
GB 2 059 700B     1 SPECIFICATION
frequency of the intercarrier sound signal, thereby producing a buzz in the
sound chan- Television signal processing system            nel. For
example, a video signal at 2.25 MHz (the second subharmonic of the
intercarrier 5 This invention relates to synchronous detector   70 sound
signal), and a video signal at 1.5 MHz and automatic fine tuning circuits,
and may    (the third subharmonic of the intercarrier feature to a common
selectivity network in-    sound signal) can have significant harmonics
cluding a tuned circuit which simultaneously   which appear at the
intercarrier sound signal reduces harmonic distortion in a synchronous
frequency (4.5 MHz). 10 detector and improves the noise immunity and   75
The reference signal developed in the refer- offset carrier tuning ability
of an automatic  ence channel may also be advantageously fine tuning
circuit.                           used in conjunction with a
double-balanced The synchronous detection process has tan-   phase
comparator to generate an automatic talized television receiver designers
for a num-  fine tuning signal. The reference signal is 15 ber of years,
due to its advantages over the  80 coupled to the phase comparator by a
first, widely-used envelope detector in areas such    diect path, and by a
second path which as improved linearity, operation at low signal  includes
a tuned circuit. The tuned circuit levels, and the simultaneous detection
of both  imparts a frequency dependent phase shift to video and
intercarrier sound signals. Unfortu-  the reference signal so that the two
signals 20 nately, the implementation of synchronous de-   85 which are
applied to the phase comparator tection is difficult and expensive due to
its  will be in quadrature when the l.F. picture precision and complexity.
carrier is at the correct frequency. When the However, with the advent of
television inte-  picture carrier varies from its desired fre- grated
circuit technology, synchronous detec-  quency, the applied signals will
not be in 25 tion has become competitive with envelope    90 quadrature,
and the outputs of the phase detection on a cost and a performance basis.
comparator will change, enabling the develop- The synchronous demodulator
is generally       ment of a correction voltage for the tuner. configured
as a double-balanced product de-      Several factors must be considered in
the tector, in which the intermediate frequency    design of the automatic
fine tuning (AFT) 30 (I.F.) signal is multiplied by a reference, or  95
circuit. The asymmetrical Nyquist bandpass of switching signal. When the
reference signal is  the I.F. filter referred to above can result in a
spectrally-pure sinusoid of exactly the same  the production of an AFT
response character- frequency and phase as the l.F. picture car-   istic
which exhibits a greater pull-in range rier, or an amplitude-limited
version thereof,  toward mid-band. This unbalanced response 35 the
aforementioned advantages of synchro-  100 characteristic will cause the
AFT voltage to nous detection are realized.                   drift toward
mid-band tuning due to noise, If the reference signal is produced by an
since I.F. noise has a frequency spectrum unmodulated picture carrier, or a
picture car-  centered around mid-band. Thus, it is desir- rier with
balanced double sidebands, a spec-   able to design the AFT circuit so that
a 40 trally-pure, amplitude-limited switching signal   105 balanced
response characteristic is produced. is produced. However, the reference
signal is    It is also desirable to design the AFT system typically
derived from the l.F. signal which is  so that the television receiver is
capable of applied to the product detector in order to    acquiring and
holding signals received from maintain an accurate phase match of the
master antenna (MATV) and cable television 45 reference signal to the I.F.
picture carrier. The  110 (CATV) systems; These systems are generally I.F.
signal is applied to a reference channel  unregulated as to frequency
offsets, and are circuit with selectivity in the vicinity of the  known to
produce incidental phase modula- picture carrier to develop the reference
signal.  tions and frequency offsets whereby the carri- The l.F. signal at
the input to the reference  ers vary from the normal broadcast frequen- 50
channel is therefore neither an unmodulated    11 5 cies by as much as
[err] 2 MHz. A 2 MHz carrier nor a double sideband signal, but, due  offset
television signal can be acquired by a to the l.F. selectivity and the
vestigial nature  frequency synthesizer (FS) tuning system, of the
transmitted signal, is an asymmetrical  such as that shown in U.S. Patent
sideband signal with the low frequency video   4,031,549, when used in
conjunction with a 55 appearing as an unbalanced double sideband   120
properly designed AFT system. The FS tuning signal and the higher frequency
components     system includes a phase locked loop (PLL) appearing as a
single sideband signal. The     containing a voltage controlled local
oscillator. I.F. picture carrier, with its asymmetrical side-  The
frequency of the signal produced by the bands, will result in the
generation of an     local oscillator tunes the receiver to the de- 60
inphase and quadrature component in the    125 sired channel. The local
oscillator will first reference channel signal which, when applied   tune
the receiver to the standard broadcast to the product detector, generates
detected    frequency for the selected channel. The PLL video and
intercarrier sound signals with har-  will then operate under the control
of the AFT monic distortion. The harmonics of certain     signal, and the
tuner will search for the pic- 65 video signals will appear at the 4.5 MHz
130 ture carrier of the desired channel over a    
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GB 2 059 700B      2 frequency range centered about the standard
channel and an AFT circuit which contains a frequency location. If no
signal is acquired,   trap in the reference tuned circuit for produc- the
tuning system will step the local oscillator  ing attenuation about a
trapping frequency up in frequency by 1 MHz, the down in
intermediate the frequency of a sound carrier frequency by 1 MHz, and
search frequency     70 and that picture signal sideband frequency ranges
about these local oscillator frequencies.  which, upon detection, results
in a video It may be seen that, in order to acquire a 2    signal
corresponding to the intercarrier sound MHz offset signal, the AFT circuit
must be      second subharmonic frequency. The selectivity able to direct
the tuner to a carrier which is 1  network comprises a first tuned circuit
cou- 10 MHz away from the stepped- up or stepped      75 pled across the
reference channel circuit and down local oscillator frequency. Thus, the
AFT  tuned to the frequency of the I.F. picture system must have a  1 MHz
range which,         carrier. A second tuned circuit is lightly cou- when
combined with the  1 MHz' range of        pled to the first tuned circuit
and is coupled the FS tuning system, is capable of acquiring   across two
inputs of the AFT circuit to provide 1 5 signals offset from standard
broadcast fre-  80 a frequency-dependent phase-shifted reference quencies
by  2 MHz.                            signal to the AFT circuit. The first
tuned The pull-in range of any AFT system is        circuit includes a trap
circuit tuned to the unavoidably limited in the direction of the
aforementioned trapping frequency. The trap lower adjacent channel by the
lower adjacent    in-the reference channel tuned circuit attenu- 20 sound
trap and the Nyquist slope of the I.F.  85 ates those picture signal
sideband frequencies selectivity network. For frequency offsets to-  in the
reference channel which, upon detec- ward the lower adjacent channel, the
ampli-     tion, result in video signals located at the tude of the l.F.
picture carrier will fall off  second and third subharmonic frequencies of
quickly, and the co-channel sound carrier will  the intercarrier sound
signal, thereby minimiz- 25 come up in amplitude as it is located in the
90 ing quadrature distortion in the reference I.F. passband instead of the
co-channel sound   channel and the resultant harmonic distortion trap. When
I.F. picture carrier of the desired  in the video signals,'which causes
sound channel has a 1 MHz offset, the reduced         buzz. The frequency
notched reference chan- picture carrier and the exalted co-channel      nel
signal is coupled to the AFT tuned circuit, 30 sound carrier can both be at
the outer ex-    95 which causes a balancing of the pull-in range tremes of
the AFT pull-in range, thereby pro-   of the AFT circuit about the picture
carrier ducing equaal and opposite tuning correction    frequency, thereby
immunizing the AFT circuit voltages in the AFT system. The tuning vol-
against noise-pulling.The frequency notch in tages thus produced will
balance each other,    the AFT circuit at the indicated frequency also 35
and the AFT system will provide a tuning     100 minimizes AFT effects of a
frequency offset voltage to the tuner which will not change the  co-channel
sound carrier, allowing the auto- tuning of the receiver. The tuning system
will   matic acquisition of signals which are offset in therefore be locked
in a condition in which it  frequency toward the lower adjacent channel. is
unable to acquire the offset signal. Thus, it  In the drawings: 40 is
desirable to design the AFT circuit so that it  105   Figure 1 is a phasor
diagram of a carrier is capable of acquiring and holding signals if
reference signal; the tuner local oscillator has drifted or other-   Figure
2 is a phasor diagram of a carrier wise is not at the correct frequency,
for errors  reference signal with sideband modulation; up to 1 MHz.
-                             Figure 3 illustrates the passband of a
typical 45   An AFT system should also require as small  1 10 reference
signal circuit; a number of simple tuned circuits as possible.     Figure 4
illustrates the response characteris- This is because the AFT system is
part of a     tic of a typical AFT circuit; closed loop system, including
the tuner, I.F.      Figure 5 illustrates the locations of normal
amplifiers, and AFT detector and amplifiers.    and offset sound and
picture carriers in a 50 Under high gain conditions, the poles and    115
typical l.F passband; zeroes of the reactive elements of the loop,
Figure 6 illustrates, partially in block dia- including the I.F.
selectivity network and the  gram form and partially in schematic diagram
AFT detector, can combine to create reso- form, a synchronous detector
and'an AFT nance points at which the loop becomes un-      circuit
constructed in accordance with'the 55 stable. The problem is compounded in
an FS    120 principles of the present invention;: tuner system, since the
FS tuner includes! an      Figure 7 illustrates a typical reference signal
integrator in the PLL having several time con-  response characteristic of
the circuit of Fig. 6; stants of its own. These instability problems
Figure 8 illustrates a typical AFT response can be reduced by' reducing the
number of       characteristic of the circuit of Fig. '6; and 60 poles and
zeroes in the AFT loop through the   125 Figure 9 illustrates in schematic
diagram use of simple tuned circuits whenever tuned     form an alternative
embodiment of the selec- circuits are required.
tivity network of Fig. 6. In accordance with the principles of the
Referring to Fig. 1, a phasor diagram is present invention, a selectivity
network is pro-  shown, with signals referenced 'to a picture 65 vided for
asynchronous detector reference    130 'carrier 20 having a frequency of
[err] radians    
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2059700B       3 per second. The picture carrier may be ex-     critical;
if the signal frequency shifts, the pressed mathematically as  ex-
picture carrier can move entirely out of the -                passband  and
video detection will cease. Also, A. cos [err].
the reference tuned circuit will produce a 5
70 static phase shift over its passband, equal to If the reference signal
circuit of a synchronous  approximately  45 degrees at the 3 db detector
contains only this carrier signal, per-  points of the circuit. Reference
signal circuits fect synchronous detection will result, with..  thus must
compromise the quadrature distor- the detected video signal being an exact
re-   tion produced by the Nyquist slope of the I.F. 10 plica of the
original composite video signal,  75 passband in light of the problems of
tuning free of quadrature distortion. Similarly if the  inaccuracies and
static phase shift. This com- reference circuit also contained balanced
dou-  promise results in the use of a reference ble sidebands 12 and 14,
their resultant 16    signal circuit with a relatively wide bandwidth.
would fall along the axis of the carrier phasor.  Fig. 3 illustrates a
typical response curve 15 The resultant signal could then be amplitude-
80 40 of a reference signal circuit. The tuned limited to again produce a
perfect reference   circuit is tuned to the 45.75 MHz frequency signal for
the synchronous detector. However,  of the picture carier for use in the
NTSC since the video signal is a vestigial sideband  television system.
Superimposed on the re- signal, such balanced sidebands do not occur.
sponse curve 40 is the Nyquist slope portion 20   Vestigial sideband
modulation will result in    85 50 of the I.F. passband, which causes a
sharp- the production of a reference signal shown in  rolloff of signal
frequencies above 45.75 the phasor diagram of Fig. 2. The picture      MHz.
carrier 20 is of the same form as in Fig. 1. A   The presence of quadrature
distortion in the video sideband is shown of the form.           reference
signal will produce harmonic distor- 25
90 tion in the detected video signal. Specifically, [err]
quadrature distortion resulting from 43.5 MHz sidebands in the reference
signal will produce where [err] is the signal frequency and [err] is a
second harmonics of the resultant baseband static phase shift due to the
reference tank   video signal of 2.25 MHz. The second har- 30 circuit. For
frequencies beyond the Nyquist  95 monic of this signal will fall at 4.5
MHz, the slope of the I.F. passband, the video sideband  frequency of the
detected intercarrier sound will be a single sideband as shown by phasor
signal. Although these second harmonics will 22. This sideband can be
resolved into two     have an amplitude which is only 14 percent
components: an inphase phasor 24 of the        of that of the fundamental,
these small signals 35 form                                       100 are
sufficient to cause a buzz in the sound signal. A similar but lesser effect
results from [err]
sidebands with an l.F. frequency of 44.25 MHz, which will have third
harmonics appear- and a quadrature phasor 26 of the form         ing in the
intercarrier sound signal. Ideally, it 40
105 would be desirable to attenuate these frequen- [err]
cies in the reference circuit, as illustrated by the dashed notches 42 and
44 in the re- The resultant switching signal is a phasor 28,  sponse curve
of Fig. 3. But in accordance which will cause quadrature distortion in the
with the present invention, a solution to this 45 detector due to the
orthogonal quadrature  110 problem is presented which simultaneously
component. When the I.F. signal is demodu-     solves problems in other
areas of the televi- lated by this resultant reference signal 28, the  sion
receiver as well.. video signal will be distorted in like manner to  A
typical AFT response characteristic 46 is a video signal demodulated by an
envelope      shown in Fig. 4. The response characteristic is 50 detector.
One of the primary advantages of a   11 5 shaped to exhibit a sharp
response for picture synchronous detector, high linearity,, is lost.
carrier frequency variations in the vicinity of If the reference circuit
uses a tuned circuit  . its desired frequency location of 45.75 MHz. with a
very narrow passband, some of the       The upper slope 46a of this curve
is seen to quadrature distortion will be reduced. The     roll off quickly
due to the location of the 55 Nyquist slope of the I.F. passband will still
120 47.25 adjacent channel sound trap in the I.F. produce unequal sidebands
on either side of    filter network. Below the picture carrier fre- the
picture carrier, a shown by phasors 22     quency and toward the middle of
the I.F. and 30. The resultant switching signal will    band, the response
characteristic is seen to accordingly have a smaller quadrature compo-
have more gradual rolloff. This response char- 60 nent, which will produce
less distortion in the   125 acteristic will result in what is known as
detected video signal.                         ''noise pulling". Under weak
or no signal Narrowing the passband of the reference      conditions, the
AFT circuit will correct the tuned circuit is generally done by increasing
tuner toward mid-band, since the average the Q of the circuit, which
creates other      frequency of I.F. noise is located at approxi- 65
problems. The narrow passband makes tuning   130 mately 43.5 MHz and the
area under curve    
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2 059 700B     4 46 is greater below 45.75 MHz than it is       also
improves the noise pulling immunity of above that frequency. It is thus
desirable for  the AFT circuit while solving the aforemen- the AFT response
characteristic to be balanced  tioned sound buzz problem. about the picture
carrier frequency, so that   -A circuit constructed in accordance with the
5 the AFT circuit will produce a 45.75 MHz    70 principles of the present
invention is illus- tuning voltage under weak or no signal condi-  trated
in Fig. 6. The circuitry thereshown may tions.
-           be advantageously manufactured on a single A typical I.F.
passband response character-  monolithic integrated circuit chip, with the
istic 60 is shown in Fig. 5. When the televi-  exception of tuned circuit
elements 160-184. 10 sion receiver is properly tuned, the picture  75 which
are external to the chip and coupled carrier will be located at 45.75 MHz
as -shown  thereto at external chip terminals 7-10. at 62, 6db down from
the flat top of the         A double-ended I.F. signal is coupled to
passband 60 on the upper Nyquist slope of     internal terminals 102 and
104 from I.F. the passband. The sound carrier at 41.25       amplifier 100.
The I.F. signal is applied to 15 MHz will then be located as shown at 64,
80 transistors 132 and 134 of product detector down approximately 20 db
from mid-band         130 for the synchronous demodulation amplitude. When
these carriers are applied to  thereof. The I.F. signal is also applied to
a an AFT circuit having the response shown in   reference signal circuit
110 by way of emitter Fig. 4, the picture carrier will be precisely
follower coupled transistors 106 and 108 for 20 tuned to 45.75 MHz and the
sound carrier    85 the generation of a switching signal for the will be
located at a frequency which is too low  product detector 130 and an AFT
phase com- to affect the AFT output voltage.              parator 150.
However, when the video signal is shifted      The I.F. signal drives a
differential amplifier upward in frequency by 2 MHz, as may occur
comprising transistors 112 and 114 in the 25 when the signal is provided by
a MATV or    90 reference signal circuit 110. Coupled across CATV system,
only 1 MHz of the offset will be  the collectors of the differential
amplifier corrected by the tuning -system as it searches  transistors 112
and 1 14 is a first tuned circuit for the picture carrier. The signals that
are  160, which is coupled at external chip termi- supplied to the AFT
circuit will still be offset  nals 8 and 9 and is tuned to the picture 30
by 1 MHz, as shown by the picture and sound   95 carrier frequency, in this
example, 45.75 carrier locations at 66 and 68 in Fig. 5. When  MHz. Diodes
116 and 118 are also coupled so located, the 42.25 MHz sound carrier will
across the collectors of transistors 112 and only be approximately 6 db
'below mid-band     114 to limit, or clip the reference signal, level, and
the 46.75 picture carrier will be   producing almost a square wave
switching 35 down by approximtely 30 db, as its  frequency  100 signal
under strong signal conditions. The approaches that of the adjacent channel
square wave switching signal will be of the sound trap. When these carriers
are applied to  same frequency and phase as the I.F. picture an AFT circuit
having the response shown in    carrier under optimum signal conditions by
Fig. 4, the attenuated picture carrier will pro-  virtue of the limiter
operation of the differen- 40 duce only a small positive tuning voltage, as
105 tial amplifier and diodes, in combination with shown by arrow 52. The
exalted frequency       the tuned circuit 160. shifted sound carrier will
be located as shown   The amplitude-limited switching signal is at arrow
54, where it will produce a small     applied to the base electrodes of
four transis- negative contribution to the tuning voltage of  tors which
are arranged in a dual differential 45 similar magnitude to that provided
by the   110 amplifier configuration 136 and 138 in the picture carrier.
These two tuning voltages will  product detector 130 by emitter follower
con- cancel each other in effect, and the AFT       figured transistors 122
and 124. The differen- circuit will thus fail to pull in the offset  tial
amplifiers 136 and 138 are driven by the television signal. If the tuning
system pro-   push-pull I.F. signal applied by way of transis- 50 duces
less than a 1 MHz correction as it   11 5 tors 1 32 and 134. The
transistors comprising searches for the signal, both carriers will move
differential amplifiers 136 and 138 are up in frequency, and the tuning
voltage com-  sitched by the reference signal to achieve ponent provided by
the sound carrier will      product detection of the incoming I.F. signal.
dominate the picture carrier contribution. The  Those differential
amplifier transistors which 55 AFT circuit will then try to adjust the
tuning  120 receive complementary polarity switching sig- so that the
receiver will lock up with the     nals in respective differential
amplifiers have sound carrier tuned to the 45.75 picture       their
collectors connected to form two comple- carrier frequency.
mentary outputs, across which composite One way to avoid this problem is to
insert a  video and intercarrier sound signals are devel- 60 notch in the
AFT response characteristic   125 oped. These two outputs may be combined,
if where the offset sound carrier will be located   desired, in a known
fashion to produce a as shown by dashed lines 56 in Fig. 4.
single-ended output for the detected video However, the arrangement of the
present in-   and intercarrier sound signals. vention will successfully
solve the offset car-  The reference signal at the colletors of 65 rier
acquisition problem in a manner which  130 transistors 112 and 114  is also
applied to the    



5                                                                       GB
2 059 700B     5 bases of two transistors 142 and 144. The     voltage. A
D.C. path from the voltage divider emitters of these transistors .142 and
144 are  147 to transistor 148 is provided by inductor coupled together and
to ground by a resistive  184. The phase-shifted signal is coupled to
network 143, thereby producing complemen-     the bases of differentially
coupled transistors 5 tary reference drive signals at their emitters.  70
152 and 1 54 from the emitter followers 146 This double-ended reference
signal is coupled  and 148. Transistors 152 and 154 are cou- to
differential amplifiers 156 and 158 of the  pled at their emitters, which
are also coupled phase comparator 150. The bases of the       to a constant
current source 153. Transistors transistors of the differential amplifiers
are  1 52 and 1 54 have their collectors coupled to 10 driven in a
push-pull manner by the reference    75 drive the dual differential
amplifiers 156 and signal, which is of the same phase and fre-    1 58 at
the emitter electrodes of the respective quency as the I.F. picture
carrier.            differential amplifiers. Those transistors in the The
reference signal developed across the    respective differential amplifiers
which are first tuned circuit 160 is lightly coupled by  driven by
complementary signals at their base 15 capacitors 172 and 1 74 to a second
tuned   80 electrodes by transistors 142 and 144 have circuit 180, which
imparts a frequency-depen- .    their collectors connected to provide two
com- dent phase shift to the reference signal. When  plementary outputs
across which the AFT volt- the picture carrier is at the desired frequency,
age is developed. These outputs may be cou- in this example, 45.75 MHz, the
reference     pled to a further differential amplifier in a 20 signal is
shifted in phase by 90 degrees by  85 known manner to develop two
opposite-vary- the second tuned circuit, which includes a     ing AFT
output signals of a desired impedance capacitor 182 and an inductor 184.
When       and voltage range. the frequency of the picture carrier (and
The reference tuned circuit 160 includes a hence, the reference signal)
varies from the   parallel resonant circuit, including an inductor 25
desired frequency, the second tuned circuit  90 162 and a capacitor 164,
which is tuned to shifts the phase of the reference signal by   the picture
carrier frequency, in this case, more or less than 90 degrees.
45.75 MHz. A damping resistor 168 is cou- The second tuned circuit 180 is
lightly      pled across the tuned circuit 160 to prevent coupled to the
first by small value capacitors  oscillatins in an unshielded tuned circuit
160 30 172 and 174. While it may seem advantage-    95 when the I.F.
amplifier 100 and reference ous to more tightly couple the AFT tuned
circuit 1 10 are operating in a high gain condi- circuit to the reference
tuned circuit to, for  tion. A choke 169 is coupled in parallel with
instance, provide a larger drive signal for the  the damping resistor 168
to provide a low phase comparator 150, this will result in     impedance
path for horizontal scanning fre- 35 degradation of the reference signal.
The refer-  100 quency signals between the collectors of ence tuned circuit
is designed to have a single  transistors 112 and 114. This choke prevents
resonant frequency in the vicinity of the pic-  the reference circuit 110
from ringing at the ture carrier frequency. When the two tuned
horizontal scanning frequency, which would circuits are tightly coupled,
the reference    produce harmonics appearing as vertical bars 40 tuned
circuit will assume the response of an    105 in the reproduced image on
the kinescope. overcoupled, double-tuned network. This dou-     In
accordance with the present invention, ble-humped response will cause
quadrature     the reference tuned circuit includes a trap distortion and
phase nonlinearities in the refer-  circuit, comprising the effective
inductance of ence circuit, resulting in poor transient re-  the parallel
resonant circuit 162, 1 64, and 45 sponse in detected low frequency
luminance    110 capacitor 166 in the illustrated example. Ca- signals.
Since one of the advantages of the    pacitor 166 is coupled between one
junction synchronous detector is video transients with  of inductor 162 and
capacitor 164 and termi- faster rise and fall times than envelope de-   nal
8, and the other junction of inductor 162 tected signals, including the
further advantage  and capacitor 164 is coupled to terminal 9. 50 of
symmetrical preshoot and overshoot, care'   11 5 The trap circuit is tuned
to produce a notch in must be taken to ensure that the two tuned    the
reference circuit response at a frequency circuits are not overcoupled. In
some in-      which is intermediate the frequency of a 1 stances, the
desired light coupling may be     MHz offset sound carrier (42.25 MHz), and
achieved by locating the two tuned circuits in  that picture signal
sideband frequency which, 55 close proximity to each other, thereby dis-
120 upon detection, results in a video signal corre- pensing with physical
capacitors 172 and      sponding to the intercarrier sound second 174.
subharmonic frequency (43.5 MHz). The The phase-shifted signal developed
across    notch is broad enough to provide significant the second tuned
circuit 180 is coupled to the  attentuation at both of these frequencies.
The 60 phase detector 150 by way of external chip    125 reference signal
produced by this turned cir- terminals 7 and 10 and emitter follower cou-
cuit will have reduced quadrature distortion, pled transistors 146 and 148.
D.C. bias at the  particularly at the frequency which produces bases of the
emitter follower transistors is  second harmonics that cause the sound buzz
provided by a voltage divider 147, coupled     problem. The reference
signal will also be 65 between ground and the source of supply    130
attenuated at the frequency of the color sub-    



GB 2059 700B      6 carrier (42.17 MHz), which will minimize the   Thus,
the sound carrier has been trapped out problem of chromasound beats in the
de-        of both signals which are applied to the phase tested video
signal.                           detector 150 for the development of an
auto- The reference signal which is coupled to the  matic frequency control
signal. 5 second tuned circuit 180 from tuned circuit  70  This is
particularly important when the AFT 160 will also exhibit the frequency
notch,    circuit is used in conjunction with an FS which will reduce the
width of the mid-band    tuning system. The stability of the FS system
portion of the AFT response characteristic   is dependent upon the
linearity of the AFT The AFT response characteristic will thus be
response. curve 210 in the vicinity of the 10 balanced, with two,
substantially equal pull-in    75 desired picture carrier frequency,
illustratively ranges on opposite sides of the desired pic-   shown as
45.75 MHz in Fig. 8. When the ture carrier frequency, making the AFT
circuit  sound carrier is trapped out of the AFT detec- more immune to
noise pulling. The notch will  tor inputs, the control signal produced is
also virtually eliminate any AFT voltage con-  responsive solely to the
picture carrier, which 15 tribution of an offset sound carrier at 42.25  80
will produce a linear response consistent with MHz, thereby enabling the
AFT circuit to       response curve 210. If the sound carrier were acquire
the frequency offset picture carrier at  not trapped out of the AFT
detector inputs, 46.75 MHz.                                    the sound
carrier would make a voltage con- The circuit of Fig. 6 was constructed and
tribution to the control signal, which contribu- 20 tested, and the
response curves of Figs; 7 and   85 tion would disturb the linearity of the
control 8 were recorded. The reference tuned circuit   signal in the
vicinity of 45.75 MHz. The response characteristic 200 is shown in Fig.
stability of the FS tuner would be deleteri- 7, superimposed over the
Nyquist slope 50 of   ously affected accordingly. It is thus apparent the
I.F. passband. The notch produced by the   that the AFT circuit of the
present invention 25 reference trap is located at approximately  90 will be
controlled by a 1 MHz offset picture 42.9 MHz, which is seen to attenuate
the       carrier at 46.75 MHz, and will cause the picture signal sideband
frequency correspond-  tuner to succesfully acquire this offset signal. ing
to the intercarrier sound second subhar-     An alternate embodiment of the
tuned cir- monic frequency, 43.5 Mhz, by approximately    cuits of the
present invention is shown in Fig. 30 32 db, compared with the 16 db level
of     95 9. This embodiment differs from the arrange- attenuation of the
same frequency in Fig. 3.   ment of Fig, 6 in that capacitor 164 is in The
picture signal sideband frequency which,   parallel with the series
combination of capaci- upon detection, results in a video signal which  tor
166 and inductor 162 across terminals 8 corresponds to the intercarrier
sound third    and 9. The combination of capacitor 164 and. 35 subharmonic
frequency, 44.25 MHz, is seen    100 the effective inductance of inductor
162 and to be attenuated by 25 db in Fig. 7, com-     capacitor 166 is
resonant at the picture carrier pared with its 14 db level of attenuation
in   frequency, while the combination of inductor Fig. 3. It may also be
seen in Fig. 7 that     162 and capacitor 166 provides trapping at when the
reference tuned circuit response      the aforementioned intermediate
frequency. 40 curve is combined with the Nyquist slope of    105 The
remaining elements are arranged in the the I.F. passband, the composite
response is    same configuration as shown in Fig. 6 and substantially
symmetrical about the IF. pic-   bear the same reference numerals. ture
carrier frequency of 45.75 MHz, which       The present invention may be
easily imple- further reduces quadrature distortion in the   mented for use
with the PAL television system 45 reference circuit by amplitude balancing
the    1 10 by readjusting the tuning frequencies in con- video sidebands.
'                             sonance with the PAL standards. The refer-
The effects of the reference tuned circuit   ence tune circuit is then
resonant at the PAL trap on the AFT response is shown in Fig. 8.  I.F.
picture carrier frequency of 38.9 MHz. The AFT response curve 210 is seen
to be       The PAL sound carrier is located at 33.4 50 balanced, having
two substantially equal posi-  115 MHz, and the intercarrier sound signal
thus tive and negative pull-in areas 212 and 214    has a fundamental
frequency of 5.5 MHz and between the response curve 210 and the         a
second subharmonic frequency at 36.15 reference axis. The substantially
equal pull-in  MHz in the I.F. band. The reference tuned areas on either
side of the picture carrier    circuit notch is therefore located
intermediate 55 frequency improve the immunity of the AFT  120 the sound
carrier offset by 1 MHz,' or 34.4 circuit to noise pulling. Also, the broad
notch  MHz, and the l.F. frequency corresponding to virtually eliminates
any voltage contribution at  video signals having second harmonics at the
42.25 MHz, the frequency of a 1 MHz offset     intercarrier sound
frequency, 36.15 MHz. The sound carrier. This is because the notch of the
second tuned circuit must also be retuned to 60 reference tuned circuit
trap affects both the  125 provide a 90 degree phase shift at the PAL
reference signal, which is coupled to the dif-  I.F. picture carrier
frequency. ferential amplifiers 1 56, 158 in the phase     In the
embodiment of the present invention detector 150, and the phase-shifted
reference  illustratively shown in Fig. 6, the product signal which is
applied to the phase detector  detector 130 detects both the video and
inter- 65 150 by way of the second tuned circuit 180.   130 carrier sound
signals. It mav be desirable in a    
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G8 2 059 7008      7 particular embodiment to process the sound      sponse
at said first and second terminals information in a separate channel prior
to      about said desired picture carrier frequency, video detection. In
such an embodiment, the     and 4) provides substantial attenuation at that
sound carrier may be trapped out of the I.F.    picture signal sideband
frequency which, 5 signal prior to generation of the reference   70 upon
detection, results in a video signal corre- signal and video and AFT
detection. The prob-   sponding to the intercarrier sound second lems of
sound buzz and sound carrier acquisi-   subharmonic frequency, wherein said
selectiv- tion by the AFT detector would consequently     ity means
comprises a single, double-tuned not be present. However, the novel
selectivity  circuit which provides a response pole at said 10 network of
the present invention would none-    75 desired picture carrier frequency,
and a re- theless be desirable in the television receiver  sponse zero at a
given frequency which is to balance the video sidebands about the
between said sound carrier frequency and a picture carrier in the reference
signal. The    frequency which is equidistant between said notched
reference signal would also provide a   sound and picture carrier
frequencies. 15 balancing of the AFT response characteristic  80   2. In a
television receiver, apparatus for about the desired picture carrier
frequency, as  processing an intermediate frequency televi- discussed
previously. The selectivity network   sion signal which occupies a passband
includ- would thus simultaneously provide the be-       ing a picture
carrier frequency and a sound nefits of reduced quadrature distortion in
the  carrier frequency comprising: 20 video detector and improved AFT noise
immu-   85   a reference circuit, having first and second nity for the
television receiver. Since it is not  inputs coupled to receive said
intermediate necessary to attenuate the sound carrier fre-   frequency
television signal, and first and sac- quency in the reference channel, the
trap of    ond output terminals for producing a refer- tuned circuit 160
may be tuned to or even       ence signal; 25 above 43.5 MHz in an NTSC
system, the         90   a phase detector having first and second frequency
which is equidistant the sound and    inputs coupled to said first and
second output picture carrier frequencies. The Q of the trap  terminals,
third and fourth inputs, and an circuit may also be higher than that which
is   output for producing a tuning correction sig- desirable in the
embodiment of Fig. 6.          nal indicative of the deviation of said
picture 30                                               95 carrier from
its desired frequency; CLAIMS                                            a
product detector having first and second 1. In a television receiver,
apparatus for    inputs coupled to receive said intermediate processing an
intermediate frequency televi-    frequency signal, third and fourth inputs
cou- sion signal which occupies a passband includ-   pled to said first and
second output terminals 35 ing a picture carrier frequency and a sound  100
of said reference circuit, and an output for carrier frequency comprising:
a phase detector  producing a detected video signal; having first and
second inputs, third and         a first inductor; fourth inputs, means
coupled between said         a first capacitor, coupled in parallel with
third and fourth inputs for imparting a fre-    said first inductor to form
a first parallel 40 quency-dependent phase shift to signals ap-    105
combination; plied thereto, and an output for producing a      a second
capacitor coupled in series with tuning correction signal indicative of the
devi-  said first parallel combination between said ation of said picture
carrier from its desired  first and second output terminals, frequency; and
a product detector having first    wherein said first parallel combination
is 45 and second inputs coupled to receive said    1 10 tuned to peak the
response at said output intermediate frequency signal, third and fourth
terminals at the desired frequency of said inputs, and first and second
outputs for pro-   picture carrier, and said second capacitor is ducing a
detected video signal; and a refer-    tuned in cooperation with said first
parallel ence circuit, having first and second inputs    combination to
provide attenuation at said 50 coupled to receive said intermediate
frequency  11 5 output terminals, relative to the level of said television
signal, and first and second output  picture carrier and in addition to
that provided terminals respectively coupled to said first and  by said
first parallel combination, at said second inputs of said phase detector,
to said   sound carrier frequency and about a fre- third and fourth inputs
of said phase detector,  quency located equidistant said sound and 55 and
to said third and fourth inputs of said  120 picture carriers; product
detector, and including selectivity       a second inductor; means for
providing a characteristic response     a third capacitor coupled in
parallel with at said output terminals which 1) substantially  said second
inductor to form a second parallel balances first and second opposite
polarity     combination which is coupled between said 60 response curves
of said phase detector about   125 third and fourth inputs of said phase
detector the desired frequency of said picture carrier,  and tuned to
impart a frequency-dependent 2) reduces the contribution to said tuning
phase shift to signals applied thereto; and correction signal provided by
signals at said     means for capacitively coupling signals from sound
carrier frequency, 3) substantially bal-  said first and second output
terminals to said 65 ances the amplitude versus frequency re-     130
second parallel combination.    
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GB 2 059 700B      8 3.  In a television receiver, apparatus for
intermediate frequency television signal, third processing an intermediate
frequency televi-      and fourth inputs coupled to said first and sion
signal which occupies a passband includ-     second output terminals of
said differential ing a picture carrier frequency and a sound
amplifier, and first and second outputs for .5 carrier frequency
comprising:                  70 producing said detected video and
intercarrier a reference circuit, having first and second    sound signals;
b) an automiatic fine tuning inputs coupled to receive said intermediate
circuit for producing a tuning correction sig- frequency television signal,
and first and sec-   nal, including a phase detector having first ond
output terminals for producing a refer-       and second inputs coupled to
said first and 10 ence signal;                                    75 second
output terminals of said differential a phase detector having first and
second        amplifier, third and fourth inputs for receiving inputs
coupled to said first and second output    a phase-shifted reference
signal, and an out- terminals, third and fourth inputs  and an        put
coupled to said tuner acquiring means for output for producing a tuning
correction sig-     producing a tuning correction signal indicative 15 nal
indicative of the deviation of a picture   80 of the difference in phase
between said' refer- carrier from its desired frequency;               ence
signal and said phase-shifted reference a product detector having first and
second      signal; and c) a selectivity network including a inputs coupled
to receive said intermediate       first tuned circuit, coupled between
said first frequency signal, third and fourth inputs cou-    and second
output terminals of said differen- 20 pled to said first and second output
terminals    85 tial amplifier, which exhibits parallel reso- of said
reference circuit, and an output for      nance at the desired frequency of
said picture producing a detected video signal;                carrier and
series resonance at a frequency a first inductor;
intermediate A) a third frequency located be- a first capacitor coupled in
series with said   tween said sound carrier frequency and said 25 first
inductor between said first and second    90 picture carrier frequency and
offset from said' output terminals and tuned in conjunction         sound
carrier frequency by a frequency incre- therewith to attenuate those video
sidebands      ment substantially equal to one-half of said at said output
terminals which are located        given search range and B) that picture
signal equidistant said sound and picture carrier fre-   sideband frequency
which, upon detection, 30 quencies;
95 results in a video signal corresponding to the a second capacitor
coupled in parallel with     intercarrier sound second subharmonic fre-
said first capacitor and first inductor and       quency, and a second
tuned circuit coupled tuned in cooperation therewith to peak the .
between first and second output terminals of response at said output
terminals in the vicin-   said differential amplifier and said third and 35
ity of the desired location of said picture   100 fourth inputs of said
phase detector and tuned carrier;
to impart a frequency dependent phase shift a second inductor;
to signals applied thereto, wherein said paral- a third capacitor coupled
in parallel with      lel resonance of said first tuned circuit peaks said
second inductor between said third and       the response of said reference
signal at the 40 fourth inputs of said phase detector and tuned   105
desired frequency of said picture carrier, and in cooperation therewith to
impart a fre-         said series resonance of said first tuned circuit
quency-dependent phase shift to signals ap-       1) attenuates the sound
carrier frequency in plied thereto; and                                the
input signals supplied to said phase detec- means for capacitively coupling
signals from    tor in a manner so as to balance the response 45 said first
and second output terminals to said    1 10 characteristic of said phase
detector about second inductor and third capacitor.              said
desired picture carrier frequency, while 4.  In a television receiver,
including a       reducing the contribution 'of signals located tuner for
converting a radio frequency televi-    between said sound carrier and said
third sion signal to an intermediate frequency tele-   frequencies to the
tuning correction signal, 2) 50 vision signal, which includes a picture
carrier   115 substantially balances the level of those video of a first
frequency and a sound carrier of a    -sidebands located about said'
picture carrier second frequency, said tuner further including    frequency
at said first and second output means exhibiting a given search frequency
terminals, thereby reducing quadrature distor- range for acquiring said
picture-carrier, appa-  tion in said reference circuit, and 3) provides 55
ratus for processing said intermediate fre-   120 substantial attenuation
at that picture signal quency television signal comprising: a) a syn-
sideband frequency at said first and' second chronous detector circuit for
producing a de-     output terminals which, upon' detection,-re- tected
video signal and an intercarrier sound     suits in a video signal
corresponding to the signal, including a reference circuit, including
intercarrier sound second subharmonic fre- 60 a differential amplifier
having first and second   125 quency. inputs coupled to receive said
intermediate         5. The apparatus of Claims 1, 2, 3 or 4, frequency
television signal, and first and sec-   wherein said reference circuit
comprises a ond output terminals for producing a refer-       limiter. ence
signal,  and a product detector having         6. The apparatus of claim 5,
further com- 65 first and second inputs coupled to receive said  130
prising first and second capacitors -for lightly    
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GB 2 059 700B    9 coupling said first and second output termi- nals to
said third and fourth inputs of said phase detector. 7.  In a television
receiver, apparatus for 5 processing an intermediate frequency televi- sion
signal which occupies a passband includ- ing a picture carrier frequency
and a sound carrier frequency comprising: a reference cir- cuit, having
first and second inputs coupled to 10 receive said intermediate frequency
television signal, and first and second output terminals for producing a
reference signal; a phase detector having first and second inputs cou- pled
to said first and second output terminals, 1 5 third and fourth inputs, and
an output for producing a tuning correction signal indicative of the
deviation of the said picture carrier from its desired frequency; a product
detector having first and second inputs coupled to 20 receive said
intermediate frequency signal, third and fourth inputs coupled to said
first and second output terminals of said reference circuit, and an output
for producing a de- tected video signal; a first inductor; a first 25
capacitor, coupled in parallel with said first inductor to form a first
parallel combination; a second capacitor coupled in series with said first
parallel combination between said first and second output terminals,
wherein said 30 first parallel combination is tuned to peak the response at
said output terminals at the de- sired frequency of said picture carrier,
and said second capacitor is tuned in cooperation with said first parallel
combination to provide 35 attenuation at said output terminals, relative to
the level of said picture carrier and in addition to that provided by said
first parallel combination, at said sound carrier frequency and about a
frequency located equidistant 40 said sound and picture carriers; a second
inductor; a third capacitor coupled in parallel with said second inductor
to form a second parallel combination which is coupled be- tween said third
and fourth inputs of said 45 phase detector and tuned to impart a fre-
quency-dependent phase shift to signals ap- plied thereto; and means for
coupling signals from the combination including said first in- ductor, said
first capacitor and said second 50 capacitor to said second parallel
combination. 8. A television signal processor substan- tially as herein
before described with reference to Fig. 6 alone or Figs. 6 and 9. Printed
for Her Majesty's Stationery Office by Burgess & Son (Abingdon) Ltd.-1983.
Published at The Patent Office. 25 Southampton Buildings, London, WC2A 1AY,
from which copies may be obtained.    


