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A Study of Transistor Circuits for Television Receivers

Introduction

This bulletin describes a general study of transistors in tele-
vision receivers. For this purpose, the development of a completely tran-
sistorized television receiver was undertaken. An experimental model
using 37 transistors and a 5-inch kinescope, housed in a plastic cabinet
13 x 12 x 7 inches, was constructed. This portable receiver operates on a
single channel using a self-contained loop, and has a total battery-power
consumption of 13 watts, more than 25 per cent of which is consumed by the

kinescope heater.

The development of a complete experimental receiver, even with a
number of compromises, provided an opportunity to deal with the problems
found in every stage and circuit of the receiver. Although experimental
point-contact transistors have recently been developed which will provide
oscillations for the entire v—h-f television band, considerable difficulty
was found in providing wide-band r-f gain using transistors at these
frequencies. This problem was much less difficult at intermediate fre-
quencies and at the intercarrier-sound frequency. The second-detector
problem of obtaining high rectification efficiency with lowload impedances
was solved by using a transistor detector. The video amplifier problem was
complicated by the requirement for a high input impedance; however, with a
combination of junction and contact transistors a stable, high gain video
amplifier with a relatively high input impedance was built. An audio
system using complementary symmetrical junction transistors was designed

to produce high output with good efficiency.

In the synchronization and deflection portion of the receiver
circuits were devised for using transistors in ways which differ from the
analogues of amplifier tubes. Asingle transistor was used as a d-c setter,
sync separator and sync amplifier. A simple and reliable horizontal a-f-c
system was developed by utilizing the symmetrical properties of tran-
sistors. Point-contact transistors were found tobe particularly economical
pulse and sawtooth oscillators. The complementary symmetry principle was
used to provide vertical deflection with high linearity and efficiency.
In the horizontal deflection circuits, the fast high-current switching
ability of transistors was used advantageously. An efficient circuit
using the symmetrical property of the transistor, which has no analogue

in electron tubes, was devised for horizontal deflection.
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A Study of Transistor Circuits for Television Receivers

Signal Channel

The first part of this bulletin treats the
consisting of the mixer, the
the second

signal channel
intermediate-frequency amplifiers,
detector, the sound channel and the video
amplifier. The second part treats thedeflection
channel including the synchronizing and deflec-
tion circuits and the high voltage generator.

A block diagram of the receiver is shown in

Fig. 1.
C -22)%v.
% -
1— ;;f E
[ 3
T ﬁ LOOP ANT.
Fig. 2 — Schematic of local oscillator, mixer,
The signal is picked up by a loop antenna,
mixed with the local oscillator in a pair of
crystal diodes, and the resulting difference
signal amplified by six stages of grounded-base

point-contact transistors. Two second detectors
provide independent signals for the sync and
video amplifiers. Intercarrier sound from the
video second detector is amplified by four
intercarrier frequency stages and demodulated
by a ratio detector. The resulting audio signal
is applied to an emitter follower stage driving

a complementary type push-pull output stage.®

The .video signal is amplified by a system
combining the higher
grounded emitter junction transistor with the
high-frequency response of a point-contact
type.

The tuned

input impedance of a

loop antenna was decided upon
after a comparison of various antenna types
which could be included in a case only 12 x

13 x 7 inches. The tuning capacitor is located

1LB—906, oymmetrical Properties of Iransistors and
Their Application.

in the
To provide a means of

loop at the middle of the
front side. impedance
matching to the mixer diodes, is used
in shunt with the loop and tuning capacity.
The combination of the
inductance of approximately one-half microhenry
allowing a larger minimum tuning capacity.
Optimum power transfer to the mixer diodes is
achieved by connecting the diodes to balanced

at a break

a coil

loop and coil have an

O

3 Migtvss P

RFC

LT
I
T

It

RFC

RFC

RFC
+ -22%v 4 22y
and first IF amplifier.

intermediate

taps at an impedance point on the

coil.

The local oscillator employs a type TA-172
point-contact transistor designed for high-
frequency oscillator use.? The oscillator
circuit provides a signal at 60 Mc for mixing
with the Channel 4 carrier of 67.25 Mc. The
local oscillator signal is coupled to the
midpoint of the loop by a two-turn pickup coil
wound over the oscillator tank.

The mixer circuit consists of two 1N54A
crystal diodes in a balanced arrangement as
shown in Fig. 2. The difference frequency is
impedance matched to the first i—f amplifier
by a tuned circuit which has a tapped coil.
This 50-microhenry coil is wound on a ferrite
By the use of the ferrite toroids for
all coils in the tuned i-f stages, the effect
of stray magnetic fields is reduced and shield-
ing problems minimized. lLarge impedance trans-
formation ratios are easily obtained because of

toroid.

2LB—-867, The Control of Frequency Resp:nse and oSta-
bility of Point-Contact Transistors.
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the high coupling coefficient obtainable. With
diode mixer current of 1 milliampere
-6 db or a 2 to 1

a total
the mixer circuit gain is
loss of signal voltage.

i-f amplifiers are
i-f amplifier stages
type
in a grounded-base circuit.
is matched to the
similar to

For simplicity the
stagger tuned. Each of the
consists of a point-contact transistor,
TA-166,
The collector of one stage
succeeding stage by a tapped coil
that previously mentioned. Collector voltage
is supplied by a 22s-volt battery common to the
entire receiver but decoupled by an L-C filter
No attempt was made

operated

in each collector circuit.
to keep the impedance of the collector circuit
high outside of the bandpass as the type TA-166
transistors are short-circuit stable. The
emitter bias was fixed at approximately 1
milliampere and supplied by a penlite cell

battery. The photograph of one of the i-f
stages in Fig. 3 shows the ferrite toroid used
in the interstage tuned circuits.
Fig. 3 — Close-up of ferrite
toroid coil in i-f stage.

Overall power gain of the six stages and
the second detector in the band pass shown in
Fig. 4 is 47 db. The markers shown are at 5 Mc

and 10 Mc showing the rising characteristic
between 6.5 and 7.5 Mc and the flat top between
7.5 and 9.5 Mc.

The second detector presented a problem
because of the relatively low input impedance
of the video amplifier. The first proposal was
a crystal but because of the
impedances involved, the rectification
ficiency'was extremely Severe negative
lToad
less than

detector, lTow
ef-
Tow.
peak clipping occurred since the a-c

resistance was comparable or even

the d-c rectifier.
logical
detector.

The last

load of the crystal The
step was to use a transistor as the

i-f transformer is different from
the preceding ones in that it has two windings
and is double tuned. The second winding is
tapped and feeds the emitter of the detector
transistor, a point-contact type TA-166. This
transistor does not have any bias applied to
its emitter, the low side of the secondary
winding being connected to ground. The emitter—
base electrodes in the transistor act as a
crystal rectifier,
signal appears in the collector circuit ampli-
fied by the current gain of the transistor.

the resulting rectified

Since the rectified signal is internally
coupled to an amplifying part of the circuit
is no problem of keeping the d-c load

respect to the a-c

there
resistance small in
and hence negative peak clipping problems are
avoided and a resulting improvement in recti-
fier efficiency is obtained. The collector load
impedance was kept small to avoid the effects
of the frequency-dependent
the video amplifier.

load

input impedance of

—_— f

Fig. 4 - Frequency response
of video amplifier.

The video amplifierwas one of the first
units of the receiver built and consequently
was completed before other parts of the receiver
were s'tarted. This presented the problem of
building an amplifier to work from an unknown
source impedance. Since junction transistors
which could serve as video amplifiers were not
then available, it was necessary to use a
point-contact type of transistor in the ampli-
fier to get sufficient high-frequency response.
Unfortunately, point-contact transistors are
most successfully used in a grounded-base
input

in which they have very low

To overcome this problem of

circuit

impedance. low

)

)
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input impedance, a selected junction transistor

in a base input circuit to drive the
emitter of a point-contact unit as shown in
Fig. 5.

The low—frequency voltage gain of the
amplifier is 20 and the video response is shown

in Fig. 6. The response of the basic amplifier

with no equalization is shown in (a). The
addition of a conventional video peaking coil
(Lg) in the collector circuit of the contact

(b).

is accomplished by the

unit alters the response as shown in
Further equalization
degenerative feedback provided by the resistance
(Ry) in the emitter of the junction unit (c).
The high output

permits the use of positive feedback in the

impedance of the junction unit

base of the point-contact unit and the effect

of this feedback provided by R, and L, is shown
in (d). The result of bypassing R, at 1 Mc
with a low-Q series resonant circuit is il-

lustrated in (e). In all photographs the marker

is at 2 Mc and the source impedance of the
input signal generator is 1000 ohms.

IST VIDEO VIDEO OUTPUT
AMP AMP

EXP JUNCTION
TRANS.

R

TA-166

+22l%v

AAAAA o
AAA LA

Fig. 5 — Video amplifier.

The use of a point-contact transistor in
the output stage limited the voltage swing
obtainable consistent with good frequency
response and limited power dissipation. With
the 2700-ohm load resistance used, the bias
was adjusted to allow an 8-volt peak-to-peak
in the output,
ments had shown that this value was adequate
to provide good picture contrast.
later operation of the amplifier

swing since previous measure-
However, in
it was found
desirable to utilize all of this allowable

swing for actual picture signal and consequently
the sync pulses were permitted to drive the

amplifier into the saturation region.

Because of this sync crushing it was

necessary to provide a separate sync amplifier.

To prevent this amplifier from loading the
second detector excessively, a separate second
This detector, which is

similar to the video detector,

detector was provided.
is fed from a
lower impedance tap on the driving transformer,
thereby taking less of the available signal

power. The sync amplifier is described later

in connection with the deflection circuits.
in the
inter—

A sound take-off trap is located
video-detector circuit and provides the
carrier-sound signal whichis amplified by four
étages tuned to the intercarrier frequency,
4.5 Mc. The first three of these stages are
similar to the picture amplifier stage except
that they are not stagger tuned, but peaked
to 4.5 Mc. The fourth stage drives a standard
ratio-detector transformer modified to operate
from a lower source impedance. The demodulator
has a peak separation of 120 kc and gives an

audio output signal on the order of a volt.

2 Mc

(c)

(d)

—f e

(b) (e)

Fig. 6 — Frequency response of video amplifier.

This signal
unusual

is amplified by a system of
design. An emitter follower circuit is
used to drive a combination of a p-n-p and
This
combination utilizes the complementary symmetry
properties described in LB-906*.

n—-p—-n transistor in the output circuit.
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Deflection and Synchronization

The deflection and synchronization circuits
are described in the following sections in the
order in which they were developed, rather than
in the order shown on the block diagram. This
procedure indicate the manner
in which the several

is followed to
circuits were evolved.

Vertical Deflection

The equivalent circuit of the vertical
yoke consists of a resistance of 65 ohms in
inductance of 45 mh. A peak-to-
is required to deflect

series with an
peak current of 100 ma
the beam three inches--the proposed picture
height. Fig. 7 shows the ideal waveforms neces-
sary to obtain linear deflection.

'—
z
@ Sof
5
0< o
mz t
= |42
o -s0 YOKE CURRENT
> MILLISEC WAVEFORM
fe——16.7
P MILLISEC
3+
i /\ /
o Il
R 2
\ 9 -+
-2,_
L -3
LR COMPONENT OF
R — YOKE VOLTAGE
L = 45 MH
n I
3’ ] t
> .
. Lﬁ{ COMPONENT OF
& di YOKE VOLTAGE
V=iR+L
dt
4_
3_
w 2r
Bl
(>)..|;_ t
-2}
-3
-4_
REQUIRED YOKE VOLTAGE

Fig. 7 - Theoretical vertical yoke waveforms
The waveform to energize the yoke is
obtained from a synchronized relaxation oscil-
lator using one TA-165point-contact transistor.
The operation of this circuit may be briefly

described with reference to the simplified

schematic shown in Fig. 8. The application of
voltage causes the base of the transistor to
assume a negative potential equal to the product
of the base resistor, Ry, and the

current across the collector rectifying con-

leakage

tact. (Appendix A)
OSCILLATOR
TAI65
Cc
Rs
Fig. 8 - Vertical
oscillator.
JD
2
<>
OSCILLATOR AMPLIFIER
TA-165 TA-153
HIGH
RESISTANCE ) {
<4 '
3 =
< 1T

il

Fig. 9 — Vertical oscillator and amplifier circuit.

The emitter voltage is also negative
because of the current which flows through R,
to charge the capacitor, C. As long as the
emitter is more negative than the base, the
conduction through the emitter—collector path
As the capa-
the leakage

of the transistor is negligible.

citor becomes charged, however,

current increases while the charging current
through R, falls off exponentially. Eventually
a point is reached when the emitter is positive

The capacitor then
begins to discharge through the emitter-col-
lector path. Since the current gain of the
transistor is greater than unity, the base
increases faster than the emitter

with respect to the base.

current
current and the action becomes self-sustaining

and continues until the capacitor is dis-
charged. The cycle is then repeated. Synchroni-
zation is accomplished by applying positive

pulses to the emitter at a rate somewhat faster

D

)

)))

)
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(‘ han the free-running rate. The voltage wave-
The ratio

of sawtooth to pulse may be altered by changing

tform across R, is shown in Fig. 10a.

the ratio of the collector resistance to the
emitter resistance.

(a) Vertical
oscil lator
output

(b) Vertical

yoke
voltage
Fig. 10 — Waveforms.
In coupling the oscillator to a transistor

(\mp]ifier, it is necessary to meet two condi-
tions if the amplifier output is to be an un-
distorted replica of the generated waveform:
(1) The loading effect of the amplifier on

the oscillator must be negligible
(2) The amplifier must be fed from a
current rather than a voltage source.
The first of these arises because of the
reactive output impedance of the oscillator.

VERTIGAL AMPLIFIER

Any loading of the oscillator therefore not
nly attenuates the output but also alters the
shape of the waveform. The second condition is
imposed because of the non-linear input im-
pedance of the transistor amplifier. Equal
increments of collector current are generated
which,

because of the non-linear input impedance of

by equal increments of base current,

the transistor, do not correspond to equal
increments in base voltaae.

The two conditions are met by using high-
resistance coupling as shown in Fig. 9. This
resistance prevents loading of the oscillator
and at the same time approximates a constant
current source for the amplifier.

Fig. 11 shows the three-stage vertical
amplifier. The first
grounded-emitter stabilized class A amplifier
using a TA-153 junction transistor. The second
stage is a grounded collector power junction

stage consists of a

transistor which provides the necessary drive
at low impedance to operate the output stage.
Frequency selective feedback, provided by R,
and C,

introduced by the first two stages.

serves to compensate for distortion
The output
stage consists of a grounded-collector com-
plementary-symmetrical push-pull amplifier
using both a p-n-p and an n-p-n transistor.

This type of amplifier permits direct
coupling to the vertical yoke without the
presence of de-centering current. The Class-A
efficiency obtained with this circuit was 24

per cent, which compares favorably with the

VERTIGAL OUTPUT

AAAA
vyYvy

c. R|

>
>
>
>
AAA
vyvy

A

fﬁ\
|

TA-153 II EXP PWR
NCITION

| :-4%V
0-22 lzv é’
3
EXP PWR
’—I I_ JUNCGCTION
TRANS.
P-N-P

-lll—‘

YOKE

TRANS.
VVVy |
<. .

+22 é

Fig. Il = Vertical amplifier
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maximum theoretically possible value of 33 per
cent (for a sawtooth wave). The voltage wave-
form across the yoke is shown in Fig. 10b.

Horizontal Deflection

The operation of the horizontal-deflection
is based on the fact that
directional currents may be made to flow in an
inductive yoke if a source of energy is periodi-
cally connected and disconnected with a fast
switch.® An investigation of such a system is
included in Appendix B and the results of this

system linear bi-

investigation are tabulated in Fig. 12.
SWITCH
C'J‘ L E%? Cc -L' L
CONTROL E T TE '[‘
PULSES
5 ﬁMr - |

Actual circuit Equivalent circuit

_ ET max NI '
| + 2 - |
§ ; | TIME
L= K(1-3)E 2
Dfp,
. £,0° . |
PP WZe(i-s) 2 N
[ 4 I ; |
3 Elr Sl T TIME
VLC::;;F‘ o =\ |
h -4T2r>T3'N

Design equations Yoke waveforms
12 — Horizontal deflection circuit and design

equations.

Fig.

The use of transistors as the switching
mechanism results in a simple and highly
efficient circuit which closely approximates
an ideal switch. In Fig. 13, two transistors
with their emitters and collectors cross-
connected are used in place of a single sym-
metrical transistor. Fig. 13 shows the output
characteristics of the switching transistors in
the "closed" and "open" conditions. The symmetry
and low effective resistance of the "closed"

10

condition (a) and the high effective resistang
of the "open" (b) are apparents

the output transistors,

condition

In order to control
it is necessary that their bases be returned
to a source of negative potential while they
are conducting, and to a source of positive
potential while they are cut off. This is
accomplished with another form of switching
circuit employing two transistors as shown in
14. is essentially
a single-pole double-throw switch, has been

Fig. The arrangement, which

referred to as the "totem pole" circuit.

1(MA)
500
"“"' I
il
S v
-1 -5 -5 v(voLTs)
I!OV
N N 500
Circuit VI characteristic
(a) "Closed" connection
MWW 1 v(VOLTS) -100  -50 0

£l "
1(MA)

Circuit V| characteristic
(b) "Open' connection

13 — Output characteristics of switching tran-—
sistors.

Fig.

During the forward trace of the beam, the
first transistor, T,, is in a high-conduction
state because of the large negative bias applied
through R,, while T, is cut off. The bases of
the output transistors are thus connected
through T, to the negative 22%-volt supply.
When a positive pulse is applied to T, through
C,y, Ty is cut off and the resulting negative
pulse across R, is coupled through C, to T, and
causes T, to conduct heavily. For the duration
of the positive pulse the bases of the outpu’
transistors are therefore connected through T,
to the positive 223-volt supply.

The above discussion indicates that pulses
line repetition rate and equal in
width to the retrace time are necessary to
operate the horizontal-deflection system. Thes ))
pulses are obtained from an oscillator essenti-

occurring at
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) lly the same as is used for the vertical
(;Aeflection except for the frequency determining
components. Amplification of the pulses is
provided by the direct-coupled complementary-—

symmetrical Class-B pulse amplifier shown in

Fig. 15.
-22)v +22)5v.
R, Rz
F— Rs
Cz
( _”_IL o—{ T T2
INPUT Ci
PULSES:L
OUTPUT
TRANSISTORS
Fig. 14 — Totem pole circuit.
With no input signal, both transistors are

and the output terminal is
to the negative 224-volt
A positive pulse at the

nearly cut off,
connected through R,
supply.
hoth transistors to conduct heavily and con-
(( the positive

input causes

ects the output terminal to
225-volt
this circuit it

With
is possible to obtain approxi-

supply through the p-n-p unit.
mately 40-volt peak-to-peak output pulses from

a peak-to-peak input of 0.5 volt.

NPN PNP ouUTPUT
0]
o -

INPUT p < R
L s 3

< <

+226v -22WvV
Fig. 15 — Direct-coupled pulse amplifier.

The preceding description implies that
the elapsed time between the oscillator dis—
charge and the opening of the switching tran-

( istors
for one

sync could be used.

is negligible when compared to the time

line retrace. |f this were true, driven

However, becauseof reactive
effects associated with the input circuit of

the switching transistors, there is appreciable
time delay between the application of a posi-
(i‘ive pulse and the "opening" of the yoke cir-

cuit. Experimentally it was found that this

11

delay is approximately 15 usec which is about
5 usec longer than the time allotted for hori-

zontal retrace.

One effect of such a delay on the tele-

vision picture is to place a black vertical bar
at the
to the horizontal
In addition,

immediately to the right

right of the screen which corresponds
blanking in the video signal.
a portion of the picture appears
of the black bar. It
system can compensate
above by re-phasing
Asimple and reliable

is apparent that an a-f-c
for the delay described

the horizontal oscillator.

transistor a-f-c system will be described in a

later section.

HORIZONTAL
0scC.
OUTPUT

INPUT TO
"TOTEM POLE"
AMPLIFIER

OUTPUT OF
"TOTEM POLE'
AMPLIFIER

YOKE
VOLTAGE

Fig. 16 — Waveforms in the horizontal deflection
circuit.
Figs. 16 and 17 show photographs of the

points in the
Of particular
interest are those concerning the yoke voltage
The similarity of the photographed
waveforms to those predicted by the elementary

waveforms observed at several
horizontal deflection system.
and current.

theory in Appendix B is evident.
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|7 — Horizontal
waveform.

Fig. yoke current

Sync Channel

A schematic of the synchronizing circuits
in Fig. 18.
separator and amplifier consist of two TA-153
The first of these
The emitter-base

of the receiver is shown The sync

junction transistors. i's
connected grounded base.
rectifier serves to separate the sync pulses
which are coupled by the collector circuit to
the following amplifier. After the
pulses are amplified by a grounded

integration,
vertical
emitter stage and are then used to synchronize

the vertical oscillator.

The horizontal a-f-c system mentioned
previously depends for the

properties of the phase comparator

its operation on
symmetrical

o

)

In the absence of a

transistor. The retrace voltage pulse from th

deflection yoke is integrated by a networ
and C,.

negative sync pulse on

consisting of R,

its base, the phase

comparator functions simply as a high re-

sistance and the integrated retrace pulse
appears as a symmetrical sawtooth wave, its
d-c component having been removed by C,. There

is therefore no d-c voltage on the base of the

frequency control transistor.

if the hori-
sync pulse arrives coincident with the

The operation is unchanged
zontal
time of zero voltage during the sawtooth re

the

an

pulse arrives when
is positive,

trace. |f the sync
retrace voltage
charge through the

C, receives

incremental resulting low

resistance of the phase comparator. During the
this

charge drains off through R, and the

time before the next sync pulse, incre-—

mental

frequency control transistor. A small negative
bias is thus generated on the base of the
frequency control transistor which lowers its

effective resistance and causes the horizontal
oscillator to fire sooner than on the previous
cycle. The action continues until the sync
simultaneously with the zero
sawtooth Th

sequence of operation is reversed in the event

pulse occurs
voltage point of the retrace.
the sync pulse originally arrives while the

sawtooth retrace is negative.

TO HORIZONTAL R, Cs
YOKE ~—AMW 1
minln lc. TO HORIZONTAL
T PHASE OSCILLATOR
L CcoMPARATOR
- FREQUENCY
CONTROL
TT
-22%v \ EXP
JUNGTION
1 TRANSISTOR
0 SYNC EAL =
T SYNC. 3 SYMMETRICAL
BETECTOR . SEPARATOR INCTN TRANS |
SYNC. -2272V
TA-I153 AM|PLIFIER
TA-I53 VERTICAL \
SYNC TO VERTICAL )
L AMPLIFIER F—= osciLLATOR
o o—}— TA-153
INTEGRATOR
T

Fig. 18 - Sync channel and AFC circuits. )

12
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High-Voltage Supply

Because the flyback voltage of the hori-

zontal deflection system is limited by tran-
sistor characteristics and since no trans-—
former is used, it is not convenient to get the
2000-volt d.c. for the kinescope directly from
the deflection system. For this

in Fig.

reason a
19 was used. This
is essentially a two-stage class—B amplifier
driving a tuned transformer in the output. The
negative flyback pulse is lightly coupled to
the amplifier and causes the first transistor
to conduct, thereby applying a conduction bias
The output transistor, a
conducts heavily and supplies power
fre-

separate system shown

to the output stage.
power type,
to the tuned transformer at a horizontal
quency. The choke in the base circuit of the
output transistor provides a low-impedance d-c
path and leakage current in
either transistor does not bias the output to

insures that any
conduction except when the system is pulsed. A
half-wave selenium rectifier and filter pro-
vides the 2000-volt d.c.
the tuned transformer.

from the secondary of

PULSE AMP PULSE OUTPUT AMP SELENIUM
EXP PWR RECTIFIER TO KINESCOPE

TA-153 JNCTN TRANS. . 2ND ANODE
,
TO HORIZONTAL ({l

YOKE ~—j|— o ;t |
3 " |
> il
3 i

+22kov -22kv

Fig. 19 — High voltage system.

Receiver Description
The receiver was built in a portable form
with self-contained batteries ina clear plastic
The total power consumption of the re-
ceiver is 13 watts. Of these 13 watts, 3.6
watts or more than 25 per cent, goes into the
filament of the kinescope. The kinescope is the
5FP4 type and provides a 3 x 4—inch picture
with a highlight brightness of approximately
10 foot-lamberts. The general layout of the
is shown in Fig. 20. The signal channel

case.

receiver

13

Fig. 20 - General layout of receiver.

21 — Front view of receiver.

Fig.

is built on the vertical plastic shelf in the
center of the receiver. The deflection chassis
is under the neck and the socket of the kine-
scope. The high-voltage supply is placed beyond
the batteries to provide the least disturbance
to the rest of the receiver. 21 shows the
receiver in its normal viewing position. The
total weight of the receiver with the batteries
is 27 pounds.

Fig.

Gerald B. Herzog'Z 2

G
'Robert D. Lohman

*%iitat é?.LZfiheéﬁa

“George C. Sziklai
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Appendix A

With reference to Fig. 8:

Vb = = lcoRss
VR,

Ve = - 3 +R
- ! 2

-t

(Ry*Ro)

The condition for negligible emitter-collector

conduction is:

Vol < |V

e

When

this condition

discharge begins and

I'p

is no

longer met, the

is cumulative since:

leo * g (a=1).
e > 1.
Appendix B

Horizontal Deflection System

[he operation of the horizontal
be described by assuming:

(1) that the yoke is a perfect inductance,
(2) that the transistor isabi-directional
switch with a constant resistance when

closed and infinite resistance when
open.

deflection
will

The circuit operation will
during three

(1) Ty,
(2) T,,
(3) Ta,

The relationships between these time
durations are:

be considered
durations of time:

during which the switch
during which the switch
during which the switch

is closed
is open
is closed

Ti = Ten (1)
T
. =8, (2)
T1+T2+T3
Ti#T4T, = 1/1y (3)

14

where &6 is the ratio of the retrace time to the

time for one complete cycle and f, is the line

repetition rate. The simplified circuit is
shown in Fig. 22a.
R
E|
T L ]_C
(a) Simplified equivalent circuit.
R
E L
L
‘T
(b) (c)
Circuit Circuit
during during
T, and T, T,
Fig. 22 - Circuits of Appendix B analysis.



A Study of Transistor Circuits for Television Receivers

(i The circuit may be further simplified as
shown 22b and c for each of the three
if the following additional

in Fig.
intervals
assumptions are made:

time

RC<<T,; T, e<t (4)
The operation during the interval T, is as
follows:
dl(t)
t o £ .
I (t)R+L = E; ' (5)
(T‘ (o) =0 (6)
The solution is:
-tR
Ht) = ~(1-e '), (7)
E
1(t) ~—=t, since—':n«l (8)

The operation during T, while the switch

is open is as follows:
dl(t) |
( o t o/ rdt = o, (9)
E
1(0) =-:-T1. (10}
The solution is:
E
I (t) =-I—T1 cos t/vLC. (11)

instant of
If the switch remains open

where time is measured from the
opening the switch.

for a time such that:

t T,
— =g =
vViLC

(12)

then,

—

s = w¥VLG . (13)

( Thus, at the end of T, the current in the yoke
has reversed and the resonant circuit has gone
through one-half cycle of oscillation.

The operation during T, is as follows:

dl
RI (1) (t)

C L
dat

E, (14)

15

1(0) = - =T, (15)
The solution in this case is:

1(t) zf—t -%Tl + F:f T, t, (16)

() ==t (1+L:;) —%Ti,

I (t) z%t ——E—T1 (17)

since the assumption that RT,/L<<1 has already
been made. is therefore a
linear time function minus a constant current.
At the end of T, the linear term equals the
constant term and the current is zero. The

The current during T,

cycle then repeats.

It is desirable to eliminate the three
T, and T, from the equa-
in terms of

intervals of time T,,
tions since they can be expressed
L, C, &, and f_. This may be done as follows:

From Eqs. (13), (2), and (3):
T, = n/LC, (18)
To(1-68) mwLC(I=-6)
T, = -2 - T
: 26 26 e’ (19)
8
VLC = (20)
thh
The idealized waveforms for the complete

cycle are shown in Fig. 12.
deflection

re-—

In designing the horizontal
system it is necessary to derive several
lationships which connect the magnitude of the
deflection to the equations determined in the
previous discussion. The design is limited by
the voltage rating of the switching transistors,
the particular yoke and kinescope construction
and the anode voltage chosen for the
kinescope.

Let:
K =

used,

a measurable constant depending on
yoke construction and anode voltage,

D = deflection width in inches,

= ratio of retrace time to the time for
one complete cycle,

L = inductance of yoke in henries,
f, = line repetition rate in cycles/sec.,
E = battery voltage in volts.
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IR P

in amperes,

peak-to-peak deflection current
it can be shown that:

E
lpp = K/T_=<I—(T1+T3}. (21)
From Egqs. (1) and (19)
vVLC -
TiTy = 2T, = B BL (22)
From Egq. (20):
13}
VLC = (20)
nf,
Therefore:
K(1-8)E, 2
L o e ’
( o, ] (23)
S L A (24)
PP KZE(1-6)"

repetition
rate, yoke construction, kinescope construction,
and anode voltage, it is seen that both L and
Ipp are dependent only on E and &. With the
transistors used, E is uniquely determined by &

and the maximum allowable voltage across the

For a given deflection width,

transistors.

16

The maximum voltage across the yoke

ductance may be found from Eq. (11).
E
IL =TT1 cos t/v/LC, (11)
L E -
E, - L2t ERUIS8) Gin tvTT (25)
dt 26
This expression is a maximum when:
sin t/LC = 1
Therefore,
A -n(1-8)E
E,= — 26
. 26 h261

The maximum voltage across the transistors,
Eq, s

(27)

where the signs must be chosen so the voltages
add:

A n1-6)

-E 1 + (28)

in—‘]’

)



