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STUDY SCHEDULE

For each study step, read the assigned pages first at your usual speed, then reread slowly one
or more times. Finish with a quick reading to fix the important facts firmly in your mind,
Study each other step in this same way. Be sure to test yourself by answering the Self-Test
Questions at the end of each major section, You'll find the answers at the end of the lesson.

O l.Introduction . . v+t c sttt c st s s s e s accasnecansnnsnsssens.Pages 1-4
Here you are introduced to tuners. The functions of tuners and problems of interference are
discussed.

[0 2.The RF Stage€ ... :ucvcrcsnceensnacacssnsasanesnsass..Pages 5-10

In this section triode and pentode rf stages are discussed. You learn about cascode amplifiers,
transistor rf amplifiers, gain controls, and coupling to the mixer,

[0 3. The Convertor Section .. ......ctvuennescecransass=-s.Pages11-13
Here you study mixers and oscillators.

[0 4.Complete VHF Tumers ........cvceetuseesncecsens-..Pagesl4-21
Several types of tuners are described--turret tuners, step tuners, and continuous tuners.

] 5. UHF TUNEYS « + s o + t s s s s nassssnscsnassnanasessssssages 22-27
A VHF and a UHF tuner from a transistorized portable TV are described.

[] 6. Transistor Tumers « - « - c v v v s o v eesorsnensonsnenennss Pages 28-29
A modern transistorized tuner is described, plus other types you are likely to encounter.

O Z.Servicing TUNerS - - .+t ccvccecncacncaaansnsansss=-. Pages 30-32
This section tells about servicing the different types of tuners and about tuner alignment.

[0 8. Answer Lesson Questions.

[0 9. start Studying the Next Lesson.
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The first group of lessons of this television series
introduced you to the idea of producing a monochrome
picture by means of a television system. You have
been introduced to the basic circuits and have made
a study of the television picture tube. The second
group of lessons pointed out a method of producing
color pictures by television, using a system that is
compatible with the existing black~and-white system.
You have been introduced to the basic color TV cir-
cuits and you have studied color picture tubes. This
lesson begins a detailed study of the circuits of a TV
receiver, First we will cover those sections and stages
of a TV receiver that are found both in black~and-white
and in color receivers and then we will study stages
found only in color receivers. You will be studying a
complete television system-~-a color system. Mono~
chrome TV can be considered as a simplified system
in which no provisions are made to handle color sig-
nals, We will begin our detailed study of TV receivers
with the section called the "input tuner" or simply
the "tuner."

Basically, this section corresponds to the pre-
selector-converter section of the sound receiver. How-
ever, instead of being an integral part of the receiver,
the tuner is usually made on a separate sub~-chassis,
which is aligned, and then the completed unit is
mounted on the main chassis. As a matter of fact, few
television manufacturers build their own tuners--
most of them buy the tuner already assembled from
one ofthe companies specializing in tuner manufacture,

You may wonder why the tuner is built on a sepa-
rate chassis and treated by the receiver manufacturer
asg though it were a separate part of the TV receiver.
Let us consider what the tuner must do and look at
some of the problems that must be overcome, and you
will see why the tuner isindeeda "special™ part of the
television receiver.

Functions.
The tuner, like the preselector-converter ina sound

receiver, must initially select the desired signals,
and, by the heterodyne process, produce from it the
desired i-f signals. You already know that the tele~
vision channel is 6 mc wide. An ideal tuner would
amplify all signals in the television channel equally,
and reject all signals falling outside the channel. Of
course, it is impossible to design a tuner that will do
this; therefore, tuner design is somewhat of a com-
promise between bandpass ‘and gain characteristics.

The preselector must pass the full 6-mc band
occupied by each television channel. A 6-mc bandwidth
can easily be obtained at the frequencies used by the
TV stations, The tuners used in early TV receivers
did not have too much gain and they had rather poor
selectivity, Thus, they were often subject to various
types of interference. However, through the years,
tuner design has improved so that the modern TV tuner
has considerable gain and is usually able to reject
most interference falling outside the TV channel.
The TV Channels.

The present television channels are listed in Fig. 1.
Channels 2 through 6 are the low-band VHF channels,
Channels 7 through 13 are the high-band VHF chan-
nels, Channels 14 through 83 are the UHF channels.
Each of these channels is 6 mc wide and contains one
complete video signal and the accompanying sound
signal.

The VHF channels were assigned first,and originally
there were thirteen of them, Channel No. 1 was 44 to
50 mc; this is now assigned to other services, but
since many receivers had already been manufactured
with the channel selectors marked for Channel 1, it
was simply dropped and the numbers on the other
channels were not changed.

Most of the television receivers manufactured be-
fore 1964 were designed to receive the twelve VHF
channels only, While there were a few all-channel sets
made, most often the UHF channels could be received
only by the use of an external UHF converter. How-
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CH.|FREQ. (MC)| | CH. | FREQ. (MC)|{CH.| FREQ. (MC)
VHF 28 | 554-560 56 | 722-728
- — 29 | 560-566 57 | 728-734
2 | 54-60 30 | 566-572 58 | 734-740
3 | 60-66 31 | 572-578 59 | 740-746
4| 66-72 32 | 578-584 60 | 746-752
5 | 76-82 33 | 584-590 61| 752-758
6 | 82-88 34 | 590-596 62 | 758-764
7 | 174-180 35 | 596-602 63 | 764-770
8 | 180-186 36 | 602-608 64 | 770-776
9 | 186-192 37 | 608-614 65 | 776-782
10 | 192-198 38 | 614-620 66 | 782-788
11 | 198-204 39 | 620-626 67 | 788-794
12 | 204-210 40 | 626-632 68 | 794-800
13 | 210-216 41 | 632-638 69 | 800-806
42 | 638-644 70 | 806-812
UHF 43 | 644~-650 71 | 812-818
- 44 | 650-656 72 | 818-824
14 | 470-476 45 | 656-662 73 | 824-830
15 | 476-482 46 | 662-668 74 | 830-836
16 | 482-488 47 | 668-674 75 | 836-842
17 | 488-494 48 | 674-680 76 | 842-848
18 | 494-500 49 | 680-686 77 | 848-854
19 | 500-506 50 | 686-692 78 | 854-860
20 | 506-512 51 | 692-698 79 | 860-866
21 | 512-518 52 | 698-704 80 | 866-872
22 | 518-524 53 | 704-710 81 | 872-878
23 | 524-530 54 | 710-716 82 | 878-884
24 | 530-536 55 | 716-722 83 | 884-890
25 | 536-542
26 | 542-548
27 | 548-554

Fig. 1. Table of channel numbers and corresponding
frequencies.

ever, manufacturers were forced by law to build all-

channel receivers after a cut-off date in 1964. Sets
made since that time cover both VHF and UHF
channels.

In the early all-channel receivers and in the VHF
receivers with external converters, UHF reception
was obtained by a UHF tuner converting the UHF sig-
nal to a VHF signal. The VHF signal was then con-
verted by the separate VHF tuner to an i-f signal and
then processed by the receiver the same as a signal
from a VHF station. In modern all-channel receivers,
two separate tuners, a UHF tuner and a VHF tuner,
are still used. However, in the UHF position,the VHF
tuner is tuned to the i-f frequency and the oscillator
in the VHF tuner is made inoperative, The UHF signal
is then converted directly to an i-f signal and then
fed to the VHF tuner which simply amplifies it with~
out changing its frequency, We'll go into both these
arrangements in detail in this lesson,

INTERFERENCE PROBLEMS

Interference is far more annoying in the picture of
a television receiver than in the sound of a radio, be-
cause the eye is far more critical than the ear. Con-
sequently, television receivers are designed toelimi-
nate interference as much as possible. Let's see what
can be expected of the input tuner in this respect.
Man-Made Interference.

Interference resulting from the operation of elec~

trical apparatus can best be eliminated at the source.
About all that can be expected of a tuner in eliminating
such noise is that it should be able to reject noise
whose frequency is more than 6 mc on either side of
the channel frequency. Fortunately, interference .inthe
form of noise is not nearly as prevalent in the VHF
range as it is in the frequency range used for the
Standard Broadcast band and it is practically non-
existent in the UHF range.

FM Interference.

Both the low-band VHF channels and the high-band
VHF channels are subject to interference from nearby
stations in the ¥M broadcast band (88 to 108 mc). The
low-band VHF channels, particularly Channels 5and 6,
are so close to the FM broadcast band that a strong
néarby FM station operating near the low end of the
band may be able to get right through the tuner and
cause considerable interference. This type of inter-
ference can often be eliminated or greatly reduced
by means of a trap tuned to the frequency of the
offending station.

The second harmonics of the FM broadcast band
range from 176 to 216 mc and can cause interference
in the high VHF band. Interference of this type, how-
ever, is usually confined to locations close to the FM
transmitter. There is no way this type of interference
can be eliminated at the receiver.
Adjacent-Channel Interference.

Most tuners pass not only the entire 6~-mc channel
to which they are tuned, but also a good portion of the
channels immediately below and immediately above it.
The sound and video carrier frequencies for Chan-
nels 2, 3, and 4 are shown in Fig. 2. If the set is
tuned to Channel 3, the bandwidth may be such that
the Channel 2 sound signal, which is at the high end
of the channel, and the Channel 4 picture signal, which
is at the low end of the channel, may get through the
tuner. This is called adjacent-channel interference.
The interference from Channel 2 will be adjacent-
channel sound interference, and the interference from
Channel 4 will be adjacent-channel picture inter-
ference. Notice that you get sound interference from
the channel below and picture interference from the
channel above. Traps are inserted in the video i-f
amplifier to prevent adjacent-channel sound and/or
adjacent~channel picture interference.Youwill seldom
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Fig. 2. The sound and video carrier frequencies of
channels 2, 3, and 4.
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What’s New In Color TV?

Color Television has been around for over a decade,
During this time it has had its ups and downs. Slow
public acceptance resulted from many factors. Too
few color shows led the list, Customers were reluctant
to pay the higher price for the color set just to watch
a few color shows. Along with the higher initial price
they could expect to pay more for repair service.

At the same time the black and white pictures on
the color receiver were not quite as goodas on a mono-
chrome set. A larger offering of color programs waited
for a bigger color audience. Advertisers were re-
luctant to pay for higher priced color shows, particu-
larly when so few viewers had color sets. This unhappy
deadlock lasted for a long time. But over a period of
years a sizable number of color receivers were put into
the homes of the viewing public.

Lack of consumer interest in color TV made it dif-
ficult for set manufacturers to successfully market a
line of color receivers, After color TV was first
authorized, nearly all of the major TV manufacturers
produced color receivers, All except RCA eventually
dropped their color line, At various times in the mid
50's, several of the manufacturers made bids for the
color market. Each time they failed. They could not
corner enough of the small market to justify a full-
scale production line, From 1959 to 1963 many major
manufacturers entered the color market using sets
licensed by RCA, In most cases these sets used the
RCA chassis, parts, and circuitry. A notable exception
was the successful 21-inch Zenith. Later Motorola
brought out a new chassis design for the rectangular
23-inch CRT.

Since 1963 many receivers have used basic RCA
circuitry with the manufacturer's own variation, Each
manufacturer performs independent development to
give his receiver special sales features. This will
eventually lead to completely new designs.

The volume of color set sales has now reached a
point that assures the continued growth of color. It
is estimated that one set in seven of all the sets sold
in 1964 was color, This adds up to an impressive
total. This important factor has led to increased color
programming by the networks. Most metropolitan
areas now have enough color programs to definitely
justify the consumer purchase of a color receiver.

The growth of color sales in 1964 was sparked by
a mid~-year drop in prices. This was the first notice-
able price cut in five years. It appears the price cut
was Initiated by the manufacturers in the hope of in-
creased volume, It also seems unlikely that there will
be any large price reduction in the near future. How-

ever, with the new rectangular tube and more models
to choose from, a greater price spread is developing
between the bottom=-of-the-line and the top-of-the-
line models.

Customer satisfaction with color sets has been a
factor in promoting sales. People who have hada color
set for 4, 5, or even 7 years report reliable perform-
ance, When asked, they usually report thatthe service
calls have not been any more frequent than for a
black and white receiver. As expected, the individual
repair bill runs higher than on black and white. Color
set owners usually demand better quality pictures than
they would for a black and white receiver. Perhaps
they become more critical of picture quality from
watching color. Then too, some defects, suchas snow,
ghosts, etc., are much more noticeable when viewing
a color program, When answeringa color service call,
the service technician should be prepared to bringthe
set up to top-notch operating condition,

WHERE ARE THE CHANGES?

When you examine the color TV receivers thathave
been produced over the pastseveral years,the changes
have been small, The basic principle of color recep-
tion has not changed at all, Even so, the improvement
in the quality of the color picture is remarkable, The
entire color TV industry is characterized by improved
technology. Improvement in color cameras, studio and
broadcast equipment is producing better off-the-air
color signals. Likewise in the color receivers, while
no major changes are apparent, small improvements
throughout result in a greatly improved picture,

The most noticeable change in new receiver designs
is the introduction of the rectangular 90° deflection
picture tube. This tube enables the designer to pro-
duce a slimmer cabinet, The rectangular screen is
capable of showing the entire transmitted picture.
From experience with the black and white receivers,
the customer seems to prefer the rectangular face
plate. Even so, the bulk of the color receivers pro-
duced in 1965 will probably still have the round 70°
deflection tube which is practically a standard in the
industry. The rectangular picture tubes are limited
to the high price top-of-the~-line models.

The new high efficiency phosphors produced by
Sylvania offer a color picture tube with greatly im-
proved brightness, saturation, and purity., The new
red phosphor, made from the rare-earth element
europium, replaces the red sulphide phosphor. Also



the phosphors are deposited by a new dusting process
instead of the present slurry process. The resultsare
a picture tube with a 43% increase in light output.
These tubes are currently appearing in some sets,
but again, they are limited to the higher priced models,

The above-mentioned new developments add to con-
sumer enjoyment of color TV, but they have little
bearing on servicing the receiver, The subtle changes

in the circuitry are more apt togive the service tech-
nician trouble if he hasn't encountered them before.
Let's examine the circuit changes thatare taking place
in the various sections of the color receivers,In many
cases we will cover circuitry that is not new at all.
This is done when we feel that a sure understanding
of the circuitry is necessary in order to appreciate
the circuit changes.

Tuners

The tuners used in Color TV receivers haveunder-
gone only small changes over the years, All color re-
celvers use high quality tuners with wide bandpass
response curves to assure the reception of the color
signal, Usually you will find a tube-type VHF tuner
and a two or three transistor UHF tuner,In most cases
the circuits of the VHF tuner are switched in the chan-
nel 1 position (UHF) to provide additional i-f gain of
the signal from the UHTF tuner. Most of the changes
that have taken place parallel changes in the tuners
of black and white receivers. For example, the
nuvistor is used as an rf amplifier in some tuners for
both color and monochrome receivers. Some manu~
facturers use the same tuner for color and mono-
chrome receivers.

A new fine tuning circuit appears in the tuner of the
Setchell-Carlson Color Recelver chassis Model U800,
The feature is called MICRO-TUNING and usesa vari-
cap diode for fine tuning. The schematic in Fig. 1
shows a portion of the tuner, including the micro-
tuning circuit. The triode section of the 6CG8A forms
a conventional local oscillator circuit, The variable
capacitance diode, 1N87A, is effectively across the
oscillator tank circuit. The rf oscillations thatappear
at the plate of the oscillator are coupled through C3
to the diode. The rf is rectified by the diode, causing
electrons to flow throughthe diode circuit in the direc-
tion indicated by the arrow, Electrons flow through
the 1K resistor and the active portion of the 10K po-
tentiometer, producing a negative voltage that back-
biases the diode. The amount of negative voltage varies
with the setting of the 10K ohm micro-tuning potenti-
ometer, A change in voltage across the diode changes
the capacitance of the diode which effectively changes
the frequency of the local oscillator. In this way the

micro~-tuning potentiometer provides a smooth, small
increment change to tune the receiver for best black-
and-white or color reception.

This tuner has a mechanical fine tuning ring lo-
cated behind the channel selector. Removing the chan~
nel selector knob'exposes a knurled fine tuning ring.
When the ring is pushed in, it engages the oscillator
slug on the selected channel, With the micro~tuning
potentiometer set in mid-position, the knurled fine
tuning ring is rotated for best picture. The micro-
tuning control is then used for making small tuning
changes around the pre-set position, Each active sta-
tion is set up in the same manner when a receiver
is first installed. These pre-set adjustments normally
will not have to be repeated unless the oscillator tube
is replaced.

1/2 6CGBA
OSCILLATOR

4.7K

AV
UN
g
i

@MICRO

TUNING

FIG. 1. A variable capacitance diode provides Micro-Tuning on the Set-

chell-Carlson U800 chassis.

Luminance Circuits

Almost all color receivers use a three stage i-f
amplifier. While some receivers are featuring new
tube types in the i~f amplifier, the circuit changes
are slight, The biggest differences and changes appear
after the video detector stage.

The video amplifiers in color receivers fall into
main classes: those with two stages of video and those
with three stages of video. The extra stages are not
for gain but depend on how the circuit is matched to
the delay line and the need for correct polarity of the
luminance signal at the cathode of the picture tube.
Let's examine the circuits for each of these classes

and illustrate the new circuit changes.

Fig. 2 shows the two-stage video amplifier used in
the Zenith 25MC30 chassis, While this circuit is not
entirely new, it illustrates the use of a cathode follower
to match the input impedance of the delay line. The
video i-f signal is detected by the picture detector and
filtered by C1-L1l. The 4.5 mctrap removes the inter-
carrier sound signal, At this point a 7pf capacitor
(not shown) couples the signal to the color amplifiers.
The luminance video signalis peaked by L4 and coupled
through C3 to the grid of the cathode follower, the
triode section of the 6KTS8,
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The low impedance of the cathode follower provides
an impedance match for the delay line, which has an
impedance of about 1200 ohms, The delayed video
signal is then coupled through C4 to the grid of the
Y amplifier stage, 12GN7. The inverted amplified
video signal at the plate is coupled through the usual
peaking networks directly to the cathode of the red
gun, Blue and green gain controls, P5 and P6, couple
adjustable amounts of video to the cathodes of the
blue and green guns.

Several features of the circuit in Fig, 2 are worth
noting. The contrast control, P4, in the cathode of the
12GN7 has its slider returned to ground through a
large electrolytic capacitor, C10. Changing the con~
trast setting does not affect the bias of the stage, In
effect, C10 bypasses that part of the cathode resistor
between the slider and ground. The unbypassed signal
appearing on P4 above the slider acts asdegenerative
feedback and reduces the gain of the stage.

The dc level of the detected video signal is main-
tained from the video detector to the cathodes of the
picture tube. Notice that at the junction of L1 and L3,
resistor R1 connects to the junction of R6 and C5 in
the grid circuit of the 12GN7 amplifier. Any change
in the dc level of the detected video signal is coupled
through R1, filtered by C5, and thereby shifts the bias
level of the Y amplifier. The brightness control is
also in the grid circuit of the video amplifier. Its
action is to set the bias level of V2 which in turn
raises or lowers the dc level of the picture tube cath-
odes and sets the tube brightness level,

The Peak Pix control, P1, located in the cathode
circuit of V1A, affects the sharpness or crispness of
the luminance signal. This is a customer control that
is set for personal viewing preference. Itisuseful for
changing the texture of "snow" in fringe areas or for
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FIG. 2. Simplified schematic of 2-stage luminance

amplifier in Zenith 25MC30 chassis.

sharpening the signal in viewing inferior program
materials such as old movies, The control acts by
varying the shunting effect of C2. With the Peak Pix
control fully counterclockwise (pot arm ground), C2
shunts the high frequeney components of the video
signal and causes slight smearing, With the control
fully clockwise, the effect of C2 is minimized and
slight ringing or overshoot is apparent in the picture.

Another two-stage video amplifier for handling the
luminous signal is shown in Fig. 3. Variations of this
circuit are used in several Motorola color chassis.
The first video amplifier, 6AW8, does double duty.
An amplified signal in the plate circuit provides video
for the age, sync, and color stages of the receiver,
A video signal in the cathode circuit provides the video
input to the delay line. At first glance, V1 may look
like a cathode follower. Actually it is an amplifier
with part of the load in the plate circuit (R1) and part
of the load (R4) in the cathode circuit,

Notice that the video signal from the detector is
applied to the tube between the control grid and the
junction of R3 and R4. Resistor R3 develops the grid-
to-cathode bias and it is bypassed by C2. Since R4
is not in the grid to cathode circuit, the video signal
developed across it is not degenerative and some gain
is realized. Capacitor C3 couples the signal changes
from the top of R4 to the screen grid. This prevents
degeneration that would result if the voltage between
the screen grid and cathode changed with signal swing.
(Degeneration would occur ifthe screenwere bypassed
to ground,) R5 provides a small amount of degeneration
to stabilize the stage.

The brightness circuit in Fig. 3 is arranged to
maintain direct coupling of the video signaltothe grid
of the second video amplifier, V2, The brightness po-
tentiometer is in a voltage divider network between
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FIG. 3. Two-stage video amplifier used in Motorola color TV.

+275 volts and -70 volts. The arm of the brightness
pot picks off the bias voltage for V2to set the average
brightness of the picture tube. Variations in the level
of the video signal add to or subtract from the bias
established by the brightness setting. In this waydirect
coupling is maintained from the video detector all the
way to the cathodes of the picture tube.

The peaking control in Fig,3 isa pot across peaking
coil L2, The control shunts the coil and changes its
effectiveness as a peaking coil. The slider of the con-
trast control in the cathode of V2is connected through
large electrolytic capacitors to ground. This prevents

+405

FIG. 4. Video amplifier in Magnavox series 45 color TV chassis.

changes in the contrast setting from upsetting the bias
on this stage.

A new three-stage video section appears in the
Magnavox series 45 color chassis. The principal parts
of the circuit are shown in Fig. 4. The video signal is
dc coupled through a 4.5 mc trap to the grid of the
6GH8A sync amplifier, V1A, Amplified signals are
taken from the plate to drive the sync, age, and color
circuits. An unbypassed cathode resistor, R5, is com-
mon to both the pentode section and thetriode section
of the 6GH8A, In this way, the triode section is driven
by a signal (not inverted) on the cathode.

V1B operates as a grounded grid amplifier with a
low impedance plate load to provide an impedance
match for the delay line. The signal at the output of
the delay line is the same polarity asthe signal at the
output of the video detector., This delayed signal is
coupled through C7 to the grid of the 122GN7 video am-
plifier stage, V2. The signal at the plate of V2 is
coupled through suitable drive networks to the cathodes
of the picture tube,

Direct coupling is maintained from the videodetec-
tor to the grid of the output tube, The dc path is through
R1, L1, a portion of the brightness control, and R15
to the grid of V2. The settingof the brightness control
establishes the bias voltage on the grid of V1, Changes
in the video level at the detector affect the bias of V2
and therefore the brightness at the picture tube.

A video peaking control is located in the cathode
circuit of V1. Inductor L3 and capacitor C3 actas a



video peaking circuit for the signal appearing on the
cathodes of V1., The peaking control parallels this
network and controls the Q of the circuit, With
.the control fully counterclockwise the circuit is shorted
and provides no peaking, As the control is rotated
clockwise (increased resistance across the circuit)
more peaking is provided to sharpen up the picture.

The three-stage video amplifier shown in Fig. 5 is
used in the RCA CTC16 color TV chassis, While very
similar to that used in last year's CTC15, it features
a 6FLS in place of the 6AW8, This triode-pentode has
the same pin connections as the 6AWS8 but the tubes
are not interchangeable, The new tube has improved
construction for more efficient operation as apositive
grid amplifier, The video signal from the picture de-
tector is direct-coupled to the control grid of V1A.
This stage supplies an amplified video signal for the
color, sync, and agc circuits, The luminance video
signal is coupled through C3 to the grid of V1B. Di-
rect coupling is maintained from the plate of V1A to
the grid of V1B through R6, This biases the grid of
the triode section of the 6FL8 in the positive region,
but the tube is designed to take it,

The plate circuit of V1B provides an impedance
match to the delay line, The outputfrom the delay line
is coupled through C4 and the peaking network to the
grid of the video output stage, V2. Notice the direct

coupling between V1B and V2 through the brightness
control, As explained for similar circuits, the setting
of the brightness control sets the grid bias for V2,
which iIn turn controls the plate voltage and the dc
voltage at the cathodes of the CRT, Thus changes in
the video level at the picture detector are felt all the
way to the cathodes of the CRT and thereby maintain
the correct brightness level of the picture.
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FIG. 5. Three-stage video amplifier used in the RCA CTC16 color chassis.

Chroma Bandpass Amplifiers

Few notable changes appear in the chroma bandpass
amplifiers (also called color i~-f) as the 1965 color
receivers. The RCA CTC16 chassis uses the familiar
single stage bandpass amplifier almost unchanged from
the CTC15 and the CTC12 versions.

Applied to Grid . . . . ¢ & ¢ s s 2 = 2 s s 2 2 2=

The two stage color i-f circuit shown in Fig. 6 is
representative of those used in the Motorola line of
color receivers, The video signal is applied through
C1 to the grid of V1, the firstcolor i~f amplifier. The
plate circuit is tuned to select a band of frequencies
around the 3.58 mc color carrier frequency. This sig-
nal is transformer coupled through the color intensity
control to the grid of the second color i-f, V2, The
amplified color signal in the plate circuit is trang-
former coupled to the color demodulators. The gain
of the first color i-f stage is controlled by an auto-
matic color control voltage (ACC) applied to the grid
of V1, The ACC voltage originates in the color phase
detector. Its amplitude varies with the amplitude of
the color burst signal, In operation, the ACC voltage
tends to hold the amplitude of the color signals con-
stant when the strength of the received TV signal
varies,

Signal Taken from Plate . . . . .

The color burst signal is taken from the plate of the

first color i~f amplifier while the color killer voltage
affects only the second color i-f amplifier. The color
killer voltage holds the V2 cut-off when no color is

received. The cathode of the second color i-f is re-
turned to the cathode of the blanker tube. Thus V2 is
cut off during horizontal retrace to prevent the color
burst from getting on the grids of the demodulator
stages and upsetting their operation,

COLOR DEMODULATORS

This year's color sync and color demodulator cir-
cuits follow the proven types. Until this yearall color
sets used either of two types of demodulators, By far
the most numerous are the "X" and "Y"demodulators
with R-Y, G=Y, and B-Y amplifiers following the de-
modulators. This is the type used by RCA, and with
variations by most other American manufacturers.
The other type is the Zenith beam~switching demodu~
lator that delivers a high level color signal directly
to the grids of the picture tube. Now a new type de-
modulator appears in the Sears' 16-inch color re-
ceiver imported from Japan, The circuit is shown in
Fig, 7. Although the circuit appears to use high level
demodulators, the 16-inch picture tube does not re-
quire large color signals. The demodulators drive
the 16-inch color tube with only about one~thirdof the
color signal required for the American 21-inch color
tubes.

The circuit is designed around a new tube type, the
6R-P22, One tube is used to demodulate on each of the
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FIG. 6. Two-stage color i-f used in the Motorola color receiver.

three color axes, B-Y, R-Y, and G-Y.Allthree stages
have a common cathode resistor, well bypassed. Like-
wise, the three control grids receive the same color
. signal from the bandpass amplifier. The amplitude of
the color signal on each control grid is proportioned
by resistors in the grid circuits. The transformer
supplies a 3.58 mc reference signal through the phase~
shift network to the suppressor grid of the three de-
modulator tubes. Each demodulator tube gets a 3.58
mc signal of the correct phase to demodulate in that
axis.

The 6R-T22 demodulator tube appears to be a spe-
cial design so that the suppressor acts as a switching
grid, causing the tube currentto go either to the screen
or to the plate. Thus the color signal on the control
grid is "sampled"” at the 3,58 mcrateat a time (phase)
corresponding to the demodulating axis, Adjustable
slugs in the transformer and phase shift coils allow
the reference signal phase to be adjusted for each de-
modulator,

Regulated High Voltage
and Horizontal Sweep

The horizontal section of the RCA CTC16 color
chassis is shown in Fig. 8, While similar to that used
in the CTC16 chassis, there are some changes. The

6JE6 is again used as the horizontal output tube. The
suppressor grid is returned to a low positive voltage
as an aid in suppressing snivets. This is particularly
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FIG. 7. Demodulator section of Sears 16-inch imported color TV.
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FIG. 8. Horizontal section of RCA CTC16 color chassis.

important when receiving UHF stations.

The high voltage rectifier circuit is the same but
there are some small changes in the damper circuit.
The capacitors across the horizontal efficiency coil
have been changed to provide better horizontal line-
arity and increased efficiency of the output stage. The
adjustments for the efficiency coil remainthe sameas
for the CTC15 chassis. It is predicted that the circuit
will give longer life for the horizontal output tube.

The most noticeable change from last year is the
return of the 1V2 focus rectifier instead of the special
diode. A change inthe focus transformer circuit allows
adjustment from 4 to 5.3 KV. This larger range is
accompanied by more positive response during ad-
justment,

A new higher dissipation regulator tube, 6BK4A, is
included in the CTC16 chassis. The circuit around the
regulator stage remains the same and protection
against high voltage run-away is still provided. In
case the 6BK4A does fail, the high voltage would tend
to rise toward 30 KV. To prevent this, a connection
is provided through R4 between the control gridof the
horizontal output stage andthe grid of the blanker tube.
As the high voltage tries to rise, the horizontal output
transformer produces larger horizontal pulses that
are applied to the blanker grid, This causes the blanker
grid to produce a larger negative voltage that is fed
through R4 to the grid of the output tube, V2, This
large negative voltage limits the amplitude of the
horizontal sweep and therefore the amplitude of the
high voltage.

An interesting circuit for protection against loss of
horizontal drive is included in the Setchell-Carlson
U800 Color chassis. Details of the circuit are shown
in Fig. 9. Screen grid voltage for the output stage is
supplied by a diode that rectifies 250-volt positive

horizontal pulses from a winding on the flyback trans-
former. If horizontal drive is lost, the 250~volt pulses
also disappear, effectively removing the screen volt-
age from the horizontal output tube. This drops the
tube current to a safe value, thereby protecting the
tube and output transformer,

The introduction of a rectangular picture with 90
degree beam deflection puts exacting requirements on
the sweep circuit, The RCA CTC17 color chassis was
designed specifically for driving the 25-inch 90° rec-
tangular color picture tube.In most respects this chas-
sis is the same as the CTC16. Centering controls are
no longer needed because the guns are so accurately
positioned in the new tube., The larger screen and
larger deflection angles makes pincushioning a prob-
lem. In color receivers pincushioning magnets, such
as used in black and white receivers, are not practical
because each color raster would be affected differently
and cause misconvergence., In the CTC17 chassis pin-
cushioning is overcome by modifying the deflecting
currents that flow in the yoke, The vertical windings
are furnished a correction current from the horizontal
circuit to correct for top and bottom pincushioning.
The bhorizontal windings are furnished a correction"
current from the vertical circuit to correct for side
pincushioning, No adjustments are required for the
side pincushioning corrections. The "top/bottom pin"
amplitude control and "top/bottom pin" phase control
are provided for top and bottom pincushioning correc-
tion, These are easily adjusted. Simply rotate the
amplitude control to maximum, Adjust the phase con-
trol for maximum effect at the top and bottom centers
of the raster. Now back off on the amplitude control
until a straight raster is produced at the top and bottom
of the picture.

The set-up and convergence adjustments with the
CTC17 chassis remain hasically the same as withpre-
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FIG. 9. Protection circuits in the Setchell-Carlson U800 chassis.



vious color sets. These adjustments should not be
made until the receiver has thoroughly warmed up
for about 25 minutes, Also, center convergence should
. be obtained prior to adjusting for purity, A new blue
lateral magnet assembly appears on the CTC17 chas-
sis. An additional adjustment is provided for "wide
blue" correction. Detailed adjustment procedures

given in the manufacturer's pamphlet should be con-
sulted before making the adjustments.,

The sweep driving power for the 25" 90° rectangular
tube, 25AP22, is approximately the same as needed
for 70° color picture tubes. This is true because of
the small diameter neck of the tube. The small neck
permits the use of a high sensitivity deflection yoke.

Low Voltage Power Supply Circuits

The B+ power supplies in all late model color re-
ceivers use power transformers, silicon diodes, and
full-wave doubler circuits, The RCA CTC16 chassis
uses four silicon diodes in a full wave bridge circuit.
Fig. 10 shows the full wave bridge circuit and the
automatic degaussing circuit (ADG) used in the RCA
CTC16 chassis. The ADG coils are located around
the metal flange of the picture tube. The circuit op-
erates to degauss the metal parts each time the set
is turned on,

Operation of the circuit is controlled by two re-
sistance elements---the temperature sensitive ther-
mistor R1, and the voltage dependent resistor (VDR),
R2, The cold resistance of the thermistor R1 is 120
ohms. When the set is first turned on, most of the ac
in the secondary of the power transformer flows
through the low resistance windings of the ADG coil
and through the low resistance of the VDR, R2. This
current supplies a large alternating magnetic field
around the degaussing coil. As R1 heats up, its re-
sistance drops so more current flows through R1 and
less flows through the degaussing coil and R2, With
less voltage applied to R2, its resistance increases,
The combined action of Rl decreasing and R2 in-
creasing causes a smooth, gradual decrease in cur-
rent through the degaussing coils,

When the action is complete, the current through
the degaussing colls is, for all practical purposes,
zero., The degaussing operation is completed before
the raster appears on the screen. The ADG circuit is

not provided in every model using the CTC16 chassis,
It is always used on models having wooden cabinets,

Other manufacturers are featuring similar de-
gaussing circuits. In the Admiral color TV the feature
is called AMF-Automatic magnetic-free circuitry.
The Packard-Bell degaussing circuit is notautomatic.
The circuit is energized by pushing a spring-loaded
switch and the circuit then completes the degaussing

action,
CONCLUSION

For the TV technician'who has shied away from
color servicing, I'd like to offer some encouragement,
Right now is still an excellent time to get in on the
ground floor of color. The industry expects to sell
two million color receivers in 1965, This upsurge in
color sales will generate increased color service work
three to five years hence, The effort you put into learn-
ing color now will be repaid by the increased demand
for color service. Color servicing is easier to master
now than it will be several years from now, The rea-
son is that except for Zenith most sets sold now are an
exact copy or a variation of a recent RCA chassis.
The technician who knows the RCA chassis CT7,CT9,
CT15, and/or CTC16 is in a position to service most
color sets on the market. This will not be true a few
years from now. From now on most manufacturers
will be redesigning their own chassis and marked dif-
ferences will beginto appear from setto set. By getting
started in color servicing now you can easily learn
the new sets as they develop.
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encounter this type of interference in large metro-
politan areas having their own TV stations, but you
will often find it in rural areas between two large
cities,

1-F Interference.

If a TV receiver is near a strong station using a
carrier frequency in the i-f region, it is quite possible
for the signal to get throughthe tuner and cause inter=
ference. The signal may also be picked up directly
by unshielded leads in the i~f amplifier. Interference
of this type that is getting in through the tuner can be
eliminated by installing a high-pass filter in the an~-
tenna input lead. We will describe traps in more de~
tail later. If the interfering signal is being picked
up directly by the i-f amplifier, the onlyway to elimi~
nate this problem is to shield the entire amplifier.

SUMMARY

Interference was a serious problem in early tele~-
vision receivers that first appeared on the market
about 1947, However, a  great deal of progress has
been made in tuner design. Shielding has been im-
proved considerably, selectivity has been improved,
and new circuits have been developed.

Practically all of the early television receivers
used a picture i-f frequency in the neighborhood of
25.75 mc, and a sound i~f of 21.25 mec, In later de-
signs, the i-f frequencies have been changed to 45.75
mc for the video, and 41.25 mc for the sound. This
change alone has helped to eliminate interference.

Improvements in tuner design have greatly simpli~-
fied the service technician's job, However, since there

are still many receivers in use having the early
tuner designs, you should be familiar with their prob~
lems. In spite of the improvements made in tuners,
they still require servicing--tubes and transistors
burn out, parts break down, etc.

We will now begin to study in detail some of the
tuner circuits. The better you understand how these
circuits operate, the easier it will be to service them
quickly and professionally. '

VHF AND UHF TUNERS

As we have already mentioned, because the position~
ing of the parts and the shielding is so critical, the
tuner is manufactured as a complete unit on its own
sub-chassis; then, when it is completed and aligned,
this sub-chassis is mounted on the main television
receiver chassis, This greatly simplifies the problems
of layout and shielding. Now let us take a brief look
at the block diagram of a VHF tuner, and after we
have studied it, we will look at a UHF tuner.

VHF Tuners. )

A block diagram of a VHF tuner is shown in Fig. 3,
Notice that the tuner consists of an rf stage, a mixer,
and an oscillator.

The rf stage may use either a pentode or a triode
tube. Early tuners frequently used triode tubes in a
push-pull circuit, Later, improved tuners appeared,
using pentode rf stages, and still later, tuner designs
used a dual triode tube in a cascode circuit. Now the
latest VHF tuner designs that use tubes use single
triode rf amplifiers. We will study all these circuits
in this lesson. We will also stidy transistorized VHF
tuners.

Separate tubes may be used in the mixer and oscil-
lator stages, but the trend in modern tuner design is
to use a single dual tube, one section of the tube being
used as the mixer, and the other as the oscillator.
In transistor tuners, you will usually find separate
transistors in the oscillator and mixer stages.

UHF Tuners.

It is not too difficult to design rf amplifiers that
will work on the highest VHF channels, but problems
are so great on the UHF channels that rf amplifiers
are not usually used. ,

The block diagram of a UHF tuner is shown in Fig.
4, The actual UHF tuner consists of the UHF mixer
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Fig. 4. Block diagram of a modern UHF tuner.
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Fig. 5. Block diagram of a UHF tuner that uses double conversion. .

and oscillator. The output from the UHF mixer is fed
to the rf amplifier of the VHF tuner. The VHF tuner
has 13 positions, twelve for the twelve VHF channels
and a UHF position, When the VHF tuner is in the UHF
position, the power is applied to the UHF tuner and
removed from the VHF oscillator. At the same time,
the rf stage and the mixer stage of the VHF tuner are
tuned to the i-f frequency and they become the first
two i-f stages. The UHF mixer is a crystal and the
UHF oscillator in most sets a transistor, although
some sets use a specially designed oscillator tube.

Older TV receivers with UHF used a somewhat
different system. A block diagram is shown in Fig. 5.
Notice that in effect we have simply added a converter
consisting of a mixer and an oscillator in front of a
typical VHF tuner. This procedure was used by most
manufacturers before 1964, The UHF mixer is usually
a crystal mixer, and the oscillator a specially de-
signed UHF tube. The rf amplifier of the VHF tuner
then acts like a first i-f stage and the VHF mixer
becomes a second mixer.

The UHF mixer input circuit is extremely broad and
usually will pass signals from several channels. Thus
even though UHF tuners must be able to tune from

470 mc to 890 mc to cover all the UHF channels,
mixer-oscillator tracking is not a serious problem.
Also, in spite of the fact that the UHF mixer tuning is
extremely broad, there is not generally too much
interference encountered because of the selectivity
of succeeding stages.

Now that you know what stages are likelyto be found
in a tuner and have seen that even when you are tuned
to a UHF channel, the VHF tuner is operating, let's
study VHF tuners first and then UHF tuners. We'll
start studying VHF tuners by studying the first stage,
the rf stage.

SELF-TEST QUESTIONS

(a) What two functions must the tuner perform?

(b) What is meant by the low band VHF channels ?

(c) What channels are likely to be affected by FM
harmonic interference?

(d) What type of adjacent-channel interference might
you encounter from Channel 7 when the receiver
is tuned to Channel 87

(e) In a modern all-channel TV receiver, what pur-
pose do the VHF rf amplifier and mixer serve
when the receiver is tuned to a UHF channel?

B507 - 4



The RF Stage

In order to have as much selectivity as possible,
and at the same time maintain an adequate bandwidth,
the rf stage of a TV receiver must be designed so that
its impedance matches that of the transmission line.
Most input circuits are similar to those shown in
Fig, 6.

Fig., 6A shows a balanced input with two antenna
terminals. The input is balanced because each termi~
nal has the same impedance to ground. The input im~
pedance between the two terminals is 300 ohms. Re-
ceivers with this type of input should be connected to
the antenna with 300-ohm transmission line (commonly
called twin lead).

A variation of this type of circuit is shown in Fig.
6B. Here the signal is inductively coupled tothe grid-
cathode circuit of the rf stage instead of capacitively
coupled as in Fig, 6A, Circuits similar toboth Fig, 6A

and 6B were once widely usedin TV, Most modern sets,
however, use an arrangement similar tothe one shown
in Fig. 6C. An input circuit design to feed an unbalanced
coax line into the tuner input is shown in Fig, 6D.
Some of the early TV sets were designed with an un-
balanced input of this type.

The input circuits shown in Figs. 6A, B and D are
quite simple and should need no detailed explanation.
These are simply designed to match the transmission
line used to bring the signal from the antenna to the
receiver and to couple the signal to the grid-cathode
circuit of the rf amplifier. However, the circuit in
Fig. 6C is somewhat more complex.

The input of the receiver is designed for a 300-ohm
ribbon-type transmission line which is used for TV.
Ty and T9 make up a balun which transforms the
balanced 300-ohm receiver input to an unbalanced

C
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Fig. 6. VHF tuner input circuits.
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75-ohm input, When the receiver uses a single dipole
for reception of strong local stations, the dipole is
connected to the circuit at the output of the balun as
shown in Fig. 6C, The network consisting of .Cy, Cg,
C3, C4, Ly, Ly and Lg form a high-pass filter, This
filter passes signals above 54 mc, but prevents sig-
nals below 54 mc from reaching the grid of the rf
stage, .

The balun and the high~pass filter -are usually
mounted directly on the tuner input terminals, A typi-
cal balun is shown in Fig, 7,

In the circuit shown in Fig. 6C, the resonant fre-
quency is changed by changing the value of L4. For
Channels 2 through 6, different size coils are switched
into the circuit in place of L4.For Channels 7 through
13, coil L4 is shorted out and adifferent coil for each
channel connected from one side of L4 to ground.
We'll see more of this when we study complete tuners.

Gain in the rf stage improves the signal~to-noise
ratio and every bit of gain ahead of the converter is
important when weak signals are being received. Since
considerable noise is generated inthe converter stage,
any rf gain that increases the signal strength before
the signal reaches the converter will help the signal
override the normal converter noise., However, even
at best, the amount of gain obtainable in the rf stage
is relatively small, The television set, like a broad-
cast receiver, must depend on the i-f amplifier for
most of its gain.

Fig. 7. A typical balun for VHF tuner input.
TRIODE RF STAGES

You already know that one of the undesirable char-
acteristics of a vacuum tube is that it generates a
certain amount of noise. Triodes are far less noisy
than pentodes, and they were used in the rf stages of
many of the early TV tuners. However, the triode
tube, because of the grid-to-plate feedback, either
requires neutralization or must be used in a grounded-
grid circuit,

Neutralization.

Two neutralized triode amplifiers are shown in Fig.
8. In Fig. 8A, the rf energy at the lower end of Lj is
180° out-of-phase with the energy at the plate of the
tube. C4 does not bypass all the signal, so there is a
small rf signal fed through Cy back to the grid of the
tube. This energy will be 180° out-of-phase with the
signal reaching the grid through the plate~to~grid ca~
pacity of the tube so the two will cancel,

In the circuit shown in Fig. 8B, energy is fed from

Fig. 8. Two neutralized triode circuits.

the plate of the tube through Cj to the junction of the
lower end of Lj and Cg. C; and Cj form a voltage
divider and determine the amount of energy fed into
the circuit at this point, The energy is reversed in
phase in Lj and thus reaches the grid of the tube
180° out-of-phase with the energy reaching the grid
through the plate-to-grid capacity of the tube. If the
ratio of C; to Cy is correct, the signal reaching the
grid through C; and Lj will exactly equal the signal
reaching the grid through the tube interelectrode ca-
pacities and the two will cancel.

Neutralization will work over the very wide number
of channels only if the different tuning coilsare care-
fully designed to provide the proper feedback ratio.
To avoid such problems, some tuner manufacturers
have used a grounded-grid amplifier instead of cir-
cuits requiring neutralization,

Grounded-Grid Circuit.

In the rf stages with which you are most familiar,
the cathode is grounded and the signal source is
placed between grid and ground as shown in Fig. 9A,

SIGNAL
SOURCE

|
®

SIGNAL
SOURCE

-

Fig. 9. This illustration shows the basic difference be-
tween the common grounded-cathode amplifier (A) and
the grounded-grid amplifier (B).

B507 - 6



L3

Lae
TO
MIXER

AGC

Fig. 10. A pentode rf stage.

In the grounded-grid circuit shown in Fig. 9B, the
signal is placed between the cathode and ground, and
the grid is connected directly to ground.Insofar as the
grid action is concerned, either position of the signal
source will produce the same result, because itis the
voltage between the cathode and the grid that matters.
However, withthe gridat ground potential, it effectively
acts as a shield between the signal source and the
plate. As a result, the grid-plate capacity no longer
provides a feedback path, so neutralization is gen-
erally unnecessary. However, the grounded-grid cir-
cuit gives less gain than a conventional neutralized
triode stage does, because the signal source is in the
plate circuit and hence effectively feeds intoa low re-
sistance. The signal source is therefore heavily loaded,
and if it is a tuned circuit, its Q and gain will be low.

PENTODE RF STAGES

A typical pentode rf stage is shown in Fig. 10. As
we have already pointed out, a pentode is noisier than
a triode; however, pentode rf stages have the advantage
of increased gain over the early triode rf stages, and

1121 A

4
v, l_:3
o—9 : f-—-- =7 —

still have a reasonable noise level,.Another advantage
of a pentode rf amplifier is that it does not require
neutralization, However, modern TV tuners once again
are using triode rf stages. New triode tubes such as
the frame grid tubes and the nuvistor, which has been
specially designed to provide very high gain inrf am-
plifier service, make it possible to get reasonably
high gain in the rf stage and atthe same time have the
advantage of the lower noise level that canbe realized
with a triode stage.

The pentode rf amplifier shown in Fig. 10 is not
very different from an rf stage that might be-found in
a broadcast receiver. However, tubes used in an rf
stage of this type are usually designed for operation
in the VHF region, Low plate and screen voltages are
used to keep tube noise at a reasonable level.

An rf stage of this type is kept as compact as pos-
sible, The stage is carefully shielded. Notice the de-
coupling resistor, R3, used in the plate circuit lead
and also the bypass capacitors C4 and Cg in the plate
and screen circuits,

THE CASCODE AMPLIFIER

A basic cascode amplifier is shown in Fig,.11. Since
this may be the first time you have seen a circuit of
this type, an explanation of how it operates should be
helpful to you.

The input signal across coil Lj is applied to tube
V1, which is connected in a standard grounded-cathode
circuit. The output signal from this tube is developed
across coil Lg, which feeds into Vg through capacitors
Cg and Cq. Vjy is a grounded-grid amplifier,

You might expect that V; would oscillate, since the
circuit is a conventional grounded-cathode amplifier,
However, before a tube will oscillate, there must be
sufficient load-impedance in the plate circuit to de-
velop a reasonably strong feedback signal. The tube
V3 is in effect in the plate circuit of V1 and presents
a very low impedance to V;. The result is that the
impedance in the plate circuit of Vj is so low there
is not sufficient energy developed to produce
oscillation,

The coil L4 feeds energy inthe proper phase to alter
the apparent input resistance of V] so that the noise
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Fig. 11. A basic cascode amplifier, with ac coupling.
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input will be reduced. The low noise level is the chief
advantage of the cascode circuit.

In the circuit shown in Fig. 11, ac coupling is used
between V1-and Vg; the dc circuits of the two stages
are isolated from each other. A practical cascode
amplifier very often uses dc coupling as shown in
Fig. 12. The operation of this circuit is similar to
the operation of the circuit in Fig. 11. Again, V1 is a
conventional grounded-cathode amplifier and Vj is a
grounded-grid amplifier. V1 does not oscillate, be-
cause of the low impedance in the plate circuit. The
grid of Vg, although not connected directly to ground,
is grounded through C4. C4 acts as a short circuit at
signal frequencies; therefore, insofar as the signal is
concerned, the grid of Vg is effectively grounded and
acts as a shield between the cathode and the plate of
the tube.

The cascode amplifier was very popular a number
of years ago. It replaced the pentode rf amplifier be-
cause it has a better noisefigure and at the same time
provided as much or more gain than a single pentode
tube. However, the cascode amplifier itself was dis-
placed by the single neutralized triode stage using
very high gain tubes designed for rf amplifier service.

A TRANSISTOR RF AMPLIFIER

Atypical transistor rf amplifier is showninFig. 13.
c

Fig. 13. A transistor rf stage.

c

The transistor used in this circuit is an NPN silicon
transistor.

Notice that there are two antenna input terminals,
One is for a 300-ohm twin lead and the other for a
75-ohm coaxial cable. With a tapped coil such as Lg
in the input, the impedance of the coil from the center
tap to either outside terminal is 75 ohms. The im-~
pedance between the two outside terminals will be
four times this value, or 300 ohms. Thus the 300-
ohm input can be used with twin lead in most resi-
dential installations. In commercial installations, such
as motels and hotels, or in residential installations
where there is excessive noise pickup on a 300-ohm
twin lead, a coaxial cable can be used and connected
to the 75-ohm input.

The coils L3, L4, and Lg plus capacitors Ci, Cs,
and C3 form what is called a T trap, The name is
because the configuration resembles the letter T. L3
is adjustable; the trap is designed to prevent inter-
ference from any nearby strong FM stations. Tran-
sistor rf stages are particularly subject to overload
and cross-modulation by strong local stations. The
combinations of L3 and Cq, and L4 and Cy form par-
allel-resonant traps, while C3 and L form a series-
resonant trap. I-F interference is prevented from
reaching the base of Qp by the i-f trap (Cg, Lg, and
C7), which has a low impedance at the video i-f
frequencies.

VHF
(J
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Fig. 14. Four forms of resonant coupling used between
the rf and mixer stages.

The input circuit of Q1 is tuned to the various TV
channels by Ly, Lg, and Lg., At Channel 13 the induct-
ance of these colls is at a minimum. Additional induct-
ance is added in the circuit as the tuner is tuned to
the lower channels. The output is also tunedto the TV
channel by varying the inductance of Lypj. By tuning
both the input and the output circuits of the tran-
sistor, adjacent channel interference is kept at a
minimum, The combination of Ljj and.Cqg provides
neutralization to prevent the rf stage from oscil-
lating.

In the UHF position, the base of the transistor is
switched to Cg and to the UHF input. The inductance
in the input and output circuits of Q; tune these cir-
cuits to resonance at the i-f frequency, so that in
the UHF position the VHF rf amplifier actually op-
erates as the first i~f amplifier.

Forward bias for the emitter~base junction of the
transistor is applied to the base through Ry from the

agc line, Although the diagram does not show the age
circuit, we have what is called a delayed agc in this
circuit, With delayed agc, the rf amplifier operates
at maximum gain, except on very strong signals when
the gain of the stage is reduced. The combination of
R, and Rg fixes the emitter voltage. Any increase in
emitter current due to thermal runaway will increase
the emitter voltage on the transistor, and thereby
reduce the forward bias and protect the transistor.

GAIN CONTROL

The gain of the rf stage is usually controlled by
applying agc voltage to the grid of the rf tube, or the
base of the rf transistor. This will normally provide
satisfactory control of the gainofthe rfstage except in
very strong signal locations where the receiver is
close to a strong TV station. Incases of this type, re-
sistance voltage dividers, called attenuators, are in-
serted in the transmission line to decrease the signal
from the powerful station toalevel that can be handled
by the receiver.

Some of the older TV receivers did not use agc. In
these receivers the gain of the rf stage was controlled
by a contrast control that varied the bias on the rf
and i-f stages. Practically all modern sets have age
voltage applied to the rf stage.

COUPLING TO MIXER

Several methods of coupling the rf stage to the
mixer. are shown in Fig. 14. The tubes shown are
triodes, but the same arrangements could be used
with pentodes equally well.

Fig. 14A shows the basic tuned-plate coupling. The
tuning is needed to provide selectivity. However, the
resistor Ry loads the tuned circuit to broaden its re-
sponse, The resonant circuit is therefore used to
provide selectivity, and a low value of grid resistance
is used in the following stage to broaden the response
of the resonant circuit so it will not be too selective.
Although we want selectivity, we must also keep in
mind that the TV channel is 6 mc wide and the cou~
pling network must be capable of handling the entire
channel,

Another coupling arrangement is shown in Fig. 14B,
In this circuit, the grid resistor may be made large
80 that the detector can be operated as a grid-leak
detector. The resonant circuit is loaded by Rj, which
will be a comparatively low resistance, to obtain the
required bandwidth,

A third coupling arrangement is shown in Fig. 14C,
In this circuit, inductive coupling is used between the
coil in the plate circuit of the rf stage and the coil
in the grid circuit of the mixer. The coils are over-
coupled to produce a double-peak response. In addi-
tion, Ry is usually a low enough value to load both reso~-
nant circuits. The required 6-mc bandwidth can easily
be obtained in this way at the frequencies encountered
in the tuner.

Another coupling circuit is shown in Fig. 14D. In
this circuit, the output of the rf stage and the input
of the mixer are both tuned. Coupling between the two

B507 - 9



circuits is through the capacitor Cg. Capacitor C;,
which tunes the coil in the output of the rf stage Qq, is
actually the output capacity of the transistor. This is
why we have shown it in dotted lines on the diagram.
Similarly, Cg, which forms part of the resonant cir-
cuit in the input of the mixer stage,is shown in dotted
lines because it is the input capacity of the mixer
transistor, Qg. The input resonant circuit consists of
C4, C5, Cg, and Lg.

We have already mentioned that the response of the
tuner need not be flat over the entire 6~-mc channel,
Sometimes the response is deliberately peaked some-~
what in order to make up for deficiencies in the i-f
amplifier,

Fig. 15A shows the desired overall rf/i-f response
curve, the result of a tuner designed with a somewhat
peaked response at the frequency where the video i~f
response dips. Fig. 15B shows the response curves of
the i~-f amplifier and tuner. Note the two peaks and a
valley.

Very often you'll see a coil, having no capacitor in
parallel with it, in the plate circuit or the collector
circuit of an rf stage. Fig. 14D is an example of this,
as is the circuit shown in 16A. These circuits are
both parallel-resonant circuits.

Capacitor Cj is a trimmer capacitor,andsince it is
connected in series with Lj, and the two are connected
between the plate of the tube and ground, you might
think that L; and C; form a series-resonant circuit.
You know that a series~resonant circuit offers a very
low impedance at resonance and therefore would not
provide an effective load for V;. However, at the
high frequencies handled in the tuner, the plate~to-
cathode capacity of Vi and the capacity to ground of
the wiring in the plate circuit actually form a com-
paratively large capacitor, If the circuit of Fig. 16A
is redrawn as shown in Fig, 16B, you will see that
the shunt capacity represented by Cg is actually in
series with Cq, and the combination of the two con-
densers will in effect be in parallel with Lj. The
circuit made up of Lj and the twocapacities is there~
fore a parallel-resonant circuit and offers a high im-
pedance at the resonant frequency.

You might think the shunt capacities in the circuit
are extremely small, but at the high frequencies used

DESIRED
I - \
Fig. 15. T.he desired overall response of the rf and video

i-f sections (A) secured by matching the responses (B).

Fig. 16. A typical coupling arrangement used between
the rf and mixer stages.

for television, their effect is so large thata low value
of inductance must be used in the circuit on the high
VHF channels. As a result, the circuit gain is low.
This is one reason why Cq is connected as it is; when
capacitors are connected in series, the total capacity
will be less than the capacity of the smaller of the
two. Therefore with C;j in series with C3, the effec~
tive capacity across Lj is reduced, and therefore a
larger inductance can be used.

SELF-TEST QUESTIONS

(f) What is the balun shown in the input circuit of
Fig. 6C used for?

(g) What is the purpose of the high-pass filter found
in the input circuit of most modern tuners?

(h) What is the chief advantage of using a triode rf
amplifier over a pentode rf amplifier?

(i) What is the main disadvantage of the triode rf
amplifier ?

(§) Why doesn't the first stage of a cascode ampli-
fier oscillate ?

(k) What is the chief advantage of the cascode cir~
cuit ?

(1) Are cascode amplifiers used in the rf stage of
late model TV receivers?

(m) Why is the coupling circuit between the rf stage
and the mixer often loaded by a resistor?

(n) What kind of resonant circuit is used inthe col-
lector circuit of the rf amplifier shown in Fig.
14D?
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The Converter Section

The converter section of a television receiver, like
that of a radio, consists of a mixer~detector and an
oscillator. In a radio, a single i~f signal is produced
by beating the incoming signal with a signal from a
local oscillator. In a television receiver, two i-f sig-
nals are produced, the sound i-f and the video i-f.

Although pentagrid converters are commonly used in
radio receivers to perform the functions of both the
mixer~detector and the local oscillator, television re~
ceivers that use tubes generally use two separate tubes,
but they are usually in one envelope. The pentagrid
converter is not suitable for use in TV tuners. Tran-
sistor TV receivers usually use two separate tran-
sistors, one for the mixer stage and the other for the
oscillator.

Vi -
| I-F
2 6J6 |, Ls OUTPUT
L l
C Ca
L2 C2 om

B+

Fig. 17. A triode mixer circuit.

You already know that considerable noise is gen-
erated in a mixer stage. The noise level is high in
tube-type mixers, because the strong signal from the
local oscillator swings the mixer plate current close
to cut~off, When the plate current is low, random noise
generated by the tubewill be at a maximum. When used
as amplifiers, pentodes are noisier than triodes. This
is also true when they are used as mixers -~ a triode
mixer will generate far less noise than a pentode
mixer. A transistor used as a mixer is noisier than
it would be if used as an amplifier. The reason once
again is the strong oscillator signal; it drives the
collector current close to cut-off.

In early tuners, triodes were always used because
of a lower noise factor. With the development of the
cascode amplifier for use in the rf stage, and the re-
sulting improvement in the signal-to-noise ratioavail~
able at the input to the mixer, most late model tuners
use a pentode mixer to take advantage of the higher
gain available with a pentode tube. Pentode mixers
are also used in late model tuners where high-gain
single triode stages have replaced the cascode rf
amplifier. The pentode tube used is designed espe-
cially for this type of service and the noise is kept
as low as possible. The pentode is usually one half
of a dual tube. The other halfis a triode which is used
as the oscillator,

Triode Mixers.

A simple triode mixer circuit is shown in Fig. 17.
Grid-leak bias is used; the bias voltage is developed
across resistors R; and Rg. Coil Lj is in the plate
circuit of the rf amplifier, and it is inductively cou-
pled to coil Ly. The two coils are overcoupled to
give the desired 6-mc bandwidth. The oscillator is
also inductively coupled to Ls.

The two signals that are coupled to Lg are applied
between the grid and cathode of V. When the signals
swing the grid of Vj positive, grid current flows and
charges Cj. During the period when the signals swing
the grid negative, there is no grid current flow and
C, discharges through R; and R, biasing the grid
of1 V4 negative.

The events occurring in V; are almost identical to
those that occur in a grid-leak detector used ina
radio receiver to separate the audio from the rf
carrier. Because Vj is a detector, mixing occurs in
the stage, with the result that signals equal in fre-
quency to the sum of the incoming signal plus the
oscillator, and equal in frequency to the difference
between the incoming signal and the oscillator, are
produced. The signal we are interested in is the dif-
ference signal.

Before leaving this discussion it would be well to
mention once again that the relationship between the
sound and picture signals is reversed in the hetero-
dyning or mixing process in the VHF tuner, Fig. 18
should help illustrate what happens. In the block dia~-
gram shown, the receiver is tuned to Channel 2, which
is 54-60 mc, The video carrier for Channel 2 is 55.25
mc and the sound carrier 59.75 mc, As illustrated, the
signals are amplified by the rfamplifier and fed to the
mixer. Here they are mixed with the 101 mc signal
fromthe local oscillator, In the mixer, two i-f signals
are produced, one equal to the difference between the
video carrier and the oscillator (101~55.25 =45,75 mc)
and the other equal to the difference betweenthe sound
carrier and the local oscillator (101-59.75=41.25mc)
Before mixing, the sound carrier frequency was higher
than the video; after mixing, the opposite is true.

CHANNEL 2

VIDEO

55.25 MC 88 me
I ‘ 55.25MC
RF
AMP MIXER
59.75MC _*1
SOUND g
o useo
OSCILLATOR

101MC

Fig. 18. Block diagram showing frequency conversion
in the VHF tuner.

B507 - 11



1-F
OUTPUT

1l;

B+
Fig. 19. Simplified schematic of a pentode mixer.

Pentode Mixers.
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