Fig. 9.3. Block diagram of superheterodyne receiver.
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Broadcast Television Receivers

/WI Block Diagram and Function

Fig. 18.1 gives the block diagram of a broadcast television receiver. It.is a VHF or UIl—H? superheat
receiver providing high gain, good selectivity and good si gnal-to-noise power ratio. The TV receiving antenna
picks up the TV signal and feeds it to the R.F. amplifier stage. This input signal to the R.F. amplifier is weak.
The R.F. amplifier consisting of one or two tuned amplifier stages amplifies this weak TV signal and feeds it
to the frequency mixer. The frequency mixer uses a nonlinear device and heterodynes or mixes this amplified
R.F. signal with the output of the local oscillator to produce the LF. (Intermediate Frequency) signal. The LF.
amplifier consisting of 3 or 4 stagger tuned stages of appropriate bandwidth amplifies the signal to a sufficiently
high level before feeding it to the video detector. The detected signal consists of (i) the video signal (i) the
sync signals and (jiz) the sound LF. difference carrier. This video signal so obtained is amplified in several
stages of video amplifier and then fed to the picture tube. The sync signals after proper processing are fed to
the vertical and horizontal deflection systems of the picture tube. The sound LF. carrier after having been

gmplific;c_l and limited is fed to the F.M. detector. The audio signal obtained at the output of the F.M. detector
1s amplified and is then fed to the loudspeaker.

W R.F. Tuner

. The TV signal picked up by the TV receiving antenna gets fed to the antenna termiw. ls of the TV
receiver through either a 300 Q twin wire feeder or a 75 Q coaxial cable. The receiver input circuit is desi gned
to have input impedance of 300 € so as to provide impedance match with 300 Q twin wire fecder. However
if 75 Q coaxial cable is used, it is necessary to use a 75 Q to 300 Q balun for impedance matching. ,

The R.F. tuner subassembly consists of R.F. amplifier, frequency mixer and local oscillator. Thus the
R.F. tuner converts the weak TV signal into reasonably large LF. signal.

Functional Requirement of R.F. Tuner. The following are the functional requirements of R.F. tuner
also called the Front-end of the TV receiver : ’

(?) It matches the feeder line impedance to its own impedance.

(i)  Itselects the desired channel by switching pre-tuned circuits in the R.F. amplifier and the local |
oscillator.

(i) It amplifies the input TV signal to provide good signal-to noise ratio. The amplifier gain is
controlled by the A.G.C. voltage.

(v) It converts the modulated R.F. signal into similarly modulated I.F. signal by mixing in the

frequency mixer the input signal with the voltage generated in the local oscillator and feeds it into the I.F.
amplifier.

(v)  Itoffers high LF. signal rejection, i.e. disallows signals at intermediate frequency from cntering
the receiver.

(vi)  Through use of R.F. amplifier stage, it isolates the local oscillator from the antenna i.e. 1t

prevents the local oscillator voltage from reaching the antenna and thus prevents radiation of local oscillator
voltage.

(vii)  Itoffer highimage signal rejection through use of selective circuits tuned to the signal frequency.

The tuner may be single channel tuner or multichannel tuner. The multichannel VHF tuner may be a
step switch type tuner using preset tuning circuits oi a rotary switch. The UHF multichannel tuner on the
other hand, uses continuous tuning employing either transmission lines or strip-line tuned circuits.

/Block Diagram of VHF Tuner. Fig. 18.2 givés the block diagram of VHF tuner.

-~
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Block diagram of broadcast television receiver.

Fig. 18.1.
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spaced bifilar windings each of a couple of turns and connected as shown in Fig. 18.3. These windings (orm
(wo /4 lines =ach of impedance 150 Q. These A/4 lines form series connection on the receiver input side of
provide an impedance of 300 Q and form parallel connection on the antenna side to provide impedance of 75
Q unbalanced by grounding one terminal as shown.

To video
IF Amp.
o o{ BALUN | —— = RF _| FREQ.
From AMP. MIXER [ +—
antenna é } aé } E
|
Input Output LF tuned
tuned circuit tuned circuit circuit

Channel
selection

Local
oscC.

Osc.tuned
circyit

Fig. 18.2. Block diagram of a VHF tuner.
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g %
o 0000, —0 o- +———0
Fig. 18.3. Tuner input balun. Fig. 18.4. LF. trap.

A capac'upr of say 470 pF is usually placed in the input lead just before balun to block d.c. path from
antenna to chassis and prevent damage to the receiver due to lightning. A 2 M Q resistor is placed across each
of these capacitors to discharge any charge accumulated on the capacitor.

! L.F. Trap. The low-Q R.F. tuned circuits do not provide enough rejection to unwanted signals in LF.

range (33 to 40 MHz). Hence an LF. trap shown in Fig. 18.4, is generally placed just beyond the balun to
block these unwanted signals in the L.F. range.

VR.F . Amplifier. The following functions are served by the R.F. amplifier :

()  Providing Gain to the Input Signal. The main function of R.F. amplifier is, of course, to amplify
weak signal to a suitably high level before it encounters the noisy mixer stage. Thus R.F. amplifier ensures
high Signal-to-Noise ratio in the output. However, there is a limit to the minimum signal which may be
effectively amplified. This is fixed by the equivalent noise voltage at the input of the R.F. amplifier. This

ncise voltage is typically about 10 uV.
Since the signal level in R.F. amplifier is small, this stage is ideally

voltage. Delayed AGC is generally used.
(ii)  Isolating the antenna from the local oscillator.

the local oscillator and thus minimizes radiation of the local osc
if permitted, causes interference with neighbouring receivers an

suited for application of AGC

The R.F. amplifier isolates the antenna ﬁfom
illator voltage by the antenna. Such radiation,
d menifests itself in the form of diagonal line
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patterns on the picture tube screen. In VHF band, the local oscillator radiation field .Streng.tlh (Sg;)ltjl;g (I)J? ée;s
than 100 LV/M at 100 feet. Isolation can be ensured by (a) proper placement of coupling coils F.

chokes (¢) use of feed-through capacitors in the tuner supply lines and (d) proper tuner case shielding. Further
it is desirable to use a separate chassis ground return.

(iii)  Providing Image Signal Selectivity. The image signal of frequency (f, + 2f) also produces the
intermediate frequency at the mixer output. The image signal is undesirable and should be suppresseq. ’I‘be
R F. tuncd circuits provide image signal selectivity. The R.F. amplifier increases the number of tuned circuits
sets from one to two, thus providing additional image signal selectivity.

The R.F. amplifier must have large bandwidth so as to accommodate the full channel ffeqqency range
of 7 MHz. Double tuned circuits with double hump response characteristic of the type shown in Fig. 18.5 can

provide this desired 7 MHz bandwidth and also provide good transient response. The dip between the humps
is kept small typically about 1 dB as shown in Fig. 18.5.

Picture Sound
carrier carrier

i

Relative
response

Frequency——»

Fig. 18.5. R.F. amplifier frequency response characteristic.

\/ Frequency Mixer. The frequency mixer beterodyqes the R.F. signal with the local oscillator voltage
to produce the difference frequency which is the intermediate frequency. Since there are two carriers in the
TV R.F. signal, two LF.s get produced namely the pxcmro‘l.F. equal to 38.9 MHz and the sound L.F. equal to
33.4 MHz. The local oscillator frequency is kept higher than the R.F. signal frequency.

\~” The Local Oscillator. Thelocal oscilator produces astable frequency free from drift due to temperature
~ tions, aging of components, or small changes in supply voliages. The local oscillator voltage should be
free from harmonics. Further the local oscillator frequency should be tunable over a small range. This local
oscillator frequency control constitutes the fine tuning control of the receiver. This tuning may be done by

anual varactor diode tuning or automatic fine tuning using varactor diode bias control by the d.c. voltage
xfIrlom the frequency discriminator of the AFC.

18.3. R.F. Tuner Circuits

Although vacuum tube have been used in the earlier TV receiver cir.cuits, the modemn TV receiver uses
. and 1C’s due to the numerous well knowq mernits of these solxd state devices namely small size
transistors £ rain, high reliability, instantaneous operation etc. The transistor so used should, however pro#*;d;
l(;w (;1)0\;:1 }:iaglh,gaill and low-noise figure at the high operating frequencies. ’ >
“the des '
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Choice of Configuration, Either common emitter (CE) or common base (CH) confipguranon miay b
used for the R.F. amplifier stage. The CE configuration provides higher power gam but, in peneral, requires
neutralization, The CB configuration, on the other hand, gives lower power gain but does not need neutral
ization. Further CB configuration has low input impedance but this impedance 1s constant over the entre
band 111 range. The CB amplifier has small signal handling capacity while CFE has large signal handling,

capacity.

Fig. 18.6 (a) gives the circuit of a typical transistor R.F. amplifier while Fig. 18.6 (b) shows the cor
responding transistor frequency mixer and local oscillator assembly. The R.F. amplifier and the frequency
mixer (along with the local oscillator) taken together constitute the typical VHF tuner,

R.F. Amplifier Circuit. Variable inductor L, along with capacitors C, and C; form the input tuned
circuit tuned to channel frequency by varying L,. This tuned circuit by a tap on the inductor £, offers an
impedance of 300 € to the balun. The balun transforms this impedance of 300 £2 to 75 €2 on the antenna side
to match with 75 € impedance of the coaxial cable. In case, a twin wire ribbon feeder 15 used, no balun is
needed. Similarly the tuned circuit is matched to the input impedance of the transistor by the capacitve Lap
of the two capacitors C, and C,. The AGC bias is fed to the R.F. amplifier transistor 7, via k€2 bias resistors
R, and R, decoupled to the ground by the 3 nF capacitor C;. A double tuned circuit using inductances L, and
L, is used as the load impedance for the R.F. amplifier. The use of the double tuned circuit provides the desired
bandwidth of 7 MHz with a small dip of 1 dB between the two humps (or peaks), one at the picture carricr
and the other at the sound carrier.

Gy L0

10p To
470 P 1K R1 treq.

° H .5.5.0- Ly Ca mixer
T el L
From _L 4700 AnF
- 1

antenna B Rzé T 3
----- k | )| 3nF ! : < )
0 “ W——J»——G— A 7
L. BALUN— L
LIGHTNING ;
PROTECTOR

Fig. 18.6 (a) R-F. amplifier.
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The Mixer Stage., The mixer stage using a transistor in CE configuration receives the local oscillator
voltage at its base through 3 pF capacitor C, and 22 Q resistor Ry. The R F.signal from the R.F, amplifier g
also applied to the base. These two voliages heterodyne to produce the d{ffcrent frequency signal at the
standard intermediate frequency. Resistors R, and R, in conjunction with res;stor’va PTOVldeuthe proper bias,
The signal at intermediate frequency is developed across the double tuned circuit in the c;): ectorli E}rcult of
the mixer. The LF. voltage across the secondary is fed through 75 Q coaxial cable to he L.1" aimp 7513' The
output impedance of the mixer across the secondary of the double tuned circuit 1 designed to be S0 as

to match the 75 Q impedance of the coaxial cable.

+VCC
15V

1K

- . &
From lc
R F Amp. T Ry Re

Ik
- L

AV

" FREQUENCY
3pF C, MIXER
—o+Vce
Varactor 15V
diode 2202R,
\ | .
_L 1K
D
3K T 2pF
2
[
1K K 3
nF
\T1 T T
E\\etun'lrlg |

LOCAL OSCILLATOR

J (b) Frequency mixer and local oscillator,
Fig. 18.6. Transistor UHF tuner.

18.4. Video LF. Amplifier

The following are basic requirements of the video LF. amplifier stage -
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() Toprovide highand stable gain of 60 to 80 dB toraise the LF. signal level typically from about
1 mV to several volts.

(i)  To provide bandwidth of about 7 MHz and to have the bandpass response curve to compensate

for the vestigial sideband TV signals and thus provide equal gain to all video frequencies and the sound
frequencies.

(iiiy  To provide good adjacent channel selectivity.

(iv)  The shape of the bandpass response curve should be almost independent of AGC voltage
variation.

Choice of Intermediate Frequencies. The intermediate frequency should be as low as possible from
the consideration of high and stable gain and high selectivity. On the other hand, the intermediate frequency
should be high enough to provide the required bandwidth and image signal selectivity. These are conflicting

requirement. Accordingly a compromise value is sought. The CCIR system-B receivers use picture LF. of
38.9 MHz and sound LF. of 33.4 MHz.

Fig. 18.7 gives video LF. amplifier response requirement. This response requires that :

(i)  The response at the picture LF. (38.9 MHz) should be 6 dB below (at 50%) of the maximum
response.

(i)  The bandwidth of the response curve between the 6 dB points should be 5 MHz.

(if)  The response at the sound LF. should be 20 dB below (i.e. 10% of) the response at the picture
LE. This amounts to response of 5% of the maximum response.

(v)  Theresponse at the adjacent channel sound carrier (40.4 MHz) should be at least 40 dB below
the maximum response.

(v)  Theresponseat the adjacent channel picture carrier (31.9 MHz) should be at least 46 dB below
(i.e. 0.05% of) the maximum response.

(vi)  The response in the range 35 to 38 MHz should be flat within 2 dB.

3?MH2
3I8MHz
1000/0"" - "' /

---50%

'.
|
1
< 5% |

f \40.4 MHz

1.9 MH2 |
; Hz g (Ad]_chonn-el
QMHZ 33-4M ( Picture ,
(»‘3\1ng channel (Scoc;'rnr?er) carrier) sound carrier)

icture carrier)
: Frequency (MHZ)

irement.
Fig. 18.7. Video LF. amplifier response requireme
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Phase Response. The phase response is not so important in double sideband (DSB) system in Which
the steep flanks of the amplifier bandpass lie in the extreme high frequencies. Butin vestigial sideband (VSB;
system, since the carrier and the major frequencies lie on the flarks, the envelope delay distortion becomes
prominent in the video frequency range. The overall video response thus gets distorted.

18.5. Interstage Coupling Methods

Video amplifier stage should provide a gain of 60-80 dB and uses cascode multttl;zu;gsot:geg [glep:lglgr.
Typically 3 stages are used. AGC bias is applied to the first stage and sometimes L0 )

: ircui ned circuits ma
The amplifier may use single wned circuits or double tuned circuits. F gr['hertg:]eeszietg]slightly differen};
use synchronous tuning, i.e. tuned to the same frequency or may be stagger tuned, i.e.
frequencies. We here consider the different coupling method.

(A)  Single Tuned Circuit. In this case, a single tuned circuit is used 11(11 the (C)(r)ltlﬁf(;zrg ;311; Clé:)[ui;shlrl:;
load impedance coupled to the next stage inductively through an qntung:d i:icgn séel:rlgcting proper frma el
capacitor connected at a tap on the tuned circuit. Impedange match is achieved by
or by suitable tap on the circuit. Fig. 18.8 shows the circuit arrangement.

o— & @ —0 e o
T | .
__Ep Output Input = "
Lp
_ —0 — : <
07 v

i (b) Tapped coupling.
er coupling. o !
(a)FEa?gfgrnéingle t?med circuit with transformer coupling or tapped coupling.
o ircui i ircui d and are generally inductively
le Tuned Circuit. In this case, two tuned circuits are use ‘
<B)'th (l))e(;‘flilc)i:m of coupling adjusted to obtain the desired double hump response curve of Fig. 18.9.
COl.lpled vt e ling (K < 1), the response curve is similar to that of a single tuned circuit namely smglq peaked.
Vel yeak couplin g(K = 1)’, broad single peak characteristic is obtained while in overcoupled circuit (K = 1
At cqucSl ngﬁbleghump characteristic is obtained. By inserting resistors (R, and R,) in shunt with the tunqd
2'[yp%€sa ﬂﬁ effcctive Q’s of the tuned circuits get reduced. This causes reduction in hump, reduction in gain
rcuits, .
;:)lut increase in bandwidth with more flat top.

ResponseT /,~Over coupled

/ (k=1-2)

Critically

coupled

/ (k=1-0)

Under
, o /coupled

| (k<1)

L _J._C.s
Input Rp _T—%p p ls = R Output
to
—o0 Frequency—»

led circuit.
Double tuned transformer coup (b) Response curve.
(@) Fig. 18.9. Double tuned transtormer-coupled circuits and their response.
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(©) lmpedance Coupling. In this case, an impedance common (0 the output circuit of onc stage
and the input circuit of the next stage provides the necessary coupling. Then this coxttfm[on] ::lll)legfa;):lck ;JLSr% i
w'nth the tuning elements of the two stages may form a band pass filter providing the desired [ F responecb
Fig. 18.10 shows a fcw typical impedance coupling arrangements. In Figs. 18.10 (b) and (c), Lhé commbﬁ
element Z, may be a resistor an inductor or a capacitor, or a combination of thesc. Ad justmcnt of the common

element provides the variable coupling.

1o HL1M —o?2

1o _,2

1o

(c)

Fig. 18.10. Impedance coupling arrangements.

(q) is used when a shielded cable is used for coupling e.g. for
lifier input. In that case, the cable capacitance forms a part of
ed between points 1 and 2 to provide addiuonal coupling.

The r-filter arrangement of Fig. 18.10

coupling the R_F. tuner output to the L.F. amp
C,. Someumes a series R-C circuit may be connect
g. A75Qcoaxial cable is sometimes used for coupling the mixer stage

(D)  Coaxial Link Couplin
input as shown in Fig. 18.11.

output 1o the first LF. amphfier stage

5 (Coanot coble
B p e Lo 3L

MIXER
VIDEO IF AMPLIFICR

e tF 41 Doavialcable coupling
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QUTPUT STAGE

INTER STAGE

+VCC1

INPUT STAGE

AGC

DOUBLE TUNED
CIRCUIT

18.6. Transisltlor _\éide;);.l?. A:npliﬁer Circuits - amplifier with ban dpass filter
Typically video L.F. amp ifier consi :
between the high output impedance (sevi‘:;ls l?itig_Stsges. The probler "
1 k Q) of base circuit of the next stage. This impeg ms) of the COllec[ocor-lfro-nwd is that of impedanc< m‘a L»{
with suitable step down ral1o or by using suitap ance mach jg secu y Circuit to the low inputl impedanc® Fc'
transistors having fr of 400 MHz or more and ingrefir either by using transtormer couplmz-
- The LF. amplifiers use high frequenc’

forwarg Ua(;:\e fcoupl
Sie) .
" Conductance exceeding 100 mQ. Use of such
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neutralization at the cost of gain by
gain although CB
figuration is used

TR ‘ ieolati i ility. times cascode con
stages provide improved feedback isolation and high stability. Sometim and better feedback

combining the good features of both CE and
1solation. Both types of circuits are discussed here.

CB configurations namely high power gain
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ig. 18.12 shows 2 3.stage CE video LF. amp; fe
( stage. Wave traps are generally plageg
ntering the amplifier and reducing y,
as the load in the collector cirgy,;
base of the second stage, j.¢ e

~ (4)  Three-Stage CE Video LF. Amplifier. F
providing gain exceeding 90 dB. The AGCis applied to only the inpu
at the input of the amplifier to reduce the undesired signals from entet
chances of cross-modulation. The input stage employs single tuned circuits

and a tap on the tuned circuit capacitance is used to couple the output to the
intermediate stage.

- The interstage LF. amplifier employs a double tuned circu
with the tuned circuits for proper bandwidth. Sometimes a capac

Fig. 18.12).
The LF. amplifier output stage also uses a double tuned bandpass circuit v'viLh bifilar yvound mducu'ye
coupling feeding the video detector. In order to prevent the radiation of harmonics of the picture LF. carrier
generated in the video detector, the double-tuned B.P. filter and rcuit are enclosed within g

the detector C1

screening can.
(B)  Transistor Video LF. Amplifier with Cascode Interstage. Fig. 18.1 3 showsa typical 3-state
de stage provides a high gain and high

transistor video LF. amplifier using cascode interstage. This casco _
been used at the input of the amplifier.

stability due to better isolation between the stages. Shunt traps have
e with capacitance coupling to the next stage. AGC 1s applied

de stage with single tuned load inductively coupled

per damping resistances in shyp

ing is used (capacitor C,

it with pro
itive top coupli

The input stage is single tuned CE stag
to the base of this transistor. The interstage uses a casco
to the output stage. The output is a CE stage using single tuned bandpass filter.

The decoupling RC filters in the collector supply leads include RF chokes also for effective coupling

at high frequencies.
18.7. Video Detector
The output of the last video LF. amplifier is fed to the video detector which is .
o - . Co Ode
detector. This video .detector depmglula}es thf: amplitude modulated video LF. signal bYThn;Ofr;lcyﬁgcilﬁon
process. Fig. 18.14 gives the basic circuit of video detector. The rectified output of diode detector contains
(i) L.F. component (if) video frequency components (iti) d.c. components (iv) harmonics of video fr ies
The LF. components in the video detector output is eliminated by a low pass filter Gymicat video e.quenc' .
or by a simple bypass filter capacitor as shown in Fig. 18.14. The desired video);PICa yofm conflgurauon%
developed across the load resistance R, and may be coupled to the video amplifierr:tguency component ges
g¢c.

o ! H
From J' ;  —°
\ast » c. |
1F Amp 2 '. = § :
w1 eI 3 o O
- :

For optimum performance, it is desired that (;
due to clipping is Z€ro. The detection efficiency j (@) the detection aff: ..
peak-to-peak si 1in the modulated NCY 1s defined a4 eff1c1ency is . ,

-to- signa ! envelope. For maxi the ratio of maximum and (i) distort on
detector load impedance R, be much greater than the diodunum detection et l,:‘to-peak detector output t0 4
¢l ) IC1

much greater than the diode capacitances C; . Buy ¢ forwarg ency, it i the
bec too large ana causes di s " CgcCann Tesis » 1L is necessary that ()
Csbecomes fid Sdiagonal cllppmg athigh r:)\todulr: ade tog larce Trand (ii) filter ca pacitor Cobe

of C; thronghi e tion fre‘lue;% € otherwise the time constant £
C1es due to slow rate of discharg®
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