. 30 points up 
the relationship of the second, third 
and fourth video amplifiers. From 
a functional standpoint their opera- 
tion is so similar that a brief dis- 
cussion of the operation of each 
will suffice. 

Second Video Amplifier 
The second video amplifier uti- 

lizes a common -base configuration 
and is designed for an input im- 
pedance of zero ohms. This is ac- 
complished through the use of a 10- 
mfd bypass capacitor. The stage 
functions as a power amplifier. Any 
fluctuations in the DC output of the 
first video amplifier are amplified 
throughout the range of video fre- 
quencies. This stage provides proper 
impedance matching between the de- 
lay line output and the third video 
amplifier input. Positive -going pulses 
at the vertical frequency rate are fed 
to the emitter to provide vertical 
retrace blanking. 

The operating point of the second 
video amplifier varies with the set- 
ting of the brightness control. Any 
change in the brightness control re- 
sults in a change of the operating 
point by changing the forward bias 
current. The lower the resistance of 
the brightness control, the greater 
the forward bias current. The result 
is a larger average current flow 
through the second video amplifier 
load resistance. This current flow is 

translated by the remaining video 
amplifiers as a reduction in CRT 
cathode bias and, consequently, an 
increase in brightness. 

Third Video Amplifier 
The third video amplifier employs 

a PNP transistor in a common -base 
configuration. The video signal is 

fed to the base through a 1000 -ohm 
resistor. This resistance provides 
proper loading for the second video 

amplifier and impedance matching 
between the second and third video 
amplifiers. It also functions to pre- 
vent saturation of the third video 
amplifier in the event the second 
video amplifier develops a collector - 
emitter or emitter -ground short cir- 
cuit. The output signal is developed 
across an 1800 -ohm load resistor 
and direct coupled to the base of the 
fourth video amplifier. 

Fourth Video Amplifier 

The fourth video amplifier is con- 
nected as an emitter -follower. The 
output of the stage is developed 
across an 1800 -ohm resistor and is 

direct coupled to the base of the 
video output transistor. Positive bias 
voltage applied to the collector is 
decoupled from the chassis 30 - 
volts supply source by a filter net- 
work comprised of a 10 -ohm re- 
sistor and an .01 -pf capacitor. This 
decoupling 'network prevents feed- 
back loops that could cause low - 
frequency smear, etc. Horizontal 
pulses, which occur simultaneously 
with the horizontal retrace interval, 
are fed to the base to accomplish 
horizontal retrace blanking. This cir- 
cuit operation is as follows: Hori- 
zontal pulses originating at the high - 
voltage transformer are applied 
through a clamp transistor to an 
isolation diode. The isolation 
diode is reverse biased during scan 
time by a positive DC voltage devel- 
oped at the collector of the clamp 
transistor. During this interval the 
blanking circuit is isolated from the 
fourth video amplifier to prevent 
loss of high -frequency components. 

The negative -going horizontal 
pulses, fed to the isolation diode 
during retrace intervals, overcome 
the diode reverse bias and permit 
it to conduct. These negative -going 
pulses are present at the base of the 
fourth video amplifier and are of 
sufficient amplitude to affect cutoff. 
These pulses are applied to the CRT 
through the video output stage. This 
action causes picture tube cutoff, or 
a dark screen, during horizontal re- 
trace time. 

Brightness Limiter 

A brightness limiter circuit is em- 
ployed in the CTC40 chassis to 
hold the CRT beam current within 
proper limits. The drive potential 
of the horizontal deflection system 
is such that, with a high, non -limited 
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brightness control adjustment, it is 
very possible to exceed the current 
capabilities of the CRT. 

Brightness limiting action of the 
CTC40 functions to reduce the for- 
ward base bias voltage on the sec- 
ond video amplifier when the preset 
limit of CRT beam current is at- 
tained. The preset limit is 1600 
micro -amperes (1.6 ma). Circuit 
action is as follows: The high -volt- 
age transformer secondary winding 
is returned to B+ through the 
brightness limiter control. There- 
fore, all beam current drawn by the 
CRT must pass through the bright- 
ness limiter control. Connected be- 
tween the low side of the brightness 
limiter control and ground is the 
brightness limiter transistor. The 
fixed base bias for this stage makes 
the voltage across it comparatively 
independent of the current through 
it, as long as it is conducting. This 
action is much like that of a zener 
diode; the zener voltage being deter- 
mined by the resistive divider net- 
work in the limiter base circuit. 

The current through the bright- 
ness limiter control has two paral- 
lel paths: one through the brightness 
limiter transistor, and the other 
through the CRT. If the brightness 
control is adjusted in such a manner 
that the CRT is cut off, the only 
path for current flow is through the 
brightness limiter control and the 
brightness limiter transistor. When 
the CRT is cut off, this current will 
be 1.6 ma, the desired CRT beam 
current limit. Should the brightness 
control be adjusted so that the CRT 
starts drawing current, part of the - 

current will flow through the CRT 
and the remainder through the 
limiter circuitry, the total current 
flow remaining at 1.6 ma. 

The constant voltage applied to 
the emitter of brightness limiter sup- 
plies a regulated bias voltage of ap- 
proximately four volts to the base of 
the second video amplifier through- 
out the range of the brightness limit- 
ing system. 

When the brightness control is set 
to the point where the CRT draws 
the total preset current of 1.6 ma, 
all of the current flowing through 
the brightness limiter control is 
beam current. Therefore, there is no 
current available to sustain conduc- 
tion of the brightness limiter tran- 
sistor. This results in a loss of the 
constant voltage applied to the base 

of the second video amplifier. If 
more current is demanded by the 
CRT, the voltage on the emitter of 
the brightness limiter transistor de- 
creases, reducing the forward bias 
voltage on the second video ampli- 
fier. This action results in a decrease 
of average conduction in the second 
video amplifier, and a decrease in 
brightness and CRT beam current, 
holding beam current within the 
preset 1.6 ma limit. 

Video Output (Fig. 31) 

The video output circuitry is 
reminiscent of previously employed 
tube -type configurations. It consists 
of a common emitter amplifier 
whose input is DC coupled to the 
emitter of the fourth video IF amp- 
lifier, and whose output is DC 
coupled to the CRT. 

The contrast control is used to 
vary the value of the series emitter 
resistance. The contrast control is 
AC bypassed by a 30 -pf capacitor. 
This circuit action (varying the AC 
bypass of the contrast control) ef- 
fectively controls AC degeneration 
with the end result of effective gain, 
or contrast, control. 

Further control of the stage is 

provided by capacitor Cl, which 
functions to reduce high -frequency 
degeneration and prevent changes in 
high -frequency response (peaking) 
at different contrast control settings. 
Inductance and capacitance com- 
ponents form a 3.58 -MHz trap 
which functions to reduce the effects 
of interference resulting from the 
mixing of chroma signals and high - 
frequency video signals. 

Output loading of the video out- 
put stage presents a familiar circuit 
configuration. Identical circuits have 
been employed in several previous 
RCA chassis. 

Sound Section 
An integrated circuit (IC) con- 

tains the bulk of the sound section. 
This IC performs the functions of 
sound IF amplifier, detector and 
audio driver. For circuit analysis 
purposes, the IC can be considered 
as made up of three parts, each sec- 
tion representing a specific circuit 
function. The first section functions 
to amplify the incoming 4.5 -MHz 
IF signal to a useful level. The out- 
put of the first section (sound IF 
amplifier) is applied to the second, 

or FM detector, section. The FM 
detector removes the audio portion 
of the signal, which is then applied 
to the audio driver, the third sec- 
tion of the IC. The purpose of the 
audio driver is to raise the ampli- 
tude of the audio signal to the level 
required to drive the audio output 
stage. 

Detailed Circuit Analysis 
(See Fig. 32) 

The 4.5 -MHz FM sound sig- 
nal is generated in the conventional 
"mixing" method by diode Xl. This 
signal is coupled by IF transformer 
L1 to the sound IF amplifier sec- 
tion of the IC. The output signal 
from the sound IF amplifier is ap- 
plied to the phase shift transformer, 
T2, and, in turn, to the ratio de- 
tector diodes. The output of the 
ratio detector is the audio signal, 
which is capacitance -coupled to the 
volume and tone controls. The 
audio signal is then capacitance - 
coupled from the volume control to 
the audio driver section of the IC. 

The audio driver section func- 
tions to provide the required cur- 
rent gain to raise the signal to a 

level sufficient to drive the audio 
output stage, Q I. 

The audio output stage is a com- 
mon -emitter, class A amplifier. The 
transistor is protected against high - 
amplitude voltage spikes by a 275 - 
volt zener diode connected from 
collector to ground. DC stability is 
enhanced by a feedback network 
(R1, R2) connected from the emit- 
ter of the audio output stage to the 
input of the audio driver section. 
Capacitor Cl provides low -fre- 
quency compensation for this feed- 
back network. Resistor R3, located 
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stage. 
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between the base and emitter of the 
audio output stage, functions to pro- 
vide an additional load for the 
driver section. This minimizes the 
effects of output transistor leakage 
current. 

Automatic Fine Tuning (AFT) 
The fundamental AFT system is 

illustrated in Fig. 33. This system is 
basically the same as that previously 
used in the RCA CTC30 chassis. 
In this system, an integrated circuit 
(IC) discriminator/amplifier pro- 
duces a differential DC voltage that 
is proportional to the applied IF 
frequency. This signal is then ap- 
plied to a special "variable capaci- 
tance" transistor in the VHF tuner 
and a varicap diode in the UHF 
tuner that produce a correction volt- 
age for application to the local os- 
cillator. 

Shown in Fig. 34 is a simplified 
schematic of the CTC40 AFT cir- 
cuitry. The IC utilizes an internal, 
regulated power supply and does 
not require an external reference 
voltage for defeating the UHF AFT 
function. Automatic degeneration of 
the output amplifiers is such that it 
eliminates all AFT correction sig- 
nals when the output terminals are 
shorted for AFT defeat action. 

The AFT system is disabled dur- 
ing VHF channel change by the 
same method used to accomplish 
AFT defeat during fine tuning- 
shorting together of the AFT con- 
trol -voltage outputs. This combina- 
tion defeat action is initiated by a 
single switching mechanism built 
into the plastic housing located on 
the front of the VHF tuner shaft. 
The two 15-mfd electrolytic capaci- 
tors, Cl and C2, act to prevent un- 
desired correction voltages gener- 
ated during channel change time 
from affecting the local oscillator 
frequency. These capacitors also 
function to remove residual video 
information from the AFT output 
terminals, allowing only the undis- 
torted DC correction voltage to 
reach the tuner. 

AFT Operation 
The IC AFT circuit is a type 

TA5360 that functions as follows: 
A sample of the video IF output 

is applied to the AFT system 
through a coupling capacitor lo- 
cated in the collector circuit of the 
vidio IF amplifier. This signal is ap- 

plied to a tuned input circuit com- 
prised of Ll and Cl. Coil L1 and 
capacitor Cl perform a dual role: 
They act as both an adjacent chan- 
nel sound trap and as an IF fre- 
quency peaking circuit. Correct trap 
frequency is obtained automatically 

by peaking the input tuned circuit 
(L1, C1) at 46.1 MHz. 

The output of the input tuned cir- 
cuit is applied to the buffer ampli- 
fier section of the IC, the output of 
which appears across the primary 
windings of the discriminator trans - 
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Fig. 33 Simplified illustra- 
tions of the CTC40 AFT 
system. 
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former, T1. The discriminator pri- 
mary is tuned to 46.1 MHz; the 
secondary winding is peaked at 
45.75 MHz. 

The discriminator transformer 
secondary windings feed the IC dis- 
criminator diodes. The output volt- 
ages of the diodes are applied to 
an amplifier that delivers a differ- 
ential voltage output. This differen- 
tial output contains two voltages, 
one appearing at each of the IC 
output terminals. The difference 
existing between these two voltages 
(differential) is indicative of the 
amount and direction the incoming 
1F signal deviates from the desired 
45.75 -MHz frequency. If the in- 
coming IF signal is exactly 45.75 
MHz, each output signal voltage 
will be exactly 6.5 volts, and no 
differential voltage will exist. When 
the incoming IF signal deviates from 
45.75 MHz, one output voltage will 
increase, and the other will decrease 
an equal amount. The voltage at 
each output terminal will increase 
or decrease, depending on which 
direction the incoming signal devi- 
ates from 45.75 MHz. The maxi- 
mum differential voltage produced 
by this circuit is +9 volts, well 
within the "pull -in" range of the 
AFT system. 

Vertical Sweep 
Basic System 

The fundamental vertical sweep 
system employed in the CTC40 
chassis is illustrated in Fig. 35. The 
integrator sweep circuit consists of a 
high -gain amplification system op- 
erating in conjunction with an in- 
tegrating capacitor. Operation is as 
follows: 

At the start of vertical trace, the 
integrating capacitor, Cl, is charged 
from a voltage source. This capaci- 
tor charge causes the amplifier to 
supply yoke current, resulting in a 
voltage being developed across the 
feedback resistor, R1, which is 

coupled directly to the integrating 
capacitor. This feedback action 
maintains the amplifier input volt- 
age at a constant level, producing a 
constant rate of voltage "build-up" 
across the integrating capacitor. The 
voltage developed across the feed- 
back resistor is directly proportional 
to the yoke current; therefore, in- 
crease of the yoke current is con- 
stant, and a linear scan is produced. 

The vertical sweep rate is deter- 
mined by an electronic switch which 
discharges the integrating capacitor 

at a 60 -Hz rate. Vertical sync pulses 
are applied to the switching tran- 
sistor and determine the exact in- 
stant the switch is pulsed "on". This 
action synchronizes the vertical 
switching action with the transmitted 
vertical scanning interval. The "lin- 
earity clamping" transistor provides 

the initial charging current to the in- 
tegrating capacitor. 

Vertical Switch (Fig. 36) 

The function of the vertical switch 
is to provide a discharge path for 
the integrating capacitor at the end 
of each vertical scan interval. This 
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Fig. 35 Illustration of the fundamental sweep system employed in the CTC40. 

Fig. 36 Partial schematic of the vertical switch and associated circuitry. 
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action causes beam retrace and pre- 
pares the circuit for the next vertical 
scan function. Operation of the ver- 
tical switch is made self-sustaining 
by the action of two feedback paths: 
One path, consisting of resistors R1 
and R2 and capacitor CI, is applied 
to the base and provides the appro- 
priate pulse to initiate "turn on". 
Vertical sync pulses, from the sync 
separator, are integrated by resistors 
R3 and R4 and capacitor C2 and 
add to the triggering waveshape. An 
additional feedback voltage is ap- 
plied to the switch from the vertical 
output transformer via the vertical 
hold control. This additional voltage 
causes the switch base to pass rapid- 
ly through the "turn on" voltage 
potential. As a result, switch "turn - 

on" is extremely stable and com- 
paratively immune from random 
noise pulses. The vertical hold con- 
trol has some control of the "turn - 
on" point and, therefore, the fre- 
quency at which the circuit operates. 

Linearity Clamp (Fig. 37) 

Since it is necessary to provide 
a sufficient amount of initial charg- 
ing current for the integrating capac- 
itor, a special clamping circuit 
called the "linearity clamp," is uti- 
lized. Operation of this circuit is 
as follows: 

The action of the vertical switch 
discharging capacitor, Cl, also cuts 
off the predriver transistor. This 
produces a positive voltage on the 
collector of the predriver. This volt - 
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age is of sufficient amplitude to for- 
ward bias the linearity clamp tran- 
sistor. The linearity damper con- 
ducts; current flows through the 
transistor via R1 and the vertical 
switch. The vertical switch turns 
off after approximately 700 micro- 
seconds, and the linearity clamp 
then rapidly charges capacitor Cl. 
As the charge rapidly builds up on 
capacitor Cl, the predriver and 
driver stages start to conduct, caus- 
ing the linearity clamp base -emitter 
junction to become reverse biased 
due to the voltage drop across the 
driver base-emitter junction. This 
circuit action cuts off the linearity 
clamp and originates vertical scan. 
Capacitor CI continues to charge 
through the height control, R2, for 
the duration of scan time. 

Vertical predriver and driver (Fig. 38) 

The vertical driver section is com- 
paratively more familiar. It consists 
of two stages: a predriver (NPN 
transistor operating as a common - 
emitter amplifier) directly coupled 
to a driver (PNP transistor operating 
as a common -emitter amplifier). 
Emitter supply voltage for the driver 
stage is obtained from a voltage 
divider network composed of R1 
and R2. The driver collector load 
is comprised of R3 and the base - 
emitter junction resistance of the 
vertical output stage. 

Provisions for picture tube setup 
are provided by switch S I , which 
functions to "short" the driver emit- 
ter to ground when actuated. The 
waveshape of the input signal to the 
predriver is determined by the 
charging action of the integrator ca- 
pacitor, Cl, which is charged 
through the height control, R3. The 
height control supply voltage is made 
relatively immune to temperature - 
induced variables by the action of 
thermistor R4. A degree of dynamic 
regulation for the circuit is provided 
by a signal from the horizontal de- 
flection system. The insertion of 
this voltage tends to maintain a con- 
stant vertical sweep or height, re- 
gardless of horizontal scan and high - 
voltage fluctuations. 

Vertical Output (Fig. 39) 

The function of any vertical out- 
put circuit is to provide the power 
necessary to fulfill the vertical de- 
flection requirement of the CRT 
beam. In the RCA CTC4O chassis 
the vertical output stage is a com- 
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mon-emitter amplifier with an input 
from the driver stages. Loading for 
the vertical output stage is provided 
by the vertical output transformer, 
Ti, and the vertical convergence 
circuit. 

The vertical output transformer is 

loaded by the vertical windings of 
the yoke, two feedback networks, 
and the pincushion correction cir- 
cuit. Integrating capacitor Cl is 

connected to the output circuit by 
resistor R1, a 5.6 -ohm feedback re- 
sistor in series with the secondary 
windings of the vertical output trans- 
former and the vertical yoke wind- 
ings. There are two feedback net- 
works connected to the vertical 
switch transistor from the vertical 
output circuit; both of these net- 
works perform waveshaping func- 
tions to provide stable, self-sustain- 
ing vertical switching. Diode X 1, in 
conjunction with capacitor C2 and 
resistor R2, provides a protective 
clamping action for the vertical out- 
put transistor. Positive -going retrace 
voltage pulses cause diode X1 to 
conduct, effectively clamping the 
vertical output collector to the volt- 
age existing across capacitor C2. A 
relatively slow discharge path is re- 
quired for capacitor C2. This is pro- 
vided by resistor R2. This discharge 
action sufficiently reduces the volt- 
age across C2 during retrace time to 
insure the necessary voltage differ- 
ence across diode X1 when retrace 
pulses occur. The pulses that appear 
across capacitor C2 during conduc- 
tion of X1 are applied to the 2nd 
video IF stage to provide vertical 
retrace blanking. 

Pincushion Correction 
(Top and Bottom) Fig. 40 

Top and bottom pincushion cor- 
rection in the CTC40 chassis is ac- 
complished in a manner similar to 
methods used in previous RCA 
color chassis. 
A signal voltage derived from the 

horizontal yoke circuit is coupled 
to transformer Tl. This action ener- 
gizes a circuit composed of capacitor 
CI and coil Ll, which is tuned to 
15,750 Hz and is in series with the 
vertical yoke windings, L2 and L3. 
The resultant sine wave is added to 
the vertical yoke current waveshape 
in the proper phase and amplitude 
to effectively correct top and bot- 
tom pincushion distortion. A limited 
amount of control over the correct- 
ing sine wave phase and amplitude 

is provided by variable inductor, L1, 
and the damping resistance of R1. 

Side Pincushion Correction 
(Fig. 41) 

Side pincushion correction is ac- 
complished by amplitude modula- 
tion (at a vertical rate) of the hori- 
zontal deflection current. This pro- 
duces an increase in horizontal scan- 
ning width at the center of the raster 

with respect to the width at the top 
and bottom. This operation is made 
possible through the utilization of 
the saturable reactor circuit illus- 
trated in Fig. 41. 
A parabolic waveshape occurring 

at the vertical frequency is initiated 
by the action of the control winding 
of transformer T1, capacitor Cl 
and resistors R1 and R2. This wave- 
form, coupled to the horizontal yoke 
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take advantage of the "instant -on" characteristics of semiconductórs. 

Fig. 43 Three separate rectifier circuits provide the CTC40 with four 
separate DC sources. 
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circuit by transformer TI, modu- 
lates the amplitude of the horizontal 
yoke scanning current, producing 
the proper change in raster width. 

Power Supply 
The CTC40 power supply pro- 

vides four DC sources for general 
circuitry requirements and two AC 
power sources. The AC power 
sources are for the CRT filaments 
and pilot lamps. 

Power supply switching circuits 
allow the CTC40 to take advantage 
of the "instant on" characteristics of 
solid-state devices. This switching 
circuitry is illustrated in Fig. 42. 

Switching Circuit 
AC power is applied through the 

line filter and circuit breaker to the 
master power switch, Si. The master 
power switch applies power through 
the "instant pic" switch, S2, to both 
the DC supply transformer, T1, and 
the CRT filament transformer, T2. 
However, when switch S2 is in the 
"off" position, reduced power is 
supplied to filament transformer T2 
through resistor R1, a 680 -ohm, 3 

watt component. Using this method, 
the CRT filament is kept "warm" 
until full power is applied by closing 
switch S2. This design insures the 
full operation of the CTC40 within 
four to five seconds after turn on. 

The master power switch, S1, is 
a rotary type switch located at the 
top of the auxiliary consumer -con- 
trols bracket. Switch S2 is a push- 
pull switch located at the top of the 
consumer -controls panel and is ad- 
jacent to the brightness control. 

DC Supply Circuitry (Fig. 43) 

The DC power supply provides 
four separate DC sources generated 
from three separate rectifier circuits. 
This is illustrated schematically in 
Fig. 43. 

Rectifiers SI through X4 are re- 
sponsible for providing both the 82 - 
and 30 -volt sources. The 82 -volt 
supply is derived from the full -wave 
bridge configuration of rectifiers X1 
through X4. The transformer secon- 
dary winding that feeds this bridge 
circuit is centertapped and is used 
to feed two of the four rectifiers 
comprising the bridge network. This 
forms a full -wave, centertapped cir- 
cuit, the output of which is 30 volts. 

A second full -wave bridge circuit 
is comprised of rectifiers X5 
through X8. The output of this cir- 
cuit is the 155 -volt source. 

The automatic degaussing circuit 
is coupled to the secondary winding 
of TI, which feeds rectifiers X5 
through X8. This circuit consists of 
thermistor Rl, voltage dependent re- 
sistor R2 and degaussing coil LI. 
Operation of this circuit is the same 
as that of degaussing circuits pre- 
viously employed in RCA color 
chassis. 

The 250 -volt DC source is ob- 
tained from the output of rectifier 
X9. During normal operation, the 
CTC40 chassis draws approximately 
1.8 amperes of AC current at 120 
volts AC input. The average DC 
current supplied by each leg of the 
power supply is as follows: 

82 -volt source -200 ma. 
30 -volt source -200 ma. 
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Fig. 44 First stage of two -stage chroma amplifier employed in CTC40 is 
ACC controlled. 

155 -volt source -400-700 ma. 
(varies with beam current) 
250 -volt source -50-70 ma. 
(varies with beam current) 

1st and 2nd Chroma Amplifiers 
(Fig. 44) 

The chroma signal is applied to 
the base of the first chroma ampli- 
fier through a tuned circuit com- 
prised of capacitors CI, C2 and in- 
ductor LI. This circuit is referred 
to as a "chroma take -off" or-"chro- 
ma peaker" circuit. Resistors R1 
and R2 broaden the bandpass to 
compensate for loss of chroma side - 
bands on the response curve of the 
peaker circuit. The ratio of values 
of resistors RI and R2 also provide 
the proper input impedance for the 
first chroma amplifier. 

Bias for the base of the first 
chroma amplifier stage is supplied 
and determined by the ACC ampli- 
fier. Output of the 1st chroma am- 
plifier, Q1, is RC coupled to the 
base of the second chroma ampli- 
fier, Q2. The 2nd chroma ampli- 
fier stage is a straight -forward com- 
mon -emitter circuit. 

Bias for 02 is obtained from a 
voltage divider network consisting 
of resistors R3 and R4. The output 
(collector) circuit consists of load 
inductor L2, capacitors C3 and C4, 
and the capacitance of the coupling 
cable. This combination of com- 
ponents forms a broadly tuned cir- 
cuit with a response that falls within 
the limits of the desired chroma 
bandpass. 
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Fig. 45 Tint control in CTC40 is electrically located 
in collector circuit of phase splitter. 
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Phase Splitter (Fig. 45) 
The phase splitter circuitry pro- 

vides a means of varying the phase 
of the chroma signal, or, in effect, 
provides a method of varying the 
tint. Chroma signals are applied 
across the color control and capaci- 
tance -coupled to the base of the 
phase splitter. Output voltages are 
taken from both the collector and 
emitter and applied across a phase 
shifting network comprised of the 
tint control and capacitor C I . 

The phase splitter and its associ- 
ated circuitry are located on the 
customer controls bracket. The tint 
and color controls are consumer 
controls and extend through the 
front control panel. 

Bandpass Amplifier (Fig. 46) 
The output of the phase splitter 

is capacitance -coupled through CI 
to the base of 01, the bandpass 
amplifier. 01 is connected as a 
common -emitter. Base bias for Q I 
is obtained from the killer stage. 
The output load for Q I is T I, the 
bandpass transformer. 

A negative -going pulse is applied 
to the base of Q1 for burst blank- 
ing. This is done to prevent the 
color sync signal from being ampli- 
fied by the bandpass amplifier. 

A double -tuned bandpass trans- 
former determines the exact range 
of chroma frequencies applied to 
the demodulators. The secondary 
winding of TI is shunted and tuned 
by capacitor C2. Resistor RI pro- 
vides loading and aids in determin- 

ing the "Q" of the circuit. 

Burst Amplifier (Fig. 47) 
A simplified version of the burst 

amplifier stage utilized in the 
CTC40 chassis is illustrated in Fig. 
4. The color sync signal from the 
collector of the second chroma am- 
plifier is applied to the base of the 
burst amplifier transistor through 
capacitor CI. A positive -going key- 
ing pulse (15 volts p -p) from the 
horizontal output transformer is ap- 
plied to the base across resistor R1. 
The integrating characteristics of 
capacitor CI and resistor RI pro- 
vides the required time delay for 
the keying pulse. 

The burst amplifier transistor is 
keyed into conduction by the pulses 
from the horizontal output trans- 
former, which arrive at the base of 
the transistor at the same time as 
the bursts of color sync signals. 

The burst signal is amplified by 
the burst amplifier and appears 
across the burst transformer, T1. 
Loading for the burst transformer 
is provided by resistor R2. 

During conduction of the burst 
amplifier, resistor R4 establishes the 
proper emitter operating point. Ca- 
pacitor C3 functions as an AC by- 
pass capacitor. Resistor R3 pro- 
vides the required amount of emit- 
ter degeneration for proper ampli- 
fier stability with maximum volt- 
age gain. Capacitor C2 *provides the 
amount of feedback voltage neces- 
sary to cancel the effects of the in- 
ternal feedback capacitance of the 
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Fig. 46 Three signals or voltages are applied to base of band- 
pass amplifier: chroma input signal, bias from color killer and 
negative -going burst signal. 

transistor. 
The burst amplifier base -emitter 

bias is maintained below cut-off 
during scan time, or between burst 
keying pulses. This assures that only 
color sync signals are supplied to 
the AFPC detector. The required 
"scan -time bias" is developed by 
the discharge of capacitor C3, the 
emitter bypass capacitor, through 
emitter resistor R4. Emitter current 
flow, resulting from the application 
of the burst keying pulse, places a 
positive bias on the emitter. This 
reverse biases the transistor during 
scan time. Diode X1 functions to 
prevent the bias voltage from ex- 
ceeding the reverse emitter -base 
breakdown voltage rating. 

Automatic Frequency and Phase 
Control (AFPC) Detector (Fig. 48) 

The purpose of the AFPC de- 
tector circuit is to develop a DC 
voltage that is proportional to the 
frequency and phase difference that 
exists between the applied color 
sync signal (burst) and the reference 
signal supplied by the 3.58 -MHz 
oscillator in the receiver. Rigid con- 
trol over the operation of the 3.58 - 
MHz oscillator is a prerequisite for 
proper color demodulation. This is 
because the output of the 3.58 -MHz 
oscillator is the reference, or stand- 
ard, on which chroma demodula- 
tion is based. 

The AFPC detector circuit in the 
CTC40 chassis is, in effect, a phase - 
sensitive discriminator. The burst 
signal is fed at equal amplitude and 
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Fig. 47 Simplified schematic diagram of burst amplifier em- 
ployed in CTC40. 
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opposite phases through capacitors 
CI and C2 to diodes Xl and X2. 
A sample of the 3.58 -MHz refer- 
ence voltage is applied to the junc- 
tion of the cathode of X1 and the 
anode of X2. When the reference 
voltage and the burst signal are in 
phase, the diodes will conduct in 
equal amounts but in opposite di- 
rections. The result is zero AFPC 
voltage. 

If the reference voltage lags the 
incoming burst voltage, diode X2 
conducts more than diode X I , caus- 
ing an imbalance in current flow 
through resistors R1 -R2, and a posi- 
tive AFPC voltage will be devel- 
oped. If the reference voltage leads 
the incoming burst signal, diode XI 
conducts more than diode X2, again 
producing an imbalance in current 
flow through resistors R1 -R2, but 
in this instance a negative AFPC 
voltage will be developed. 
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Fig. 48 Automatic frequency and phase 
control (AFPC) circuit develops DC 
voltage proportional to frequency and 
phase differences between color burst 
and 3.58 -MHz reference signal. 

3.58 -MHz Reference Oscillator 
(Fig. 49) 

The chroma reference oscillator 
is a modified Clapp -type circuit. 
Feedback is accomplished by R7, 
C3, and C2, which couple an in - 
phase signal back to the base. 

The operating frequency is de- 
termined by the 3.58 -MHz crystal 
and the combined capacitance of 
capacitors C2, C3 and varactor X l . 

The varactor utilizes a specially 
constructed junction that enhances 
the normal voltage -dependent capa- 
citance characteristics of a diode. 
The frequency of the oscillator can 
be varied over a very limited range 
by changing the voltage impressed 
across the varactor diode. Thus, the 
AFPC voltage, and the voltage de- 
termined by the divider network 
(AFPC adjust and R3), will vary 
the oscillator frequency a small 
amount. Capacitor CI serves as a 
low -impedance ground return for 
the varactor and has no effect on 
the oscillator frequency. 

The CW amplifier, 02, operates 
into a high -Q, single -tuned trans- 
former, TI, that develops a sine 
wave from the amplifier output cur- 
rent pulses. Capacitors C6 and C7 
function as a capacitance voltage 
divider network that provides the 
3.58 -MHz reference level to the 
AFPC detector circuit. The trans- 
former secondary couples the 3.58 - 
MHz signal to the color demodula- 
tor stages. 
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Fig. 49 Modified Clapp -type chroma reference oscillator utilizes regenerative feed- 
back between emitter and base of Q1 via R7, C3 and C2. 

Color -Killer Circuits (Fig. 50) 

The primary purpose of the color 
killer system is to prevent spurious 
or extraneous color "noise" from 
being observed on the CRT during 
b -w reception. In the RCA CTC40 
chassis this is accomplished by cut- 
ting off the bandpass amplifier 
stage. 

Control voltage for the color kill- 
er is developed by the ACC de- 
tector circuitry and is applied to the 
killer amplifier. The killer amplifier 
controls the killer switch stage. 
which, in turn, switches the hand - 
pass amplifier from a state of con- 
duction to a state of non -conduc- 
tion when a monochrome signal is 
received. 

During periods of color trans- 
missions, the killer switch stage is 

biased into saturation by the con- 
duction of the killer amplifier. Sat- 
uration of the killer switch effect- 
ively clamps both its base and emit- 
ter elements to the potential of its 
collector. Since the killer switch is 
directly coupled to the base of the 
bandpass ampIifier, its collector 
voltage (as determined by the di- 
vider network of RI -R2) determines 
the forward bias of the bandpass 
amplifier. This action controls the 
conduction of the bandpass ampli- 
fier which continues to conduct as 
long as there is a color signal being 
received. 

During monochrome reception 
the absence of a color sync signal 
causes the ACC detector to develop 
a positive output voltage. This posi- 
tive output signal biases off the 
killer amplifier and stops the for- 
ward biasing current to the killer 
switch. The killer switch is then 
cut-off, effectively "opening up" the 
bandpass amplifier forward bias cir- 
cuit. With the bandpass amplifier 
"cut-off," no extraneous chroma 
information is fed to the color 
demodulators. 

Chroma Demodulators (Fig. 51) 

Three color demodulator circuits 
are employed in the CTC4O chassis, 
one for each color -difference signal. 
The use of a separate G -Y demodu- 
lator increases the bandwidth of the 
signal. 

The chroma demodulator circuits 
are balanced dual -diode detectors. 
The output of each dual -diode cir- 
cuit is proportional to both the 
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phase and amplitude of the applied 
signal. 

Two signals are applied to each 
demodulator circuit: a composite 
color signal from the bandpass am- 
plifier and the reference signal from 
the 3.58 -MHz oscillator circuit. The 
phase of the reference signal is 

shifted a specific amount with re- 
spect to the burst signal for each 

demodulator, extracting the appro- 
priate color -difference signal from 
the input chroma signal. Circuit ac- 
tion is as follows: 

The phase of the 3.58 -MHz ref- 
erence signal applied to the R -Y 
demodulator is shifted by capacitor 
CI and inductor L I . This phase 
shift permits the R -Y demodulator 
output to be proportional to the 
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Fig. 50 CTC40 employs two -stage color killer section that controls 
conduction of the bandpass amplifier stage. 
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Fig. 52 Output of chroma demodulators is amplified by two -stage 
color difference amplifier. Driver stage is emitter follower for im- 
pedance matching between demodulators and output amplifiers. 

amplitude of the R -Y component of 
the chroma signal. Phase shifting 
for the B -Y signal is accomplished 
by capacitor C2 and inductor L2. 
The 3.58 -MHz reference signal is 

applied directly to the G -Y com- 
ponent of the chroma signal. Proper 
loading of the 3.58 -MHz CW am- 
plifier is provided by resistors R3 
and R4. 
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Fig. 51 Balanced dual -diode chroma demodulators pro- 
duce outputs that are proportional to both the ampli- 
tude and phase of the applied chroma signal. 
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Fig. 53 Clamp ciodes in grid circuits of CRT restores 
DC level of chroma signal lost In AC coupling between 
chroma demodulators, chrome amplifiers and CRT con- 
trol grids. 
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Color Driver and Output 
Circuitry (Fig. 52) 

All three color driver and output 
circuits are identical with the ex- 
ception of certain component val- 
ues. For purposes of operational an- 
alysis only one circuit, the R -Y 
driver and output, will be discussed. 
The actual theory and operation of 
the R -Y stage will be representative 
of all three circuits. 

The driver circuit is connected 
as an emitter -follower to provide 
the proper impedance match be- 
tween the comparatively high out- 
put impedance of the demodulator 
circuit and the relatively lower in- 
put impedance of the output stage. 
The 3.58 -MHz ripple component is 
attenuated from the output of the 
demodulator circuit by a low-pass 
filter comprised of inductor LI and 
the input impedance of the driver 
stage. Base bias for the driver stage 
is developed by the divider network 
comprised of resistors R 1, R2 and 
R3. A better degree of stability is 
derived by connecting this network 
between the collector of the output 
stage and the base of the driver 
transistor. RF grounding is pro- 
vided by capacitor Cl, which re- 
duces the effects of output -to -driver 
feedback capacitance. The gain of 
the output stage is a function of 
the emitter resistor R4 and the col- 
lector load resistance in the control 
grid circuitry of the CRT. 

Clamp Circuitry (Fig. 53) 

A certain amount of the chroma 
DC level is lost because of the AC 
coupling between the chroma de- 
modulators, chroma amplifiers and 
CRT control grids. It is the func- 
tion of the clamp circuit to restore 
this DC level. 

A negative -going 35 -volt pulse is 
coupled from a tap on the horizon- 
tal output transformer to the emit- 
ter of the clamp transistor, Col. Di- 
ode X 1 removes positive ripple be- 
tween pulses, and inductor LI sup- 
presses any radiation present in the 
clamp circuitry. Capacitor CI is 

used to sharpen the timing of the 
horizontal pulses. These negative - 
going pulses drive the clamp transis- 
tor into saturation. The resulting 
current flow through the base -emit- 
ter junction to ground through re- 
sistor RI develops a voltage across 
resistor R1, and a negative charge 

on capacitor C2. The charge on C2 
allows very sharp turn-off of the 
clamp transistor at the end of each 
pulse. 

The amplified pulse that appears 
across the CRT bias control is 

clamped by zener diode X2, at á 
level equal to 180 volts below the 
B+ voltage of 250 volts. A portion 
of the pulse voltage is fed to a 
clamp diode, X3, located in each 
of the three CRT control grid' cir- 
cuits, resulting in diode conduction, 
which effectively clamps the CRT 
control grids to the bias pulse volt- 
age (80 volts). This voltage charges 
the coupling capacitor, C3, located 
in the color amplifier output stages. 
The DC level resulting from the av- 
erage DC content of the chroma 
signal is added to this voltage. Thus, 
a CRT operating point representing 
the DC level of chroma information 
is established. 

Tracking 
Tracking could be termed as the 

ability of the CRT to maintain 
gray -scale throughout the entire 
brightness range. Proper tracking is 

accomplished by the development 
of proper bias levels on the CRT 
elements, screen grids, control grid, 
and cathode. The required adjust- 
ment procedures of the CTC40 
chassis is similar to the procedures 
used previously in RCA chassis 
CTC28 and CTC30. 

Some automatic correction of the 
potentials on the CRT elements is 

provided to offset any AC line -volt- 
age fluctuations. Variable voltages 
for tracking adjustments are derived 
from the cathode drive controls, the 
CRT bias adjustment and the screen 
grid controls. Any fluctuations in 
AC line voltage is reflected in the 
B+ potential, and this, in turn, is 

reflected in the CRT bias and drive 
voltages. The action of the zener 
clamp diode, X2 in Fig. 53, causes 
the CRT bias voltage to vary di- 
rectly with changes in B+ poten- 
tials. This diode action assures that 
the CRT grids follow the cathodes 
during changes in zener B+ and, 
therefore, assures a constant CRT 
bias with varying line voltages. The 
CRT screen voltages are obtained 
from a regulated source and do not 
vary under line -voltage fluctuations. 

Horizontal AFC and Oscillator 

The horizontal AFC and oscil- 
lator circuitry is illustrated schemati- 
cally in Fig. 54. The phase splitter 
stage supplies equal and opposite 
sync pulses to the familiar dual - 
diode phase detector. Incoming sync 
pulses are differentiated at the base 
of the phase-splitter transistor to re- 
duce interference from the vertical 
sync pulses that are present in the 
output of the sync separator. 

Output pulses from the collector 
and emitter of the phase splitter are 
coupled to the phase -detector diodes 
by capacitors CI and C2. 

A reference voltage taken from 
the high -voltage transformer is ap- 
plied to the common diode junction 
through a waveshaping network. 
This network shapes the negative - 
going pulses from the high -voltage 
transformer into a sawtooth signal 
that is applied to the AFC circuit. 
The frequency of the pulses sampled 
from the high -voltage transformer 
is the same as that of the horizontal 
oscillator. 

When the pulses from the high - 
voltage transformer and the incom- 
ing horizontal sync pulses occur at 
the exact same frequency, each 
diode is keyed into conduction by 
the sync pulses as the reference volt- 
age passes though zero. The current 
through each diode will be equal, 
resulting in equal and opposite 
charges on capacitors CI and C2. 
As these capacitors discharge 
through resistors RI and R2, equal 
and opposite voltages are developed 
across the resistors. The voltage at 
their junction is zero (with respect 
to ground), and, consequently, the 
amount of correction voltage de- 
veloped is zero. 

If the horizontal oscillator is 
running at a frequency less than 
that of the incoming horizontal sync 
pulses, a change in the relative posi- 
tion of the reference voltage wave - 
shape during the application of the 
sync pulses will result. The sync 
pulses will key the diodes into con- 
duction during the positive portion 
of the retrace slope; diode XI will 
conduct more strongly than diode 
X2; and the charge on capacitor Cl 
will become more positive, while the 
charge on capacitor C2 will become 
less negative. 

Discharge action of these capaci- 
tors through resistors R1 and R2 
will result in an imbalance of cur - 
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rent flow through RI and R2, and 
the voltage developed at their junc- 
tion will go positive. This positive 
voltage is the correction voltage for 
the horizontal oscillator and will 
cause the oscillator to increase in 
frequency. 

Should the oscillator he running 
at a frequency greater than the in- 
coming sync pulses, a negative cor- 
rection voltage will be developed at 
the junction of RI and R2 as the 
result of circuit action similar but 
opposite to that described in the pre- 
ceding paragraph. Application of 
the negative correction voltage to 
the oscillator will produce a de- 
crease in the oscillator frequency. 

The DC correction voltage pre- 
sent at the junction of RI and R2 
is fed to an AFC limiting and filter- 
ing circuit comprised of diodes X3 
and X4, capacitors C3 and C4, and 
resistor R3. The function of this cir- 
cuit is two -fold: The limiting diodes 
prevent the AFC correction voltage 
from exceeding -O.5V to 0.5 volts; 
and the filter network prevents the 
AFC output from being contami- 
nated by unwanted frequencies, such 
as 60 Hz. (A 60 -Hz signal present 
at this point would result in horizon- 
tal bending, twisting, etc.) 

Horizontal Oscillator 
A blocking oscillator circuit is 

employed as the horizontal oscilla- 
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for in the CTC40 chassis. Basic cir- 
cuit action is as follows: 

Voltage pulses present on the col- 
lector of the horizontal oscillator 
transistor are transformer -coupled 
into the base circuit, driving the 
stage into cutoff. During the time 
that the oscillator transistor is cut- 
off, capacitor C5 discharges through 
the horizontal hold control circuitry 
to the "turn -on" potential of the 
oscillator. The oscillator conducts, a 

pulse appears at the collector and 
is coupled to the base, and the cycle 
repeats. 

The settings or adjustments of the 
horizontal linearity and horizontal 
hold controls determine the dis- 
charge time of capacitor C5 or, in 
other words, the length of time the 
transistor remains cut off. In this 
manner the horizontal hold control 
determines the frequency of the hor- 
izontal oscillator. 

This is accomplished by adding 
the correction voltage from the AFC 
circuit to the charge capacitor C5. 
This correction voltage, depending 
on its polarity and amplitude, will 
either add or subtract from the 
charge on capacitor C5, which, in 
turn, either increases or decreases 
the time required to discharge C5 
to the turn -on potential of the oscil- 
lator. This circuit action alters the 
frequency and phase of the oscillator 
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in accordance with the broadcast 
sync pulse. 

Horizontal Oscillator B + Source 
A special 30 -volt source is used 

to supply B+ to the horizontal os- 
cillator. This is done to assure that 
the horizontal oscillator will be cap- 
able of supplying adequate drive to 
the horizontal output stage at the 
instant power is first applied to the 
receiver. The filter circuit of the nor- 
mal +30 -volt supply source re- 
quires too much time to reach full 
value; therefore, the special circuit, 
comprised of X5 (zener diode) and 
resistor R4, is used to develop the 
required 30 volts from the more 
lightly filtered 155 -volt source. This 
circuit functions to reduce the time 
required for the oscillator output to 
reach its normal operating level. 

Horizontal Output Circuitry 
It is necessary to slightly alter the 

shape of the horizontal oscillator 
output waveform to minimize the 
possibility of pretriggering the com- 
mutator switch. This is accomp- 
lished by the waveshaping network 
composed of diode X5, capacitor C6 
and resistors R5 and R6. 

The voltage developed across the 
output winding of the horizontal 
blocking oscillator transformer is 

coupled to this waveshaping net-. 
work. R6 and C6 function as a dif- 
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Fig. 54 Schematic diagram of horizontal AFC ano horizontal oscillator circuitry employed in RCA CTC40 chassis. 
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ferentiating network, producing a 
positive voltage spike to turn on the 
commutator switch. The diode, X6, 
is reverse biased during the nega- 
tive -going portion of the output 
voltage waveshape. This permits ca- 
pacitor C6 to discharge through the 
parallel paths provided by RS and 
R6. This discharging action holds 
the waveshape negative until the 
next positive pulse arrives. Thus, the 
commutator gate is held negative 
during trace -time, reducing commu- 
tator pretriggering. 

Control of Temperature 
Induced Frequency Change 
It is an inherent characteristic of 

transistors that their operation will 
vary with changes in ambient and 
internal temperature. A thermistor, 
RT, in conjunction with resistor R7, 
functions as a temperature -sensitive, 
voltage -divider network. As the 
temperature of the horizontal oscil- 
lator transistor changes, its oper- 
ating frequency tends to change. 

The same changes in temperature 
that affect the transistor also affect 

the thermister (RT). The transistor 
base -circuit voltage will be altered 
by the temperature -induced changes 
in the divider network comprised of 
RT and R7. This change in base - 
circuit voltage will be in a direction 
that will cancel out the effects of 
temperature on the transistor. 

Horizontal Deflection 
The RCA CTC4O chassis utilizes 

two silicon -controlled rectifiers 
(SRC's) and their associated com- 
ponents to generate the necessary 
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Fig. 55 Partial schematic diagram of horizontal output circuitry found in CTC40. 
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yoke current and fulfill high -voltage 
requirements. 

The function of any horizontal 
deflection system used in television 
receivers utilizing electromagnetic 
deflection is to provide a linear flow 
of current through the yoke wind- 
ings which, in turn, moves an elec- 
tron beam from one side of the pic- 
ture tube screen to the other in a 

linear sweep. This action is normally 
referred to as "trace", and the yoke 
current that caused the deflection is 

called "trace current." 
Trace current must be in sync 

with the incoming TV signal. The 
yoke current must also provide a 

means of returning the CRT beam 
to the starting side of the CRT 
screen. The current that accomp- 
lishes this is referred to as retrace, 
or flyback, current. 

Circuit Action 
A partial schematic of the hori- 

zontal output circuit is shown in 
Fig. 55. Diode X1 and silicon -con- 
trolled rectifier SCR I control the 
flow of current through the horizon- 
tal yoke windings during the CRT 
beam trace time. Diode X2 and sili- 
con -controlled rectifier SCR2 con- 
trol the flow of current through the 
horizontal yoke windings during re- 
trace time. 

Energy storage and timing pro- 
perties are provided in the circuit 
by components L I, C I , C2 and Cy. 
Inductors L2A and L2B provide a 

charge path for 1.1 and Cl, and a 

gating, or keying, signal to SCR1. 
The complete horizontal -deflection 
yoke -current cycle can be divided 
into a sequence of individual actions 
involving different modes of hori- 
zontal circuit operation. These 
actions are accomplished during dis- 
crete intervals of the horizontal de- 
flection yoke current cycle. 

During the first one half of CRT 
beam trace time, the current through 
the horizontal deflection coils de- 
creases towards zero and flows 
through trace diode Xl, resulting in 
a charge build-up on capacitor Cy. 
During this interval (first half of 
trace time), silicon controlled recti- 
fier SRI the trace SCR, is prepared 
for conduction by the application 
of the proper gate -voltage pulse. 
However, the SCRI will not con- 
duct until its anode/cathode junc- 
tion is forward biased. This condi- 
tion will he satisfied during the sec - 

and half of the beam trace cycle. 
At the end of the first half of 

trace, yoke current reaches zero, ca- 
pacitor Cy starts discharging 
through the yoke inductance, and 
the current flow through the circuit 
reverses, reverse -biasing diode X1 
and, simultaneously, forward bias- 
ing the SCR1. The capacitor dis- 
charges into the yoke inductance 
through SCR 1 and the resulting 
yoke current completes the second 
half of trace. 

When the second half of trace is 

concluded, the CRT beam has 
scanned across the entire width of 
the CRT screen. At this point, a 

pulse, derived from the horizontal 
oscillator circuit, keys the retrace 
SCR into conduction. This action re- 
leases the charge previously built 
up, or stored, on capacitor Cy, and 
current flows into the commutator 
circuit comprised of inductor LI 
and capacitor Cl. 

Because of heavy forward current 
flow through the yoke circuit 
(SCRI, Ly and Cy), the net cur- 
rent resulting from the combined 
circuit actions of the commutating 
switch circuit and the yoke circuit 
continues to allow the trace recti- 

ficr, SCRI, to conduct. 
At this point both rectifiers, SCRI 

and SCR2, are conducting. How- 
ever, the current flowing in the com- 
mutator circuit increases much more 
rapidly than the current flow in the 
yoke circuit. After an extremely 
short period of time (two to three 
microseconds) the net current flow- 
ing in SCR1 reverses, turning off 
SCR I at the start of retrace. 

Circuit conditions are now set to 
initiate retrace: Trace rectifier 
SCRI, along with diode Xl, is cut 
off, and retrace rectifier SCR2 is 

conducting. The result is a series 
resonant circuit comprised of in- 
ductor LI, capacitor CI and the 
horizontal yoke windings. (Capaci- 
tor CY is also in series with these 
components, but, because of its 
value, can be disregarded.) 

The current through this circuit 
causes the CRT beam to retrace half 
way across the screen. At this point 
the current flow has decreased to 
zero. Current flow in the series re- 
sonant circuit now reverses, and re- 
trace rectifier SCR2 ceases conduc- 
tion because the current flow in the 
circuit is opposite the normal flow 
of forward current. 
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Fig. 56 Simplified schematic of horizontal output circuit, and diagram showing instan- 
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Diode X2 is now forward -biased 
by this reversal of current and starts 
conducting, supplying the energy for 
the remainder of retrace. The energy 
previously stored on capacitor Cl 
has been returned to the yoke in- 
ductance. 

Retrace current flowing in the 
horizontal yoke winding returns the 
electron beam to its starting point. 
The time interval of yoke retrace 
current flow is made equal to the 
desired retrace time by selection of 
the proper values of components 
LI, Cl and Ly. 

These components are selected to 
be resonant at a frequency which 
has a period equal to two times the 
retrace time interval. Therefore, the 
current flowing during one half 
cycle of circuit oscillations will ac- 
complish the full retrace function. 

After completion of one full cycle 
(trace and retrace), the circuit must 
be made ready for the next cycle. 
This includes restoring energy to the 
commutator circuit and resetting the 

trace rectifier, SCR1. Both of these 
functions are performed by utilizing 
circuitry which includes inductor 
L2. 

During retrace, inductor L2 is 
connected between B+ and ground 
by the conduction of SCR2 and 
diode X2, respectively. When X2 
ceases conduction, inductor L2 is 
removed from ground. A charge is 

built up on Cl from the B+ line 
through inductor L2. This charging 
process continues throughout the 
trace interval, until retrace begins. 
The charge on CI serves to replen- 
ish energy to the yoke circuit dur- 
ing the retrace interval. 

The voltage developed across in- 
ductor L2 during the charging of 
capacitor Cl is used to forward -bias 
the gate of SCR1. This sets up 
SCRI and enables it to conduct 
upon receiving the proper signal. 
The voltage developed across in- 
ductor L2 is coupled to the gate of 
SCR1 via L2A, C2 and R 1. 

These components form a wave - 

shaping network that forms a pulse 
with the proper shape and amplitude 
to enable SCR I to conduct when 
its anode/cathode junction is for- 
ward -biased. This will occur ap- 
proximately mid -way through the 
trace interval. 

This concludes our analysis of 
RCA's solid-state CTC40 color chas- 
sis. (Schematic diagrams used in this 
chapter courtesy of RCA.) 

Zenith's 12B14C50 
Color TV Chassis 

The new Zenith 12B14C50 color 
TV chassis employs more transistors 
than any previous Zenith color 
chassis. It is equipped with 14 
transistors and 12 tubes, and a fully 
transistorized "Y" channel. 

The color and the "Y" signal are 
pre -mixed and applied to the cat- 
hodes of the CRT, permitting the 
CRT control grids, to be returned 
to a fixed DC source. 

As in an earlier color chassis, 
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the 2nd color amplifier and the 
color demodulator integrated circui- 
try is contained in a plug-in module 
which can be removed and replaced 
from the top of the chassis. 

Zenith uses a ganged contrast 
and color control, which they call 
a "color commander." To maintain 
the correct black level with a 
change in contrast, a special "black 
tracking" circuit increases or de= 
creases the brightness slightly as the 
Contrast/Color control is rotated. 

The chassis also is equipped with 
a simplified automatic degausser cir- 
cuit, a new high-level noise clipper; 
a simplified focus circuit, a pin- 
cushion circuit using a saturable re- 
actor, and an "automatic" tint con- 
trol circuit. 

The Video (Y) Amplifiers 
The "Y" channel in the 12B14- 

050 chassis is all transistorized, as 
shown in Fig. 57. There is an emit - 
follower 1st video amplifier, a com- 
mon -emitter 2nd video amplifier, 
and an emitter -follower 3rd video 
amplifier. The 3rd video amplifier 
also serves as an impedance matcher 
and "modulator" to the emitters of 
the red, green, and blue output 
transistors. 

The contrast control is in the 
emitter circuit of the 1st video; the 
chroma take -off also is in this cir- 
cuit. The brightness and brightness 
range controls are in the emitter 
circuit of the 2nd video. Vertical 
and horizontal blanking also is in - 

Setting the Brightness Range 
and Brightness Limiter 

To get full effectiveness from the 
Brightness Limiter circuit it must be 
adjusted in conjunction with the 
Brightness Range control as follows: 

1. Turn the Brightness Limiter 
control fully clockwise. 

2. Turn Brightness control fully 
clockwise. 

3. Adjust Brightness Range until 
picture blooms 1 inch. 

4. Adjust Brightness Limiter coun- 
terclockwise until picture 
blooms only 1/4 inch. 

serted at the 2nd video emitter. 
Stabilization from three sources 

is applied at the base of the 2nd 
video transistor, Q203. 
1 st Video Stage 

The video signal from the detec- 
tor diode is fed through peaking 
coils and a sound trap to the base 
of the 1st video, Q201. At first 
glance, the resistors in the base cir- 
cuit of 0201 appear to comprise a 

rather complex DC biasing network. 
The reason for this many resistors, 
according to Zenith, is to provide a 

better AC match between the 
medium -high output impedance of 
the diode detector and the medium - 
low input impedance of the 1st 
video transistor. As far as the DC 
bias is concerned, the resistors are 
in parallel. The 4.7K -ohm resistor 
helps sharpen the tuning of the trap. 

The contrast control circuit par- 
allels the 180- and 470 -ohm emitter 
resistors and varies the AC video 
signal level fed to the base of the 

2nd video amplifier, Q203. 
The "black -tracking" circuit op- 

erates because of the different AC 
and DC impedances of the contrast 
control circuit. For video (AC), the 
circuit offers an impedance of 1220 
ohms (the 1 k contrast control and 
the 220 -ohm resistor in series with 
it, disregarding the 180- and 470 - 
ohm parallel resistors) because AC 
is bypassed around the 10k resistor 
by a 50-mfd capacitor. For DC, 
however, the 50-mfd capacitor has 
no effect, so the circl_it impedance 
is 11,220 ohms. Consequently, with 
the contrast control arm at the low 
end, the signal level is reduced 
about 51/2 times, but the DC bias 
level (affecting the brightness) is 

reduced only about 1/11. In other 
words, lowering the contrast also 
slightly lowers the brightness, while 
increasing the contrast slightly in- 
creases the brightness, both actions 
keeping the CRT black level rela- 
tively constant. 
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The 2nd Video 

With direct -coupling between 
video stages, which is used in most 
color sets, a change in bias in any 
stage causes a corresponding change 
in picture tube brightness. This is 
why brightness problems in color 

sets often occur in the video ampli- 
fiers, and why the brightness con- 
trol and brightness range can be 
inserted at almost any convenient 
spot in the circuit following the 
chroma takeoff and contrast control. 

But there are some disadvantages 
to the direct -coupled circuit. If, dur- 

Fig. 59 Simplified cir- 
cuit showing matrix- 
ing of chroma sig- 
nals with the "Y" 
signal when a red 
color bar is being re- 
ceived. 
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Fig. 60 Common -base, high-level noise amplifier used in new Zenith chassis. During 
normal reception, video input signals are not strong enough to override the bias of 
the noise amplifier transistor; however, a strong noise pulse will cause it to conduct 
and apply a strong negative pulse to the 6BA11 grid. 

ing warmup, the current flow 
through one or more of the tran- 
sistors changes, the brightness also 
will change. To compensate for 
warmup change in this circuit, a 
negative -temperature -coefficient (de- 
creases in resistance with increase 
in heat) thermistor is placed in the 
base bias circuit of the 2nd video 
stage. As the transistor heats it 
tends to draw more current, but 
the thermistor compensates by re- 
ducing the DC bias to the base. 
which, in turn, reduces the conduc- 
tion of the transistor circuit. 

Another problem in direct - 
coupled circuits is that when weak 
signals are received the detector out- 
put drops below the normal level 
maintained by the AGC on stronger 
signals. This means that the bright- 
ness would increase on weak sig- 
nals. To prevent this, the base of 
the 2nd video amplifier is tied 
through an RC network to the AGC 
line. Because the AGC line goes 
more negative when a weak signal 
is received, more negative voltage 
is applied to the base of the 2nd 
video, preventing a drastic change 
of brightness. 

A third stabilizing signal is in- 
troduced at the base of the 2nd 
video by the brightness limiter tran- 
sistor; this application will be dis- 
cussed in detail later in this article. 

Located in the emitter circuit of 
the 2nd video amplifier arc an- 
other trap, a peaking control cir- 
cuit, input for vertical and hori- 
zontal blanking signals, and the 
brightness and brightness range con- 
trols. 

The peaking control functions by 
varying the frequency response of 
the video amplifier. When the arm 
of the peaking control is at the 
"hot" end, the higher video fre- 
quencies arc bypassed around the 
major portion of the emitter re- 
sistance, producing maximum high - 
frequency gain and pictures with 
sharp outlines but more apparent 
noise and snow, especially in weak 
signal areas. With the peaking con- 
trol arm at the "ground" end, the 
high -frequency gain is reduced and 
the outlines in the picture tend to 
smear, but noise and snow are less 
apparent. The peaking control is a 
"customer preference" control and 
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operates on the same principle as 
a tone control in an audio circuit. 
"Normal" operation is with the con- 
trol at about midrange. 

The brightness and brightness 
range controls vary the emitter bias 
of the 2nd video and, in turn, this 
change in bias is projected through 
the remainder of the video stages 
to the cathodes of the CRT. Bright- 
ness is minimum when the arm of 
the brightness control is at the +24 - 
volt side. For this reason, the bright- 
ness control can always vary the 
brightness to zero regardless of the 
setting of the brightness range con- 
trol. The brightness range varies the 
amount of positive voltage on the 
"low" side of brightness control and 
sets the maximum level to which 
the customer can increase the bright- 
ness. 

Horizontal blanking also is in- 
serted at the emitter of 0203, 
through an 820 -ohm resistor which 
is tied to the cathode of the hori- 
zontal discharge tube. 

Vertical blanking is applied at 
the same point, but the vertical 
pulses, taken off the vertical oscil- 
lator -amplifier, are first fed to a 
vertical blanker transistor to reduce 
the loading and provide a better 
impedance match. 

3rd Video Stage 

The output of the 2nd video am- 
plifier is fed through the delay line 

to the base of the 3rd video. There 
is an 80 -ohm adjustable resistor in 

series between the 3rd video col- 
lector and ground. This is the 
brightness limiter control. The posi- 
tive voltage developed across this 
control is filtered to remove video, 
and the resultant DC then is fed to 
the base of the NPN brightness 
limiter transistor. This positive volt- 
age causes the transistor to conduct 
and supply a negative voltage to the 
base of the 2nd video amplifier. 

The operation of this two -stage 
compensating circuit is as follows: 
If the current through the 3rd video 
transistor increases for any reason, 
there will be additional positive 
voltage applied to the base of the 
brightness limiter, which will in- 
crease the negative bias on the 2nd 
video, which, in turn, will reduce 
the bias on the 3rd video, almost 
completely cancelling an increase of 
current in the 3rd video. 

The opposite condition occurs if 

the 3rd video transistor current 
should drop for any reason. In other 
words, this is an amplified stabiliz- 
ing circuit that limits extreme 
changes in bias, thereby limiting un- 
desirable brightness changes. 

Pre -CRT Matrixing 
Before increased use of transist- 

ors, almost all manufacturers mixed 
(matrixed) the video and chroma 
signals in the picture tube by apply- 
ing the video to the CRT cathodes 

and the color to the CRT grids. 
This had the disadvantages of re- 
quiring high-level color amplifiers 
and the possibility of tracking prob- 
lems in either or both the video 
and color amplifier circuits. 

By pre -mixing the video (Y) and 
the color, the final video amplifiers 
can amplify both the video and the 
color, and the CRT grids can be 
returned to a fixed DC source, re- 
ducing the possibilities of tracking 
errors. 

Fig. 58 shows how the video and 
one color signal are mixed in this 
chassis. The "Y" signal is fed into 
the 3rd video amplifier, which is 

in series with the emitter of the 
B -Y (blue) output transistor. This, 
in effect, mixes the two signals so 
that a composite of the two appears 
at the collector of the blue output 
transistor, where it is coupled 
through the blue gain control to 
the blue cathode of the CRT. 

Fig. 59 shows, in simplified form, 
how this pre -CRT mixing occurs. 
Suppose a red bar is being trans- 
mitted. The bar will appear gray 
on a black -and -white set because 
the video signal is about "half way 
to black", as can be seen by the 
waveform at the emitter of the 3rd 
video amplifier. With no color in- 
put to any of the output transistors, 
there . will be an exact replica of 
this signal (except amplified) at all 
three output collectors. (Remember, 
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there is no phase inversion because 
the input is to the emitters.) But, 
with a red signal coming from the 
color demodulator, there is a posi- 
tive pulse at the base of the red 
output transistor. This positive pulse 
causes the collector to go negative 
(phase is inverted between base and 
collector), making the red CRT cat- 
hode also go negative, which, in 
turn, increases the brightness of the 
red gun. At the same time the posi- 
tive pulse is arriving at the red out- 
put transistor, the color demodula- 
tor is supplying negative pulses to 
the basis of the green and blue out- 
put transistors, which produces posi- 
tive -going signals on their collectors 
and on the blue and green CRT 
cathodes, decreasing to zero the 
brightness of these two colors. 

The same process occurs if a 
blue or green bar were transmitted, 
except that the corresponding out- 
put transistor would receive the 
"turn on" signal and the other two 
the "turn off" signal from the 
chroma demodulator. 

The Noise Clipper 
A new high-level noise canceller 

is used in this chassis. As shown in 
Fig. 60, the transistor is in a com- 
mon -base circuit designed to feed 
high-level negative noise pulses to 
the 1st grid of the 6BA 11 sync 
tube. During normal operation the 
video input to the noise amplifier 
transistor is insufficient to overcome 
the reverse bias between its base 
and emitter, and, consequently, there 
is no transistor output to the grid 
of the 6BA 11. However, when a 
strong noise pulse occurs, it over- 
rides the transistor reverse bias and 
appears as an amplified negative 
pulse at the grid of the sync tube. 
(There is no phase change between 
input and output of a common -base 
amplifier.) This amplified negative 
pulse cancels the effect of the posi- 
tive-polarity'noise pulse, which also 
is fed through normal channels to 
the other input grid of the 6BA 11. 
This prevents the noise pulse from 
falsely triggering either sweep cir- 
cuit. 

The Automatic 
Degaussing Circuit 

Most automatic degaussing cir- 
cuits employed previously use at 
least two self -variable resistors, 
either varistors or thermistors or a 
combination of the two, such as the 
design shown in Fig. 61A. In this 
circuit both control units have nega- 
tive coefficients. 

When power is first applied to 
the set and the thermistor is "cold". 
its resistance is relatively high, about 
120 ohms. Consequently, maximum 
voltage is developed across it. At 
the same time, the resistance of the 
varistor is at minimum, which per- 
mits maximum 'current flow through 
the degaussing coil. 

As the set warms up, the resist- 
ance of the thermistor decreases, 
finally reaching about 2 or 3 ohms. 
The voltage drop across it also de- 
creases, which, in turn, causes the 
resistance of the varistor to increase 
to maximum, cutting off almost all 
current flow through the degauss- 
ing coil. 

The automatic degaussing circuit 
in Zenith's new chassis uses a low - 
voltage, high -current degausser and 
a single thermistor with a positive 
temperature coefficient. When the 
set first is turned on, the thermistor 
is cold, its resistance is at minimum, 
and about 6 amps of current flow 
through the degaussing coil. During 
the first few seconds of operation, 
the resistance of the thermistor in- 
creases to maximum and current 
through the degaussing coil de- 
creases to about 30ma, which is 
low enough not to affect the pic- 
ture tube, yet sufficiently high to 
keep the thermistor warm enough to 
maintain a high resistance. 

The Focus Circuit 
The focus circuit in the new 

Zenith chassis, shown in Fig. 62, is 
simply a voltage divider network 
connected directly to the 25KV 
high -voltage source for the CRT. 
By placing the control in the "tail", 
or "cold", end of the circuit, the 
voltage on the control is kept at a 

reasonable level, and the danger of 
arc -over or shock is minimized. 

Pincushion Correction 
Another change in the new Zenith 

chassis is the deletion of the pin- 
cushion amplifier tube. A saturable 
reactor is used instead-not a new 
idea, but one that Zenith has not 
used before. 

The saturable reactor uses two 
separate windings on a special core 
material. One of the windings is in 
toroidal form (Fig. 63A), which has 
no air gap and, because it keeps 
all the lines of force within the core 
itself, needs no shielding-it does 
not radiate nor does it accept elec- 
tromagnetic signals not directly in- 
duced into the core by another toroi- 
dal winding on the same core. How- 
ever, because the core has no air 
gap, it does saturate rather easily 
with medium current. With low cur- 
rent in the coil, the coil has a high 
inductance and reactance. But as 
the coil current increases, the in- 
ductance and the reactance de- 
-crease, and once the core has satu- 
rated there is little reactance to cur- 
rent variations in the coil. 

The second winding of this pin- 
cushion unit is wound in normal 
fashion on the same core as the first 
winding (Fig. 63B). Because the two 
windings are at a 90 -degree angle 
to one another, there is no transfer 
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Fig. 62 Resistive -divider focus circuit 
eliminates the need for a focus rectifier. 
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of voltage between the two; how- 
ever, because the core is common to 
both windings, the second winding 
can vary the reactance of the first 
winding by causing core saturation. 

Utilizing this effect, the signal ap- 
plied to the toroidal coil can be 
modulated by the signal applied to 
the second winding, but the second 
winding will not be modulated by 
the signal in the toroidal winding. 

For correction of pincushion at 
the top and bottom of the screen, 
the vertical signal is applied to the 
toroidal coil, and the horizontal sig- 
nal is applied to the normal coil. 
The vertical signal then is modu- 
lated by the horizontal signal, but 
the vertical signal does not affect 
the horizontal because, as far as the 
normally wound coil is concerned, 
its core has a large air gap and never 
saturates. 

In this particular reactor it re- 
quires current flow in both the ver- 
tical and horizontal circuits to satu- 
rate the core. 

Here's how it works: At the be- 
ginning of the vertical sweep (top 
of raster), the sawtooth of current 
is at its highest amplitude, and this 
current, plus the current of the top 
horizontal line, produces maximum 
saturation of the reactor, which pro- 
duces minimum reactance and maxi- 
mum vertical current flow. Because 
the current is maximum at the be- 
ginning and end of each horizontal 
line, there would be maximum ver- 
tical deflection at the ends of the 
lines-which is just opposite the ef- 
fect needed. To correct for this, a 
secondary winding tunable around 
15,750 Hz is provided. By adjust- 
ing the winding, the phase can be 
shifted to produce maximum verti- 
cal deflection at the center of the 
screen, instead of at the ends of the 
lines. 

As the beam sweeps downward 
across the CRT, the vertical yoke 
current decreases at a linear rate, de- 
creasing the saturation and increas- 
ing the reactance of the coil, so that 
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Fig. 63 (A) Toroidal coil. (B) Toroidal coil with a conventional coil wound on 
same core. There is no electromagnetic transfer of energy between the two 
coils, but current in the conventional coil can cause core saturation and a 

reduction in reactance of the toroidal coll. 

no correction occurs at the center 
of the screen. As the current in- 
creases again to sweep the beam on 
down to the bottom, the saturation 
again occurs, producing maximum 
vertical sweep at the center of the 
raster. 

"Automatic" Tint Control 
By pulling out the tint control 

knob on this Zenith chassis the 
customer can have "automatic" tint. 
The control functions by shifting the 
demodulation angle from the normal 
105 degrees to 132 degrees. This 
shifts the R -Y (red) more toward 
orange, and there is less apparent 
flesh tone change as the set is 
switched from channel to channel. 

Fig. 64 shows how the automatic 
tint control circuit functions. The 
phase of the 3.58 oscillator injection 
to the color demodulator is changed 
by switching in a simple phase - 
shifting network so that the demod- 
ulation angle is changed by about 
27 degrees. 

Fig. 64 Changing the 3.58 oscillator in- 
jection phase angle at the input. of the 
color demodulator by about 27 degrees 
shifts the R -Y (red) signal toward 
orange, so there is less apparent flesh 
tore change when the set is switched 
from channel to channel. 
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Chapter 8 

Automatic Tint Control Systems 

Some Common Tint Problems 

Many color TV manufacturers 
now have deluxe models featuring 
automatic fine-tuning (AFT) to ac- 
curately adjust the fine tuning elec- 
tronically, and automatic chroma 
gain control (ACC) to hold the 
color saturation nearly constant. 
One annoyance still remains in the 
frequent changes of hue that are 
not caused by the receiver. You un- 
doubtedly have seen the ghastly 
purple or sickly green faces that 
were produced when the program 
source was changed from live news- 
casts to filmed commercials, from 
old movies to taped commercials, or 
from one TV channel to another. 
This is a many-sided problem with 
no single source or cure. Some cases 

are the result of the different color 
rendition of various brands of slide 
or movie film, while others may be 
due to an unbalance of the three 
primary colors in the TV camera. 

These broadcast shortcomings 
can be minimized, but not elimi- 
nated, by receiver adjustments. 
Color hue changes caused by varia- 
tion in the phase of the transmitted 
burst signal usually can be restored 
by repeated use of the hue control 
on the receiver. However, this ac- 
tivity is often accompanied by a 
marked increase in the viewers 
blood pressure. 

Some system to adjust the hue 
automatically is very desirable. At 
first thought, one solution would be 
to use a phase detector to electron- 
ically maintain a constant hue. Un- 
fortunately, there is no standard to 

compare the burst phase against. 

How Magnavox's ATC Works 
One practical answer to this dis- 

tressing hue problem is found in the 
Magnavox color receivers that use 
the T940 chassis. The manufacturer 
calls these models Total Automatic 
Color (TAC) since they have AFT, 
ACC and ATC (automatic tint con- 
trol). Their ATC circuit changes all 
the yellow and red areas of the pic- 
ture to an orange that is acceptable 
as skin color. Thus, skin color that 
ordinarily would look slightly green 
or purple will be rendered as orange 
so long as the ATC is switched on. 

The ATC circuit board has no 
tubes, but uses diodes and transis- 
tors. It is mounted on the tuner 
mounting assembly and is com- 
pletely shielded. A picture of the 
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Fig. 1 (A) Circuit board and com- 
ponents for the Magnavox ATC cir- 
cuit. 
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Fig. 1 (B) Block diagram of the ATC 
circuit. 
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component locations and a block 
diagram of the circuit are shown in 
Fig. 1. 

The amount of ATC correction is 
selected manually by a three -posi- 
tion switch on the front panel which 
provides OFF (no correction), 
PARTIAL -correction and FULL - 
correction. The ATC circuit is in- 
serted electronically between the 
moveable arm of the color control 
and the demodulators. There are 
two parallel paths for the chroma 
signal: one to the emitter of QA4, 
the chroma amplifier transistor, that 
produces an amplified, but not 
phase -inverted, signal at the collec- 
tor. The phase correction path is 
through the Red and Yellow gate 
transistors, with their combined out- 
puts going to the base of QA4. Since 
the gate transistors invert the signal, 
and the signal at the base of QA4 
is inverted again before appearing 
at the collector, both of these sig- 
nal paths are in -phase at the collec- 
tor of QA4. 

Fig. 2 illustrates a color wheel 
that shows the hues obtained when 
a chroma signal of the phases listed 
is compared (in a demodulator cir- 
cuit) with the phase of the burst sig- 
nal. Magnavox has chosen a chroma 
signal with a phase of 57° to give 
the desired reddish -orange skin 
color. The basic action of the ATC 
circuit is to change the yellow and 
red signal phases (those on either 
side of orange) to 57° without 
changing the phases of green, cyan 
and blue. This is the reason for key- 
ing off the gate transistors during 
the time the green, cyan and blue 
hues are displayed on the television 
screen. 

The entire circuit is shown in 
Fig. 3. Both gate transistors are 
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Fig. 2 A color 
wheel shows the 
phase (compared 
to ourst) of the 
chroma signal 
necessary to 
obtain various 
hues. 
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Fig. 3 The complete schematic of the Magnavox T940 ATC circuit. 
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non -conducting until two conditions 
are fulfilled. The gates are operated 
in Class "B", and, in the absence of 
an AC signal (chroma) at the bases, 
the forward bias is insufficient to 
allow any significant gain or collec- 
tor current. Forward bias of just 

over .6 volt for the bases of both 
gates is developed across silicon di- 
ode DA2. Voltage from this source 
is temperature compensated, and 
any increase of base current in the 
silicon gate transistors resulting from 
a higher temperature will be re- 

duced by a lower voltage drop 
across the diode. 

In addition, the Red and Yellow 
gate emitters are returned to ground 
through the collector -emitter path of 
QA I, the switch transistor. The gates 
cannot conduct regardless of base 
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(A) Input phase is 327°, or greenish -yellow. 
There is a fairly large amplitude during the 
12° sampling time at the base of the Yellow 
gate. This will give partial correction. The 
signal at the base of the Red gate is nega- 
tive, so there will be no collector current. 

(B) The input phase is 12° or yellow. Ampli- 
tude at the base of the Yellow gate is maxi- 
mum, which will give full correction and 
make skin color orange. There is still no 
output from the Red gate since the base 
signal is zero. 

(C) Input phase is 57°, or the desired 
orange skin color. Partial and equal signal 
voltages appear at each base. The result- 
ing small corrections cancel out, leaving 
the output still at 57°. 

(D) Input phase is 102°, or purple. The 
Yellow gate base signal is zero; therefore, 
there is no output. Input to the Red gate 
is at maximum and will give full correction 
to bring the skin color to orange. 

(E) Input phase is 147°, or nearly blue. 
The voltage at the base of the Yellow gate 
is negative, so there will be no output. 
Enough signal appears at the base of the 
Red gate to give partial correction and 
bring the skin color back to bluish -red. 

Fig. 4 The amplitude of the chroma sine wave at the base of each gate, during the time the switching transistor has full 
conduction, determines the collector current. Note that the ATC input signal phase is the same as the phase at the base 
of the Yellow gate. 
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voltage until the switch transistor 
conducts. A 90° 3.58 -MHz signal 
from the color oscillator transformer 
is shifted in phase by C774, C780 
and L721. The preference control, 
R132, varies the ohase angle 30° 
on either side of the nominal phase 
of 12°. This signal is rectified by 
diode DA 1, and the resultant pulsat- 
ing DC voltage of positive polarity 
is applied to the base of QA 1, the 
switch transistor. The values are 
chosen so QA I will draw current 
and be a virtual short circuit only 
during the very tip of the positive - 
going voltage applied to its base. 
During the rest or the cycle it is an 
open circuit, which disables the 
gates. 
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(A) The normal keyed -rainbow pulses at 
the input (test point A), also at the 
emitter of QA4, the chroma amplifier. 

(C) Signal at the collector of the Red 
gate (test point E). Maximum correction 
will be at color bars 3 and 4. 

(E) Waveform at the base of QA4 (test 
point G) is the resultant of the output 
from the Red and Yellow gates. 

Fig. 5 Chroma signal waveforms at each 
stage of the ATC circuit. 

When the switching transistor is 

conducting and a positive chroma 
signal is present at the base of QA2, 
the Yellow gate, the base will be 
forward biased enough for collector 
current to flow and the transistor to 
amplify. The same conditions apply 
at the Red gate, QA3, except that 
the chroma signal applied to the 
base has a 90° leading phase com- 
pared to the phase at the yellow 
gate. Fig. 4 shows the positive -going 
halves of the chroma sine waves at 
the bases of the Red and Yellow 
gates during the time (12°) when the 
switch transistor is conducting. The 
output signal from each gate de- 
pends upon the instantaneous base 
voltage at the keying time, and only 

(B) Negative -going pulses at the col- 
lector of the Yellow gate (test point B). 
Maximum correction will be at color bar 
#1. 

(D) Negative -going "tails" on all ten 
bars at the collector of both the Red 
and Yellow gates is caused by a col- 
lector-erritter short in the switching 
transistor. 

(F) The signal at the collector of QA4 
is the vectorial sum of the input signal 
(input at emitter) and a 180° inversion of 
the signal at the base (test point G). The 
larger amplitude of color bars 1, 2, and 
3 is incidental, but it does make all the 
orange colors brighter. 

at this time. The more gate output 
signal, the more phase correction is 

possible. 
The gated signal at the collector 

of the Yellow gate is shifted by a 

90° lag circuit consisting of LA2 
and CA4. Similarly, the output of 
the Red gate is shifted to 30° (lead- 
ing) by CA5 and LA3. The signal 
outputs from both gates are com- 
bined and applied to the base of 
0A4. After phase inversion this sig- 
nal appears at the collector along 
with part of the original chroma sig- 
nal from the input to the emitter. 
These two signals are never seen 
separately on a scope, for they add 
vectorially to become a sine wave 
of the resultant phase. From this 
point the phase -corrected chroma 
signal goes to the demodulators. 

Fig. 5 shows the scope waveforms 
at the designated testpoints in the 
ATC cirucit when a gated color -bar 
generator is used as a signal source. 
The output tuning coil, LA5, is 

tuned by stray capacitance to form 
a low -Q circuit resonant to about 
3.58 MHz. The function of the 
tuned circuit is to "ring" the clipped 
correction signal into a more sym- 
metrical waveform. 

Vector diagrams are extremely 
important in helping us to fully un- 
derstand the operation of this cir- 
cuit. Fig. 6 shows the simplified 
schematic with phase shift compon- 
ents and testpoints, and vector dia- 
grams showing the correction of a 
chroma signal of 30° leading phase 
(yellow skin hue) and one of 30° 
lagging phase (red skin hue). Here is 

how it works: With reference to Fig. 
6B, the input signal phase is 27°. 
The Red gate has virtually no signal 
at its base during switching time 
(see Fig. 4), so it is non -conducting. 
The base of the Yellow gate has the 
same phase as the input (27°). After 
inversion in the transistor, the col- 
lector (testpoint B) phase is 207°. 
The 90° lagging circuit changes the 
phase to 297° at test points C and 
G of Fig. 6A. QA4 inverts the 
phase, so the phase at its collector 
(test point H) is 117°, which is 
added to the input phase of 27°, 
making a resultant signal of 57° for 
orange skin color. In the vector dia- 
gram in Fig. 6C, the 87° chroma 
signal at the Yellow gate is negative, 
making this gate inoperative. After 
the 90° lead change, the signal at the 
base (test point D) of the Red gate 
is 357°, and QA3 inverts the phase 
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to 177° at the collector (test point 
E). The 30° leading network shifts 
the phase to 147° at test points F 
and G. After inversion by QA4, the 
phase at the collector (test point H) 
is 327°, which added to the input 
phase of 87° gives a resultant phase 
of 57° for orange skin color. 

In the demodulators, phase differ- 
ences become amplitude differences. 
The scope waveforms shown in Fig. 
7 were taken from the picture tube 

grids, both with no ATC action and 
with full correction. In general, the 
pulses representing color bars be- 
come nearly identical for the first 
four bars. This statement is con- 
firmed by color pictures of the color 
bar pattern on the screen of the pic- 
ture tube. The large negative -going 
spike in each waveform is the hori- 
zontal blanking spike that comes 
from the -Y amplifiers whether any 
color is there or not. 
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(A) Simplified schematic with test points and phase shift components. 

AO INPUT 270 

1360°) 00 

0 AND 297° 

90° 

YELLOW GATE 

207° 

1800 (360°) 0° 

270° 

(B) Vectorgram for ATC correction of a 30° leading (27°) 
input chroma phase. 

Vector patterns from the scope 
give the fastest and most accurate 
visualization of the ATC action, as 
shown in Fig. 8. With the ATC 
switch in the FULL correction posi- 
tion, the first three color bars have 
the same phase (57°), the fourth 
and tenth bars have some correction, 
and the other five bars are not af- 
fected. 

Magnavox ACC 
Another feature of the T940 

Magnavox chassis is the ACC cir- 
cuit which has a double action. As 
shown in the simplified schematic 
of Fig. 9, a total of four DC volt- 
ages are applied to the grid return 
of the chroma IF tube: 1) Negative 
voltage from the plate of the color 
killer is applied when the burst level 
is too low or missing. 2) Negative 
voltage from a killer detector diode 
is obtained through the 8.2-meg re- 
sistor. This voltage varies according 
to the amplitude of the burst signal. 
3) A positive voltage applied 
through the 1.5-meg resistor from 
its own cathode cancels some of the 
negative voltage from the killer de- 
tector to cause more of the change 
in control voltage (from the burst) 
to reach the grid. 4) In addition to 
these conventional voltages, a vari- 
able positive voltage comes from 
QA5, the ACC transistor. Chroma 
voltage from the top of the color 
control is rectified by diode DA4, 
filtered by CA 13 and applied to the 
base of QA5. The more positive the 
base voltage, the less positive the 

180° 

270° 

(C) Vectorgram for ATC correction of a 30° lagging (87°) 
input chroma phase. 

Fig. 6 Simplified schematic and vectorgrams for ATC correction. 
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(A) Normal bar pattern at the red grid (D) Blue grid with FULL ATC correction. 
of the picture tuba. 

(B) Red grid with FULL ATC correction. (E) Normal bar pattern at the green grid 
of the picture tube. 

(C) Normal bar pattern at the blue grid (F) Green grid with FULL ATC correction. 
of the picture tube. 

Fig. 7 Picture tube grid waveforms produced by a gated -rainbow pattern. 

TABLE 1 

DC voltage chart of the ACC circuit. The high chroma IF bias at 0% is due to 
color killer action. The last three lines are the chroma IB tube voltages without 
the additional bias from QA5. 

ACC VOLTAGES 

measuring 
point 0% 

(both ACC circuits working) 
chrarna level at generator 
50% 100% 150% 200% 

chroma IF cathode #7 3.6 9.2 7.0 6.0 5.6 
chroma IF grid #2 -29 6.2 .5 -2.4 -3.5 
chroma IF ACC bias -32 -3 -6.5 -8.4 -9.1 
QA5 collector 21 15 9 6.3 5 

QA5 basa 0 1.5 3.1 3.7 4.0 
QA5 emitter 0 1.15 2.6 3.1 3.35 
CR701A biller detector -13 -28 -41 -46 -48 

(wah OAS base grounded) 

chroma IF cathode 3.5 9.2 8.6 8.0 7.7 
chroma IF grid -28 6.6 5.0 3.2 2.6 
chroma IF ACC bias -31 -2.6 -3.6 -4.8 -4.1 

collector voltage, which is applied 
through a 1.5-meg resistor to the 
grid return of the chroma IF tube. 
This voltage also cancels out part 
of the negative voltage obtained 
from the killer detector, and since 
it is variable, makes the ACC volt- 
age at the chroma IF tube more neg- 
ative when the color is stronger. 

The DC voltage chart in Table 1 

gives the important voltages in the 
ACC circuit. ACC voltages were 
obtained by comparing the chroma 
IF grid and cathode voltages mea- 
sured to ground; this is the easiest 
way during troubleshooting. Slightly 
better accuracy can be obtained by 
measuring directly from cathode to 
the .047-mfd capacitor in the grid 
circuit. The difference in the voltage 
reading of the chroma IF ACC bias 
and the same reading with the base 
of QA5 grounded represents the 
added ACC gain correction obtained 
from the QA5 circuit. This extra 
control is very noticeable above 
chroma level of 75%. 

You might think that obtaining 
part of the ACC from the ampli- 
tude of the chroma signal, rather 
than the burst amplitude alone, 
would defeat the natural color sat- 
uration in scenes having bright col- 
ors or others with little color. While 
there is some of this effect, it is 
overshadowed by the minimizing of 
another common problem: The 
many times a station will broadcast 
extremely strong or abnormally 
weak color without any correspond- 
ing change in the burst. 
Troubleshooting the ATC Circuit 

The first step in analyzing any 
ATC malfunction is to try the nor- 
mal sequence of customer adjust- 
ments. Slide the ATC switch (on the 
front panel) to the OFF position, 
and with a color picture tuned in, 
adjust the tint control for normal 
skin color. If it is impossible to 
ob ain good skin color, the ATC 
circuit is not at fault. If the picture 
has normal tint and saturation, 
QA4, the chroma amplifier on the 
ATC board is working and the cir- 
cuit has B+ voltage. Weak or miss- 
ing color can be caused by the color 
IF, video IF's, killer detector, 3.58 - 
MHz oscillator, etc., the same as in 
any color TV. Connect a jumper 
wire from the top of the color con- 
trol to the demodulator grid, pin 7; 
if the color improves, the ATC cir- 
cuitry is at fault. 
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(A) Normal vector pattern with the third 
"petal" at 90°. 

(B) ATC switch in PARTIAL position 
pulls the first and third petals nearer 
to bar two. 

Slide the ATC switch to the 
FULL correction position. The pref- 
erence control (with other controls 
on the back near the top) should 
change skin hues from greenish -yel- 
low to magenta. If only magenta 
skin hues are seen, the Red gate 
may be defective; conversely, if the 
skin colors are greenish -yellow, the 
Yellow gate may not be working. 

S'\\I 

(D) FULL correction with the preference 
control adjusted for yellow faces. 

IrotiL 

y o 

Y 

(C) With the ATC switch in the FULL (E) FULL correction with the preference 
position, the first three petals are all control adjusted for magenta faces. 
at 57° (orange). 

Fig. 8 Vector waveforms of color bars. 
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Fig. 9 Simplified schematic of the T940 ACC circuit. ACC is proportional to 
both burst level and chroma amplitude. 

Defects in the gate circuits are 
best checked in the shop using volt- 
age and waveform analysis to find 
the defective component. Use a 

gated -rainbow bar pattern and check 
for scope waveforms similar to 
those in Fig. 5. 

Loss of the 3.58 -MHz switching 
signal or an open or shorted QA1 
switching transistor will eliminate 
any change in the color hues as the 
preference control is adjusted 
through its range. An open switch 
transistor will eliminate all gate ac- 
tion, and there will be no change 
in the color when either the pref- 
erence or the ATC switch is ad- 
justed. A shorted switch transistor 
will allow both gates to conduct at 
all times; the preference control will 
have no effect, but switching the 
ATC on FULL will brighten all 
ten color bars. A loss of 3.58 -MHz 
signal to the switching transistor 
will give the same symptoms as an 
open transistor. 

Conclusion 
The Magnavox ATC circuit ac- 

tually functions precisely as ex- 
plained here. The action is strictly 
by phase changes (with a minor 
amplitude side -effect) and, there- 
fore, is instantaneous in action with- 
out time lag, locking or registra- 
tion effects. There are no adjust- 
ments to be made on the board, so 
it is not necessary to "tune-up" any- 
thing. When you are accustomed to 
the sight of one (never more than 
two) completely red bar on a gated - 
rainbow color display, it gives one 
a peculiar feeling to see four (some- 
times nearly five) reddish -orange 
bars on the screen. Obviously, it is 
four times less critical of skin color 
than an uncorrected signal. 

One small drawback is inherent 
in this type of phase correction: red 
becomes orange and greenish -yellow 
becomes orange regardless of 
whether these hues are applied to a 
face or some other object in the 
picture. This is the reason for the 
FULL and PARTIAL positions on 
the ATC switch. Usually the PAR- 
TIAL correction would be used 
where the variation in skin color is 
not too extreme. Any change in 
areas of the picture other than skin 
hues would be minimized. 

All factors considered, this ATC 
circuit is a fascinating addition to 
modern color TV engineering. 
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RCA's Accu-Tint 

The RCA Accu-Tint (A -T) sys- 
tem produces three basic changes 
when the A -T switch is turned to 
ON: 

The phase of the 3.58 -MHz 
color suhcarrier applied to the B -Y 
chroma demodulator circuit is 

changed so that it is nearer the 
phase of the suhcarrier supplied to 
the R -Y demodulator. 

The output of the 13-Y demod- 
ulator circuit is reduced about 33 
percent. 

The screen color is changed 
from the normal blue -white to a 

brown -white, or sepia. (This "warm- 
ing" of the screen color "temper - 

attire" occurs only when a colorcast 
is received (killer inoperative) and 
the A -T switch is ON.) 

The result of these A -T actions 
is to increase the level of red and 
decrease the level of blue and green 
in the color picture. 

Fig. 10 shows the demodulator 
and -Y amplifier circuits of the 
new RCA CTC39X chassis, which 
is similar to the CTC38X except for 
minor changes in the video ampli- 
fiers, and the addition of the A -T 
circuit. 

B -Y Phase Change 
The 3.58 -MHz subcarrier for the 

R -Y demodulator is taken directly 
from the secondary of T7O3, while 
the phase of the 3.58 -MHz carrier 
for the B -Y demodulator is made 

"leading" by a high-pass filter. 
When the A -T switch, 5106, is in 
the OFF position, this high-pass 
filter consists of C732, L703 and 
R735. With this arrangement, the 
normal (A -T off) B -Y phase leads 
the R -Y phase by about 105 
degrees. 

When the A -T switch is turned 
to ON, L712 and R797 are added 
in series with L7O3 and R735. This 
reduces the lead of the B -Y phase 
to 90 degrees or less (RCA has not 
announced the exact figures). R -Y 
carrier phase is changed slightly by 
the difference in loading on the 
secondary of T7O3, but most of the 
shift is in the phase of the 13-Y 
chroma suhcarrier. 
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Fig. 10 Complete schematic of the demodulators and color -difference amplifiers in the new RCA CTC39X chassis. Notice es- 
pecially the circuits connected to switch S106, the Accu-Tint OFF/ON switch. 
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Skin coloring that is acceptable 
to many people can be obtained 
with only an R -Y color signal, so 
logically the next step is to reduce 
the amount of blue and green in 
the color picture. 

The second section of S106 per- 
forms a double function. One of 
these, when the A -T is ON, is to 
ground R795. This decreases the 
output of the B -Y demodulator so 
that the signal at the CRT blue grid 
is reduced from the normal 120 
percent of red to about 80 percent 
of red. 

R -Y amplitude is unchanged, but 
because G -Y is made from R -Y 
plus B -Y, it also will be reduced. 

Change in CRT 
Screen Temperature 

When the A -T is ON, the junc- 
tion of R793, R794 and R178 no 
longer is grounded through terminal 
4 of S106. The negative -going hori- 
zontal pulse originating at the center 
lug of the kine bias control is re- 
duced by a voltage divider consist- 
ing of R793, R178 and R795, and 
then is applied through the .047-mfd 
coupling capacitor to the grid of 
V704B, the B -Y amplifier. After 
amplification and phase reversal 
(180 degrees) by the tube, it be- 
comes a small, positive -going pulse 
at the plate, which is fed through 
the .01-mfd capacitor to the anode 
of diode CR707 and the blue grid 
of the CRT. On the cathode of 
CR707, a large negative -going 
pulse from the kine bias control is 
applied to the cathode of CR707 
and turns it on, resetting the charge 
on the .01-mfd capacitor every 
cycle, and thus maintaining the 
CRT grid DC voltage constant re- 
gardless of the chroma waveform. 

The positive -going pulse at the 

anode of CR707 and the negative - 
going pulse at the cathode add to- 
gether to produce a larger pulse. 
Because the DC voltage on the CRT 
grid is "clamped" to the negative 
tip of the pulse, the DC voltage on 
the CRT control grid is made less 
positive (compared to the CRT ca- 
thode), and the current of the CRT 
blue gun is reduced. 

A small pulse also is applied 
through R793 and R794 to the ca- 
thode of V705, the R -Y amplifier. 
Since the signal is applied to the 
cathode, this pulse is amplified with- 
out phase inversion, and the nega- 
tive -going pulse of a few volts 
appears at the anode of diode 
CR705. 

A large negative -going pulse from 
the kine bias control is present at 
the cathode of CR705. The true 
voltage across the diode is the dif- 
ference between the pulse voltage 
on the anode and the pulse voltage 
on the cathode. The effect is the 
same as a decrease in the pulse from 
the kine bias control, and causes 
the red grid of the CRT to become 
more positive by a few volts, in- 
creasing the red gun current. 

During normal operation, small 
samples from the plates of both the 
R -Y and B -Y amplifiers are ma- 
trixed to produce a -(G -Y) signal 
at the grid of the G -Y amplifier. 
Because of phase inversion across 
the tube, a G -Y signal is developed 
at the plate and applied to the 'green 
grid of the CRT. Voltages in the 
G -Y stage are not affected by the 
addition of the extra A -T pulse 
voltages at the R -Y and B -Y ampli- 
fier plates; because the polarity of 
one is positive -going and the other 
is negative -going and the amplitudes 
of the two signals are nearly equal, 
they cancel at the G -Y amplifier 
grid. 

This method of using pulses to 
brighten the red, dim the blue, and 
leave green unchanged has another 
beneficial effect: When the color 
killer operates during b -w programs, 
the R -Y and B -Y amplifiers are 
biased to cutoff. Because of this, the 
A -T pulses cannot be amplified and, 
therefore, do not appear at the 
plates of the tubes or the anodes of 
the DC restorer diodes. Thus, the 
screen color is a normal blue -white, 
not sepia. (Of course, if the station 
leaves their color carrier on during 
a b -w commercial, or if the color 
killer malfunctions and does not 
operate normally during h -w pro- 
grams, the screen color will he sepia 
if the A -T switch is in the ON 
position.) 

Turning off the Accu-Tint circuit 
restores the B -Y demodulator phas- 
ing and amplitude, and restores the 
screen color to normal. 

Conclusion 
This RCA circuit prevents un- 

wanted changes in skin coloration 
when the receiver is switched from 
channel to channel and/or when 
programing changes. Changes to the 
previous circuit are not extensive, 
and no critical or trouble -prone 
components have been used. Con- 
sequently, the circuit should be rela- 
tively service -free. 

However, we must recognize that, 
despite excellent engineering and 
modern components, each basic type 
of automatic tint modifier is a stop- 
gap emergency measure made desir- 
able only by the continuing delay of 
the broadcasting industry in stand- 
ardizing color hue. Also, it should be 
remembered that the circuits which 
most effectively eliminate green or 
purple faces also produce the most 
distortion of colors (except orange). 
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Chapter 9 

TV remote control systems 

The only motor in RCA's re- 
motely controlled CTC47 color TV 
chassis is the UHF tuning motor; 
remote control of VHF channel se- 
lection, the on/off function and ad- 
justment of volume, tint and color 
saturation is accomplished electron- 
ically without motors. 

How the volume, tint and color 
saturation remote control circuits 
operate will be explained in this 
article, along with techniques for 
tracking down troubles in them. 

How Functions Are Controlled 
One of the basic differences be- 

tween motor -controlled and motor - 
less -controlled is the way in which 
volume, tint and color are made to 
vary. Because it is the most simple, 
let's start with volume control: 

Fig. 1 illustrates the conventional 
method of controlling volume. The 
circuit itself is so simple that it re- 
quires no explanation; the point is 
that something has to turn the shaft 
of the potentiometer. 

Now let's explore some alternate 
methods of controlling volume. If 
we were dealing with vacuum -tube 
circuits, we might use an audio -am- 
plifier tube with remote -cutoff char- 
acteristics, and control its gain by 
varying the bias. This is similar to 
controlling the gain of an IF ampli- 
fier by varying the AGC bias ap- 
plied to it. However, a couple of 
problems arise: First, remote -cutoff 
tubes tend to produce distortion 

,.s 

5 
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B+ 

B+ 

AUDIO 

INPUT 

AUDIO 
INPUT 

Fig. 1 Conventional volume control 
and audio amplifier 

when they are used with fairly high- 
level signals, such as those from the 
sound FM detector of a TV re- 
ceiver; and second, tubes are no 
longer used in most television audio 
sections. 

Controlling the volume by vary- 
ing the bias of an audio -amplifier 
transistor also can lead to distortion 
problems, just as in vacuum -tube 
amplifiers. 

There is, however, another ap- 
proach: The use of a transistor as 
a signal -shunting device. The fun- 
damental circuit is shown in Fig. 2. 
If the base -bias voltage of 01 is 
zero, Q1 appears as an open circuit 
from collector to ground, there is 
no attenuation of the signal passing 

AUDIO -f 
VARIABLE 

DC VOLTAGE 

Fig. 2 Audio amplifier with DC volume control. 

AUDIO 
OUTPUT 

to Q2, and the output volume is 
maximum. However, as Q1 is biased 
into conduction, the impedance 
from collector to ground decreases, 
reaching nearly zero when Q1 is 
saturated. As the collector impe- 
dance of 01 decreases, more and 
more signal is dropped across R2, 
and the volume is progressively re- 
duced. If the supply voltage for 01 
is large in comparison to the signal, 
the instantaneous changes in col- 
lector voltage, caused by the signal, 
will not have much effect on the 
impedance to ground, and signifi- 
cant distortion will not be produced. 

This volume -control configura- 
tion actually has two advantages: 
One of these applies regardless of 

whether or not wireless remote con- 
trol is anticipated. Because the au- 
dio signal itself does not need to 
be carried via wiring to the con- 
trolled stage, pick-up of hum and 
other spurious signals, which often 
occurs when a volume control is 
physically separated from the ampli- 
fiers, does not occur. Any stray AC 
voltages which might induce a spur- 
ious signal on the conductor lead- 
ing to the base of Q1 will be shunted 
by C1, whose capacitance can be 
as large as necessary. 

The second advantage is related 
to the first. Because the proposed 
remote -control system now needs to 
generate only a DC voltage, there is 
no need for a mechanical device. 

SECOND 0 
CHROMA AMP 

CHROMA - 

INPUT 

VARIABLE 
DC VOLTAGE 

B+ 

4052 

B+ 

CHROMA 

OUTPUT 

THIRD 

CHROMA AMP 

POSITIVE 
B IA S 

Fig. 3 

Gain -controlled 
chroma amplifier 
using DC 
control voltage. 

100 



Obviously, the circuit in Fig. 2 

could be adapted to control color 
level instead of volume, since the 
functions are essentially the same. 

In the RCA CTC47, the volume - 
control circuit is similar to Fig. 2, 
hut the active devices are contained 
in an integrated circuit (IC). 

A simplified version of the color - 
control circuit appears in Fig. 3. 

Diode CR1 is the signal -shunt de- 
vice in this circuit. As the variable 
bias is made more positive, the im- 
pedance of CR1 decreases, again 
shunting more signal to ground and 
allowing less to pass to the 3rd 
chroma amplifier. As with the vol- 
ume control circuit, there is no sig- 
nal on the control line and spurious 
signals which might be picked up 
arc grounded by Cl. 

Remote control of tint is a bit 
more complicated because the phase 
of a signal must be controlled, 
rather than its amplitude. A con- 
venient way of doing this is to split 
the reference signal into two sig- 
nals having different phases, sepa- 
rately control their relative ampli- 
tudes, and then recombine them. 

In Fig. 4, reference signals from 
the 3.58 -MHz oscillator drive the 
bases of Q1 and Q2 in phase; how- 
ever, the RL emitter impedance of 
Q 1 and the RC emitter impedance 
of Q2 cause the phases of the col- 
lector signals to be about 90 de- 
grees from the input phase, respec- 
tively. Assuming the transistors are 
biased equally, each will supply half 
of the signal energy to the output 
transformer, and the combination 
of these two signals will produce an 
output in phase with the inputs to 
01 and Q2. (If the transformer sec- 
ondary leads were reversed, the out- 
put signal would be 180 degrees 
out of phase with the input to 01 
and Q2.) 

Now, suppose the variable bias 
is made more positive. 02 will am- 
plify more than before, and the 
phase of the output signal ap- 
proaches the phase present at the 
emitter of Q2. At the same time, 
the increased current through Q2 
increases the voltage drop across 
R 1, biasing Q1 toward cutoff. If 
the variable bias is made less posi- 
tive, the gain of 02 will decrease, 

3.58 -MHz 

REF INPUT 

B+ 

3.58 -MHz 
REF OUTPUT 

Fig. 4 DC -controlled tint circuit. 

3.58MHz 
REF INPUT 

the gain of Q1 will increase, and 
the phase of the output will shift in 
the opposite direction. 

Memory Circuits 
In a motor -driven remote -control 

system, the problem of memory does 
not arise, because once the motor 
comes to rest at the desired posi- 
tion, it will remain there. In a mo- 
torless system, the problem of mem- 
ory becomes serious. 

The circuit in Fig. 5, which has 
no memory capability, illustrates the 
point. Suppose the relay is closed 
by means of a hand transmitter and 
remote receiver. If R 1 and CI are 
very large, the voltage fed to the 
volume (or tint, or color) circuit will 
increase quite slowly, causing the 
volume to increase also. When the 
volume reaches a pleasant level, the 
operator releases the button and set- 
tles back to enjoy the program; how- 
ever, Cl will gradually discharge 
through 01 (of Fig. 2), and the 
volume again will increase back to 
maximum. 

If discharge of Cl can be pre- 
vented, the volume will remain con- 
stant, once set, and memory will 
have been achieved. In Fig. 6, the 
basic configuration of a memory 
circuit is illustrated. In this circuit, 
the capacitance between gate and 
channel of the MOSFET, 01, will 
charge towards B+ any time the 
contacts of K1 are closed. However, 
since the input capacitance of Q1 
is about 5 pf, a charging resistance 
of several thousand megohms would 
be necessary to make the charging 
time long enough for a person to 
control it. To increase the charging 
time, Cl (about 1 mfd) is connected 
to ground. 

Once the relay contacts are 
opened, there is no discharge path 
for Cl or the input capacitance of 
Q1, except through the leakage re- 
sistance of CI and the MOSFET 
gate; this resistance can be made 
as high as several thousand meg- 
ohms, and the time constant thus 
produced is in excess of several 
days, perhaps months. As we shall 
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see later, this time can be extended 
even further. Q1 and Q2 serve as 
drain- and emitter -followers, respec- 
tively, to develop sufficient current - 
handling capacitance for the con- 
trolled circuit. 

In addition to remote control, 
normally it is desirable to allow 
control of volume, tint and color at 
the receiver itself. One method of 
modifying the circuit of Fig. 6 to al- 
low local control is to simply con- 
nect pushbutton switches across the 
"up" .and "down" relay contacts. 
The use of remote controls which 
require that the button be depressed 
long enough for the function to 
change are acceptable, but people 
generally object to similar "time- 
consuming" controls located on the 
receiver itself. For some reason, a 
potentiometer type of control on the 
receiver is more pleasing. Also, as 
we shall see in the circuits described 
below, use of the potentiometer in 
the receiver improves the memory 
function. 

In Fig. 7, Cl is returned to the 
wiper of a local -control potentio- 
meter instead of ground; otherwise 
the circuit is the same as Fig. 6. 
However, in Fig. 7 the voltage on 
the gate of the MOSFET will be 
almost exactly the same as the volt- 
age at the potentiometer wiper. This 
can be understood better if we con- 
sider Cl and the input capacitance 
as a voltage divider connected from 
the potentiometer to ground. Be- 
cause the voltages across series ca- 
pacitors arc inversely proportional 
to their capacitances, and the value 
of Cl is about 200,000 times the 
input capacitance of 01, essentially 
all the applied voltage is present on 
the MOSFET gate. 

Assume that R1 in Fig. 7 has 
been set to produce normal volume, 
and +3 volts exists on the MOS- 
FET gate. By actuating the remote 
"volume down" switch, the appro- 
priate relay contact is closed and 
both Cl and the MOSFET input 
capacitance are charged to some 
higher voltage-in this example, 4 
volts. Since the voltage across Cl 

is only 1 volt, instead of 4 volts as 
it would be in Fig. 6, the leakage 
current is one fourth as great, and 
memory is increased by a factor of. 
four. (Since the gate resistance is 
almost infinite, the leakage current 

through it can be ignored.) Further- 
more, even if Cl leaks significantly, 
the volume will return to the orig- 
inal level determined by 121 instead 
of to maximum, to which it would 
return in Fig. 6. 

8+ 

8+ 

REMOTE 

RECEIVER 

TO VOLUME, COLOR, 
OR TINT IF IG. 2, 3, OR 4) 

Fig. 5 Remote -control voltage source. 

8+ 

B+ 

VOLUME b- 
DOW N 

RELAY 

C1 0= 
VOLUME 

UP RELAY 

B- 

B+ 

TO VOLUME 

IF IG. 2) 

Fig. 6 Basic memory circuit and volume -control driver. 
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Fig. 7 Memory control circuit with local and remote inputs. 

REMOTE 

RECEIVER 

TO COLOR 

AND TINT 

I1 

LOCAL 

CONTROL 

TO COLOR 

AND TINT 

TO MOSFET 

GATE (FIG. 7) 

Fig. 8 Memory circuit input using electronic switches. 

Electronic Switching 
So far we have assumed relays 

were used to connect the voltage to 
the MOSFET. In the actual design, 
the relays have been replaced by 
electronic switches, as illustrated in 
Fig. 8. 

When the "volume down" remote 
button on the transmitter is de- 
pressed, the transmitted frequency 
picked up by the remote receiver is 
the same as the resonant frequency 
of L1 and Cl. At this frequency, 
the impedance of Ll and Cl is near 
zero and the current is large. The 
voltage across Cl is high, perhaps 
200 volts, because it is equal to I 
(current) times Xc (capacitive reac- 
tance), and this ignites the neon 
lamp, I1. Once ignited, the resist- 
ance of I1 is low, and DC voltage 
from the B+ supply charges the 
MOSFET gate through R1, as 
already described. 

One final circuit refinement is re- 
quired, although it is not immedi- 
ately apparent. If no means were 
provided to discharge C3 back to 
zero volts, enough voltage eventu- 
ally would accumulate on C3, by 
virtue of the remote control, to make 
local control impossible. For ex- 
ample, suppose the local control 
originally had been. set for a com- 
fortable volume, and remote con- 
trol subsequently was used to in- 
crease the volume. Then suppose 
local control were used to reduce 
volume, and remote control were 
used to raise it once more. After 
this had been repeated a number of 
times, the local -control potentio- 
meter would be at its limit and vol- 
ume still would be high. 

To prevent this, the local -control 
potentiometer is constructed with a 
"delta switch", which closes mo- 
mentarily each time the shaft is 
turned, even a few degrees. The 
delta switch energizes a relay whose 
contacts are connected across C3. 
Thus, each time the local control 
is used, all voltage resulting from re- 
mote control is cancelled, or dis- 
charged to the potentiometer wiper. 
With the addition of the delta 
switch, either remote or local con- 
trol can be used repeatedly in any 
sequence without a "hang-up" re- 
sulting. 
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Chapter 10 

New in Color TV for 1970 

General Trends 

Innovations in solid-state circuitry 
highlight the 1970 TV designs, while 
very few changes are evident in 
tube -powered chassis. Hybrid re- 
ceivers .are numerous, with all the 
circuits transistorized except for ver- 
tical sweep, horizontal sweep, high 
voltage, video output and chroma 
-Y amplifiers. 

Color TV cóntinues to be the 
center of attention, with more color 
portables and more solid-state cir- 
cuits. Field-effect transistors, spark 
gaps inside the CRT sockets, more 
plug-in boards or modules, and the 
beginnings of a trend to pre -CRT 
matrixing of chroma and video sig- 
nals are just a few items of interest. 

Emphasized in the manufacturers' 
service data are such safety precau- 
tions as high -voltage adjustments 
and the measurement of line -voltage 
leakage from exposed receiver parts 
to earth ground. High -voltage shunt 
regulators of the 6BK4 type are 
not used in many of the new receiver 
designs, as the manufacturers re- 
main concerned about possible ra- 
diation hazards and more stringent 
government standards in the future. 

Here are some of the most in- 
teresting 1970 features and circuits 
of the new color television receiv- 
ers, with the manufacturers listed in 
alphabetical order: 

Admiral 
Only seven tubes, plus the pic- 

ture tube, are used in the Admiral 
K 10 chassis, a hybrid design found 
in their 12", 14" and 16" portable 
color receivers. Horizontal sweep, 
vertical sweep, high -voltage, video 
output and -Y chroma stages em- 
ploy tubes. All other functions uti- 
lize solid-state components. 

Fig. 1 shows the schematic of the 

automatic degaussing circuit. Don't 
operate this chassis without a sub- 
stitute load on the degaussing cir- 
cuit; such a load can be a 5 -ohm, 
3 -watt resistor, which is substituted 
for the coil during bench tests. Full 
degaussing is completed in a frac- 
tion of a second by the charging 
currents of filter capacitors CH8 
and CH 1 OA. The picture tube would 
be magnetized by the steady current 
drawn by the tubes after they heat 
and become conductive; therefore, 
the degaussing coil is shorted out 
before this time by a thermally op- 
erated switch whose heat is supplied 
by an internal element connected to 
the 6.3 -volt winding on the power 
transformer. 

A ratio detector is used for sound 
demodulation, and better sound 
limiting is accomplished by the final 
sound IF stage, which is designed to 
oscillate. The sound IF signal ap- 
plied to the input of this stage acts 
as a sync signal to lock the fre- 
quency of oscillation. So long as 
there is enough sound IF signal to 
make the oscillator lock to it, the 
amplitude of the signal applied to 
the ratio detector will be constant. 

The burst signal is usually taken 
off prior to the stage that is con- 
trolled by the color killer, because 
the burst must be passed regardless 
of the color control setting or the 
killer action. The Admiral K10 
chassis is an exception to this usual 
design. Fig. 2 is a simplified sche- 
matic of the color killer and first 
color IF amplifier. When burst is 
present at the killer phase detector, 
there is zero voltage output from 
the detector to the base of Q16, 
which has no forward bias and does 
not conduct. The voltage at the col- 
lector is an amount determined by 
the voltage divider that supplies the 
base of 013, the first color IF am- 
plifier. Normal bias from this source 
is supplied to the base of Q13, 

which amplifies the chroma signal, 
including the burst. 

During b -w reception, the output 
from the killer detector is about 
+0.6 volt. This is nearly normal 
forward bias and causes the killer 
amplifier, Q16, to draw collector 
current, which reduces the collector 
voltage to about 5 or 6 volts. The 
forward bias at the base of Q13 is 

reduced to about .2 volt (measured 
from emitter to base) and 013 is 

cut off. 
With the burst signal obtained 

from the collector of the stage (Q13) 
controlled by the color killer, it is 

appirent that without some other 
action the 1st color amplifier would 
remain cut off during color broad- 
casts and no burst would be passed 
to the color killer circuitry to trig- 
ger on the 1st color amplifier. (Note 
the closed -loop action described 
here). However, to prevent such a 

situation and to insure that the 1st 
color amplifier passes the burst sig- 
nal, it is keyed on during burst time 
by a horizontal pulse. (Remember, 
the burst signal is positioned on the 
"back porch" of the horizontal 
blanking pulse.) Admiral calls this 
action "burst assurance" and it func- 
tions in the following manner: Be- 
fore a pulse is applied to the anodes 
of diodes CRC19 and CRC32, both 
diodes are reverse -biased by the 
positive voltage on their cathodes, 
and are open circuits as a result. 
When the positive -going pulse at the 
anode of CRC19 exceeds the DC 
voltage at the cathode, the diode be- 
comes a short circuit and allows the 
rest of the pulse to temporarily in- 
crease the forward bias of 013 to 
the point where it conducts. If burst 
is being received at this time, it will 
be amplified. CRC32 is a pulse clip- 
per that prevents the pulse from 
ever exceeding about 6.6 volts posi- 
tive. When the pulse tries to rise 
above the 6.5 volts (plus a drop of 
about .1 volt across the diode), the 
diode is forward biased and connects 
the anode with the pulse to the 
+6.5 -volt DC source. Therefore, 
Q13 is always normally biased at 
the time of burst, regardless of the 
color killer action. 

Normal transistors do not per- 
form well as reactance control de- 
vices. In the Admiral K10 chassis, 
3.58 -MHz oscillator frequency con- 
trol is accomplished by using a field- 
effect transistor (FET) for a react - 
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ance control stage. The circuit, 
shown in Fig. 3, is nearly identical 
with ones that use tubes, except that 
the source voltage is varied to ad- 
just the frequency instead of using 
a reactance coil. 

Andrea 
The Andrea VCX325 color TV 

chassis is patterned after the stan- 
dard three -tube -IF design and has 
solid-state sound. A tuning eye 
(schematic in Fig. 4) is used to aid 
accurate fine tuning. The indicator 
shows when the picture carrier is 

tuned to 45.75 MHz. 
Another rarity is an extra video 

circuit, evidently included to feed 
an external video tape recorder 
(VTR). This circuit, shown in Fig. 
5, employs two emitter followers in 
cascade (Darlington), with no peak- 
ing coils or other compensation. 

General Electric 
A novel focus -tracking circuit 

(Fig.6) is a feature of the GE C-1 
chassis. (This chassis is used in a 

hybrid 18" diagonal portable color 
receiver.) The tuner, AGC, sync, 
horizontal reactance, horizontal os- 
cillator and horizontal discharge cir- 
cuits are transistorized. Two tran- 
sistor amplifiers and one blanker 
transistor are used in the video cir- 
cuit, which has a tube -equipped out- 
put stage. The chroma section has 
one transistor, which is used as a 
3.58 -MHz buffer. 

Most focus circuits add the B - 
boost to the rectified DC from the 
focus rectifier to provide the re- 
quired focus voltage. For best focus, 
the high voltage and focus voltage 
should track together, with both in- 
creasing or decreasing in the same 
ratio. The C-1 chassis (see Fig. 6) 
has two 430K -ohm series resistors 
(for a total of 86OK) common to the 
flyback voltages fed to both the fo- 
cus rectifier and the high -voltage 
rectifier. Assume that the color pic- 
ture tube draws one milliampere of 
current; this will cause 860 volts to 
drop across the resistors, which will 
reduce both the high voltage and 
the focus voltage by that amount. 
Thus, proper focus is maintained at 
all brightness levels. 

Adjustment of the tint in GE's 
KE color chassis is accomplished 
by varying the DC reverse -bias on 
a varactor diode, which changes its 
internal capacitance. This change in 
capacitance changes the phase of 

DEGAUSSING COIL 

CB 

FROM - 
120V 2.7 350mfd 270 

CH8 

Fig. 1 Degaussing current 
is developed by the charg- 
ing of CH8 and CH10A in 
this Admiral K10 chassis 
circuit. After the degaus- 
sing is completed and be- 
fore the tubes draw current. 
the degaussing coil is 
shorted out by the contacts 
on the thermal switch, which 
netted to 6.3 volts AC. 

THERMAL 
SWITCH 

o 

FROM 6.3V 

CH10A 

B+ 

has been heated by a resistive element con- 

CHROMA 

HORIZONTAL 
PU LSE 

RC47 

CRC32 

+6.5 

COLOR 4.7 
NO COLOR 3.0 

CRC19 

1 CC 56 

1ST COLOR AMPLIFIER 

11 

TO BURST 
AMPLIFIER 

-t '25 

KILLER AMPLIFIER 

COLOR DV 

NO COLOR +.6V FROM 

KILLER 

DETECTOR 

Fig. 2 During b -w reception, the Admiral K10 killer detector output is 

aocut +.6 volt, enough to make Q16 conduct and reduce the voltage on 
its collector to about 6 volts. This voltage is used as base supply voltage 
for Q13, which will have only .2 volt of forward bias and no gain. When 
color is received, the killer detector output voltage is nearly zero, Q16 
has no bias, draws no current and the collector voltage is high (around 
14 volts). This higher source voltage makes the base of 013 about .6 volt 
more positive than its emitter, producing normal bias and gain. See the 
text for a description of the "burst assurance" action. 
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Fig. 3 A FET works just as well as a tube does in a reactance stage. The 
theory is the same, except a variable source voltage is used to set the 
basic oscillator frequency instead of the more conventional reactance 
coil. 
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Fig. 4 This tuning -eye circuit is employed in the new Andrea color chassis. 
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Fig. 5 Andrea has thought about the future and Included a 75 -ohm video 
output signal for use with a video tape recorder. 

the 3.58 -MHz carrier, which is ob- 
tained by ringing the 3.58 -MHz 
crystal with the burst signal, as 
shown in Fig. 7. 

The GE KE chassis, which is 
found in 23", 20" and some 12" 
color receivers, uses less solid-state 
circuitry than does the C-1 chassis; 
only two video stages, the blanking 
amplifier and the 3.58 -MHz buffer 
are transistorized. High voltage is 
regulated by a 6LJ6 shunt regulator 
tube. 

A separate negative power supply 
for the emitter of Q201, the first 
video amplifier, is provided so that 
the base can be direct -coupled to the 
negative -going video detector. The 
schematic is shown in Fig. 8. Just 
keep in mind that this circuit can 
be a source of hum which might be 
overlooked, and any decrease in the 
negative emitter voltage will make 
the picture darker, or eliminate the 
raster altogether. 

Magnavox 
New from Magnavox this year is 

the T940 color chassis which fea- 
tures TAC (Total Automatic Color). 
TAC consists of AFT (automatic 
fine tuning), pioneered by Magna- 
vox in 1965, plus the completely 
new ATC (automatic tint control). 
These last two circuits were thor- 
oughly discussed in the October '69 
issue of ELECTRONIC SERVIC- 
ING. Briefly, the principle of ATC 
is to change greenish -yellow and 
reddish -purple chroma phases into 
a 57 -degree orange that is satisfac- 
tory as skin color. This is accom- 
plished by overbiasing and gating 
two channels that have fixed 
amounts of phase shift in each, and 
combining this correction signal with 
the normal chroma signal just be- 
fore it goes to the demodulators. 
Fig. 9 shows the complete schematic 
of the ATC circuit. 

ACC voltages for gain reduction 
of the first chroma amplifier are 
taken from two different sources. 
One is from the killer detector, and 
is a conventional circuit (see Fig. 
10). The other is from an additional 
DC voltage created by the rectifica- 
tion of the chroma signal itself. Con- 
trol from the killer detector voltage 
is very good up to about 75% to 
100% burst level; above that, its 
control is not effective. The con- 
trol voltage from rectification of the 
chroma IF signal is very helpful 
above 100% burst level, and is es - 
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pecially effective where a station 
may transmit normal burst with 
color that is too strong. 

Motorola 
The new Motorola TS930 chassis 

is designed for 16" diagonal color 
portables. It is a hybrid design with 
very few tubes, and is identical (ex- 
cept in cabinet styling) to the Ad- 
miral K10 previously described. A 
rumor in the industry says that Mo- 
torola furnished transistors and 
other parts, while Admiral supplied 
the design and manufacturing. 

The Quasar, Motorola's pioneer- 
ing solid-state color receiver with 
the plug-in circuit boards, is manu- 
factured in two different versions: 
The number of the familiar vertical 
chassis assembly that rolls out the 
front is TS915. The newer TS919 
uses the same plug-in boards, but 
the horizontally mounted chassis 
slides out the rear for servicing. 

All Quasars with the code letter 
"F" before the chassis number in- 
corporate a new electronic voltage 
regulator for the 120 -volt line input. 
As shown in the block diagram of 
Fig. 11, the filament transformer 
and the power transformer have 
105 -volt primaries. Between the 
transformers and one side of the 
line -voltage input are two resistors 
in series whose combined rating is 

25 ohms at 100 watts of dissipation. 
A triac (bi-directional SCR) para- 
llels these resistors and gives the ef- 
fect of a variable voltage drop by 
shorting out the resistors for part of 
each cycle. 

If the line voltage is 105 volts, 
the triac must conduct all the time 
so that the full voltage is applied to 
the transformers and no voltage is 
dropped across the resistors. With 
an input of 130 volts, the triac must 
be open at all times. The 25 -ohm re- 
sistance develops 25 volts across 
itself, leaving the required 105 volts 
for the transformers. For line volt- 
ages between these extremes, the 
triac must be conducting for just 
part of each cycle. The lower the 
input voltage, the longer the triac 
conducts during each cycle. 

The complete Motorola regulator 
schematic is shown in Fig. 12. The 
base of the regulator, transistor 
Q 1 Z, is supplied with a sample from 
the +95 -volt power supply through 
a regulator control which sets the 
operating range. A low-pass filter 
eliminates most of the 120 -Hz rip - 
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Fig. 6 The two 430K -ohm resistors 
are in series with the high -voltage 
return and the input to the focus 
rectifier in the GE C-1 chassis. More 
high -voltage current causes both the 
high voltage and focus voltage to 
drop and, thus, maintains good 
focus. 
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Fig. 7 Tint control action in the new GE color chassis is accomplished by 
changing the DC voltage on a varactor diode. 

Fig. 8 A negative power supply for 
the emitter of the NPN 1st video 
amplifier in the GE KE chassis 
makes it possible to connect the 
base directly to the negative -going 
video detector. 
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schematic of the Mag- 
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Tint Control (ATC) cir- 
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Fig. 10 Magnavox ACC has a double action which is especially helpful 
when the station broadcasts very strong color without excessive burst. 

ple and slows down the response 
just enough to serve as an anti -hunt 
circuit. Voltage on the emitter is 
stabilized by a zener diode. Current 
from the emitter charges the .1-mfd 
capacitor, C3Z. When the voltage 
reaches the required level, a bi-di- 
rectional switch (similar to two di- 
odes back-to-back), E3Z, conducts 
somewhat like a zener and connects 
the capacitor to the transformer. The 
capacitor discharge current flowing 
through the transformer (T3Z) pri- 
mary generates a sharp pulse in the 
secondary, which forces the triac 
(E1Z) into conduction. The triac 
will continue to conduct until its 
anode voltage drops t9 zero. 

So far in our description, the fir- 
ing of the triac is random, which 
would give very poor regulation. A 
synchronizer is needed to bleed the 
charge out of capacitor C3Z 120 
times per second. This is accom- 
plished by transistor Q2Z, which is 
reverse -biased and non-conductive 
until it is forward biased through 
C4Z by the positive -going tips of 
the parabolic waveforms from the 
rectified outputs of E4Z and E5Z. 

Now, back to the regulator tran- 
sistor. Assume the regulator control 
has been set correctly and the re- 
ceiver is plugged into 120 volts AC. 
If the +95 volts decreases for 
any reason (such as increased drain 
on the supply or a reduction in line 
voltage), the forward bias on Q1Z is 
increased. This results in more emit- 
ter current, which charges C3Z 
faster, thus causing the triac to start 
conducting sooner in the cycle. Once 
fired, the triac stays on until the 
anode voltage goes to zero. With 
the triac conducting during more 
of each AC cycle, the voltage drops 
across the loss resistors are reduced, 
and the voltage applied to the trans- 
formers is increased. This, in turn, 
raises the +95 -volt supply. These 
actions are all reversed if the +95 - 
volt supply should increase. 

Packard Bell 
Integrated circuits (IC's) and 

field-effect transistors (FET's) are 
of special interest in the chroma 
circuit of the Packard Bell 98C-21 
chassis. The "X" and "Z" chroma 
demodulators in this chassis are 
both dual -gate FET's, with the 
chroma applied to one gate and the 
3.58 -MHz signal applied to the 
other, as shown in Fig. 13. (Notice 
the similarity to circuits which use 
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pentode tubes.) 
An IC unit that is the equivalent 

of five transistors and two resistors 
is used as the 3.58 -MHz oscillator 
crystal, and by power and brute 
force causes the oscillator to lock to 
the amplitude and phase of the 
burst. A separate phase detector 
supplies the control voltage for the 
color killer and ACC functions, as 
shown in Fig. 14. 

Philco 
The Philco 19FT60 chassis uti- 

lizes only seven tubes; all other ac- 
tive components are solid state. A 
new method of degaussing used in 
this chassis is shown in Fig. 15. 
Line voltage is supplied to the de- 
gaussing coil in series with a posi- 
tive -temperature -coefficient resistor 
called a "posistor." When the re- 
ceiver is first turned on, a large 
amount of AC flows through the 
low -resistance posistor and the coil. 
The current heats the posistor, and 
its resistance increases until it has 
shut off all significant degaussing 
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-- 

REGULATOR MAINTAINS 

105V AC ON TRANSFORMER 

PRIMARIES 

B+ 

Fig. 11 All power supplies are regulated in the new Motorola Quasar 
color receivers. 

action. Philco states that this sys- 
tem results in a stronger field at the 
start of degaussing. 

Varactor diode control of an IC 
color oscillator is a noteworthy ad- 
dition to the chroma channel (see 
Fig. 16). The positive feedback path 
from pin 7 of the IC back to pin 3 

is through the 3.58 -MHz crystal 
and the varactor diode. Any correc- 

tion voltage from the phase detector 
changes the internal capacitance of 
the varactor diode and shifts the 
frequency or phase of the 3.58 - 
MHz oscillator. To adjust the fre- 
quency, ground the phase -detector 
end of the 68K -ohm resistor and 
adjust coil L100 for zero beat with 
the station or a color -bar generator 
signal applied. 
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Fig. 12 A simplified schematic of the power supply regulation circuit in the Motorola Quasar chassis. 

109 



CHROMA 

+1Rv 

100K 

3.58 _ 
MHz 

IN -CHANNEL 
DEPLETION TYPE) 

To 
-Y AMPLIFIER 

Fig. 13 Packard Bell uses a dual -gate 
MOSFET as a color demodulator. 
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Fig. 14 The Packard Bell 98C-21 chassis uses an IC unit 
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element in the 3.58 -MHz oscillator. 
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Flg. 16 Color locking in the Philco 19FT60 chassis is accomplished by a 
varactor diode wired between the crystal and the 3.58 -MHz IC oscillator. 
Correction voltages from the phase detector change the internal capaci- 
tance of the varactor. 

RCA 

Several of RCA's current chassis 
are being continued, but there is a 
new CTC42X chassis used with 16" 
color kinescopes. The CTC42X is 
a hybrid design with 13 tubes (in- 
cluding 5 duals), 17 transistors, 2 
IC's, 17 diodes, 2 zeners and 1 

damper diode. The tuner, IF and 
chroma circuits are very similar to 
those in the CTC38, except that 
a 2DS4 is used as the RF amplifier 
in the tuner because of the series 
heater connections. High -voltage 
regulation is by AC pulse regula- 
tion exactly as is used in the CTC36 
chassis. No high -voltage adjustment 
control is provided. A diode in the 
regulator cathode is a safety pre- 
caution; if the regulator draws no 
current, the diode is reverse biased 
and acts as an open circuit. The 
cathode voltage of the diode drops 
to zero and there is no plus voltage 
there to be fed back to the grid of 
the horizontal output tube. This 
makes the grid too negative, and 
the width and high voltage are both 
reduced until the regulator circuit 
is repaired. 

The television industry has 
started to produce tuners without 
switches; in most designs, varactor 
diodes are used as variable capaci- 
tors by varying a DC voltage ap- 
plied to them. 

The RCA design does NOT func- 
tion in that manner. In the CRC47, 
RCA has a switchless VHF tuner 
that is tuned by coils and stray - 
circuit capacitance, but the switch 
contacts have been replaced by 
switching diodes. Fig. 17 shows part 
of the antenna and RF tuned cir- 
cuits in which the channels are se- 
lected by diodes. 

Any diode is a voltage -controlled 
switch, regardless of the kind of 
circuit in which it is used. Assume 
that none of the channel selector 
inputs have voltage on them, so that 
all the diodes are reverse -biased 
and, therefore, are open circuits. If 
a more positive voltage (+ 16 volts) 
is applied to the anodes of CR2313 
and CR2213 than is present on their 
cathodes, they become low -resis- 
tance short circuits. C13 acts as an 
AC ground, and the channel 13 
coils are switched into the circuit. 
When the +16 volts is removed 
from the channel 13 diodes and 
applied to CR2311 and CR2211, 
channel 13, 12 and 11 coils will 
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be bypassed to ground through the 
diodes. Channel 11 is then switched 
into the circuit. And so on, with 
the coils adding in series down to 
channel 2. The mixer and oscil- 
lator stages are tuned this same 
way by using voltage to key the 
diodes on or off. 

This system would have one 
small advantage even if a regular 
switch were used to supply the key- 
ing voltage to the diodes: Dirty 
switch contacts would have no ef- 
fect on the tuning until the voltage 
at the anode of the diode dropped 
below the voltage at the cathode. 
But there is much more to the sys- 
tem, and manual switches are NOT 
used. RCA's "The Two Thousand 
Technical Manual" uses 120 pages 
to explain the complete RCA sys- 
tem of electronic VHF tuning and 
motorless remote operation, which 
employs 78 transistors, 122 diodes, 
4 FET's, 9 zeners and 6 IC's. The 
"Two Thousand" model is a pres- 
tige, limited -production version of 
RCA's well-known CTC40 Trans - 
vista chassis. 

Before you read the manual, it 
would help if you studied some 
basic computer principals, because 
the operation of this tuner is based 
on binary mathematics and com- 
puter functions. For example, here 
is the binary code for the various 
channels: 

channel 2 0000 
channel 3 0001 
channel 4 0010 
channel 5 0011 
channel 6 0100 
channel 7 0101 
channel 8 0110 
channel 9 0111 
channel 10 1000 
channel 11 1001 
channel 12 1010 
channel 13 1011 
channel 14 1100 (UHF) 
A positive -polarity pulse is desig- 

nated "1", and means "closed" 
time, "on" time or "yes" voltage. 
"O" designates alternate, or "off", 
half -cycles. According to this binary 
code for the channels, four sources 
and four gates are required to se- 
lect the right channel. 

Electronic scanning from one 
VHF channel to another is started 
by a "clock", which is merely a 
330 -Hz multivibrator oscillator. 
This is followed by three dividers 
(or counters). The clock and the 
counters have outputs of "1" or "0", 
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Fig. 18 Each channel in 
the new RCA tuner has 
four PNP or NPN transis- 
tor gates that are con- 
trolled by a binary four - 
digit code system. Only 
when all four transistor 
gates are conductive at the 
same time (proper pulse at 
the base of each) can the 
diodes for that channel be 
forward biased. 

Fig. 19 In the RCA CTC47 chassis the picture tube is degaussed by a 

bridge rectifier (CR316, CR317, CR318 and CR319) charging C106C to 
about 220 volts. C106C is subsequently charged more slowly from CR101 

through the two 47 -ohm resis- 
tors and C106B until it is 
eventually changed to about 
250 volts. This reverse biases 
bridge diodes CR316 and CR - 

319 and completely stops all 
degaussing until the set is 

+155 turned off, at which time 
C106C is discharged. The 
cycle is repeated the next 

CR101 time the receiver Is turned on. 
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and the outputs change during each 
cycle, thus making the combination 
for one channel, then the next, etc., 
until a channel is found with the 
programming switch set to stop. Fig. 
18 shows the outputs from the clock 
and the counters going to both NPN 
and PNP polarity gates. An NPN 
transistor "closes" on a "1" and a 
PNP transistor closes on a "0". For 
example, when the gates are sup- 
plied with pulses that produce bi- 
nary code 1011, all the gates close 
at the same time, current flows to 

reduce the base voltage of the chan- 
nel driver, whose collector voltage 
rises and forward biases all the 
diodes used for switches on chan- 
nel 13. Other channels have a dif- 
ferent combination, but all work on 
the same principle as that given for 
channel 13. 

Do you know what "interface" 
means? It is a word that has gained 
increased popularity in scientific 
and broadcasting circles during the 
last few years, and it means inter- 
connected, or better yet, an inter- 

connection of unmatched or un- 
equal equipment. The new RCA 
tuning system must have interface 
between the gating, the read-out 
(channel indication) programming 
switch and the circuits that mute 
the picture and sound and disable 
the AFT during channel change. 
Remember, there is no manual 
channel selector. 

The motorized UHF power tun- 
ing system can be directed up or 
down in frequency. There are no 
detents or manual tuning; the motor 
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Fig. 20 The Sony 3.58 -MHz multivibrator oscillator is synchronized at the 
produced by ringing a quartz crystal with the broadcast burst signal. 
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Fig. 21 Demodulation in the 
Sony chassis is accomplished 
by a circuit that is very similar 
to that of some GE chassis, 
except that the video is added 
to each demodulator. 

keeps running until a signal of a 
certain pre-set minimum amplitude 
with horizontal sync is received. 
The motor then stops and the AFT 
pulls the signal into correct tuning. 

Remote control is an integral part 
of the tuning assembly. It has only 
one motor and relay for the UHF 
function; all other active compo- 
nents are solid state. Control over 
volume, color and tint are by FET's, 
whose gate voltages are determined 
by voltages stored in "memory 
modules". 

Less exotic circuit changes are 
also found in the CTC47, such as 
in the automatic degaussing system, 
the schematic of which is shown in 
Fig. 19. When the receiver is first 
turned on, C106C is charged to 
about +220 volts by a rapidly 
dwindling train of rectified full - 
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wave pulses from the bridge recti- 
fier, consisting of CR316, CR317, 
CR318 and CR319. This charging 
current passes through the degaus- 
sing coil and demagnetizes the pic- 
ture tube in about 20 milliseconds. 
DC voltage from CR l 01 is also 
supposed to charge C 106C, but it 
is delayed by the two 47 -ohm re- 
sistors and C10613, the 100-mfd 
filter capacitor, and does not rise 
above +220 volts until degaussing 
is completed. When fully charged 
from CR101, C 106C has +250 
volts on it. This voltage reverse 
biases CR316 and CR319 (in the 
bridge), and absolutely no current 
conies through the bridge. When 
the receiver is turned off and C106C 
is discharged, the set can be im- 
mediately turned back on and full 
degaussing obtained. There is no 
thermistor to introduce a time delay. 

Sony 
A 12" Trinitron color picture 

tube is used in the Sony KV -1210U 
chassis, which employs 44 transis- 
tors, 35 diodes and I high -voltage 
rectifier tube. The Trinitron color 
picture tube has only one electron 
gun, although it does have three 
cathodes, to which are applied the 
b -w video and chroma signals. The 

Fig. 22 The output to each cathode of the 
Sony Trinitron picture tube is a matrixed 
signal that includes ooth chroma and 
video. Drive and background controls are 
included in each of the three channels to 
make b -w tracking possible; there are no 
individual screen controls. 
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manufacturer claims twice the 
brightness of conventional three -gun 
tubes, and much simpler conver- 
gence adjustments. 

Generation of the 3.58 -MHz ref- 
erence carrier also is accomplished 
in a different way in this chassis. 
The burst rings a 3.58 -MHz crystal, 
and this nearly continuous signal is 

used to synchronize a 3.58 -MHz 
multivibrator oscillator. The oscil- 
lator signal is fed through a hue 
control (see Fig. 20), an amplifier 
and a tuned transformer before it 

is applied to the three balanced 
diode demodulators. 

One diode demodulator is used 
for each primary color. These de- 
modulators, shown in Fig. 21, are 

similar to the ones used in some GE 
receivers, but do not have balancing 
controls. Matrixing is accomplished 
in the demodulator rather than at 
the picture tube; the video is ap- 
plied to the junction of the two 
diodes and will go through either 
diode that is forward biased. Video 
and chroma both must be matrixed 
and brought to the CRT cathodes 
because there is only one control 
grid. 

Fig. 22 shows more of the blue 
channel (the other two channels are 
nearly identical to this one), in 
which an emitter follower, Q4O1, 
drives the base of the power output 
stage through the adjustable control 
labeled "blue drive". There are no 

individual screen voltage adjust- 
ments because there is only one 
screen grid, so the three drive con- 
trols and the three background con- 
trols are used to obtain correct 
screen color and b -w tracking. 

Sylvania 
The Sylvania D12 (Gibraltar) 

chassis is another hybrid. It has 24 
transistors, one IC and 9 tubes. 

Generally speaking, tint -control 
circuits that tune a burst or 3.58 - 
MHz reference signal transformer 
have one major drawback: A large 
amplitude change in the signal dur- 
ing tint adjustments. 

Sylvania changes the tint in the 
D l 2 chassis by varying the phase 
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Fly. 25 Color -killer action in the Zenith 14A9C51 chassis is rather devious. ACC action changes the plate and screen 
voltages of V201B, the first color amplifier; these voltages, in turn, determine the bias on Q206, the second color 
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of the chroma signal between the 
bandpass transformer and the color 
control (Fig. 23). The 600 -ohm tint 
control, in effect, switches in a ca- 
pacitor or a choke to make the 
phase lag or lead, and a 390 -ohm 
resistor isolates the variable part of 
the circuit from the burst. 

Transistors are used as demodu- 
lators in the D12 chassis, as shown 
in Fig. 24. Chroma is applied to 
the bases, while a 3.58 -MHz refer- 
ence signal with a 90 -degree phase 
difference is supplied to the emit- 
ters. The demodulator collector cir- 
cuits and the following -Y ampli- 
fier circuits are nearly identical to 
previous tube versions. 

Zenith 
A different kind of color killer 

is used in the Zenith 14A9C51 
chassis. The schematic of this cir- 
cuit is shown in Fig. 25. Assume 
that the set is tuned to a b -w pro- 
gram. Q206, the second color am- 
plifier, is biased to cut-off by the 
12.4 volts applied to its emitter by 
the voltage -divider action of the two 
2.2K -ohm resistors between the 
+24 -volt source and ground. Its 
base voltage is only 11 volts be- 
cause of the low source voltage of 
+75 volts at the screen of V201B. 
Thus, the transistor is 1.4 volts re- 
verse biased. When color is tuned 
in, the killer/ACC detector has an 

output of several volts negative, 
which reduces the gain of V201B 
and causes the screen voltage to rise 
above + 140 volts. This increases 
the base voltage of Q206 to about 
+ 19.5 volts; the resulting emitter 
raises the emitter voltage to about 
+ 19.2 volts, and the transistor am- 
plifies. CR205, the killer diode, has 
two functions: One is to make sure 
that the anode voltage does not in- 
crease above +24 volts. If it does, 
the diode conducts and clamps the 
circuit to the +24 volts as protec- 
tion and bias limiting for the sec- 
ond color IF amplifier transistor. 
The other function is to provide a 

convenient way to defeat the color 
killer so that the second color am- 
plifier can conduct: short across the 
diode from test points "K" to "KK". 

The first commercial color re- 
ceiver ever placed on the market in 
1954 had a very complex matrixing 
system to combine the chroma and 
video signals into three pure pri- 
mary color signals that were fed 
separately to the three picture tube 

Fig. 26 Matrixing of the b -w and chroma signals traditionally has been 
accomplished in the picture tube. 
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grids. This can he called pre -CRT 
matrixing. RCA used this system in 
the 1954 and 1955 model color re- 
ceivers, then it was not used for 
years until Motorola updated it in 
the Quasar chassis. 

Fig. 26A shows a block diagram 
of the traditional system of matrix- 
ing in the picture tube by feeding 
the video to the CRT cathodes and 
the chroma -Y signals to the three 
control grids. There apparently are 
no basic drawbacks in this system, 
except that four powerful amplifiers 
are necessary to completely modu- 
late the CRT current. In solid-state 
circuits, this means that these ampli- 
fiers must operate with 160 to 200 
volts on the collectors; conse- 
quently, elimination of the video 
output stage seems a good idea. 

Also, the new Trinitron color pic- 
ture tube demands pre -CRT matrix- 
ing. Fig. 26B is a block diagram of 
a system in which the chroma/video 
matrixing is accomplished ahead of 
the picture tube. 

The schematic of the red ampli- 
fier channel in the Zenith 12Al2- 
052 color chassis is shown in Fig. 
27. The green and blue channels are 
similar to the red. From the IC, the 
R -Y signal is connected to the base 
of 0205. Video from the emitter 
of the third video amplifier is ap- 
plied to the emitter of Q205. The 
true input to 0205 is between base 
and emitter, and the transistor sees 
the resultant voltage as though the 
video had been inverted in phase 
and applied to the base. The red 
signal on the collector includes both 

video and chroma and is applied 
to the CRT red cathode. The CRT 
grid has no signal on it, just a DC 
voltage to maintain normal bright- 
ness. 

Conclusion 

The preceding paragraphs have 
described briefly the most revolu- 
tionary designs we are aware of in 
the 1970 color chassis. For addi- 
tional knowledge of the operation 
of these new circuits, we suggest 
that you obtain the manufacturers' 
literature about the circuits you are 
interested in and, whenever pos- 
sible, attend manufacturers tech- 
nical training sessions-in most 
cases such sessions are open to all 
electronic technicians and there is 

no charge. 
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Chapter 11 

New and 
Changed Circuitry 

In '71 Color TV 

General trends in the designs of 
new color TV circuits for 1971 are 
almost identical with those reported 
in Chapter l0 of this book. These 
major trends are: 

Increased use of solid-state com- 
ponents in both hybrid and all - 
solid -state designs. Integrated cir- 
cuits show a small increase in 
usage, but the increase is less than 
had been predicted by some 
sources. 
Solid-state high -voltage triplet' and 
quadrupler rectifier assemblies, 
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f ' r 
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r 

which include both the diodes and 
capacitors, are found in nearly 
half of the new chassis. Two such 
assemblies, employed in Zenith 
chassis, are shown in Fig. 1. High - 
voltage regulators of the 6BK4 
type are used only in about 15 

percent of the new chassis de- 
signs. 

Automatic tint control (ATC) cir- 
cuits are in fashion now; most of 
the major manufacturers offer at 
least a few models equipped with 
one of the two basic types of 
ATC. 
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Fig. 1 Two of the several types of high -voltage rectifier 
in new Zenith color TV receivers. 

and filter assemblies used 

Varicap- or varactor-tuned cir- 
cuits in both VHF and UHF 
tuners have received much pub- 
licity, but, as yet, few new color 
receivers have this feature. 
The use of plug-in modules is in- 
creasing slowly, but the trend is 

well established and probably will 
eventually be adopted by most 
major manufacturers. 
Despite the undeniable fact that 

the major trends differ only in de- 
gree from those of last year, a 

varied assortment of completely 
new and modified versions of pre- 
viously existing circuits are incor- 
porated in the new color receivers. 
The new and most -changed circuits 
are analyzed for you in the follow- 
ing paragraphs. 

Automatic Tint Controls 
Automatic tint control (ATC) 

circuits are intended to offset the 
undesirable and frequent changes in 
tint, or hue, caused by variations 
in the broadcast signal. Because 
green or purple skin colors are the 
most displeasing flesh tints, all of 
the ATC circuits increase the 
amount of orange in the picture. 
Color -bar patterns, when the ATC 
is switched on, show as many as 

four orange bars instead of the 
usual one. Because some false hues 
will result from any ATC action 
that broadens the range of orange 
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skin tones, only enough ATC 
should be used to keep the flesh 
tones relatively consistent and of an 
acceptable hue. 

When servicing ATC-equipped 
receivers, remember that ATC ac- 
tion will change the null, or cross- 
over, points of the color -bar signal 
viewed on a scope connected to the 
CRT, or the actual color -bar pat- 
tern viewed on the screen of the 
picture tube. 

Magnavox and Admiral ATC 
The ATC system in the new 

Magnavox T951 color TV chassis 
changes the phases of the yellow or 
red chroma signals to a 57 -degree 
orange, which is satisfactory as skin 
color to most people. This is ac- 
complished by gating on and off 
two transistorized channels, each of 
which has fixed amounts of phase 
shift. This correction signal then is 

combined with the normal chroma 
signal just before it is applied to the 
demodulators. 

Vector patterns offer the fastest 
and most dramatic proof of this 
circuit action, as shown in Fig. 2. 
With the ATC switch in the FULL 
position, the first three petals are 

(A) Normal vector pattern with the third 
petal at 90 degrees (red.) 

all at 57 -degrees, and even petals 
4 and 10 are moved nearer to 57 - 
degrees. Petals 6, 7 and 8 are not 
affected at all; these are the hues 
in the cyan region. (Refer to page 
26 of the October '69 issue of 
ELECTRONIC SERVICING for a 
more detailed explanation of this 

(B) The first three petals all are at 57 
degrees (orange) when the ATC switch 
Is in the FULL position. 

Fig. 2 Vector patterns illustrating Magnavox's ATC action. 
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particular ATC system.) 
Magnavox color TV chassis 

T950 employs an ATC circuit, the 
operation of which is based on the 
same principle as that used in their 
other models, but in which several 
significant changes have been in- 
corporated. 

Chroma signals from the color 
control are applied to the base of 
QA5. Output from the collector 
supplies the main 3.58 -MHz signal 
to the demodulators, while the sig- 
nal from the emitter goes through 
"Partial" and "Full" switching di- 
odes (controlled by DC voltages) 
to the Red and Yellow gate tran- 
sistors. It is important to notice 
that 0A5 is the stage whose gain 
is eliminated by the color killer. A 
varicap (or varactor) diode is used 
in the phase -shifting network of the 
Preference Control. The diodes and 
varicap apparently are used to avoid 
signal radiation or degradation that 
could be caused by the long leads 
between the ATC board and the 
front panel, if direct switching were 
used. 

Admiral's Color Monitor em- 
ploys almost the same circuit as the 
one found in Magnavox color chas- 
sis T951, except a chroma driver 
(emitter -follower) is inserted before 
the "Partial" and "Full" switch and 
the gate transistors. 

RCA Accu-Tint 

An analysis of the version of the 

RCA Accu-Tint (A -T) system used 

in the CTC39X color chassis was 

presented in an article which begins 

on page 30 of the July '70 issue of 

ELECTRONIC SERVICING. As 
explained in that article, three basic 
changes occur in the chroma chan- 
nel when the A -T switch is turned 
to the ON position. These changes 
are: 

The phase of the 3.58 -MHz car - 
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rier applied to the B -Y chroma 
demodulator is changed so that 
the output from this demodulator 
is separated from the R -Y signal 
by 124 degrees. Previously, be- 
ginning with their CTC16 chas- 
sis, RCA has used 105 degrees 
as normal phase difference be- 
tween B -Y and R -Y signals. 
When a color -bar pattern is 
viewed on the screen of the TV 
and the Accu-Tint is switched to 
the ON position, the blue bars 
move about a half bar to the 
right (away from the red bars). 
This multiplies the number of 
color bars that are orange, or 
nearly orange. 
The output from the B -Y demodu- 
lator circuit is reduced about 33 
percent. 
The hue, or gray -scale, of the b -w 
screen is changed from the normal 
blue -white to a brownwhite (se- 
pia). This "warming" of the 
screen color "temperature" occurs 

only when the A -T switch is in 

the ON position during reception 
of a color signal (color killer in- 
operative). 
These same changes occur in the 

chroma section of the RCA all - 
solid -state CTC44 chassis, but are 
the result of different ATC circuit 
actions. The schematic in Fig. 3 

shows this part of the chroma cir- 
cuit. When Accu-Tint switch SI12 
is turned to the ON position, +30 
volts is applied to the anode of 
CR714, and, because its cathode is 

returned to ground through R624, 
L710 and the secondary of the tint 
transformer, it is forward biased 
and becomes a near -short circuit. 
This action connects C770 and 
R624 (through C771) in parallel 
with phase -shift components C758 
and R778, which increases the 
phase shift of the 3.58 -MHz signal 
that is applied to the B -Y demodu- 
lator. 

The same +30 volts which is 

FROM 
..x.. 

DEMOD 

B+ 

FROM 
Z" 

DEMOD 

R -Y OUTPUT 

c -v OUTPUT 

B -Y OUTPUT 

Fig. 6 A new type of matrixing is used in the production of the G -Y signal in Philco's 
21ST90 chassis. 

applied to the anode of CR7I4 also 
is applied, through R133, to the 
base of Q103. This forward -biases 
0103, and the near -zero collector - 
to -emitter resistance grounds R775, 
reducing the output from the B -Y 
demodulator. 

Warming of the screen color tem- 
perature is accomplished by adding 
opposing pulses to the grid clamp 
diodes connected to the green and 
blue control grids of the CRT. The 
+9 volts that appears at the col- 
lector of 0705 the killer amplifier 
transistor, when a color program is 
received is applied through SI12 
and R132 to the anode of CR 103. 
This positive voltage forward bi- 
ases CRI03, which passes the 
clamping pulse (obtained from R- 
605, R635 and C722) on to R637 
and R776. The negative pulses 
through R637 and R776 are am- 
plified and inverted by the G -Y and 
B -Y amplifiers and finally applied 
to the anodes of CR707 and CR - 
708, which are connected to the 
green and blue grids of the CRT, 
respectively. The positive -going 
pulse on the green grid of the CRT 
and the anode of CR707 adds to 
the negative -going clamping pulse 
at the cathode of CR707 and drives 
the grid a few volts less positive 
than it would be without ATC ac- 
tion. Identical action takes place at 
CR708 and the blue grid of the 
CRT. Consequently, the brightness 
of both green and blue is reduced, 
while red remains the same. 

GE Customatic Tint Lock 
Phases of the chroma signals ap- 

plied to the B -Y and R -Y demodu- 
lators of the GE KE-2 color chas- 
sis are changed by the switch po- 
sitions of the Customatic Tint Lock 
circuit. "Manual" and "Automatic" 
pushbuttons on the tilt -out control 
panel switch on the AFC and ATC 
functions in the "Automatic" po- 
sition, and switch them off in the 
"Manual" position. Switching of the 
ATC action is shown in Fig. 4. In 
addition, SI10 can be adjusted for 
no ATC action (1 10 degrees be- 
tween R -Y and B -Y demodulators), 
moderate action (130 degrees) or 
maximum action (150 degrees). 

Because of the weaker signal and 
the shorter length of lead, less ra- 
diation occurs when the chroma sig- 
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nal, instead of the 3.58 -MHz car- 
rier, is phase shifted by ATC ad- 
justments. 

Electrohome Auto Tint 
Diode switching is used in the 

Electrohome hybrid chassis C9 to 
change the phase of the 3.58 -MHz 
carrier applied to the integrated - 

circuit chroma demodulator, as 
shown in Fig. 5. The ON position 
of the Auto Tint switch (SW701, a 
front panel control) also switches in 
factory pre-set color and tint con- 
trols. These pre-set controls can be 
readjusted by a TV technician, if 

the customer is not pleased with the 
factory setting. 
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Fig. 7 Killer action in the Philco 21ST90 chassis during reception of color signals 
also changes the screen color to sepia. 
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Fig. 8 A slight change of IF alignment by varicap tuning in the Philco 21ST90 chas- 
sis gives an effect similar to video peaking. 

In the OFF position of SW701, 
the cathodes of D750 and D751 are 
more negative than the anodes; con- 
sequently, both diodes are a near - 
short, and L751 is connected in 
parallel with L752. 

When SW701 is placed in the 
ON position, R751 is grounded and 
no DC voltage is applied to the 
anodes of the diodes. Because about 
+5 volts still is applied to the 
cathodes, the diodes are reverse bi- 
ased, opening the circuit so that 
L752 is the only reactive element 
in the phase -shifting network. Con- 
sequently, the phase change is less 
than that produced with the switch 
in the OFF position. 

Outputs from the R -Y and B -Y 
demodulators differ by 105 degrees 
in the OFF position of the Auto 
Tint switch and by 125 degrees in 
the ON position. 

Philco Auto Tint 
Philco does not have a switch or 

control for changing demodulator 
phasing, color balance or screen 
color of its new color receivers, but 
some of these features are built in. 

Circuit features which produce 
actions that correspond roughly to 
a change in demodulator phasing 
are shown in Fig. 6. Most of the 
G -Y signal is developed in the com- 
mon cathode circuit of the three 
tubes. R58 has been added to make 
the cyan hues less blue, and R67A 
slightly reduces the B -Y output. 
The G -Y amplifier needs additional 
signal from the R -Y stage to give 
proper matrixing, and this is ob- 
tained easily through R71. How- 
ever, a better color reproduction of 
degraded picture information is pro- 
duced if the R -Y signal fed through 
R71 is more negative tFan positive. 
The diodes and resistors in network 
N38 supply such a logarithmic volt- 
age. Philco product information 
states that the interim quality of 
skin color is greenish; however 
when the tint control is readjusted 
to produce correct orange face hue, 
the green hues will have less blue 
contamination. 

Philco also has an Automatic 
Color Temperature Control (ACTC) 
circuit which makes the raster color 
more sepia during reception of 
color signals. Fig. 7 shows the sim- 
plified schematic. Color -killer volt- 
age is used to "identify" b -w or 
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color programs for the circuit, and 
an ACTC set-up switch (SW203) is 

provided to switch in a standard 
voltage in place of the killer volt- 
age, which might be undependable 
because of signal conditions during 
the adjustment. 

In the SET-UP position of SW - 
203, a small amount of negative 
voltage, taken from the grid of the 
blinker tube, is supplied to the grid 
of the B -Y amplifier. To establish 
the desired b -w color temperature, 
the ACTC control is placed in the 
SET-UP position, and the screen 
color, or gray -scale, is adjusted in 

the usual way using the CRT drive 
and screen controls. Then the 
ACTC switch is returned to the 
AUTO position, in which the same 
amount of voltage established in the 
SET-UP position is supplied the 
grid of the B -Y amplifier by the 
color killer when b -w programs are 
received. Thus, the b -w screen color 
is the usual blue -white. 

Because no negative voltage is 
generated in the color -killer cir- 
cuit during reception of color sig- 
nals, the grid of the B -Y amplifier 
is less negative than during b -w 
reception or when the ACTC switch 
is in the SET-UP position. The less - 
negative grid causes the B -Y plate 
to become less positive, and because 
the blue grid of the CRT is coupled 
direct to the B -Y plate, less blue is 
seen in the raster and picture. Part 
of this same effect also is transferred 
to the green, because of the com- 
mon cathode connections. Less blue 
plus slightly less green makes the 
raster more orange, to emphasize 

skin hues. 
The next Philco feature to be dis- 

cussed is not strictly an ATC cir- 
cuit (see Fig. 8), yet it is intended 
to relax the rigid grip that auto- 
matic fine tuning has on the b -w 
picture quality. In the VHF tuner, 
a varicap diode is used to change 
the tuning of the mixer -output IF 
coil when the reverse voltage on the 
diode is changed by means of the 
Picture Preference Control (PPC), 
which is located on the front panel. 

Color quality is changed very 
little by this feature because, as 
Philco states, the change in align- 
ment is stopped before the color is 
degraded. A detent is provided, and 
the receiver has been factory aligned 
with the PPC control set at the de - 
tent. Visible effect on the picture 
quality is somewhat the same as 
that produced by a video peaking 
control, with normal sharpness ob- 
tained at the detent. However, it is 
possible that better vertical and hor- 
izonal locking might be obtained on 
weak or poor signals with the PPC 
control set to smear slightly the 
b -w detail, compared to normal 
locking obtained with a video peak- 
ing control. 

Zenith Auto -Tint Guard 
Several of the new Zenith mod- 

els use the circuit shown in Fig. 9 
to improve the varying skin hues 
produced by some color broad- 
casts. Operation is straightforward: 
The demodulation angle between 
R -Y and B -Y is increased when 
SW204 is closed and connects C262 
in' parallel with C1016. 

Fig. 9 The Automatic 
Tint Guard circuit. in 
Zenith 40BC50 and 
12B14C50 chassis 
adds a capacitor to 
the circuitry to alter 
demodulator phasing. 
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Plug-in Circuits 
The expanding use of plug-in cir- 

cuit boards, panels or modules 
could prove to be one potential 
source of help in relieving the added 
burden imposed on TV technicians 
by miniaturization and the added 
complexity of solid-state designs. 

Motorola Quasar removable pan- 
els and Zenith Duramodules (shown 
in Fig. 10) are well known and 
seem to have been well accepted. 

RCA for some time has been 
testing the module concept in se- 
lected models of their b -w receiv- 
ers. Recently, RCA announced their 
CT'C49 all -solid-state portable color 
TV chassis, which uses eleven 
modules. The locations of these 
modules and other major parts are 
shown in Fig. II. Fig. 12 shows 
the socket on board PW300 with 
its associated module (MAC) re- 
moved. Sound module PM22 and 
its socket can he seen in the back- 
ground. 

Pre -CRT matrixing for each 
color is accomplished in the three 
MAD modules. Fig. 13 shows both 
the original type, which uses con- 
ventional discrete components, and 
the newer version, which is an en- 
capsulated "computer card" type 
that eventually will replace all the 
original versions of all the modules. 
RCA states that the latter type 
gradually will be phased into pro- 
duction during the next few months. 

Warranty on the different brands 
of modules varies. Motorola still 
has a replacement warranty on the 
entire panel. Zenith warrants only 
the individual parts on the Dura - 
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Fig. 10 Plug-in Duramodule used in 
Zenith's 4B25C19 chassis also features 
plug-in transistors. 
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Fig. 12 Upper and lower sockets with module MAC 
chassis. Module PM200 and sockets are shown at right in background. 
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module (the transistors plug-in, as 
shown in Fig. 10). RCA provides 
a complete panel in exchange. 

Motorola panels, Zenith Dura - 
modules and the present type of 
RCA modules can be serviced by 
normal troubleshooting and repair 
techniques if the modules are out 
of warranty, or if repair seems de- 
sirable for any other reason. RCA 
encapsulated modules cannot be re- 
paired with reasonable effort; there- 
fore, replacement is necessary. 

High Voltage and Automatic 
_ Brightness Control 

I ' Fewer tube -type, high -voltage 
rectifiers and regulators are being 

17 used because of the possibility of 
" - U. radiation if the high voltage be- 

- comes abnormally high. 
Fail-safe circuits, tripler and 

removed from the RCA CTC49 quadrupler rectifier assemblies with 
capacitors and semi -conductor di - 
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odes in one unit, elimination of the 
high -voltage DC shunt regulator 
tube and a search for new methods 
of high -voltage regulation are the 
order of the day. 

Automatic Brightness Control 
(ABL) circuits help high -voltage 
regulation indirectly by preventing 
excessive CRT current and, thus, 
any excessive decrease in high volt- 
age (which, if severe enough, causes 
a noticeable amount of picture 
blooming). 

Extra Admiral Diodes 
Several chassis which regulate 

horizontal sweep and high voltage 
by changing the negative voltage ap- 
plied to the grid of the horizontal 
output tube have added an extra 
diode in series or parallel with the 
one necessary for pulse rectifica- 
tion. The ultimate in such cautious 

design is the circuit in Fig. 14, an 
Admiral design that employs four 
diodes in series -parallel. Failure of 
any one diode (or in certain spe- 
cific failures, up to three diodes) 
will not affect the regulation. 

High -Voltage Regulation 
Sweep/h igh-voltage regulation. 

and ABL circuits employed in Hi- 
tachi CFA -450 and CSU-690 mod- 
els are shown in Fig. 15. T703 is 

a saturable core reactor which 
changes impedance in accordance 
with the load on the high -voltage 
circuit. The Japanese -to -American 
translation of specifically how this 
circuit functions was too garbled to 
understand, and the actual physical 
construction of the reactor, which 
obviously is of an unusual design, 
was not ascertainable from the ma- 
terial supplied us. The Hitachi ser- 

HORIZ OUTPUT 

TO HORIZ 
OUTPUT GRID 

FROM `- HORIZ 
OSC 

Fig. 14 To help insure adequate high -voltage regulation regardless of failure, four 
diodes are wired in series -parallel in the high -voltage regulator of Admiral's 19H1O 
chassis. 

vice data says that the impedance 
of T703 varies as the current 
through it changes. Thus, LX wind- 
ing of T703 is in parallel with the 
primary of T704, the high -voltage 
transformer. Any reduction in the 
impedance of T704 because of in- 
creased load should be offset by 
an increase in the impedance of 
LX. 

Understanding the operation of 
the ABL circuit is relatively easy 
if you imagine that R724 is con- 
nected to ground instead of +120 
volts, and then realize that the volt- 
age at the low end of the high - 
voltage transformer secondary is the 
source of negative voltage which 
varies in direct proportion to the 
average amount of rectified current 
passing through the tripler. 

(Also of help in understanding 
this circuit is the following rule: 
"When rectified DC is obtained 
from a diode, the polarity of the 
voltage will be negative if it is taken 
from the anode, and positive if it 
is taken from the cathode.") 

In the Hitachi ABL circuit, the 
negative voltage at the junction of 
C723 and R724 partially cancels 
the steady .DC voltage through 
R724 from the +120 -volt source. 
The more CRT current, the lower 
the positive voltage that is applied 
to the CRT grids. Since the cath- 
odes of the CRT are operated at a 

fixed positive voltage, the CRT is 

Fig. 13 Early -production MAD module 
and heat sink on the left, and a new 
type of encapsulated MAD module on 
the right. 
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biased more negatively with in- 
creased CRT current; therefore, the 
CRT is prevented from drawing an 
excessive amount of current. 

Zenith Automatic Brightness 
Limiter 

The ABL system in Zenith 
40BC50 and 4B25C19 chassis does 
not monitor the actual high -voltage 
current; instead, the operation de- 
pends upon the amount of ripple in 
the focus voltage supply. The more 
high -voltage current drawn from 
the rectifier -filter assembly, the 
higher this ripple will be. Ripple 
(AC content) from the focus supply 
voltage (see Fig. 16) is coupled 
through C277 (inside the rectifier 
assembly, in some cases) and R338 
to the base of 0204, which has no 
bias applied to it except for the 

ripple. If the ripple at the base is 

low, 0204 does not conduct and, 
consequently, the collector voltage, 
which is connected to a video am- 
plifier stage, remains at almost the 
same value as the supply voltage. 

When the ripple amplitude is 
high because of increased high -volt- 
age current, 0204 is saturated by 
the large forward bias developed by 
the ripple, and the collector -to -emit- 
ter junction becomes a low -value 
resistance, which causes the co'iec- 
tor voltage to drop, thereby increas- 
ing the negative bias on the CRT 
via the video amplifiers. 

CRT current is limited to about 
1.5 milliamperes by this ABL ac- 
tion. 

Control of Color Saturation arad 
Tint by Variable DC Voltages 

Color and tint adjustments which 
are controlled indirectly by variable 
DC voltages instead of directly by 
manually adjusted controls are em- 
ployed in '71 chassis of at least 
three manufacturers. 

Such a system offers two distinct 
advantages: First, because the 
chroma IF and 3.58 -MHz color sub - 
carrier signais do not have to be 
routed over long wires to front - 
panel manual controLs, radiation 
from these signals is minimized. Sec- 
ondly, remote control by variable 
DC voltages does not require rel^ys 
and/or motors, as does remote ad- 
justment of manual controls. 

Sylvania 

One example of indirect control 
of color saturation and tint is found 
in Sylvania's all -solid-state E01 
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Fig. 15 Hitachi models CFA -450 and CSU-690 employ a saturable -core reactor as the high -voltage regulatzr. CRT 
current through the high -voltage tripler determines the amount of bias supplied the CRT by the automatic brightness 
limiter (ABL) circuit. 
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Fig. 16 The ABL circuit in Zenith's 40BC50 and 4825C19 chassis senses the in- 
creased ripple amplitude of the focus supply voltage (resulting from excessive 
brightness). The change in ripple amplitude is used to control Q204, the collector 
voltage of which varies the conduction of the video amplifiers and, consequently, 
also varies the bias applied to the CRT. 0204 functions as both a rectifier and am- 
plifier. The video amplifier voltage is directly coupled to the CRT, in the correct 
polarity to reduce the brightness level. 
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Fig. 17 Schematic diagram of the color and tint circuits in Sylvania's E01 color TV 
chassis. The internal capacitance of Q602 is the key to the operation of this tint - 
control system. Refer to the text for an explanation. 

chassis. The associated circuitry is 
electrically located between the 2nd 
chroma amplifier and the chroma 
output stage, as shown in Fig. 17. 

How the tint control circuit per- 
forms its function can be explained 
best by examining the results of ad- 
justing tint control R22 to each of 
its extreme positions. 

The actual change in the phase 
(tint) of the chroma signal is ac- 
complished primarily by varying the 
conduction of transistor Q600. 
When R22 is repositioned CCW to- 
ward the position that produces 
greenish flesh tones, more forward 
bias (positive) is applied through 
varistor R601 to the base of Q600, 
increasing its conduction. The re- 
sultant increase in the emitter cur- 
rent of Q600 produces a larger 
voltage drop across emitter resistor 
R612, the "negative" end of which 
is connected to the collector of 
0602. With a more positive voltage 
applied to its collector (relative to its 
base), and with a constant forward 
bias between its emitter and base, 
0602 conducts and amplifies the 
chroma signal applied to its base. 

Because of the inherent phase 
shift between the base and collector 
of a transistor, the amplified chroma 
signal at the collector of Q602 is 
180 degrees out of phase with the 
input chroma signal at its base. 

Thus, manual adjustment of the 
tint control to one of its extreme 
positions has produced a change in 
the DC voltages that control the 
conduction of the tint control tran- 
sistor and, consequently, the phase 
of the chroma signal in relation to 
that of the reference subcarrier. 

When tint control R22 is adjusted 
to the extreme CW position, which 
produces purple -tinted flesh tones, 
less forward bias is applied between 
the base and emitter of Q600, it 
conducts less, and the voltage at the 
"negative" end of the resistor in its 
emitter circuit becomes less posi- 
tive. As a result of this action, the 
voltage applied to the collector of 
Q602 becomes sufficiently less pos- 
itive to cut off conduction of this 
transistor. 

Although none of the chroma sig- 
nal applied to the base of Q602 is 
amplified when this transistor is 
biased off, some of the chroma sig- 
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nal does feed through the capaci- 
tance between the base and collector 
of the transistor. However, unlike 
the 180 -degree phase shift resulting 
from normal transfer of an amplified 
signal from base to collector, the 
chroma signal fed through the base - 
to -collector capacitance is not 
shifted in phase relative to the 
chroma reference subcarrier gener- 
ated by the receiver. 

Using this system, the phase of 
the chroma signal at the collector 
of Q602 can be varied over a range 
of almost 180 degrees relative to 
the phase of the chroma reference 
subcarrier, the exact phase shift de- 
pending on the vectorial addition of 
I) the phase of the chroma signal 
transferred to the collector of Q602 
by transistor amplification (180 de- 
grees shift) and 2) the phase of the 
chroma signal transferred to the col- 
lector via the base -to -collector ca- 
pacitance (no phase shift). 

Color control action is by the 
more direct method of reducing the 
normal forward bias of Q604 to 
obtain less transistor gain. Diode 
SC602 provides a temperature -con- 
trolled minimum forward bias for 
better stability. 

RCA 

A differential amplifier is em- 

ployed in the tint circuit of the new 
all -solid-state RCA CTC44 chassis, 
as shown in Fig. 18. Transistors 
Q711 and Q712 appear, at first 
glance, to be in parallel; the bases 
are separated by a coupling capaci- 
tor, but the signal input is of the 
same amplitude and phase at both 
bases. Both collectors are connected 
together. The difference between the 
two amplifiers is their frequency 
responses, which are determined by 
the components in their emitter cir- 
cuits. 

R603, in the emitter circuit of 
0711, is paralleled by C749. This 
RC combination reduces the high 
frequencies from emitter to ground; 
consequently, amplifier 0711 in- 
creases the amplitude of high -fre- 
quency signals more than that of 
lower -frequency signals (opposite to 
the response of the degeneration 
or feedback). Such a stage is 
the equivalent of a high-pass filter, 
which causes a leading phase charac- 
teristic. 

The frequency response of Q712 
is just the opposite that of Q711; 
R6I0 in the emitter of 0712 is par- 
alleled by an inductance instead of 
a capacitance. Because the emitter 
circuit thus attenuates the low fre- 
quencies, the amplifier produces in- 
creased gain at low frequencies. This 
is the equivalent of a low-pass cir- 

cuit, which causes a lagging phase 
shift. 

The combined output at the col- 
lectors will have the same phase as 

the input signal, if the phase shift 
in each amplifier is equal and op- 
posite and both amplifiers have the 
same gain. The opposing phase 
shifts are cancelled by vectoral ad- 
dition. This is the desired condition 
when the hue control is in the center 
of its range. 

Any difference in the amplitude 
of the output signal from one am- 
plifier compared to the output of 
the other causes a change in the 
phase of the signal at the paralleled 
collectors. The forward bias of Q- 
711 is fixed, while the forward bias 
of 0712 can be changed by adjust- 
ment of tint control R122. 

Rotation of the tint control in the 
direction that increases the forward 
bias of Q712 also increases the gain 
of 0712. At the same tine, the in- 
creased emitter current of Q712 
raises (by way of the common ca- 
thode resistor, R6O6) the emitter 
voltage of Q711, thus decreasing the 
gain of Q711. At the collectors, the 
phase of 0712 is dominant; the out- 
put signal has a lagging phase. The 
exact phase is determined by the 
difference in the gain of the two am- 
plifiers, at least until Q711 is biased 
to cutoff or 0712 reaches satura - 
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Fig. 18 The tint circuit of the RCA CTC44 chassis, shown here, is operated by voltage and, therefore, can be used in 
motorless remote -control applications. 
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tion, and this extremity is pre- 
vented by the resistor values in the 
base circuit of Q712. 

Rotation of the tint control in 
the opposite direction reverses this 
action. The bias and gain of Q712 
are reduced below that of Q711; 
thus, the output phase is leading. 

Control of color saturation in the 
RCA CTC44 chassis is accom- 
plished by a voltage -controlled vari- 
able voltage divider and by a 

change of bias which, in turn, 
changes the gain of the 3rd chroma 
IF amplifier transistor (see Fig. 19). 

The arms of the voltage divider 
consist of R724 (1K ohms) and di- 
ode CR709, whose internal resis- 
tance decreases as its forward bias 
is increased. The resistance of CR - 
709 varies from 6.8K ohms at about 
.68 volt, to 750 ohms at about .75 
volt, and to even lower values when 
supplied with higher forward bias 
voltages. The anode of CR709 is by- 
passed to ground. This enables the 
diode to function as the shunt leg 
of an AC voltage divider, in addi- 
tion to being the source of a DC 
voltage that changes the emitter 
voltage (forward bias) of 0704 and, 
thus, its gain. 

Transistor Q704 is operated as a 
grounded base type of amplifier, 
in which the input signal is applied 
to the emitter. When the color con- 
trol is turned down (rotated CCW) 
maximum DC voltage is applied to 
the anode of CR709. The DC path 
from the cathode to ground is com- 
pleted through R724 and L708; 
consequently, maximum voltage is 
dropped across CR709, and the in- 
ternal resistance is at a minimum. 
This voltage divider action reduces 
the chroma signal (from C726/ 
L708) before it is supplied to the 
emitter of 0704. Emitter DC volt- 
age is at maximum because of the 
additional voltage entering through 
CR709; therefore, the forward bias 
and the gain of 0704 are both at 
minimum. 

Clockwise rotation of the color 
control reduces the DC voltage ap- 
plied to the anode of CR709, in- 
creasing the resistance of the diode 
(shunt arm of the voltage divider) 
and supplying more chroma sig- 
nal to the emitter of Q704. Be- 
cause the increase in the resistance 
of CR709 allows less DC voltage 

to reach the emitter of Q704, the 
emitter voltage decreases (forward 
bias is increased) and the transistor 
produces higher gain. 

To avoid bandwidth and phase 
changes, the load across tuned cir- 
cuit C726/L708 needs to be rela- 
tively constant during color satura- 
tion adjustments. This is accom- 
plished as a result of the fact that 
while the resistance of CR709 is 
minimum when the color control is 
turned down, the resistance of the 
path through R742 and the emitter - 
base junction of 0704 is maximum. 
These conditions are reversed when 

the color control is turned up; thus, 
a fairly constant load is applied to 
the tuned circuit regardless of color 
control variations. 

Other New or Changed 
Chroma Circuitry 

General Electric-Color and Tint Control 

After analysis of the preceding 
relatively complicated circuits, the 
manually -operated color and tint 
circuits of the General Electric N-1 
portable color receiver (Fig. 20) 
seem even more simple than they 
are. 

The color control action is con- 
ventional. The tint control is turned 
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Fig. 19 The resistance of diode CR709 and the bias of 0704 are changed by one 
voltage to control color saturation in RCA's CTC44 solid-state color chassis. 
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completely clockwise, L502 is 
shorted out and C524 has little ef- 
fect because it is isolated by the 
2K -ohm resistance of the control. 
Therefore, the phase of the chroma 
signal is unchanged. 

Full CCW rotation of the tint 
control changes the circuit to a low- 
pass filter. The upper leg of the fil- 
ter is L502 in parallel with R513, 
and the shunt leg is C524. This fil- 
ter shifts the phase of the chroma 
signal by more than 100 degrees 
(lagging). 

Sylvania-Chroma Sync Locking 

A phase detector, DC amplifier 
and a varicap (varactor) diode are 
used in the Sylvania D16-2 color 

chassis to lock the 3.58 -MHz crystal 
oscillator (Fig. 21). 

The phase detector action is con- 
ventional except for the bias volt- 
age for Q620, which is obtained 
through the phase detector. 

Q62O actually consists of two cas- 
caded emitter -follower transistors 
(Darlington pair) in one case. This 
type of operation provides very high 
input impedance. Error -correction 

voltage from the phase detector, plus 
forward bias, is applied to the base 
of Q620. Amplified error -correction 
voltage from the collector of Q602 
is applied to the cathode of varicap 
diode SC608, whose anode is con- 
nected to a regulated voltage of 
about +7.6 volts, to establish re- 
verse bias. The internal capacitance 
of SC608 changes when the volt- 
age across it is changed. This ca- 
pacitance, which is in series with 
the 3.58 -MHz quartz crystal, 
changes the frequency of the color 
oscillator to accomplish and main- 
tain chroma locking. 

Electrohome-Pulse Clamping 
of CRT Grids 

Pulse clamping of the DC volt- 
ages at the grids of the CRT in the 
Electrohome C7 chassis is provided 
by the circuit shown in Fig. 22. The 
two purposes of such a circuit are 
I) to prevent variations in the plate 
voltages of the -Y amplifier tubes 
from changing the h -w screen color, 
and 2) to reset the DC voltage at 
each grid of the CRT during each 
horizontal cycle. 

Both a negative -going pulse from 
the blanker tube and positive DC 
from the CRT bias control are pres- 
ent at the junction of R752, R755 
and the cathode of D707. The CRT 
bias control supplies (through R755 
and R752) a DC voltage of slightly 
more than the amount eventually 
needed at the grids of the CRT. 

Capacitor C736. accepts and 
stores a charge because of the dif- 
ference in DC voltages between the 
plate of the -Y amplifier and the 
grid of the CRT. Because the tip 
of the negative -going horizontal 
pulse at the cathode of diode D7O7 
is less positive than the voltage at 
the anode (stored in C736), D707 
conducts for the duration of the 
pulse and charges C736 to a new 
and lower voltage. 

If a series of non -symmetrical 
chroma pulses at the grid of the 
CRT shifts the operating center to 
make the CRT grid more positive 
than it was during the previous 
blanker pulse, the next horizontal 
pulse will forward bias D707, whose 
conduction will lower the voltage on 
C736. 
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Fig. 21 Sylvania's D16-2 chassis uses a varicap diode to lock the color oscillator. A "Darlington pair" amplifier provides 
DC voltage gain between the phase detector and the varicap diode. 
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If the voltage at the grid of the 
CRT is not changed by the chroma 
signal, C736 is charged to a slightly 
higher voltage by the CRT bias volt- 
age applied through R752. This 
slight increase is reduced by the 
next horizontal pulse. 

Thus, undesirable changes in 

screen color are prevented by re- 
storing the DC voltage on each grid 
of the CRT. As explained previous- 
ly, this is accomplished during hori- 
zontal blanking, when no chroma 
information is present. 

General Electric-Pulse Clamping of 
CRT Grids 

A more elaborate system of pulse 
clamping the DC voltages at the 
grids of the CRT is employed in 
the General Electric KE-2 color 
chassis. Clipped and shaped sync 
pulses are used (Fig. 23) in place of 
pulses obtained from the horizontal 
sweep circuit. 

About the same DC voltages are 
produced at the CRT grids when no 
station is received (no sync pulses) 
as are produced when station and 
sync pulses are present. Because the 
action is the same for all three grids 
of the CRT, only the effects on the 
blue grid will be explained here. 

This pulse clamping action is easy 
to understand if two basic condi- 
tions are understood: l) Transistor 
Q752 is an open circuit when there 
are no pulses present, and 2) the 
transistor is a near -short circuit 

when the sync pulse is present at 
the base. 

When no signal is being received 
and, consequently, no sync pulses 
are present in the circuit, 0752 is 
open, and the grid voltage of the 
CRT is obtained through R762 from 
a +200 -volt tap on the voltage di- 
vider comprised of R765, R766 and 
R767. With +325 volts applied to 
its cathode, diode CR752 is an open 
circuit, and the grid of the CRT 
floats at +200 volts because there 
is no chroma signal to cause it to 
drift. This action keeps the screen 
color and brightness stable. 

When a signal is received, nega- 
tive -going sync pulses are applied 
to C750, which is of sufficiently 
small capacitance to sharpen the 
pulses to a duration of 3.5 µs. The 
sharpened pulses then are applied 
to R759 and CR750, whose func- 
tion is to clip the waveform so the 
amplitude does not exceed .8 volt 
PP. This shaped and clipped nega- 
tive -going pulse at the base becomes, 
through normal transistor action, a 
larger positive -going pulse at the 
collector. Because the base -emitter 
junction of 0752 (NPN) has no for- 
ward bias, the transistor is an open 
circuit until the pulse from Q751 
arrives through C752 and drives 
0752 into complete saturation (a 
near -short circuit). 

With Q752 a near -short circuit, 
the resistive values of the voltage 
divider are changed. R756, through 

Fig. 22 Voltage clamping of the CRT grids in the Electrohome C7 chassis is by 
means of "pulsed diodes." 

0752, is in parallel with R765 and 
R766, and the DC voltage at point 
3 increases from the "no -pulse" volt- 
age of +167 up to +190 volts. 
The same +190 volts also appears 
at point 1 (because Q752 is a near - 
short circuit). Between sync pulses, 
CR752 is biased off by the com- 
bination of +325 volts applied to 
its cathode and the +200 volts at 
its anode. 

However, during the time the 
sync pulse is present the voltage on 
the cathode of CR752 drops to 
+ 190 volts, and the diode is biased 
on. 

Normally, with CR752 conduct- 
ing, the +200 -volt charge on C740 
would drop to about the + 190 -volt 
level present at the cathode of CR - 
752. However, a simultaneous 25 - 
volt increase in the voltage applied 
to the anode of CR752 (via R762) 
attempts to increase the charge on 
C740. The result of these two op- 
posing forces is an increase of the 
CRT grid voltage to about +200.06 
volts. 

When the pulse is gone, the CRT 
grid voltage slowly decreases to the 
original +200 -volt level. The dis- 
charge of C740 from 200.06 volts 
to 200 volts is slowed by the com- 
bination of R762 and the storage 
action of C753. 

If a chroma signal of non -sym- 
metrical waveshape increases the 
average DC at the CRT grid above 
+200 volts, the pulse conduction 
path through CR752 and R769 is 
dominant over the charging path 
through R762, so the grid is re- 
stored by the next pulse back to the 
normal +200.06 volts. This action 
prevents any build-up of higher pos- 
itive voltages on the grids of the 
CRT. Also the capacitive coupling 
prevents changes in the DC voltages 
at the plates of the -Y amplifiers 
from affecting the voltages on the 
grids of the CRT. Such changes are 
undesirable, because they would 
change the b -w screen color. 

General Electric advises that any 
measurement of DC voltages on the 
grids of the CRT be made with a 
VTVM having an input resistance 
of no less than 100 megohms, be- 
cause a lower input resistance inter- 
feres with clamp action. Similarly, a 
scope should not be connected to a 
grid of the CRT; instead, connect 
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Fig. 23 The General Electric KE-2 chassis also clamps the DC voltages on the CRT grids by diodes controlled by pulses 
from the sync circuit. 

it to the plate of the preceding -Y 
amplifier, where a small pulse 
should be found. It is advisable to 
observe the waveform both off chan- 
nel and on a normal b -w program, 
to help you become familiar with 
the different waveforms thus ob- 
tained. 

Remember, in any of these sys- 
tems in which the grid circuits of 
the CRT are "pulsed", only a small 
percentage of the applied pulse ever 
reaches the grid of the CRT, or ap- 
pears on a scope connected to the 
grid. The circuit action is identical 
to the peak -reading rectification of 
a pulse by a series rectifier circuit 
which has a large filter capacitor 
in parallel with the load. Only a 

small "ripple" remains. The capaci- 
tor connected from each -Y ampli- 
fier to the associated CRT grid per- 
forms the same function as the fil- 
ter capacitor of the pulse rectifier. 

A shorted clamp diode increases 
the DC voltage applied to its asso- 
ciated grid to about 275 volts, and 
increases the voltage to the other 
two grids to about 230 volts. The 
screen will be excessively bright over 
the area covered by the affected 
color, often to the point of bloom- 
ing. 

Panasonic-Auto-Color. Subcarrier 
Generation, and Pulse Clamping 

Several new circuits found in Pan- 
asonic's CT98D color chassis are 
shown in the block diagram of Fig. 
24. 

When the Auto -Color circuit is 

switched on, pre-set color and tint 
controls are substituted for the con- 
ventional front -panel controls. In 
this chassis no provision is made 
for ATC by changing the demodu- 
lator phasing. 

The "X" level control between 
the 2nd color amplifier and the 
diode -type "X" demodulator is pro- 
vided to balance the red and blue 
chroma signals. The effect of a small 
amount of ATC is obtained if the 
"X" level control is adjusted to 
maximum. 

"X" and "Z" transistor amplifier 
stages are used to increase the am- 
plitude of these respective signals 
before matrixing and further ampli- 
fication in the -Y amplifier tubes. 

The 3.58 -MHz subcarrier is gen- 
erated by ringing the 3.58 -MHz 
crystal with amplified burst. Loss 
of burst causes loss of the 3.58 - 
MHz subcarrier, which, in turn, 
greatly weakens color "zonfetti" 
during b -w programs. However, be- 
cause a color killer is used in this 

model to completely eliminate color 
snow when a color program is not 
being received, the absence of color 
confetti during a b -w program does 
not by itself indicate a loss of 
chroma subcarrier. 

Pulse clamping of the DC volt- 
ages at the grids of the CRT by a 

method similar to that used by RCA 
and Electrohome is employed in the 
CT98D color chassis, with the ex- 
ception that the resistor usually con- 
nected between the grid of the CRT 
and 3+ in RCA and Electrohome 
chassis is connected between the 
grid of the CRT and the plate of 
the -Y amplifier in the Panasonic 
chassis. 

RCA-Chroma Plug -In Modules 

Pre -CRT matrixing of chroma 
and video signals, and pulse stabili- 
zation of b -w screen color tempera- 
ture are functions of the MAD 
plug-in modules employed in RCA's 
CTC49 all -solid-state color chassis 
(Fig. 25). The early -production 
MAD module, which uses conven- 
tional components and a heat sink, 
and the newer encapsulated "com- 
puter card" MAD modules are 
shown Fig. 26. 

Three identical MAD modules 
are used, one each for red, blue 
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and green drive to the cathodes of 
the CRT. As shown in Fig. 9, video 
is applied to the emitter circuit of 
Q1 through the paralleled paths of 
R7, R6, C2 (for increased high - 
frequency response) and R336 to 
R335 (video drive control). There 
is no phase inversion of the video, 
because Q1 is a grounded -base am- 
plifier to this signal. 

The chroma -Y signal is applied 
to,the base of Ql. Matrixing of the 
video and chroma signals is accom- 

plished inside Ql. The output at the 
collector of Q1 is a complete red, 
blue or green color signal. 

No signal is applied to the three 
grids of the CRT; only a DC volt- 
age, which can be varied by the 
"kine bias" control, is present on 
the grids. 

The collector of Q1 in each MAD 
module is coupled directly through 
a 3.3K -ohm resistor (inside the CRT 
socket) to the corresponding cathode 
of the CRT; therefore, stability of 

the DC voltages on the collectors of 
all three Q1 transistors will deter- 
mine whether or not the b -w screen 
color remains unchanged. Stabiliza- 
tion of these collector voltages is 

accomplished by a pulse clamping 
circuit, which also supplies horizon- 
tal blanking. 

A large positive -going horizontal 
pulse obtained from a winding on 
the high -voltage transformer is ap- 
plied through C3O9; R34O, R341 
and R331 reduce the amplitude of 

FROM 

VIDEO 

COLOR 

1ST COLOR 

AMPLIFIER 

ACC 

1 

__-0 
PRESET 
COLOR 

AUTO -COLOR a 
2ND COLOR 

AMPLIFIER 

KILLER 

TINT 
0 
0 

PRESET 
TINT 

d 

a 
AUTO -COLOR 

BURST 

KEYER 

'X' 
LEVEL 

Y 101--' 

co 
RINGING 
CRYSTAL 

3.58M Hz 

AMPLIFIER 

BALANCE 

,'X" 

AMP 

AMP 

R -Y 

AMP 
ITUBEI 

-i i- 

G-Y 

AMP 
ITUBEI 

B -Y 

AMP 
ITUBEI 

CRT 

RED GRID 

HORIZ 
PULSE 

CRT 

GREEN GRID 

CRT 

BLUE GRID 

Fig. 24 A block diagram of the Panasonic CT98D chroma circuit shows pre-set color and tint controls, "X" balance 
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Fig. 25 Plug-in MAD module of RCA's CTC49 all -solid-state color portable receiver incorporates pre -CRT matrixing of 

video and chroma signals, plus pulse stabilization of the DC voltages applied to the CRT. 

the pulse and provide DC return 
paths. Diode CR307 "compares" the 
pulse to the +220 -volt supply and 
clips off any portion of the pulse 
which exceeds 220 volts peak. The 
220 -volts (peak) pulse passes 
through C3 and diode CR1 (by for- 
ward biasing it into conduction), 
and, after attenuation to 160 volts 
peak by the voltage divider action 
of R2 and the C -E resistance of 01, 
continues on to the cathode of the 
CRT and blanks off the associated 
gun. This blanking action is in addi- 
tion to the horizontal blanking ap- 
plied to a video amplifier. 

Regulation of the DC voltage on 
the collector of Q1 is not quite as 
simple as the blanking function. 
During retrace time, when no color 
signal is present on the collector, the 
DC voltage at the collector of QI 
is compared to the blanking pulse. 
An error -correcting voltage devel- 
oped by this comparison action is 

used as the variable forward bias 
for 02. The variable voltage drop 
across the C -E junction of Q2 
changes the forward bias of Q1; as 

a result, the DC voltage, on the col- 
lector is maintained at the desired 
level. These complex actions are 
easier to understand if the explan- 
ation is divided into three segments. 

First, imagine that R8 and C3 are 
removed, and that R2 and diode 
CR1 are removed and replaced by 
a resistor of the correct value to 
provide bias for 02. If the ambient 
temperature increases, Q1 draws 
more current, the collector voltage 
decreases (less positive), less for- 
ward bias through the added resistor 
is applied to the base of Q2, and 
the collector voltage of Q2 increases, 
as does the emitter voltage of Ql. 

Fig. 26 An early produc- 
tion MAD module with 
heat sink is shown on 
the left, and the newer 
encapsulated version on 
the right. 

An increase in emitter voltage rep- 
resents a decrease in forward bias; 
consequently, the transistor draws 
less current and the collector volt- 
age is increased to the same voltage 
that was present there before the 
temperature change. 

Cl slows the correction action to 
prevent overshoot or hunting. 

It is obvious that a circuit which 
increases the forward bias of Q2 
when the collector voltage of Q1 is 

increased also will stabilize that col- 
lector voltage at a level determined 
by the tolerance of the parts in the 
circuit. However, a standard is 

needed so that the collector voltage 
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is stabilized at the desired voltage, 
and so that the DC voltages at the 
collectors of all three Ql transistors 
will be nearly identical. This stan- 
dard is furnished by the blanking 
pulse. 

For the second segment, imagine 
that C3, diode CR1 and R2 are re- 
installed according to the original 
wiring, but R3 is removed and the 
collector of Q1 is grounded. On the 
anode of diode CR1 will be found 
a non -varying negative voltage 
which is the result of shunt -type 
rectification of the horizontal blank- 
ing pulse by diode CR I. 

Next, imagine that R2 is discon- 
nected from the collector of 02 and 
attached to a variable, positive DC 
supply. As the positive supply volt- 
age is increased, the negative volt- 
age at the anode of diode CR1 de- 
creases. The reason for this action 
is simple, but important: Any posi- 
tive voltage on the cathode of diode 
CR1 subtracts from the rectified 
(negative) voltage, because before 
rectification can occur more pulse 
is required to exceed the cathode 
voltage. Or to state this another way: 
Any positive voltage on the cathode 
of diode CR1 causes the same effect 
on the rectified voltage as would a 
reduction in the pulse amplitude. 

The last analytical step assumes 
that the circuit is complete, as shown 
in Fig. 25. Resistor R8 supplies an 
unvarying positive voltage at a 
slightly higher level than the nega- 
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tive voltage from the anode of CR1, 
which changes when correction of 
the collector voltage of Q1 is re- 
quired. This resultant voltage is the 
bias supply for Q2, and is supplied 
to the base of this transistor through 
R9. Cl filters out the horizontal 
pulses so that only DC voltages are 
applied to 02. In addition, Cl re- 
tards the speed of any correction of 
the voltage at the collector of Ql. 

Now the stabilizing loop is com- 
plete from the collector of 01, 
through the pulse circuit, bias volt- 
age of Q2, bias voltage of Ql and 
back again to the collector of 01. 

Improved Serviceability and 
Product Safety 

Motorola Quasar 
The new Motorola TS934 color 

chassis (Fig. 27) is constructed with 
plug-in panels mounted in a roll- 
out drawer, in the distinctive Quasar 
tradition. But in addition, the en- 
tire front panel swivels, after a few 
screws are removed, to permit tuner 
repairs or contact cleaning without 
removal of the tuner. 
Zenith 

Zenith color TV receivers which 
feature the 4B25C19 chassis do not 
require a shielded high -voltage com- 
partment because no high -voltage 
rectifier, regulator or focus rectifier 
tubes are employed. Instead, a solid- 
state, high -voltage tripler, housed in 
a sealed assembly (behind the high - 
voltage transformer in Fig. 28), fur- 
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Fig. 27 The entire front panel of the Motorola TS934 swivel to permit access to the 
tuners. 

nishes both high voltage and focus 
voltage. Both the transformer and 
tripler arc readily accessible for test- 
ing or replacement. 

Clips and brackets prevent acci- 
dental removal of the medium- and 
large -size transistors during trans- 
port, as shown in Fig. 29. 
General Electric 

Symbols of components impor- 
tant to the prevention of fire and 
X radiation are printed over a gray 
background on General Electric's 
schematics, as shown in Fig. 30. 

DC voltage sources and their des- 
tinations are marked with large sym- 
bols, also shown in Fig. 30. 

GE's use of their unique in -line - 
guns color picture tube has been 
expanded to include larger screen 
sizes. Fig. 31 shows the relatively 
few convergence components nec- 
essary with this system, which per- 
mits simpler purity and convergence 
adjustments. 
RCA 

Vertical output transistors and 
horizontal sweep SCR's are readily 
accessible on the large heat sinks of 
the RCA CTC49 chassis (Fig. 32). 

High voltage and focus voltage in 
the new RCA chassis arc obtained 
from a solid-state quadrupler assem- 
bly (Fig. 33). 

Pincushion Correction 
Many pincushion correction cir- 
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Fig. 28 No high -voltage compartment is 
needed in the Zenith 4B25C19 chassis; 
consequently, the high -voltage trans- 
former and the tripler assembly are 
easily accessible. 
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cuits have been changed. The trend 
is toward the use of special trans- 
formers and saturable reactors in 

circuits without tubes, transistors or 
diodes. 
Packard Bell 

The Packard Bell 98C32 color 
chassis employs the circuit shown 
in Fig. 34 to correct both vertical 
and horizontal pincushioning. The 
amplitude of horizontal pulses in- 
duced through pincushion modu- 
lator transformer T508 are corrected 
by the adjustment of R525. Reso- 
nant action of C513 and L502 
shapes the horizontal pulses into 
near -sine waves, which are inserted 
in series with the vertical yoke coils. 
L502 also functions as a phase, or 
tilt, adjustment. Simultaneously, the 
sawtooth waveform of vertical yoke 
current changes the inductance of 
modulator transformer T508, reduc- 
ing the width of the picture at the 
top and bottom (the primary wind- 
ing of T508 is in series with the 
horizontal yoke deflection coils). 
Zenith 

The pincushion correction circuit 
of the Zenith 4B25C19 color chassis 
is similar in basic concept to that of 
the Packard Bell circuit just de- 
scribed. As shown in Fig. 35, hori- 
zontal pulses from the yoke circuit 
are routed through the two outside - 
leg windings of T203, thus induc- 
ing horizontal pulses into the cen- 
ter -leg winding. These pulses are 
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changed into near -sine waves by the 
resonant circuit, comprised of L208 
and C224/C246. L208 also func- 
tions as a phase, or tilt, adjustment. 
The sawtooth vertical yoke current 
flowing through the center -leg wind- 
ing of T203 also changes the induct- 
ances of the two series -connected 
outside -leg windings. Because the 
outside -leg windings are in series 
with the horizontal yoke coils, the 
horizontal sweep width is reduced 
at the top and bottom of the pic- 
ture. 

Pincushion correction for the 
Zenith 40BC50 and 12B 14C50 
chassis is divided into separate top/ 
bottom and side correction circuits. 
At first glance, the circuit in Fig. 
36 appears to be nearly the same as 
that used by RCA for so many 
years. However, T208 is a toroidal 
type, whose ferrite core is dough- 
nut shaped. The two toroidal wind- 
ings in series with the vertical yoke 
coils are wound around the circular 
core in true toroidal fashion. The 
winding marked "outside" is wound 
around the entire core in the way 
a solenoid coil is wound. However, 
because the magnetic fields of the 
coils are at right angles, no AC sig- 
nal would be induced from one type 
of coil into the other if two ceramic 
magnets were not added. 

The two ceramic magnets are in- 

cluded with the toroidal core. Their 
magnetic flux is enough to nearly 
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Fig. 29 Zenith provides clips and brackets to hold medium and large transistors in 

their sockets during shipping. 

saturate the ferrite core. Current 
flowing through the outside winding 
also will saturate the core, and thus 
permit horizontal pulses to be trans- 
ferred to the torodial windings. 
However, the vertical sawtooth cur- 
rent in the torodial windings is not 
induced into the outside winding. 

The horizontal pulses obtained 
from the toroidal windings are fil- 
tered into a near -sine wave by the 
resonant action of C261 and T202, 
which also functions as the tilt ad- 
justment. 

Side pincushion correction in the 
Zenith 40BC50 chassis is- accom- 
plished by the circuit shown in Fig. 
37. Vertical pulses from the'vertical 
sweep circuit are filtered into a par- 
abolic waveform and reduced in am- 
plitude by the actions of CR212, R- 
313, C233, R312 (side pincushion 
control), R3 1 1 and C233 before 
they are applied to the base of tran- 
sistor Q211. The amplified vertical 
parabolic waveform at the collector 
of Q2I1 is applied to the voltage 
regulator of the 128 -volt supply, 
which furnishes the voltage for the 
horizontal -output stage. 

Because the 128 volts applied to 

.30 - 

tR20v BOOST SOURCE 
PIN* or evTa 

11,510 

iw.__F1 AZT }ISV SOURCE 

Cp2t 

1.+01 

+ C+030 1 O ""Ó000v 
a ° VIO 1 2110{ wan 0e1 VII IIVS n 

/sit 12.4I 1n.12 , 

+I40V SOURCE 

-01-130V SOURCE 

+269V SOURCE 

c}g Ct0 

,50 
U.3 .:. .+ ;WI 

Yirr 
1+ 5 

+F285V 
SOURCE 

nt0 
. 

0 

+ISV .orfnT : 
+140V 

Fig. 30 Gray -shaded areas on GE sche- 
matics indicate parts that are impor- 
tant to product safety or the preven- 
tion of x-radiation. Each DC voltage 
source is shown by an outline of a 

distinctive symbol, and each connect- 
ing circuit is indicated by a filled -in 
black symbol of the same shape. 
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Fig. 31 There is no separate board for convergence controls in GE receivers employ- 
ing the in -line -guns CRT; all adjustments are performed by changing connector taps 
and rotating magnets on the convergence assembly mounted on the neck of the 
CRT. 

the horizontal output stage is re- 
duced during the time the vertical 
sweep is scanning the top and bot- 
tom of the screen, the width of the 
raster at these points also is re- 
duced. 

Degaussing Circuits 
Several of the new degaussing cir- 

cuits use a bridge which becomes 
balanced when the positive -tempera- 
ture coefficient resistor (posistor) 
reaches maximum resistance. This 
double action reduces the degauss- 
ing current to a very low value dur- 
ing normal receiver operation fol- 
lowing degaussing. 
JVC 

The degaussing circuit of the 
JVC 7438 and 7408 color chassis, 
shown in Fig. 38, includes a double 
positive -temperature -coefficient 
thermistor, a tapped power trans- 
former and a fixed resistor (which 
balances the bridge). Because both 
sections of R710 are cold and offer 
low resistance when the receiver is 
first turned on, almost the full 100 
volts AC is applied to the degauss- 
ing coil. The resulting current 

through the coil heats both sections 
of R7I0, and the increased tem- 
perature causes the resistance of this 
unit to increase. 

When the resistance of R710 
reaches its maximum value the cur- 
rent through the degaussing coil will 
be minimum, but not quite zero. To 
completely stop the current through 
the coil, a voltage from the 110 - 
volt tap of the power transformer 
is routed to the degaussing coil 
through R809 and thermistor R - 
710A, so that both ends of the de- 
gaussing coil are at 100 volts. With 
no voltage applied across the coil, 
its current stops completely, and the 
degaussing cycle is finished. How- 
ever, current through R709 heats 
R710B as long as the receiver is 
turned on. The heat of R710B is 
physically transferred to R710A, to 
prevent R710A from cooling ex- 
cessively during normal receiver op- 
eration, when no voltage is applied 
across R710A and the degaussing 
coil. When the receiver is turned off 
and the thermistor is allowed to 
cool, the degaussing cycle repeats. 

Circuit actions of the degaussing 

circuit employed in the RCA 
CTC49 chassis (Fig. 39) are simi- 
lar to those of the previously -de- 
scribed JVC design, except that a 

single positive -temperature -coeffici- 
ent thermistor (posistor) is used. 
After the thermistor is stabilized at 
a high resistance, voltage from the 
power transformer, applied through 
R4, lowers the voltage at the R4/ 
RTI end of the degaussing coil un- 
til it is equal to that at the trans- 
former end. Sufficient current flows 
through R4 and RTI to keep RTI 
hot enough to maintain a high value 
of resistance. 

Fig. 32 The RCA CTC49 has the vertical 
output transistors and the horizontal 
sweep SCR's mounted on conveniently - 
located heat sinks. 
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Fig. 33 Both high voltage and focus volt- 
age in the RCA CTC49 are obtained 
from the solid-state quadrupler assem- 
bly. 
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Packard Bell 

Degaussing of the CRT is not au- 
tomatic in the Packard Bell 98C32 
chassis, but is manually switched on 
by the TV viewer. This system is 

called "Instant Color Purity" (ICP). 
The advantage of this system is that 
the set operator can degauss the 
picture tube at any time while the 
set is operating, without waiting for 
thermistors to cool before the de- 
gaussing will re -cycle. 

As shown in Fig. 40, the degauss- 
ing coils are in series with the AC 
supply to a bridge rectifier circuit 
which is used only for degaussing. 
The ICP pushbutton switches in 

C509, causing a large sine wave of 
120 -Hz current to pass through the 
degaussing coil. This current rapid- 
ly decays (like a damped wave train) 
as electrolytic capacitor C509 ac- 
cepts a charge. Because the degauss- 
ing action is so quick, it is com- 
pleted before the set operator can 
withdraw a finger from the push- 
button. A moving, swirling color dis- 
play, when the button is activated, 
is proof of degaussing. 

Chroma Circuits 
Motorola 

An integrated circuit (IC) in the 
Motorola TS929 chassis is employed 
as three demodulators, three color 
pre -amplifiers and three pre -CRT 
matrix circuits, as shown in Fig. 41. 

The outputs of the matrix circuits 
are not -Y signals, but, instead, are 
pure color signals consisting of a 
pre -CRT mixture of video and -Y 
signals which, after more amplifica- 
tion, are ready for direct application 
to the appropriate cathodes of the 
picture tube. 

Varactor diodes (varicaps) func- 
tion as variable tuning capacitors in 
the Motrola TT651 UHF tuner (see 
Fig. 42). Positive DC voltage used 
to control the capacitance of the 
varactors is selected by the channel - 
selector switch from one of 13 po- 
tentiometers. This design enables all 
four of the varactors to be con- 
trolled by one voltage. The action 
is the same as a four -section vari- 
able capacitor which is activated by 
a common shaft. 
Zenith 

Varactor-controlled VHF and 
UHF tuners plus a unique system 
of pre -tuning and automatic switch- 
ing are combined in Zenith's new 
"Varactor TV Tuning System" to 
enable viewers to select, with a 
single knob and without fine tuning, 
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Fig. 34The Packard Bell 98C32 color chassis uses this one circuit to correct both 
vertical and horizontal pincushioning. 
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corrected by this circuit. 
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Fig. 36 New in the Zenith 408050 all -solid-state chassis is T208, which f as a toroi- 
dal core, two ceramic magnets, two toroidal windings and one conventional wind- 
ing. This combination provides a one-way signal transference. C261 and T202 fil- 
ter the horizontal pulse into a near -sine wave for top/bottom pincushion correction. 
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any one of 14 pre-set VHF or UHF 
channels, or combination of VHF 
and UHF channels. 

The new all -solid-state tuning sys- 
tem, a diagram of which is shown in 
Fig. 43, consists of: 

A channel -selector unit, in 
which all mechanical switching 
is accomplished; 
An all -electronic, FET-equip- 
ped VHF tuner whose frequen- 
cy is changed by 1) changing 
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PIN CUSHION 
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120K 3meg 

470K 

033 
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HORIZ 

Fig. 37 Side pincushion correction in the Zenith 40BC50 chassis is accomplished by 
reducing the +128 volts supplied to the horizontal output stage during the time the 
sweep is at the top and bottom of the picture. 

Fig. 38 The JVC 7438 and 7408 chassis employs a double thermistor plus a fixed 
resistor in a bridge circuit, to more completely shut off degaussing. 

Fig. 39 A different bridge circuit is used in the deguassing circuit of the RCA CTC- 
49 chassis; a resistor and one posistor balance out the .current flow through the 
degaussing coil. 

the reverse bias applied across 
varicap diodes employed in its 
four tuned circuits and 2) trig- 
gering on and off five switch- 
ing diodes which effectively in- 
sert or remove inductances 
from the tuned circuits so that 
the tuner can be tuned across 
both the low and high VHF 
bands with about the same 
amount of varicap control volt- 
age. 
An all -electronic UHF tuner 
equipped with four varicap- 
tuned circuits, one of which is 
a transistor RF amplifier stage 
(itself, a radical departure from 
previous UHF tuner designs). 
A "nerve center" unit which 
is constructed on a Duramod- 
ule plug-in circuit board and 
which, in conjunction with the 
channel selector unit, controls 
the voltages necessary for pro- 
per operation of the system. 

The channel selector unit, which, 
as mentioned previously, performs 
all mechanical switching, is equipped 
with a drum -type, detent channel - 
selector mechanism similar to that 
employed in some conventional 
VHF tuners. However, instead of 
coil strips, the Zenith channel se- 
lector mechanism is equipped with 
14 vernier -type potentiometers, each 
of which corresponds to a desired 
channel. 

When the channel selector is ro- 
tated to one of the 14 available posi- 
tions, the full resistance of the po- 
tentiometer associated with that po- 
sition is placed between a regulated 
+33 volts source and ground. At 
the same time, the slider of the 
potentiometer is connected to a line 
which is common to all varactors in 
either the VHF or UHF tuner. Con- 
sequently, depending upon the posi- 
tion of the slider, a portion of the 
varactor control voltage (+.5 to 
+28 volts) is applied as reverse 
bias across the varactors, changing 
the resonant frequency of the tuned 
circuits in which the varactors are 
used. (Changing the level of reverse 
bias applied across a varactor pro- 
duces a corresponding change in its 
internal capacitance. Consequently, 
when the varactor is used as part of 
a tuned circuit, the resonant fre- 
quency of the circuit will be changed 
when the reverse bias applied to the 
varactor is changed.) 

A bandswitch which effectively 
functions as a five -section, three - 
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position switch, and which is actu- 
ated by the tuning drum mechanism 
after initial setup, performs the cir- 
cuit changes required for switching 
between low -band VHF (2-6), high - 
hand VHF (7-13) and UHF (14-83) 

Fig. 40 "Instant Color Purity" in the 
Packard Bell 98C32 chassis is initiated 
by a manually operated control. Current 
through the degaussing coil decreases 
rapidly as capacitor C509 becomes 
charged. 
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Fig. 43 Varactor-controlled tuning in both VHF and UHF tuners of the new Zenith 
Varactor Tuning system makes possible one -knob tuning of 14 pre-set VHF and 
UHF channels. 

operation, each of which relates to 
one of the three switch positions. 
The five sections of the switch con- 
trol B+, bandswitching, band -indi- 
cator lights, varactor and AFC tun- 
ing, and AGC switching, For ex- 
ample, in the low -band VHF posi- 
tion of the bandswitch: 

Section 1 switches B+ to the 
VHF tuner, 

Section 2 applies a reverse bias 
(negative) voltage to the five 

switch diodes in the VHF 
tuner. These diodes-X1, X2, 
X5, X6, and X10 in Fig. 44- 
effectively switch more induct- 
ance into their respective cir- 
cuits for low -band VHF, op- 
eration and less inductance for 
high -band VHF operation. 

Section 3 applies filament volt- 
age to the low -band indicator 
lamp. 

Section 4 performs no function 

Motorola TT651 UHF tuner. 

when the handswitch is in the 
low -band position. (In the 
high -band and UHF positions 
of the handswitch more resist- 
ance is placed in parallel with 
the output resistor of the AFC 
discriminator, to limit the vari- 
ation of the AFC correction 
voltage and thus maintain the 
same frequency pull -in range 
as provided on the low -band 
position.) 

Section 5 provides appropriate 
AGC voltage to the field-effect 
transistor (FET) employed as 
the RF amplifier in the VHF 
tuner. A conventional (bipolar) 
transistor is used for the same 
function in the UHF tuner. 
Consequently, because the 
techniques for controlling the 
gain of FET and bipolar tran- 
sistors are different, the recei- 
ver must provide two separate 
AGC voltages. Thus the need 
for switching AGC voltages. 

The design of the system also has 
permitted the inclusion of automatic 
frequency control (AFC) without 
the use of additional varactor di- 
odes. AFC correction voltage is de- 
veloped in the conventional manner 
by a discriminator circuit, except 
that the new AFC discriminator em- 
ployed in this chassis provides a 
dual output, which is applied across 
a 6.8K -ohm resistor. When no cor- 
rection is required or when the AFC 
circuit is manually defeated, the dif- 
ferential between the two outputs 
in zero and no voltage is dropped 
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Fig. 44 A simplified schematic of the hi/lo band switching 
used as voltage -controlled switches, to short out unneeced 

across the AFC resistor. When cor- 
rection is needed, the two outputs 
become unbalanced and a level of 
voltage proportionate to the re- 
quired correction is dropped across 
the AFC resistor (maximum correc- 
tion voltage is ± 1 volt). 

AFC action is accomplished by 
routing the channel -selector voltage 
(from the slider of the potentio- 
meters on the tuning drum in the 
channel -selector unit) through the 
AFC resistor. The voltage drop 
across the AFC resistor, which cor- 
responds to the AFC correction 
needed, is added to or subtracted 
from the channel -selection voltage, 
which, in turn, is fed to the channel - 
selection varactors in the tuners. 

Band indicator lights and a tun- 
ing meter are provided to assist the 
technician in the initial setup of the 
tuning system. These tuning aids 
are controlled by the bandswitch 
and the nerve center circuitry. 

Because the range of varactor 
correction voltage is almost the 
same for the low -and -high -band 
VHF functions, additional voltage 
must be applied across the tuning 
meter during high -band operation, 
to swing the meter needle to mid - 
scale (channel 7 position) before 
channel setup of the high -band be- 
gins. This is accomplished by the 
tuning meter circuitry shown in Fig. 
19. 

in the VHF tuner of the Zenith Varactor system. Diodes are 
coils. 

Fig. 45 A meter whose dial is calibrated to show the approximate location of the 
VHF and UHF channels is used during the initial set-up of each desired channel 
in the Zenith Varactor system. 

During UHF and low -band VHF 
operation, transistor Q301 in Fig. 
19 is cut cff and only the varactor 
tuning voltage is applied across the 
tuning meter. When high -band oper- 
ation is selected, transistor 0301 is 
biased on and the resultant addi- 
tional current through the meter 
swings the needle to midscale. The 
needle then is positioned between 
the channel 7 and channel 13 posi- 
tions, depending on the amount of 
varactor correction voltage applied 
to the meter. 

Another unique feature of the 

tuning system involves the input cir- 
cuitry to the tuners. A single an- 
tenna input balun, which can be 
used with either a balanced 300 - 
ohm antenna line or an unbalanced 
75 -ohm coaxial line, feeds both 
VHF and UHF signals to the UHF 
tuner through a 75 -ohm coaxial 
line. A low-pass filter in the UHF 
tuner then separates the VHF sig- 
nal from the UHF and feeds the 
VHF signals to the VHF tuner 
through a 75 -ohm cable. 

A more detailed discussion of 
the operation and troubleshooting of 
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Fig. 46 The Sylvania 0-16 color chassis AGC circuit employs a transistor (0304) as a shunt resistor to vary the 
amplitude of the horizontal pulse, which is then rectified by diode SC302 

Zenith's new "Varactor TV Tuning 
System" will appear in a near - 
future issue of ELECTRONIC 
SERVICING. 

Miscellaneous Circuit Features 

Sylvania AGC 

Most AGC circuits, both tube 
and transistor, have a stage labelled 
"AGC gate" or "AGC keyer" which 
rectifies (with different efficiencies 
for different signal strengths) a hori- 
zontal pulse. The variable DC pro- 
duced by this rectification is used 
as an AGC control voltage, or it 

varies the bias of a transistor whose 
output voltage supplies an AGC 
control voltage. 

The AGC circuit of the Sylvania 
D-16 color chassis, shown in Fig. 
46, is a departure from this tradi- 
tional AGC system. Q304, although 
called the AGC gate, is actually the 
lower branch of a variable voltage 
divider that changes the amplitude 
of the pulse supplied to SC302, 
which performs the actual rectifi- 
cation. Positive DC voltage devel- 
oped by the rectification is filtered 
by C304 and is applied to 0302 as 
forward bias. Because of the po- 
larities involved, an increase in sig- 
nal strength increases the forward 
bias on 0302, which in turn, in- 
creases (for saturation reduction of 
gain) the forward bias of the RF 
and IF amplifier transistors. 
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Fig. 47 DC voltages at each end of the contrast control in the Sylvania E01 chassis 
are nearly the same to prevent normal contrast adjustments from changing the DC 
voltages in the directly coupled video stages. 
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Fig. 48 Any receiver incor- 
porating a fast-warmup pic- 
ture circuit must operate 
the tubes at reduced heater 
voltage during periods when 

the set is turned off. The 

RCA CTC44 chassis obtains 
the 6 volts AC necessary 
for the CRT heater from two 
separate power transform- 
ers. When the receiver is 

turned off by the "Instant - 
Pic" switch, 1107 continues 
to supply 5 volts to the 
heaters of the CRT. 
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The first action of the AGC is 
to lower the gain of the IF tran- 
sistor, because of the voltage chan- 
neled through diode SC200. But 
when the voltage from the emitter 
of Q302 exceeds the positive bias 
on the IF transistor, diode SC200 
is cut off. Further increases of the 
voltage at the emitter of 0302 arc 
applied only to the RF transistor. 
Thus, application of AGC to the 
RF stage is delayed until a certain 
signal strength is exceeded. This 
prevents overload of the mixer stage 
in the tuner, and also establishes a 

good signal-to-noise ratio. 

Sylvania Contrast 

A different approach to contrast 
circuits is used in the Sylvania E01 
color chassis (see Fig. 47). Part of 

the voltage from the collector of 
Q208 appears at the high side of 
R30, the contrast control, while the 
voltage divider consisting of R262 
and R264 supplies a fixed DC volt- 
age to the low end of the contrast 
control. Because both ends of the 
contrast control have approximately 
the same DC voltages, contrast 
changes, resulting from adjustment 
of the contrast control, have no 
effect on the bias of Q210, the fol- 
lowing video amplifier transistor. 

RCA Instant -Pic 

The "Instant -Pic" circuit of the 
RCA CTC44 chassis (Fig. 48) 
utilizes two separate transformers to 
supply the heater voltage of the 
picture tube, the only tube used in 
receivers equipped with this chassis. 

With master switch S103 in the 
ON position, T107 supplies 5 volts 
AC to the heater of the CRT. Al- 
though the 1 -volt winding of T106 
is in series with this heater supply 
path, the primary of 1106 is not 
energized, so the I -volt winding 
functions as a very -low -value 
resistor. 

When the "Instant -Pic" switch is 

in the ON position, T106 is ener- 
gized, the output of the 1 -volt wind- 
ing is added in series with the 5 

volts from T107, and the heater of 
the CRT has 6 volts applied. 

A DC voltage from the voltage 
divider consisting of two 150K -ohm 
resistors is supplied to minimize the 
possibility of heater -to -cathode 
shorts inside the CRT. 
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