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(71)   We, RCA CORPORATION, a cor-  circuit chips (i.e., solid state
structures where     poration oroganized under the laws of the  a plurality
of active devices and associated     State of Delaware, United States of
America,  circuit components are simultaneously con- 50     of 30
Rockefeller Plaza, City and State of  structed and interconnected on a
common  5 New York, 10020, United States of America,  substrate). Use of
such monolithic construc-     do hereby declare the invention, for which
tion techniques offers a number of size,     we pray that a patent may be
granted to us,  weight and reliability advantages when com-     and the
method by which it is to be per-  pared with the assembly of conventional
cir- 55     formed, to be particularly described in and  cuit arrangements
using discrete devices and 10  by the following statement:-
associated components. Integrated circuits       This invention relates
generally to signal are particularly well adapted to the pro-
amplifiers and, particularly, to amplifier and  cessing of signals of the
magnitudes encoun-     detector arrangements enabling the success-  tered
in IF amplifiers. The signal process- 60     ful application of integrated
circuit tech-  ing function performed by a television IF 15  niques to the
performance of such functions  amplifier thus appears as fertile ground for
as intermediate frequency (IF ) amplification  the useful application of
integrated circuit     in television receivers.
techniques. However, economical applica-       The standard superheterodyne
broadcast  tion of integrated circuit techniques to the  65     television
receiver is provided with suitable  construction of television IF
amplifiers has 20 tuner apparatus to select a desired broadcast  heretofore
not appeared to be technically     signal and convert it to intermediate
fre-  feasible, with the major stumbling block     quencies within a
predetermined band, and  being that of ensuring stability for the re-     a
multiplicity of amplifying stages in cascade  sultant IF amplifier.
70     for providing the appreciable voltage ampli-    The IF stability
problem is associated with 25  fication needed to raise the IF output of
the  sensitivity, gain, signal frequency and chip     tuner to levels
suitable for application to a  dimension  requirements, as follows:  (1)
video  detector. Frequency  selective net-  Sensitivity:  The IF amplifier
should be     works must be associated with the IF ampli-  capable of
responding to signal outputs from  75     fier stages to confine the
response of the IF  the tuner of an extremely low level, e.g. 100 30
amplifier to the predetermined band, and to  microvolts. (2) Gain:  The IF
amplifier     establish an appropriate characteristic shape  should deliver
to the detector output signals     within the band. In the heretofore
conven-  of the order of a volt, and thus must pro-     tional television
receiver arrangement (where-  vide gain of the order of 80-90 db. (3) 80
in the respective IF amplifying stages in-  The integrated circuit chip
dimensions are 35  clude respective discrete amplifying devices),  so
minute (for example, 60 mils x 60 mils)     the function of establishing
the desired re-  that input and output terminal areas on the     sponse
characteristic shape is distributed  chip, and the bonding wires leading
from     among a plurality of tunable networks serv-  these chip terminal
areas, are separated from  85     ing: (a) to link the initial IF amplifier
stage  each other by small fractions of an inch. 40  to the tuner; (b) to
link each succeeding IF  (4) Signal frequency:  The desired IF pass-
amplifier stage to the preceding stage; and  band  encompasses relatively
high  signal     (c) to link the video detector to the final IF
frequencies; e.g., from  approximately 41     amplifier stage.
MHz. to 46 MHz.                             90        It is now recognized
as advantageous, in    The minute input/output spacing dimen- 45  many
circumstances, to replace discrete signal  sions associated with the chip
terminal struc-     handling devices and associated discrete cir-  tures
assure sufficient electrostatic and mag-     cuit components with
monolithic integrated  netic coupling between output and input      
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2      terminal areas and associated bonding wires  IF circuit components
of the chip with a     at the operating intermediate frequencies that
separate ground lead on the chip from that     extraction of IF output
signals of the re-  associated with the initial IF amplifying chip
quired level from  an output terminal area  portion.  5  of the requisitely
high gain amplifier chip    In application of the principles of the  70
appears to be inevitably associated with  present invention to color
television IF ampli-     feedback levels precluding stable amplifier  fier
uses, further departures from  conven-     operation (i.e., feedback of
such magnitude  tional practices are established. A trouble-     as to
render likely the sustaining of oscil-  some problem  presented in the
design of 10  lations at some frequency in the IF band).  color television
IF amplifiers is the pro- 75     In view of this situation, workers in the
art  vision of means for preventing or minimizing     have heretofore
limited the application of  the production of a beat between the color
integrated circuit techniques to piece-meal or  subcarrier and the
intercarrier sound beat     partial integration of the television IF ampli-
frequency in the video detector output. 15 fier function (i.e., replacing
each discrete  Illustratively, under U.S. standards where the  80
amplifying stage with a separate chip, or  color subcarrier is
approximately 3.58 MHz.     limiting integration to the initial, low-level
and intercarrier beat is 4.5 MHz.; the un-     portion of the IF amplifier
lineup). Such  desired product falls at 920 kHz. The com-     piece-meal or
partial use of integrated circuit mercial solution heretofore has been the
pro- 20  techniques, however, appears to be economic-  vision of a separate
second detector for pro-  85     ally disadvantageous.
duction of the desired 4.5 MHz. intercarrier       Pursuant to the present
invention, de-  sound IF information, with the input signals     partures
are made from  the conventional  for this second detector derived from the
IF     television IF amplifier arrangements in such  amplifier output at a
point where the over- 25  a manner that integration of the television  all
bandpass characteristic shaping has pro-  90     IF amplifier function on a
single chip may  vided a favorable picture carrier to sound     be achieved
with stable amplifier operation  carrier ratio for good intercarrier sound
assured despite the sensitivity, gain, dimen-  operation; a network for
substantially com-     sion  and  frequency  requirements  listed  pletely
suppressing the sound carrier is inter- 30  above. In accordance with the
principles of  posed between the aforementioned sound  95     the present
invention, the conventional dis-  takeoff point and the video detector to
ensure     tribution of selectively networks in the IF  against 920 kHz.
beat production.     amplifier lineup is altered; no tuned circuits
Pursuant to the principles of the present     are associated with the
coupling between  invention, no such response alteration is 35  stages
processing the high level intermediate  permitted in the coupling between
the IF 100     frequency signals. The video detector is in-  amplifier
output and the video detector.     cluded on the same integrated circuit
chip  Rather, the selectivity network preceding the     as the high level
IF amplifying stages, and  high level amplifying stages on the chip
coupling of the IF amplifier output signals  performs the sound trapping
function, and 40  to the detector is achieved on the chip itself,  a
takeoff point for information to be sup- 105     without use of chip
terminal areas or external  plied to a separate sound detector is pro-
connections. The picture information signal  vided in the selectivity
network ahead of     output from the chip appears in the form of  the sound
trap. Conveniently, the same     a video frequency signal. As a consequence
integrated circuit chip that provides the high 45  of such unique
arrangements, prudent design  level IF amplifying stages and the video 110
of the chip layout enables one to meet the  detector may also incorporate
an auxiliary     difficult IF amplifier requirements without  IF  amplifier
chain which receives signal     feedback of a level impairing stability.
energy from the aforementioned takeoff and       Satisfactory bandpass
characteristic shap-  delivers a suitable level input to a sound 50  ing of
the television IF amplifier has proved  detector on the same chip. As in
the case 115     to be feasible with selectivity networks con-  described
above for the video detector, the     fined to locations between the tuner
and  coupling  of high  level intermediate fre-     the IF amplifier chip
input, and between the  quency signals to the sound detector is     output
of an initial IF amplifying portion  achieved on the chip itself without
resort to 55  of the chip and the remaining IF amplifying  chip terminal
areas and external connec- 120     section thereof. Illustratively with
such an  tions. Sound information exits the chip in     arrangement, the
level of intermediate fre-  the form  of a 4.5 MHz. intercarrier sound
quency signals brought out from  the chip  IF signal. Again, by virtue of
such unique     to terminal areas and external connections  arrangement,
feed back at a level endanger- 60 may be limited to something on the order
of  ing stability is prevented.                 125     10 millivolts,
which constitutes a safe level    In implementing  the principles of the
from  a stability viewpoint for a properly  present invention, it has been
found to be     designed chip. It has been found that in-  feasible to
incorporate the automatic gain     stability avoidance is aided in the
described  control (AGC) function on the same chip 65  arrangement by
association of the high level with  the  IF  amplifier. This  has  been 130
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facilitated by the incorporation of the video    Figure 6 is an enlarged
plan view of an                detector, and the consequent appearance of
integrated circuit chip and a portion of an                video signals,
on the IF amplifier chip.     associated, mount structure, providing an
Illustratively, a particularly successful em-  illustrative identification
of chip terminal            5  bodiment of the present invention, suitable
areas and external connections for the inte-  70               for color
television receiver use, provides an  grated circuit element of the Figure
4 in-               arrangement, associating a single chip with  vention
embodiment; and               an array of off-chip passive components,
Figures 7, 8 and 9 provide respective               which  accomplishes the
functions of IF  schematic representations of circuitry incor-
10  amplification, video detection, video ampli-  porated in respective
portions of an inte-  75                fication, AGC, sound detection, and
sound  grated circuit element suitable for use in                IF
amplification, together with such auxiliary  the Figure 4 embodiment.
functions as provision of delay for RF AGC,    In Figure 1, a portion of a
television re-                driving of an AFT (automatic fine tuning)
ceiver embodying  the  principles  of the           15  circuit and
provision of a reference voltage  present invention is illustrated in
simplified,  80               source for a B+ regulator.
block diagram form. A television tuner 18,                  The on-chip
couplings or IF outputs to  performing  the conventional function  of
the video  and  sound  detectors desirably  selecting a broadcast video
signal and con-               take the form  of DC  couplings between
verting this received signal to intermediate           20  amplifier and
detector, conserving the chip  frequencies, provides an output which is  85
area devoted to coupling structure.          coupled via selectivity
network 20 to an                  A  primary object of the present inven-
input terminal T5 of an integrated circuit                tion is to
provide novel amplifier and detec-  chip 30. The circuitry of chip 30
includes                tor arrangements enabling economical appli-  a
preliminary IF amplifier 31, which re-           25  cation of integrated
circuit techniques to the  sponds to the signals delivered to terminal 90
performance of the IF amplification func-  T5, and delivers an amplified
version thereof               tion in television receivers.
to an output terminal T8 of the chip. The                  A further object
of the present invention  signals appearing at terminal T8 are coupled
is to provide novel amplifier and detector  via a second selectivity
network 40 to a           30  arrangements enabling the economical appli-
second input terminal T10 of the integrated  95               cation of
integrated circuit techniques to the  circuit chip 30.
performance of the IF amplifier, video de-    The signals delivered to the
chip terminal               tector and sound detector functions in tele-
T10 are further amplified in a final IF ampli-               vision
receivers.                            fier section 32 of the integrated
circuit. The           35    Other objects and advantages of the pre-  high
level IF signal output of amplifier 32 is 100               sent invention
will be readily apparent to  applied via untuned coupling means located
those skilled in the art upon a reading of the  on the chip 30 itself to
video detector cir-               following detailed description and an in-
cuitry 33, also incorporated in the inte-               spection of the
accompanying drawings in  grated circuit chip 30. The output of the
40  which:                                       video detector 33 is
coupled via a video 105                  Figure 1 provides a block diagram
illus-  amplifier section 34 of the integrated circuit
tration of a portion of a television receiver  to a second output terminal
T16 of the chip               employing an amplifier and detector arrange-
30. The video output signals appearing at               ment in accordance
with the principles of  T16 are suitable for application  to  the
45  the present invention;                       various video signal and
synchronizing signal 110                 Figure 2 illustrates in block
diagram form   channels of the receiver (as well as to the               a
portion of a color television receiver in-  intercarrier sound circuitry,
in the case of               corporating an amplifier and detector ar-
monochrome receivers).               rangement embodying the principles of
the    It will be noted that, in contrast with           50  present
invention;                           conventional television receiver
practice, the 115                 Figure 3 provides a block diagram illus-
determination of the bandpass character of               tration of a
modification of the color tele-  the television IF amplifier of Fig. 1 is
con-               vision receiver embodiment of Figure 2;      fined to
selectivity networks (20 and 40) Figure 4 illustrates a color television
re-  which precede the development of high level           55  ceiver
portion, partially in block diagram   IF signals in the final IF amplifier
section 32. 120               form  but with certain off-chip passive com-
A  selectivity network is not used in the               ponents illustrated
in schematic detail, repre-  coupling of high level IF  signals to the
senting a particular modification of the color  video detector 30; rather,
an untuned, on-               television receiver embodiment of Figure 3;
chip coupling means is provided at this           60    Figure 5
supplements the illustration of  point.  It will further be noted that the
125               Figure 4 with a partially schematic, par-  video detector
33 and video amplifier 34 are               tially block diagram
illustration of additional  incorporated in the same integrated circuit
portions of a color television receiver re-  chip  with  the preliminary
and  final IF               sponding to an output of the structure of
amplifier sections 31 and 32. It can be           65  Figure 4;
seen that, as a consequence of the elimina- 130    
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4      tion of selectivity network use for high level  on chip 30A. An
output of sound detector     IF signal coupling, the incorporation of the
36, centered  about the 4.5 MHz. inter-     noted viodeo circuits on the IF
amplifier chip  carrier sound beat frequency, is amplified     and the
provision of on-chip coupling of IF  by an intercarrier sound IF amplifier
section  5 amplifier output to the incorporated video  37, also provided on
chip 30A, and appears  70     detector, the signals appearing at the output
as an intercarrier sound IF signal output     terminals (T8 and T16) of the
chip 30 do  at chip terminal T1 for delivery to appro-     not include high
level IF signals, but are  priate FM detection circuitry of the receiver.
confined to (a) low level IF signals and (b)   The color receiver
arrangement of Figure 10  video signals. Intermediate frequency signals  2
enables the solution of the previously dis-  75     at high levels are
confined to the interior of  cussed 920 kHz. beat problem of color tele-
the integrated circuit chip 30 and do not  vision receiver design without
loss of the     appear at chip terminal areas. As previ-  stability
ensuring features of the Figure 1     ously discussed, this enables
attainment of  arrangement. In the Figure 2 arrangement, 15  the requisite
high gain in the IF amplifier  the selectivity network 40 includes sound
80     sections of the chip without degrading the  trapping facilities
suitably disposed so as to     stability of the amplifier. It may be noted
provide severe attenuation of the accom-     that Figure 1 also illustrates
the stability  panying sound carrier for the network out-     enhancing use
of separate on-chip ground  put appearing at terminal 42. With ade- 20
leads for the preliminary and final IF ampli-  quate attenuation of this
component, the  85     fier sections 31 and 32. Such use is sug-
production by video detector 33 of a dis-     gested in the drawing by the
showing of  turbing level of the 920 kHz. beat (the re-     separate ground
connections from  amplifier  sult of heterodyning of the 3.58 MHz. color
section 31 and amplifier section 32 to re-  subcarrier and the 4.5 MHz.
intercarrier 25  spectively different ground terminals T4 and  sound beat)
may be safely precluded.       90     T14 on the chip 30.
Selectivity network 40 is additionally pro-        Figure 2 illustrates a
modification of the  vided with a separate output terminal 41,     circuit
arrangement of Figure  1, which  with  the aforementioned  sound trapping
modification is of particular utility in color  structure suitably disposed
so as to be in- 30  television receivers. In the illustrated color
effective with respect to the signals appear-  95      television receiver
portion of Figure 2, re-  ing at this latter terminal; the selectivity net-
ceiver elements directly corresponding to  work 40 provides at terminal 41
a processed      those of the Figure 1 arrangement retain  intermediate
frequency signal with picture      the same reference numeral designation.
As  carrier and accompanying sound carrier in 35  in Figure 1, television
tuner 18 supplies an  the appropriate ratio for good intercarrier 100
intermediate frequency signal via selectivity  sound  operation. The
intermediate  fre-      network 20 to an input terminal T5 of an  quency
signal with such favorable carrier      integrated circuit chip, here
designated 30A   ratio is then amplified in the auxiliary IF      because
of modification  of its contents.  amplifier section 35 to the level
necessary  40  Again as in Figure 1, the integrated circuit  to drive the
detector 36 from  which inter- 105      chip 30A includes a preliminary IF
ampli-  carrier sound information will be derived.      fier section 31,
which delivers an amplified   It will be noted that this facilitation of
version of the intermediate frequency sig-  proper intercarrier sound
operation with 920      nal input to an output terminal T8 of chip  kHz.
beat elimination in the video channel  45  30A. A selectivity network 40
accepts and  is accomplished with high level intermediate 110
processes the signal output from  terminal  frequency signals still
confined to the in-      T8 as in Figure 1, but is here indicated as
terior of the chip 30A; that is, high level IF      providing two separate
outputs (at respec-  signals are not required to appear at a chip      tive
output network terminals 41 and 42).  terminal. The chip signal outputs in
the  50  The network output at terminal 42 is applied  Figure 2 arrangement
are restricted to (a) 115      to input terminal T1O of the chip 30A, and
low level IF signals at terminal T8, (b) video      this signal input to
the chip is processed by  signals at terminal T16 and (c) intercarrier
final IF amplifier section 32, video detector  sound IF signals at terminal
T1. The draw-      33 and video amplifier 34 for development  ing of Figure
2 suggests, in a manner simi-  55  of a video signal output at chip
terminal  lar to that of Figure 1, the use of an on- 120      T16 in a
manner comparable to that des-  chip ground lead for chip sections handling
cribed for the Figure 1 embodiment.          high level IF signals (here,
both the final         Additionally, a separate selectivity net-  IF
amplifier section 32 and the auxiliary IF      work output appearing at
terminal 41 is  amplifier section 35) which is separate from  60  applied
to an additional chin input terminal  the on-chin ground lead for the
preliminary 125      T9 for delivery to an auxiliary IF ampli-  IF
amplifier section 31.      fier section 35. An untuned on-chip coup-
Figure 3 illustrates a modification of the      ling is provided for
supplying the high level  color receiver embodiment of Figure 2. A      IF
signal output of amplifier section 35 to  major portion of the receiver
elements shown  65  an intercarrier sound detector 36 included  in Figure 3
have comparable functions to 130   



5                                          1,285,493
5      receiver elements of Figure 2, and have ac-  tor Q80. The transistor
Q80 accepts (at its     cordingly been designated with the same  collector)
via resistor 86 a DC potential in-     reference numerals. The integrated
circuit  put from  a power supply (not illustrated)     chip of the Figure
3 embodiment is pro-  provided elsewhere in the receiver and de-  5 vided
with an additional circuit function be-  velops a dynamically regulated
output (at its  70     yond that shown for the chip of Figure 2, emitter)
which is supplied to chip termi-     and is designated with the reference
numeral  nal T12 as a B+ voltage for the chip cir-     30B. The additional
function  performed  cuits; the reference connection to the base     on
chip 30B is that of development of an  of the regulator transistor Q80 is
accom- 10 automatic gain control potential from  the  plished via a chip
terminal T15, a resistor 75     video output of detector 33. This function
84 linking terminal T15 to the unregulated     is performed by an AGC
circuit 38, re-  source.     sponding to an output of video amplifier
Five additional chip terminals are asso-     34. Incorporation of the AGC
circuit 38  ciated with the integrated circuit chip 30C 15 on the same
integrated circuit chip, with  of Figure 4, which terminals are concerned
80     the IF amplifier it serves to gain control, is  with  functions not
heretofore described.     facilitated by the presence on the same chip
These include a keying pulse input terminal     of the video circuitry 33,
34; i.e., an on-  T2, an AFT (automatic fine tuning) IF drive     chip
coupling of the video information re-  output terminal T11, a stabilizing
DC feed- 20 quired by the AGC circuit 30A is readily  back output terminal
T13, a delayed RF  85     achieved. A DC control potential developed  AGC
output terminal T6, and a delay setting     by the AGC circuit 38 appears
at chip ter-  DC  input terminal T7. Appreciation of     minal T3, and is
applied via an external functions associated with these additional     AGC
filter network 50 to the input termi-  terminals will follow a subsequent
descrip- 25  nal T5 for suitable gain control of the pre-  tion of the
overall operation of the Figure  90     liminary IF amplifier section 31.
4 arrangement. However, it may be noted       An additional output is thus
provided by  at this point that the provision of these addi-     the chip
30B over those listed for the Figure  tional terminals, as well as the
regulator and     2 embodiment. However, it will be readily  reference
terminals T12 and T15, does not 30 appreciated that the character of this
addi-  disturb the stability preserving approach  95     tional output (a
DC potential) does not alter  heretofore  described  in  connection  with
the stability ensuring aspects of the present  simpler invention
embodiments. Informa-     invention; i.e.; addition of the AGC circuit
tion appearing at these additional terminals     function to the IF chip
does not require  is in a DC form, with the exception of ter- 35  the
appearance of high level IF signals at  minal T2, at which a keying pulse
appears, 100     a chip terminal.                            and terminal
T11, at which low level IF       In Figure 4, a specific modification of
the  signals appear. Thus, the additional func-     Figure 3 arrangement is
illustrated, which  tions associated with the Figure 4 chip do
modification has provided satisfactory opera-  not involve the appearance
of high level IF 40  tion in color television receiver use.  As  signals at
a chip terminal.                 105     before, the same reference
numerals have    In the receiver arrangement of Figure 4,     been retained
for elements providing com-  the output of the television tuner 18 is sup-
parable functions to those shown in Figure  plied to the input terminal T5
of the pre-     3. Retained elements on the integrated cir- liminary IF
section 31 via a selectivity net- 45  cuit chip, here designated 30C,
include the  work 20, which has been illustrated in 110     preliminary IF
amplifier section 31, the final schematic detail. In the particular
illustra-     IF amplifier section 32, video detector 33, ted form of
network 20, a capacity-coupled,     video amplifier 34, auxiliary IF
amplifier  double-tuned pair (20A, 20B) is shown. The     350  intercarrier
sound detector 36, inter-  input section 20A of the illustrated network 50
carrier sound IF amplifier 37, and AGC   20 comprises a so-called bifilar-T
circuit of 115     circuit 38. Associated with these retained  the type
described in our U.S. Patent No.     elements are an array of chip
terminals cor-  3,114,889. In the operation of such a cir-     responding
to those of Figure 3, i.e., IF in- cuit, a cancellation trapping technique
is     put terminal T5, low level IF output termi- employed to attenuate an
undesired compo- 55  nal T8, auxiliary IF amplifier input terminal  nent of
the tuner output. Illustratively, the 120     T9, final IF amplifier input
terminal T10  ,  trapping effect is employed in network 20     video output
terminal T16, intercarrier for attenuation of the adjacent channel
sound IF output terminal T1, AGC output  sound carrier. In addition to the
inter-     terminal T3, and the respective ground ter-  mediate signal
frequency output of the 60  minals T4 and T14.
selectivity network 20, an AGC  control 125        An  additional  function
provided on the  potential is also applied to input terminal T5     chin
30C is that performed by the regulator  for effecting gain control
functions to be     reference voltage source 39, which develops
subsequently described in greater detail.     a reference voltage for a
power supply series 65  regulator incorporating an off-chip transis-    The
low level IF signal output of the  
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6    preliminary IF amplifier section 31, appear-  effects on that
network). The final IF ampli-    ing at terminal T8, is coupled to the
input  fier section 32 may conveniently incorporate    of selectivity
network 40. The illustrated  isolating apparatus, such as an emitter fol-
form  of selectivity network 40 comprises  lower, for delivering the
desired low level  5 another capacity-coupled, double-tuned pair  IF signal
output to chip terminal T11.    70     (40A, 40B) of tuned circuits. Here,
the bi-   As in the Figure 3 arrangement, develop-     filar-T arrangement
is employed in the out-  ment of an automatic gain control potential
put section 40B. The aforementioned can-  in response to the video signals
recovered     cellation trapping effect is associated with  by detector 33
is conveniently effected by 10  the accompanying sound carrier in network
an AGC circuit 38 on the same chip 30C. 75    40, resulting in severe
attenuation of the  For well-known purposes (associated with    sound
intermediate frequency signal at the  the presence of a DC component in the
re-    network output terminal 42, to which input  covered video signal,
which DC component    terminal T10 of the final IF amplifier sec-  varies
with picture content), accurate AGC 15 tion 32 on chip 30C is coupled.
Network  control potential development is desirably a  80     40 is
provided with an additional output ter-  keyed operation, whereby
monitoring of the     minal 41 at the input to the bilfilar-T sec-  video
signal output of the detector is essen-     tion. The intermediate
frequency signals  tially confined to reference signal intervals,
appearing at this point are not subject to  such as those occupied by the
horizontal 20 the  aforementioned  cancellation  trapping  synchronizing
pulses, which are transmitted  85     effect, and thus are suitable for
application  at a reference amplitude level independent     to the input
terminal T9 of the auxiliary IF  of picture content. In order to effect
keyed     amplifier section 35 on chip 30C.           operation of the AGC
circuit 38 on chip       Operations on the input signal at termi-  30C, a
keying pulse input terminal T2 is 25 nal T9 by auxiliary IF amplifier 35,
inter-  provided on the chip, and coupled to the  90     carrier sound
detector 36, and intercarrier  AGC circuit 38. An external keying pulse
sound IF amplifier 37 are as previously des-  source 70 supplies suitably
timed keying     cribed for the Figure 2 and 3 embodiments,  pulses via a
resistor 72 to the chip terminal     and result in the production of an
inter-  T2. Illustratively, the keying pulse source 30 carrier sound IF
output signal at terminal  70 may comprise a suitable winding on the  95
T1.  The  signals appearing  at terminal  flyback transformer employed in
the re-     T10, as in previously described embodi-  ceiver's horizontal
deflection circuitry.     ments, are amplified in the final IF ampli-   As
in previously described embodiments,     fier section 32 and delivered via
an on-chip, chip terminal T3 serves as an ouput termi- 35 untuned coupling
to video detector 33; the  nal for the control potential developed by 100
video output of detector 33 is amplified in  AGC circuit 38, the control
potential out-     video amplifier 34 and delivered to output  put varying
in magnitude in response to un-     terminal T16. In contrast with
previously  desired variations in received signal strength.     described
embodiments, however, additional  An external AGC filter, not shown in Fig.
40  outputs are derived from the final IF ampli-  4 but schematically
illustrated in Fig. 3, re- 105     fier section 32. One of these outputs
com-  moves residual video frequency variations     prises a DC potential,
responsive to the DC  from the control potential output. The fil-     level
at the output of section 32, which  tered control potential is then applied
via     appears at chip terminal T13 across an ex-  elements of selectivity
network 20 to input 45 ternal storage capacitor 43. A direct cur-  terminal
T5 in order to effect gain variations 110     rent conductive feedback
connection is pro-  in the preliminary IF amplifier section 31 in     vided
between terminal T13 (via elements  a direction to compensate for the
undesired     of network 40) and the input terminal Tl0  signal strength
variations.     of the final IF amplifier section 32. The    It is a
conventional practice in television 50 DC potential supplied to terminal
T13 is  receivers to additionally provide gain con- 115     suitably poled
so that the feedback con-  trol of the RF amplifier portion of the tuner
nection  establishes  an  operating  point  supplying signals to the
receiver's IF ampli-     stabilizing negative feedback loop. The DC  fier.
However, it is well recognized as de-     feedback ensures proper signal
translation  sirable to delay the application of gain con- 55 by the active
devices of section 32 in the  trol to the RF section relative to the IF 120
face of manufacturing tolerances and ad-  amplifier. That is, for  received
signal     verse variations in such parameters as tem-  strengths in a
first range above some nomi-     perature, line voltage, etc.
nal level. gain reduction is preferably effec-        Another function
performed within the  ted in the IF amplifier only, whereas for 60 final IF
amplifier section 32 of chip 30C is  signal strength increases beyond that
range, 125     the provision of a take-off point for low  gain reduction in
both RF and IF ampli-     level IF signals required by an external  fiers
is desirable. It has been found to be     AFT circuit 60, such takeoff
being suitably  convenient to achieve this RF AGC delay     isolated from
selectivity network 40 (so as  function in association with the operation
of 65 to avoid introduction of adverse loading  preliminary IF amplifier
section 31 on the 130  



7                                         1,285,493
7      chip 30C. Thus, section 31 incorporates  to the RCA CTC 38 chassis,
described in     apparatus responding to the AGC input at  the RCA Service
Data Pamphlet designated     terminal T5 in such a manner as to repeat
1968 No. T18.     its variations at an ouput terminal T6, but   In Figure
6, the integrated circuit chip  5 only for AGC input levels exceeding some
30C of Figure 4 is illustrated as mounted  70     selected threshold level
beyond that at which  in a container of a sixteen-lead in-line pack-
AGC action in the preliminary IF amplifier  age type, with the top half of
the package     is initiated. For convenience in receiver  removed to
provide a plan view of the chip     design, a DC input terminal T7 on chip
30C, the underlying conductive ground plane 10 30C is associated with the
RF AGC delay  90, the supporting insulator 94, the adjacent 75
apparatus so as to permit external determi-  ends of the sixteen leads (L1
through L16)     nation or adjustment of the delay level. In  of a
surrounding lead frame and the bond-     the illustrated receiver
arrangement, a fixed  ing wires (W1 through W16) which link     delay
threshold scheme is shown, with the  the bonding pads (chip terminals T1
through 15 particular threshold level being determined  T16) of chip 30C to
appropriate ones of 80     by the direct current drawn at terminal T7  the
package conductors.     from the chip B+ source (terminal T12) via    As
illustrated, the ground plane 90 has a     an external resistor 52 of a
selected value,  pair of long, side projections 90A and 90B;       The
delayed RF AGC  output derived  bonding wire W4 links chip terminal T4 to
20 from  amplifier section 31 at chip terminal  the ground plane projection
90A, while  85     T6 is shifted to a DC potential range appro-  bonding
wire W14 links chip terminal Tl4     priate to RF amplifier control by a
resistor  to the ground plane projection 90B. Pro-     network 54, 55
associated with a negative  jections 90A and 90B, at their terminations
potential supply (not illustrated) provided  (not illustrated), contact the
conductive cas- 25  elsewhere in the receiver. A direct current  ing of the
package which serves to shield  90     conductive connection is provided
between  the enclosed structure. The ground plane     the shifting network
and tuner 18 to effect  90 has additional short projections 90C and     the
desired RF AGC action.                 90D (at bottom and top of drawing)
which       As in previously discussed embodiments,  directly contact leads
L4 and L14, respec- 30 the preliminary IF amplifier section 31 is  tively.
In an illustrative utilization of these  95     shown as associated with a
separate ground  leads, the external prong connector to which     terminal
T4, independent of the ground  lead L4 extends is connected to the chassis
terminal T14 associated with the final IF  ground of the receiver, while
L14 provides     amplifier section 32 and other high level the ground
return for the B+ filter capaci- 35 IF signal processing stages of the
integrated  tor 82 shown at the output of regulator 100     circuit chip.
transistor Q80 in Figure 4.       In Figure 5, a simplified showing is pro-
Application of the IF input signals from     vided for those color
television receiver com- the selectivity network 20 of Figure 4 to
ponents which may be employed in con-  chip terminal T5 is effected via
lead L5 and 40  junction with the Figure 4 structures to  bonding wire W5,
while the low level IF 105     provide a complete color receiver. The
output from chip terminal T8 is supplied to     Figure 5 apparatus includes
a suitable color  the selectivity network 40 via the bonding     image
reproducer 99, which may comprise,  wire W8 and lead L8. Connection of the
for example, the widely accepted tri-gun, selectivity network output
terminal 41 to 45 shadow-mask color kinescope. Illustratively,  the
auxiliary IF amplifier input terminal T9 110     the reproducer 99 responds
to signal inputs  is provided by lead L9 and bonding wire     in the form
of a luminance signal supplied  W9, with the counterpart connection from
by a luminance channel 93, and an array of  selectivity network output
terminal 42 to the     color-difference  signals  supplied  by  a  final IF
amplifier input T10 provided by 50 chrominance channel 91. Inputs to  the
lead L10 and bonding wire W1O. Inter- 115     luminance and chrominance
channels 91 and  carrier sound IF output signals are derived     93 are
derived from the video output termi-  from chip 30C by means of the
connection     nal T16 of the integrated circuit chip 30C.  provided by
lead L1 and bonding wire W1.     Illustratively, the coupling to terminal
T16  The sound rejection filter 92 of Figure 5 55 includes a conventional
sound IF rejection  derives its video signal drive from chip ter- 120
filter 92. Also derived from terminal T16, minal T16 via bonding wire W16
and lead     via elements of filter 92, is the input sig-  L16.     nal for
a sync separator 95, which supplies   The keying pulse input terminal T2 of
suitable synchronizing information to de-  the Figure 4 AGC circuit 38
receives key- 60  flection circuits 97, arranged in conventional  ing
pulses from source 70 by means of the 125     manner to effect the raster
scanning func-  link provided by lead L2 and bonding wire     tion required
by reproducer 99. As an ex- W2. while the control potential output of
ample of specific color television receiver  AGC circuit 38 is applied to
AGC circuit     circuitry with which the present invention  50 via chip
terminal T3, bonding wire W3 65 may be associated, reference may be made
and lead L3. The low level IF signal drive 130 
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8      available at chip terminal T11 is supplied  the circuitry adjacent
chip terminals T1, T2,     to the AFT circuit 60 of Figure 4 through  T3)
as well as circuitry extending across the     bonding wire W11 and lead
L11. The link  central region of the chip (i.e., between chip     provided
by lead L13 and bonding wire  terminals T1 and T9). The circuitry shown  5
W13 to chip terminal T13  permits the  in Figure 9 includes that
represented in  70     stabilizing feedback of direct current via se-
Figure 4 by blocks labelled auxiliary IF     lectivity network 40 to the
final IF ampli-  amplifier 35, intercarrier sound detector 36     fier
input terminal T10.                    and intercarrier sound IF amplifier
37 (such       The delay setting DC input current pass-  circuitry being
shown at the top of Figure 10 ing through resistor 52 of Figure 4 is sup-
9), as well as that represented by the AGC  75     plied to chip terminal
T7 via lead L7 and  circuit block 38 of Figure 4 (such circuitry
bonding wire W7, while the delayed RF  being shown at the bottom  of Figure
9).     AGC output of chip 30C is supplied to the    In Figure 7, the
intermediate frequency     shifting network 54, 55 from chip terminal
signals supplied by selectivity network 20 to 15 T6 through the external
connection provided  chip terminal T5 are directly applied to the  80
by bonding wire W6 and lead L6. Connec-  base of a transistor Q101,
disposed as an     tion of the B+ input terminal T12 of chip  emitter
follower. In lieu of an emitter re-     30C to the emitter of regulator
transistor  sistor, the collector-emitter path of a tran-     Q80 is
accomplished via bonding wire W12  sistor Q119 provides a return to the T4
20  and lead L12, with the regulator base linked  ground lead from the
emitter of Q101 (for 85     to reference source 39 via lead L15, bond-
reasons to be subsequently described).     ing wire W15, and chip terminal
T15.       As a review of the above listed signal    The signals appearing
at the emitter of     carrying assignments of the bonding wires  transistor
Q101 are applied to an attenuator 25 and leads will confirm, the stability
ensuring  formed by a resistor R101 and the emitter-     approach of the
present invention has re- collector path of a transistor Q103. An 90
sulted in the absence of high level IF signals  attenuated version of the
emitter-follower     from any of the bonding pads, bonding wires  output
will appear at the resistor-transistor     or external leads in the Figure
6 structure.   junction, the degree of attenuation depend- 30    Figures 7,
8 and 9 comprise schematic  ing upon the impedance presented by the
representations of a particular arrangement  emitter-collector path of
transistor Q103. 95     of circuit components that may be provided  The
functioning of this attenuator network     on the integrated circuit chip
30C for use  will be described in greater detail subse-     in the Figure 4
embodiment. An effort has  quently. 35 been made to associate respective
schematic    The attenuator network output is supplied     showings  with
regions of the chip  layout via a pair of emitter-followers (Q105 and 100
occupied by the represented circuit compo-    Q107)  in cascade to the base
of a transis-     nents in one particularly successful layout. tor Q109,
the output of the cascaded emitter-     It will be appreciated that such
area asso-  followers  appearing across emitter resistor 40  ciation is
only roughly depicted, and reflects  R107. Transistor Q109 is disposed in a
actual component location on a regional  cascode pair arrangement with
transistor 105     basis only. Thus, for example, Figure 7  Q111  to form a
high gain amplifying stage     provides a schematic showing of the circuit
supplyig an output to the low  level IF     components located in the lower
right por-  output terminal T8. In the cascode pair 45  tion of the chip
30C as shown in Figure 6;  arrangement, Q109 is a base-input, grounded
i.e., that chip portion adjacent to the chip  emitter stage, the collector
of which is di- 110     terminals T5, T6, T7, T8 and T4. The cir-  rectly
connected  to  the  emitter-input,     cuitry shown in Figure 7 corresponds
to  grounded base stage constituted by transis-     that represented  by
the preliminary  IF  tor Q111. Operating potential for the cas- 50
amplifier block 31 of Figure 4. Figure 8, code amplifying stage is supplied
from the     in turn, presents a schematic showing of the  B+ chip terminal
T12 via an external re- 115     circuitry occupying the upper and left cen-
sistor 56 and a coil of the input section of     tral regions of the chip
30C as shown in  selectivity network 40 (as shown in Figure 4).     Figure
6; i.e., the circuitry in the vicinity of    As previously explained, in
addition to 55  chip terminals T10. Tll, T12, T13, T15,  IF input signals,
an AGC control potential is     Tl6, and T14. The circuitry  shown in
supplied to input terminal T5. By virtue 120     Figure 8 corresponds to
that represented by  of the direct coupling via emitter follower     the
final IF amplifier 32, video detector 33  Q101, resistor R101 and
emitter-followers     and video amplifier 34 blocks of Figure 4,  Q105 and
Q107, such AGC input directly 60 and  additionally  shows the diode chain
affects the bias at the base of transistor     which  comprises the
regulator reference  Q109 of the cascode pair. The supplied 125     voltage
source 39 in that figure. Finally,  AGC potential variations are poled to
pro-     Figure 9 provides a schematic showing of  vide reverse AGC action:
that is, as signal     the circuitry occupying a lower left region
strength increases, the bias voltage at the 



65  of the chip 30C as shown in Figure 6 (i.e., base of Q109 is made less
positive to intro-        9
1,285,493                                         9      duce a desired
reduction in the gain of the  is directly connected to the junction of the
cascode amplifying stage.                    resistors R115 and R116 in the
emitter cir-       It has been found to be desirable to pro-  cuit of
emitter follower Q115. The emitter     vide in addition to the gain
variations of  of transistor Q117 is returned to ground via  5 the cascode
amplifying stage further aid in  an emitter resistor R117, while the
collector 70     gain reduction, and, in particular, further  of transistor
Q117 is linked via chip ter-     aid of a character to provide, under
strong  minal T6 and external resistor 58 (Figure     signal conditions, a
limitation on the voltage  4) to the B+ chip terminal T12. Under the
swing supplied to the base of transistor  no-signal and weak-signal
conditions which 10  Q109, whereby distortion in that stage may  hold
transistor Q115 off, transistor Q117 is  75     be avoided. It is for such
purpose that  likewise off.     the   previously  mentioned   R101 /Q103
When, however, signal strength is suffi-     attenuator is provided.
Reference may be  ciently high that emitter follower Q115 con-     made  to
our  Patent Specification  No.  ducts sufficiently, the base of transistor
15  1,272,655 for a detailed discussion of such  Q117 becomes forward
biased and transistor 80     attenuator networks and their associated ad-
Q117  commences conduction. Setting of     vantages.
the threshold of RF AGC delivery may be       Control of the attenuator in
Figure 7 is  controlled externally, as by the selection of     provided in
the following manner. A tran-  the value of resistor 52 (Fig. 4) to
determine 20  sistor Q113 is provided, deriving its collec-  the saturation
current of the delay transistor 85     tor potential from an external
receiver power  Q113.     supply via an external resistor 52 (as shown
For signal levels  above  the  selected     in Figure 4), and with its base
responding  threshold level, i.e., for AGC levels beyond     to the voltage
at the base of transistor Q109  that sufficient to remove transistor Q113
25  by virtue of the connection of resistor R113  from  saturation, and in
turn render tran-  90     between the respective bases. Under no-  sistors
Q115 and Q117 conducting, the volt-     signal or weak-signal conditions,
the base  age at terminal T6 will vary in accordance     of transistor Q113
is sufficiently forward  with the AGC potential at the base of Q107.
biased that the transistor is in saturation.  Shifted to a lower voltage
range by the shift- 30  Under such saturation conditions, an emit-  ing
network 54 (Fig. 4), the varying volt-  95     ter follower transistor
Q115, having its base  age constitutes a suitably  delayed  AGC
directly connected to the collector of tran-  potential for RF amplifier
control in tuner     sistor Q113  and its emitter returned  to  18.
ground via resistors R115 and R116 in    It may be noted that, desirably,
the delay 35  series, is held off. Transistor Q103, in the  threshold
associated with the RF AGC tran- 100     previously mentioned  attenuator
network,  sistor Q117 is less than the delay threshold     has its base
directly connected to the emitter  associated  with  the  attenuator
transistor     of the  emitter-follower transistor Q115.  Q103. That is, RF
AGC action is initiated     Thus, under such no-signal or weak-signal  at a
lower level of signal strength (as indi- 40  conditions, transistor Q103 is
likewise non-  cated by the AGC potential) than the signal 105
conducting, and, as a consequence, a con-  strength level at which
atteunator action be-     stant, relatively small degree of attenuation
gins. Indeed, preferably, the full range of     is introduced by the
R101/Q103 network.   RF gain control is traversed before initia-
Under strong signal conditions, however,  tion of attenuator action. Thus,
for ex- 45  the AGC depression of voltage at the base  ample, in the
illustrated circuit, the RF AGC 110     of transistor Q109 will reach a
point at  transistor Q117  reaches saturation for a     which transistor
Q113 will come out of satu-  level of voltage at the emitter of transistor
ration allowing its collector to rise to a level  Q115 below that
associated with the initia-     sufficient to forward bias the
emitter-follower  tion of conduction of attenuator transistor 50
transistor Q115. The emitter of transistor  Q103.
115     Q115 thereafter follows the rising base volt-    It should also be
observed that, once     age; transistor Q103 will begin to conduct
attenuator action is commenced by the con-     when the emitter of
transistor Q115 rises to  duction of transistor Q103, a negative DC     a
positive voltage sufficient to overcome the  feedback loop of relatively
high gain is 55  reverse bias at the emitter of transistor  completed. A
consequence of such feed- 120     Q103. For signal strengths above the con-
back is that the bias at the base of transis-     ditions just described,
the impedance pre-  tor Q109 is held relatively constant in the     sented
by the emitter-collector path of Q103  face of further increases in the AGC
poten-     will decrease in  consonance with  signal  tial supplied at
terminal T5. Accordingly, 60  strength increases to introduce greater and
the control sequence includes at least three 125     greater degrees of
attenuation of the IF sig-  distinct phases. In a first, relatively weak-
nal delivered to the base of transistor Q109.  signal level phase, AGC
action is confined       An additional transistor Q117 is provided  to gain
variations for the cascode amplifier 



for driving the delayed RF AGC  output  stage Q109, Q111; for a second
medium- 65  terminal T6. The base of transistor Q117  signal level phase,
gain variations for the 130        10
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stage are accompanied by  transistor Q121, while capacitor C101 is     RF
gain variations; in a third, strong-signal  coupled  between  the base  of
transistor     level phase, AGC action is confined essen-  Q123 and the T4
ground lead. There is     tially to the operation of the attenuator net-
thus available at an emitter electrode of  5  work R101, Q103.
the filter transistor Q123 a relatively noise  70       As previously
noted, the collector-emitter  free B+  potential, adequately decoupled
path of transistor Q119 provides a return to  from  additional circuits
linked to terminal     ground from the emitter of the input emit-  T12. It
has been found to be additionally     ter follower transistor Q101. The
purpose  advisable to decouple the collectors of tran- 10 of the use of
transistor Q119 in lieu of an  sistors Q101 and Q103 from the collectors
75     emitter resistor is to provide a relatively  of subsequent stages in
the Figure 7 cir-     constant current supply for the emitters of  cuitry.
To  this end, transistor Q123  is     transistors Q101 and Q103, with the
cur-  constructed in double-emitter form, with     rent being of sufficient
magnitude as to pre-  a first emitter supplying B+ potential to the 15 vent
the current "robbing" (from  transis-  collectors of transistors Q101 and
Q103, and  80     tor Q101) by transistor Q103 from limiting  with a second
emitter providing an isolated     the AGC range. That is, in the strong
sig-  B+  potential source for the collectors of     nal mode of operation,
when transistor Q103  transistors Q105, Q107. Q109 and Q115.     comes into
conduction and draws greater  The base of the emitter-input transistor 20
and greater amounts of current, there will  Q111 of the cascode amplifier
is also re-  85     be  a  concomitant reduction  of current  turned to the
latter B + potential source.     through transistor Q101. To avoid cutoff
In Figure 8, the IF input terminal T10     of transistor Q101 under such
circumstances,  (coupled to the output of selectivity network     the
emitters must see an adequate current  40 of Figure 4) is directly
connected to the 25  source. Transistor Q119 serves as such a  base of a
transistor Q201, which is con-  90     source, with its base suitably
biased to estab-  structed in double-emitter form. Transistor     lish a
constant current of the desired mag-  Q201 may thus provide a pair of
mutually     nitude. The requisite bias current for sup-  isolated emitter
follower outputs. One out-     ply transistor Q119  is derived from  the
put, appearing across emitter resistor R201, 30  emitter of the
emitter-follower transistor  is supplied to chip terminal T11 as a suit- 95
Q105 by a biasing network comprising the  able drive for the AFT circuit 60
of the     series combination of resistor R104, resis-  Figure  4
arrangement. Transistor Q201     tor R105 and a forward biased stabilizing
thus serves a first purpose of isolating the     diode D101, with the base
of transistor  AFT drive takeoff terminal Tl1 from  the 35  Q119 connected
to the junction of resistors  selectivity network 40, to prevent the AFT
100     R104 and R105. The total resistance value  input circuit from
adversely loading the     of the series combination is chosen to give
selectivity network. A  second function of     a bias current appropriate
to set the con-  transistor Q201, associated with its addi-     stant
current supply in the desired range.  tional emitter, is to supply signals
to the base 40 The resistance value of resistor R104 is  of a
collector-output amplifier transistor 105     chosen to be sufficiently
large relative to  Q203, constituting what is effectively the     that of
resistor R105 to prevent transistor  second IF  amplifier stage. The
collector     Q119 from  introducing any significant de-  load for the
amplifier transistor Q203 in-     generation of the AGC  potential (in the
cludes resistor R203  in  series with  the 45  weak-signal mode).
emitter-collector path of a feedback tran- 110       The circuitry of
Figure 7 additionally in-  sistor Q209 (to be subsequently described).
cludes a decoupling network for supplying    An emitter follower transistor
Q205, pro-     operating potentials to a number of transistor  vided with
an emitter resistor R205, supplies     devices previously discussed. The B+
volt-  the signals appearing at the collector of 50 age (illustratively, 11
volts) available at chip  transistor Q203 to the base of a second col- 115
terminal T12 is applied to a simple de-  lector-output  amplifier
transistor  Q207     coupling network comprising the series com-  which
constitutes the final IF amplifying     bination of resistor R119 and zener
diode  stage. The collector load for amplifier tran-     Z101. While this
simple network provides  sistor Q207 includes a pair of resistors R206 55
adequate decoupling, the zener diode opera-  and R207 in series. The base
of feedback 120     tion may introduce an undesired level of  transistor
Q209 is directly connected to the     noise in the voltage appearing
thereacross.  junction of resistors R206 and R207. Feed-     Accordingly.
the voltage across zener diode  back transistor Q209 serves as an emitter
Z101 is applied via an emitter-follower Q121  follower completing a
negative feedback 60 to a dynamic noise filter network compris-  loop
around the final IF amplifying stage 125     ing transistor Q123, resistor
R121 and capa-  Q207. This feedback loop, in addition to     citor C101.
The  collector of transistor  providing transistor Q207 with operating 



Q123 is directly connected to the emitter  point stabilization in the face
of variations     of transistor Q121. Resistor R121 links the  of such
parameters as temperature and line 65  base of transistor Q123 to the
emitter of  voltage, serves to dynamically reduce the 130        11
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presented by the final IF  cuit exceeds that required to obtain the
amplifier stage. The feedback stabilizing  optimum  operating point for the
particular    effect  supplements  the  operating  point  signal processing
operation desired. In the    stabilization afforded to amplifier transistor
particular video amplifier use in Figure 8, 5  Q207 by its emitter resistor
R208. A cor-  it is  desired  that  essentially  the  full 70     rective
phase shift is introduced by a capa-  dynamic output swing capability
(i.e., from     citor C208 (shunting resistor R208) to en-  B+  down to
several [err] be utilized, with     sure proper phasing of the degenerative
the ratio of collector resistor R215 to input     feedback.
resistor R213 chosen for optimum gain un- 10    The IF output appearing at
the collector  der the anticipated detector output level 75    of
transistor Q207 is applied to the base of  conditions. To this end, it
would be desir-    a transistor Q211, which functions as an  able if the
no-signal bias current were such    emitter-follower detector of the IF
signal.  as to place the base-emitter diode of Q215    The detector load
includes a capacitor C211,  on the brink of conduction, whereby the no- 15
shunted by a resistor R211 in series with  signal collector operating point
would be  80     the collector-emitter path of a transistor  at the B +
limit, and essentially the full     Q227 (providing a function to be subse-
dynamic output range could be filled by     quently described).  An IF
filter comprising  signal output. Assurance that such a pre-     a series
resistor R212 and a shunt capacitor  cise magnitude of bias current will
flow 20  C212 is interposed between the detector  through resistor R213
under all operating  85     load and the base of an emitter follower
circumstances and in a reproducible chip-     transistor Q213.
by-chip manner is essentially unattainable.       The detected video
signals appearing at  However, a bias cancelling circuit arrange-     the
emitter of the emitter-follower transis-  ment is used whereby the desired
biasing 25  tor Q213 appear across the series combina-  conditions may be
obtained despite such  90     tion of resistor R213 and forwardly biased
uncertainty with respect to the R213 current.     diode D201. The forwardly
biased diode    Pursuant to this, the circuitry of Figure 8     D201 is
directly in shunt with the base-  includes a transistor Q225, the
collector-     emitter path of a video amplifier transistor  emitter path
of which is directly shunted 30  Q215.  For video peaking purposes, the re-
across the diode D201. Directly shunted  95     sistor R213 is shunted by a
series RC net-  across the base-emitter diode of transistor     work formed
by resistor R214 and capacitor  Q225 is an additional diode D202. It can
C214.  A  zener diode Z201 is connected  be shown that if diode D202 is
constructed     between the junction of R214 and capacitor  as a transistor
of the same configuration as 35  C214 and the T14 ground lead, its function
Q225 but with collector shorted to base, and 100     being  to  limit the
charge on  capacitor  a given amount of biasing current forwardly     C214,
in order to prevent charge build up  biases diode D202, the collector of
transis-     on filter capacitor C212 under impulse noise  tor Q225 will be
constrained to draw a cor-     conditions. An additional peaking effect is
responding amount of current with such 40  provided by a capacitor C213
coupled be-  constraint holding in the face of tempera- 105     tween the
emitter of the detector transistor  ture variations. It will be seen that
if the     Q211 and the emitter of the emitter follower  same biasing
current is caused  to  flow     transistor Q213. Effectively, high
frequency  through diode D202 as is available via re-     video signals are
bypassed around the IF  sistor R213, essentially the entire R213 cur- 45
filter to reduce the high frequency roll-off  rent will be caused to flow
through the col- 110     effects introduced by the filter.
lector-emitter path of transistor Q225. pre-       The video amplifying
stage constituted by  venting excess, range-limiting bias current
transistor Q215 is of an unusual configura-  from flowing in diode D201 and
the base-     tion. In such a configuration, wherein sig-  emitter diode of
the video amplifier transis- 50  nals together with a unidirectional
biasing  tor Q215.                                 115     current are fed
via a resistor to a diode    In order that the aforementioned control
poled the same as the base-emitter diode  of current through  diode D202
may be     of a transistor and directly in shunt there-  effected, an
arrangement employing emitter     with, a linear amplifier with large
dynamic  follower transistors Q221 and Q223 is pro- 55  output range
capability is provided. The  vided in the Figure 8 circuit. The base of 120
output may conveniently be referenced to a  emitter follower transistor
Q221  is con-     desired DC potential, and the gain of the  nected to the
collector of the final IF ampli-     stage is essentially determined by a
resistor  fier transistor Q207 by means of a resistor     ratio,
independent of variations in the tran-  R220. The resistor R220 cooperates
with 60  sistor characteristics.                     a capacitor C220.
connected between the 125       Restrictions on the realization of the full
base of transistor Q221 and the T14 ground 



dynamic range capability, and consequent  lead, to form an intermediate
frequency fil-     limitations on the realized gain, may be en- ter,
precluding signal detection by transistor     countered if the direct
current accompany-  Q221. Neglecting for the moment the slight 65  ing the
desired signals in the base input cir-  voltage drop across resistor R220,
the no- 130        12                                         1,285,493
12      signal bias potential at the emitter of the  via a pair of cascaded
emitter-follower stages     emitter follower transistor Q221  should
employing transistors Q217 and Q219. The     closely match the no-signal
bias potential at  collector-emitter path of a transistor Q229     the
emitter of the detector transistor Q211,  is connected between the emitter
of the out-  5  and should track therewith in the face of  put
emitter-follower transistor Q219 and the  70     variations in such
parameters as temperature  T14 ground lead. The emitter electrode of
and B+ potential. The emitter of transis-  the  preceding  emitter-follower
transistor     tor Q221 is linked to diode D202 by a direct  Q217 is
returned to the collector of transistor     current conductive path
comprising, in series,  Q229 by an emitter resistor R217. The 10  a
resistor R221, the base-emitter path of the  transistor Q229 effectively
constitutes a con-  75     emitter-follower transistor Q223 and resis-
stant current source for the emitters of tran-     tor R223. With resistors
R221 and R223  sistors Q217 and Q219. Biasing current for     chosen to be
of substantially the same value  the source transistor Q229 is derived from
as resistors R212 and R213 in the detector  the base of transistor Q225
through a biasing 15  output path, it will be recognized that the  resistor
R229 linking the bases of transistors  80     current through diode D202
can be closely  Q225 and Q229. Protection of the output     matched with
that flowing through resistor  emitter-follower transistor Q219 against ad-
R213 under no-signal conditions. Moreover,  verse terminations at output
terminal T16     assuming that the construction of transistors  is afforded
by the current limiting resistor 20  Q221 and Q223 matches the construction
of  R219, connected between the collector of  85     transistors Q211 and
Q213 with the accu-    As noted in the previous discussion of     racy
achievable in integrated circuit fabri-  transistor Q219 and the B+
terminal T12.     cation, the close matching can be readily  the Figure 4
arrangement, it is desirable for     maintained under varying temperature
and  operating point stabilization of the devices 25  B+ conditions.
in the final IF amplifier section 32 to estab- 90       It is desirable for
detector efficiency to  lish a negative DC feedback loop around     provide
a forward biasing current through  the amplifier section, and chip terminal
T13     the emitter follower detector Q211; however,  is provided on the
chip 30C for such DC     for optimum detector performance, the bias-
feedback  purposes.   The  Q221,  Q223, 30 ing current should not exceed
that neces-  Q225 transistor chain, which serves the pre-  95     sary to
bias the detector diode to the knee  viously described bias current
cancellation     of its characteristic. Pursuant to the biasing,  function
for the video amplifier transistor     a resistor R211 is connected between
the  Q215, facilitates the provision of the desired     emitter of detector
transistor Q211 and the  stabilizing feedback. By virtue of the IF 35
emitter of emitter follower transistor Q221.  filter R220, C220, the
potential at the emit- 100     As previously noted, the potentials at the
ter of the emitter-follower transistor Q221     respective emitters will
only slightly differ  is a signal-free DC potential indicative of the
The value of resistor R211 is chosen so that  operating point of the
collector of the final     for the anticipated range for such potential  IF
amplifier transistor Q207. A capacitor 40  difference in the manufacture of
successive  C221 cooperates with the series resistor R221 105     chips,
the resultant no-signal bias current  to provide residual signal filtering
at the     will fall within the "knee" limit (illustra-  base of the
succeeding transistor Q223. By     tively, a resultant bias current of the
order  provision of a collector load resistor R224     of five to fifty
microamperes).             for the collector of transistor Q223, a well 45
The possibility arises in the use of the  filtered and phase inverted
version of the 110     above-described biasing scheme that, under  final IF
amplifier DC output potential is de-     conditions of detection of a large
signal,  veloped at the collector of transistor Q223.     the
emitter-follower transistor Q221 may be  The series combination of a zener
diode     reverse biased. To preclude such an event,  Z202 and a resistor
R202 is connected be- 50  the previously mentioned transistor Q227 is
tween the collector of transistor Q223 and 115     provided, with  its
collector-emitter path  the T14 ground lead; chip terminal T13 is
connected between the bottom  of resistor  connected to the junction of
zener diode     R211 (i.e., the emitter of transistor Q221)  Z202 and
resistor R202. The Z202, R202     and the T14 ground lead. The base of
tran-  network shifts the phase inverted potential 55  sistor Q227 is
directly connected to the  to a DC range compatible with application 120
base of the video amplifier transistor Q215.  to the final IF amplifier
input terminal 10     The impedance of the collector-emitter path  (via the
external connections shown  in     of Q227 varies inversely with the
detected  Figure 4).     signal, allowing the detector load to accom-   A
resistor R230 in series with a zener 60  modate large signals without
upsetting the  diode Z203 is connected between the B+  125 



previously described bias current cancella-  terminal T12 and the T14
ground lead in     tion operation.                             order to
provide across the zener diode a       The video output signal appearing at
the  reduced and regulated supply potential for     collector of video
amplifier transistor Q215  the collectors of the emitter follower transis-
65  is coupled to the video output terminal T16  tors Q201 and Q205. Also
included in the 130        13
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is a diode chain formed  sponse to inter-pulse ripple. Under the nor-
by diode D203 in series with a pair of zener  mal bias conditions
indicated, transistor     diodes Z204 and Z205, the diode chain  Q301 will
conduct upon occurrence of each     linking chip terminal T15 to the T14
ground  keying pulse, reducing the potential at the  5 lead. As illustrated
in Figure 4, chip termi-  collector to a potential (e.g., .2 volts) just 70
nal T15 is directly connected to the base of  above the ground potential of
the T14     the regulator transistor Q80, while a resis-  ground lead to
which the emitter of tran-     tor 84 links chip terminal T15 to a posi-
sistor Q301 is directly connected.     tive potential supply provided in
the re-    When video signals are present at the 10 ceiver. The zener
diodes Z204 and Z205  video output terminal T16, the ability of 75
function to maintain a reference potential  the switching transistor Q301
to conduct     at the regulator base (with the forwardly  during the keying
pulse interval will depend     biased diode D203 interposed to compen-
upon the magnitude of the video signal dur-     sate for the positive
temperature coefficients  ing such interval. With the keying pulses 15 of
the zener diodes).                       from  source 70 timed to encompass
the  80       In operation of the circuitry of Figure  horizontal sync
intervals of the detected     8 in a receiver employing the described
video signals, it will be seen that a given     Figure 4 arrangement, the
signal swing at magnitude of detected video signal can pre-     the video
output terminal T16 will be  clude conduction by transistor Q301 during 20
approximately 7 volts from maximum white  a portion of the keying pulse
interval. That 85     to the blacker-than-black sync peaks: i.e.,  is, if
the video signal magnitude is such that     from approximately 8 volts on
peak white  sync peaks drop below the [err] level (of     to approximately
.7 volts at sync peaks.  approximately .7 volts). the base of transis-
It will be seen that the video amplifier cir-  tor Q301 will be
insufficiently forward biased 25 cuitry provides good noise clipping
action,  during the sync peak to allow conduction in  90     since noise
peaks can drop the output poten-  the collector-emitter path of the
switching     tial no lower than ground potential. Thus,  transistor. If,
on the other hand, the video     noise is clipped at a level .7 volts
beyond  signal magnitude is such that sync peaks     sync peaks. However,
this noise clipping  do not drop below the [err] level, conduction 30
action will hold only if the AGC function  in the collector-emitter path of
transistor 95     is properly performed in the presence of  Q301 will be
permitted throughout the key-     impulse noise. If the AGC circuitry is
per-  ing pulse interval.     mitted to "set up" on impulse noise peaks,
The consequences of such precluded or     the video output level may be
improperly  permitted conduction by transistor Q301 will 35 reduced,
thereby permitting noise to extend  now be examined with regard to an addi-
100     more than .7 volts beyond sync peaks. To  tional transistor Q303,
the base of which     avoid such adverse performance on impulse  is linked
to the junction of the aforemen-     noise, the AGC circuitry on chip 30C
is pro-  tioned resistors R302 and R303, and with     vided with noise
protection, as will be ex-  regard to a diode D301, which is connected 40
plained subsequently in conjunction with  in shunt with the
collector-emitter path of 105     Figure 9 of the drawings.
transistor Q301 and poled for forward con-       In the AGC circuitry shown
at the bottom   duction in response to the applied keying     of Figure 9,
a pair of resistors R300 and  pulses. It may first be noted that under
R301, connected in series, provide a DC  signal conditions permitting
conduction in 45 link between the video output terminal T16  the
collector-emitter path of transistor Q301, 110     (Figure 8) and the base
of a switching tran-  diode D301 is precluded from conducting.     sistor
Q301. In the absence of video sig-  That is, such conduction by transistor
Q301     nals, the connection provides a forward bias  reduces the
potential difference between     rendering the base-emitter path of Q301
anode and cathode of diode D301 to a level 50  conducting. However, it will
be observed  below that (i.e., the [err] level of .7 volts) 115     that no
static collector potential is pro-  necessary to allow diode conduction.
The     vided for transistor Q301; rather, collector  value of resistor
R302, linking the collector     potential is available to transistor Q301
only  of transistor Q301 (and anode of diode     on a time selective basis
and in the form of D301) to the base of transistor Q303, is 55
positive-going keying pulses supplied via  chosen  sufficiently low  that
the current 120     chin terminal T2 from  external circuitry  drawn
therethrough by transistor Q301 con-     comprising the keying pulse source
70 and  duction during a keying pulse interval de-     the series resistor
72.                    velops a voltage thereacross of insufficient
The keying pulses at terminal T2 (desir-  magnitude (when summed with the
.2 volt 



60  ably wider than horizontal sync pulses) are  drop across conducting
transistor Q301) to 125     applied to the collector of switching transis-
allow conduction by transistor Q303. In con-     tor Q301 by a path
including, in series, a  trast, under signal conditions precluding
zener diode 7301 and a pair of resistors  conduction by transistor Q301,
the clamping     R303 and R302. The zener diode Z301  effect of transistor
Q301 is removed, diode 65  serves a clipping function, minimizing re-  D301
is permitted to conduct in response 130        14
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keying pulse, and the .7 volt  allowing keying pulses to turn on transis-
[err] drop across the conducting diode, in  tor Q303; the consequent
discharging of     summation with the voltage drop across re-  capacitor 76
reduces the (positive) potential     sistor R302, is of sufficient
magnitude to  applied to terminal T5, which, in turn per  5 forward bias
the base-emitter path of tran-  the Figure 7 discussion, will provide a
com- 70     sistor Q303, permitting its conduction.    pensating reduction
in the IF signals sub-       To appreciate the effect of precluding or
ject to detection. Video signal magnitude     permitting the keying on of
transistor Q303,  decreases which preclude cutoff of transistor
consideration must be given to the external  Q301 during sync peaks, will
bar conduc- 10 circuitry of Figure 4 associated with the  tion by
transistor Q303 during keying inter- 75     AGC output terminal T3, to
which the col-  vals; the resulting uninterrupted charging     lector of
transistor Q303 is directly connec-  of capacitor 76 will raise the
positive poten-     ted. As shown in Figure 4, chip terminal  tial applied
to terminal T5, and a compen-     T3 is linked to an intermediate point on
a  sating IF gain increase will ensue. 15  voltage divider formed by a pair
of resistors    Lockout prevention is assured in the des- 80     74 and 75,
connected in series between a  cribed AGC system, by virtue of its ability
voltage supply point C and chassis ground.  to rapidly develop requisite
AGC  action     For the purposes of the present discussion, from  the
vertical sync portion of received     the voltage supply point C, bypassed
to  signals under out-of-sync conditions. The 20  ground by capacitor 73
and linked to the  problem  of "lockout" is presented, for ex- 85     B+
chip terminal T12 by dropping resistor  ample, by the switching of a
receiver from     56, may be viewed as a source of substan-  a weak-signal
source to a very strong signal     tially fixed DC potential. Between the
ter-  source. Under such  illustrative  circum-     minal T3 connection to
the junction of re-  stances, a receiver may provide maximum 25 sistors 74
and 75 and chassis ground is  gain processing of very strong signals, lead-
90     coupled a storage capacitor 76.              ing to stripping of the
sync pulses in the       In the absence of conduction by the tran-  video
circuits  and  consequent loss  of     sistor Q303 linked to terminal T3,
capacitor  synchronism of the receiver's deflection cir-     76 is charged
via resistor 74 at a relatively  cuitry. Without suitable provision for
such 30  slow  rate toward the supply potential at  an eventuality, a keyed
AGC system may  95     point C. However, whenever transistor  be unable to
develop sufficient AGC action     Q303 is permitted to be keyed on, the
con-  (where there is no synchronous relationship     ducting
collector-emitter path of transistor  between received sync pulse and
deflection-     Q303 permits discharge of capacitor 76 at  derived keying
pulse) to reduce the receiver 35  a more rapid rate. The potential
developed  gain to a level preventing stripping of sync. 100     across
capacitor 76 is thus seen to be sub-  If such inability prevails, the
receiver will     ject to two types of variation: a slow build  be
effectively locked out of synchronism.     up of potential in a positive
direction oc-   In the above-described AGC system, dur-     curring during
the trace intervals and con-  ing an out-of-sync condition, the lack of 40
tinuing during the intervening keying inter-  coincidence between
horizontal sync inter- 105     vals whenever transistor Q303 is prevented
vals and the keying pulses from  source 70     from being keyed on: and a
relatively fast  may prevent the cutoff of transistor Q301     rate
reduction of positive potential during  during the horizontal sync
intervals, despite     those keying intervals when transistor Q303  a high
level of detected video signal. Never- 45 conduction is permitted.
theless, an AGC action will be initiated dur- 110       The long term
effect of relatively high or  ing the first vertical sync interval that oc-
relatively low incidences of keyed conduc-  curs following loss of
synchronism. It will     tion periods for transistor Q303 is reflected  be
seen that, under out-of-sync conditions     in the level of a DC potential
provided by  accompanied by strong levels of video sig- 50  filtering of
the potential across capacitor 76.  nal, the signal peaks at the base of
transis- 115     Resistor 77 and capacitor 78, forming a  tor Q301 during
the wide vertical sync inter-     series combination  connected  across the
vals will hold transistor Q301 off during the     capacitor 76, provide the
filtering action, entire keying pulse interval. This will re-     with the
filtered IF AGC potential appear-  sult in a succession of relatively large
dura- 55 ing at their junction and applied therefrom  tion  conduction
periods  for  transistor 120     via network 20 to the IF input terminal
T5.  Q303. With appropriate choice of para-       The overall AGC operation
will be seen  meters determining the discharge current     to tend to hold
the sync peak level at video  magnitude, such  discharge action  during 



output terminal T16 at a potential approxi-  vertical sync intervals can be
relied upon 60 mating the [err] potential which constitutes  to rapidly
depress the DC potential applied 125     the switching threshold for
switching tran- to terminal T5, preventing establishment of     sistor
Q301. Video signal magnitude in-  the above-described lockout condition.
creases tending to drive the sync peaks be-    A  consequence of the
foregoing design     low the [err] level will result in cutoff of  aspects
which assure lockout prevention is 65  transistor Q301 during sync peaks,
thereby  a concomitant ability of the described AGC 130        15
1,285,493                                        15      system  to respond
to impulse noise in an  in response to the noise pulse leading edge
adverse manner. That is, impulse noise, and a positive-going pulse in
response to the     producing detected noise pulses which ex- noise pulse
trailing edge.     ceed the sync pulses in magnitude, may    Transistor
Q305, disposed as an emitter 5  "fool" the AGC system into an unnecessary
follower, serves as a detector of the trailing  70    depression of the IF
amplifier gain, with  edge pulse produced by the differentiating    the
resultant production washed out, low  network. The detector load comprises
a    contrast pictures when impulse noise is pre-  storage capacitor C305,
shunted by the direct    sent. As noted previously, such operation  current
conductive impedance presented by 10 of the AGC system  will also
compromise  the base-emitter path of an emitter follower 75     the noise
clipping action normally obtained  transistor Q307 (linking the transistor
Q305     in the video circuits, with a resultant pos-  emitter to the
transistor Q309 base), the     sibility of missynchronization of the
deflec- base-emitter path of the pulse-loading tran-     tion  circuits
and  still further  receiver  sistor Q309 and the emitter resistor R309. 15
troubles. Accordingly, the AGC system of The shunt impedance is made
sufficiently  80     Figure 9 is provided with further circuitry  large as
to provide a time constant for dis-     to prevent AGC set-up on impulse
noise.  charge of capacitor C305 that is relatively       The noise
protection circuitry includes a  long, whereby the trailing edge pulses are
normally  non-conductive transistor Q309. effectively "stretched". The
detected and 20 The collector of transistor Q309 is directly  stretched
trailing edge pulses render tran- 85     connected to the keying pulse
input termi- sistor Q309 conducting for a limited period     nal T2, while
the emitter thereof is returned  following each noise impulse. Thus, under
to the T14 ground lead via an emitter re- impulse noise conditions when
noise pulses     sistor R309. The series combination of the  falsely cause
cutoff of switching transistor 25  transistor Q309 collector-emitter path
and  Q301, the trailing edges of such noise pulses, 90     resistor R309
represents a load for the key-  upon detection and stretching, will
introduce     ing pulses supplied to terminal T2 that is  the desired
keying pulse attenuation through     effectively in parallel with the keyed
cir-  control of the loading transistor Q309. Off-     cuitry  heretofore
described. Under  the  chip determination of the sensitivity of the 30
normal conditions of nonconduction of tran-  noise protection circuit is
afforded through  95     sistor Q309, this additional load is of no
control of the effective keying pulse source     consequence  in
determining  the  current  impedance, as, for example, by selection of
flowing via zener diode Z303 and resistor  the value of coupling resistor
72 (Figure 4).     R303 to the previously described base cir-    The high
pass filter character of the C304, 35 cuit of transistor Q303. However,
should  R304 network substantially precludes actua- 100     transistor Q309
be biased for conduction, tion of the keying pulse attenuator system
current from  the keying pulse source will by the lower frequency video
signals which     consequently be diverted away from  the  represent the
bulk of energy distributed in     Z303, R303 route; if sufficient current
is  the  video  signal spectrum. Reliance  is 40 diverted. the voltage
available at the base  placed upon the statistical paucity of high 105
of transistor Q303 during a keying interval amplitude, high rise rate
components in the     will be insufficient to allow its conduction  desired
video signal to effectively limit con-     even though the switching
transistor Q301  trol of the keying pulse attenuator system     may be cut
off.                             to undesired noise pulses. 45
Transistor Q309 thus constitutes a control    The capacitor C304
(illustratively of a 10 110     facility that may be employed for the de-
picofarad value) of the differentiating net-     sired noise protection.
Circuitry is accord-  work is conveniently provided on the inte-     ingly
provided for controlling the biasing of grated circuit chip 30C by
construction of     the base of transistor Q309 so that, under a diode,
suitably poled to be reverse biased 50 impulse  noise conditions, when
impulse  in the illustrated circuit. Under abnormal 115     noise peaks may
undesirably cut off transis-  operating circumstances, the reverse bias may
tor Q301, conduction by transistor Q303  be of such magnitude as to cause
zener     may be wholly precluded or restricted to  operation of the diode.
Under such ab-     reduced discharge current levels per loading  normal
circumstances, where the detector 55  of the keying pulse source by
transistor  transistor Q305 would be effectively DC 120     Q309. A
capacitor C304 coupled between  coupled to the video signal source, the AGC
the junction of the video signal conveying  system is secured against
lockout by virtue 



resistors R300, R301 and the base of a  of the disposition of the noise
circuit for     transistor Q305, and a resistor R304 con-  trailing edge
(white going) response. 60 nected between that base and the T14    It
should be appreciated that the video 125     ground lead, form a
differentiating network. output signal at terminal T16, to which
Differentiation of the steep-sided (negative-  the switching transistor
Q301 responds, in-     going) noise pulses that accompany the video  cludes
a finite level of 4.5 MHz. intercarrier     signal under impulse noise
conditions re- sound beat (despite the severe sound IF 65  sults in
production of a negative-going pulse attenuation in selectivity network
40). To 130        16                                         1,285,493
16     reduce the possibility of such a component    At the top of Figure 9
is shown circuitry    affecting the control of the switching tran-
associated with the sound channel section    sistor Q301, which desirably
should be con-  (elements 35, 36 and 37) of the Figure 4    trolled in
response to the lower frequency  arrangement. Chip terminal T9  receives 5
video signal components that determine sync  intermediate frequency
signals from  ter- 70    pulse height, a capacitor C301 is coupled  minal
41 of the selectivity network 40 of    between the collector and base of
the switch-  Figure 4, the signals at terminal 41 not    ing  transistor
Q301. Enhancing  the in-  being subject to the sound trapping action
herent input capacity of transistor Q301 by  provided in that network for
signals de- 10  this means improves the low pass filtering  livered to
terminal 42. An input emitter- 75     effect provided by that capacity in
co-  follower transistor Q311 has its base directly     operation with
resistor R301.               connected to chip terminal T9. The col-
In the earlier discussion of the charging  lector of transistor Q311 is
connected via a     and discharging of capacitor 76 for AGC  current
limiting resistor R311 and a zener 15 purposes, it was assumed that the
supply  diode Z302 to the B+ terminal T12. Zener 80     potential at
terminal C  (Figure 4) was  diode Z302 serves to lower the potential
substantially constant. Actually, however,  available to the collector of
transistor Q311.     the potential at this point, which is the col-  An
emitter resistor R312 is connected be-     lector side of the dropping
resistor 56 in the  tween the emitter of transistor Q311 and 20  output
circuit of the cascode IF amplifying  the T14 ground lead.
85     stage (Q109, Q111), will reflect variations in    The emitter of
transistor Q311 is directly     the operating point of that stage. Since
such  connected to the base of a collector-output     operating point will
shift in a positive direc-  amplifier transistor Q313. The reduced B+
tion with increasing AGC action, the use of  potential available at the
junction of zener 25  this supply point to derive charging potential  diode
Z302 and resisor R311 is applied to  90     for capacitor 76 degenerates
AGC action to  the collector of resistor Q313 via a collector     some
extent. Such degeneration, however,  resistor R313. The amplified signals
appear-     is suffered in the illustrated arrangement in  ing at the
collector of transistor Q313 are     order to obtain the benefits of
feedback stabi-  applied to the base of a transistor Q315, 30  lization of
the operating points of the cascode  disposed as an emitter follower, which
serves  95     amplifier and the emitter followers that  as the
intercarrier sound  detector. The     drive it. The voltage division ratio
associ-  detector load includes a storage capacitor     ated with resistor
74 and 75 is chosen to  C315, shunted by the direct current con-
establish a bias potential at input terminal  ductive impedance presented
by a resistor 35 T5 appropriately higher than four times the  R315 in
series with the base-emitter path of 100     [err] potential to afford the
desired forward  an emitter-follower transistor Q317 and an     biasing of
the stacked base-emitted paths of  emitter resistor R317. A  capacitor C316
transistors Q101, Q105, Q107 and Q109  coupled between the base of
emitter-follower     (Figure 7). The negative DC feedback loop,  transistor
Q317 and the T14 ground lead 40 provided between output terminal T8 and
co-operates with the series resistor R315 105     input terminal T5 via
resistors 74 and 77,  to form an IF filter for the detector output.
ensures stabilization of the selected biasing    The emitter of
emitter-follower transistor     against the adverse effects of variations
in  Q317 is linked via a series resistor R318 to     temperature, line
voltage, etc.           the emitter of a collector-output amplifier 45
The above described negative DC feed-  transistor  Q319. Transistors  Q317
and 110     back approach to operating point stabiliza-  Q319 effectively
form  a differential ampli-     tion is attractive for use in the described
chip  fier, with a first input in the form  of de-     30C from  the point
of view of chip area  tector output signals applied to the base
conservation.  However,  it  should  be  of transistor Q317, and a second
input in the 50  recognized that where chip area conservation  form  of a
feedback signal (to be subse- 115     is of less concern, as, for example,
in simpler  quently described) applied to the base of     monochrome
versions of the present inven-  transistor Q319. The output of the
differen-     tion (e.g., Figure 1, where the auxiliary IF  tial amplifier
appears across a load including     amplifier channel is not required), an
alter-  a collector resistor R319, linking the col- 55  native on-chip
scheme for stably biasing the  lector of transistor Q319 to the B+  ter-
120     amplifier devices may be preferred to avoid  minal T12. 



the aforementioned AGC degeneration. Such    A pair of cascaded
emitter-followers, con-     alternative biasing scheme is shown, for
stituted by transistor Q321 and Q323, pro-     example, in our U.S. Patent
No. 3,366,889, vide an impedance-transforming coupling be- 60 issued
January 30, 1968; pursuant to the  tween the collector output circuit of
Q319 125      biasing principles of that patent  bias for the  and the
intercarrier sound IF output terminal      IF amplifying devices may be
obtained from   T1. A  current limiting resistor R322 is      a supply
incorporating a chain of the appro-  provided in the collector circuit of
the out-      priate number of forwardly biased diodes  put
emitter-follower transistor Q323. A  65  constructed on the chip itself.
pair of resistors R323 and R324 are con- 130        17
1,285,493                                       17      nected between the
emitter of the output  is presented below for various on-chip com- 65
emitter-follower transistor Q323 and the  ponents of the circuitry of
Figures 7, 8 and     T14 ground lead. A low pass filter formed  9, and
off-chip components of the cooperat-     by a pair of series resistors R325
and R326  ing circuitry illustrated in Figure 4.  5 and a pair of shunt
capacitors C325 and     C326, couple signals from the junction of
resistor R323 and R324 to the base of ampli-             TABLE A:     fier
transistor Q319. The series resistors  ON-CHIP COMPONENT VALUES
70     R325, R326 complete a negative DC feed- 10 back loop around the
amplifying stage con-   Resistor R101  -    1,000 ohms     stituted by
transistor Q319 for operating    Resistor R104   -    2,000 ohms     point
stabilization. The shunt capacitors    Resistor R105   -    360 ohms
C325 and C326 are chosen of suitable    Resistor R107   -          700 ohms
values relative to the resistance values of    Resistor R113  -   1,000
ohms     75 15 series resistors R325, R326 as to provide    Resistor R1l5
-    1,600 ohms     low pass filtering of the signal feedback of
Resistor R116   -    3,200 ohms     a form that effectively peaks the
amplifier    Resistor R117   -  800 ohms     response for the intercarrier
sound beat pro-    Resistor R121   -    3,000 ohms     ducts of detection
(relative to the lower fre-    Resistor R201   -    1,400 ohms  80 20
quency video signal detection products).    Resistor R202   -    4,800 ohms
In a conventional manner, the external    Resistor R203   -    2,700 ohms
circuitry (not illustrated) to be coupled to    Resistor R205   -    1,000
ohms     output terminal T1 may include the usual    Resistor R206   -
400 ohms     high-Q 4.5 MHz. tuned circuit, for selecting    Resistor R207
-    1,000 ohms    85 25 the intercarrier sound beat signal to the
Resistor R208   -       90 ohms     relative exclusion of accompanying
video    Resistor R211  -    5,000 ohms     signals. Examples of beat
selection appara-    Resistor R212   -    4,000 ohms     tus suitable for
coupling to chip terminal T1,    Resistor R213   -    1,980 ohms     as
well as examples of IC FM  detector    Resistor R214   -    2,000 ohms
90 30 arrangements suitable for recovering sound    Resistor R215  -
8,000 ohms     signals from the selected intercarrier sound    Resistor
R217   -    1,200 ohms     beat, are provided in our aforementioned
Resistor R219   -     150 ohms     U.S. Patent No. 3,366,889, and in our
U.S.   Resistor R220   -    6,000 ohms     Patent No. 3,355,669, issued
November 28,   Resistor R221   -    4,000 ohms        95 35  1967.
Reference may also be made to the    Resistor R223   -    2,000 ohms
latter patent for a general understanding of    Resistor R224   -    3,000
ohms     techniques that may be applied in the actual    Resistor R229   -
1,000 ohms     construction of monolithic integrated circuits    Resistor
R230   -    1,600 ohms     of the type herein described.
Resistor R300   -     500 ohms         100 40   The schematic circuit
details of Figures    Resistor R302   -    150 ohms     7, 8 and 9, which
have been described above    Resistor R303   -    3,000 ohms     in
connection with the schematic circuit de-    Resistor R304   -    8,000
ohms     tails of the off-chip components of Figure 4    Resistor R309   -
500 ohms       105     represent a specific application of principles
Resistor R311   -  200 ohms 45 of the present invention. It will be
recognized    Resistor R312  -  700 ohms     that within the scope of the
present inven-    Resistor R313   -    1,500 ohms     tion various
departures may be made from   Resistor R315   -    4,000 ohms     the
particularly illustrated circuit configura-    Resistor R317   -    1,800
ohms  110     tions of chip 30C. Similarly, departures    Resistor R318   -
600 ohms 50 may be made from the particular circuit con-    Resistor R319
-   10,000 ohms    figurations shown for the off-chip components
Resistor R322   -  400 ohms    of Figure 4. Illustratively, another
success-    Resistor R323   -    1,800 ohms    ful application of the
principles of the    Resistor R324   -    3,000 ohms       115    present
invention has been realized in ac-  Resistor R325   -    3,500 ohms 55
cordance with the general configuration of   Resistor R326   -    5,000
ohms 



Figure 4, but with a different array of tuned    Capacitor C101  -  20
picofarads     circuits within the selectivity networks 20    Capacitor
C208  -   10 picofarads     and 40. In this instance, a third tuned cir-
Capacitor C211 -    7 picofarads  120     cuit was provided in the
selectivity network    Capacitor C212  -   3 picofarads 60 20, and a low
gain transistor amplifier was    Capacitor C213  -   6.5 picofarads
interposed in the network to isolate the    Capacitor C214 -       12
picofarads    third tuned circuit from a succeeding tuned    Capacitor C220
-    8 picofarads    pair.                                       Capacitor
C221  -         3 picofarads  125       By way of example only, a table of
values    Capacitor C301  -   10 picofarads        1 8
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A-continued                 quency signals within said monolithic semi- 60
ON-CHiP COMPONENT VALUES                 conductor body.
2. Television receiver circuitry as claimed       Capacitor C304  -
10 picofarads   in claim  1, said single monolithic semicon-
Capacitor C305  -        10 picofarads    ductor body having preliminary
input ter-  5   Capacitor C315  -         10 picofarads    minals and
preliminary output terminals; 65       Capacitor C316  -         5
picofarads    and preliminary amplifier means arranged in       Capacitor
C325  -        10 picofarads    said body, having an input coupled to said
Capacitor C326  -        10 picofarads    preliminary input terminals, and
having an                                                 output coupled to
said preliminary output
terminals, said preliminary amplifier means  70                     TABLE
B:                    being responsive to very low-level television 10
OFF-CHIP COMPONENT VALUES    intermediate frequency signals coupled to
said preliminary input terminals for pro-       Resistor 52   -   100,000
ohms            viding low-level intermediate frequency sig-       Resistor
54   -     2,400 ohms            nals at said preliminary output terminals.
75       Resistor 55   -    62,000 ohms              3. Television receiver
circuitry as claimed       Resistor 56   -     1,200 ohms            in
claim 2 comprising first tuned coupling 15    Resistor 58   -     6,800
ohms            means arranged between said preliminary       Resistor 72
-     7,000 ohms            output terminals and said first input ter-
(for 15V pulse)   minals, having a bandpass characteristic and  80
Resistor 74   -    56,000 ohms            being responsive to said
low-level inter-       Resistor 75   -    43,000 ohms            mediate
frequency  signals for selectively 20    Resistor 77   -     3,300 ohms
coupling said first low-level intermediate        Resistor 84   -    10,000
ohms            frequency signals to said first input terminals.
Resistor 86   -       330 ohms              4. Television receiver
circuitry as claimed  85        Capacitor 43  -       .020 microfarad    in
claim  3 in which said low-level inter-        Capacitor 53  -       .001
microfarad    mediate frequency signals include modu- 25    Capacitor 57  -
.100 microfarad    lated picture and sound carriers, said single
Capacitor 73  -       .001 microfarad    monolithic semiconductor body
having third        Capacitor 76  -        10 microfarads   input terminals
and third output terminals; 90        Capacitor 78  -       .100 microfarad
said tuned coupling means including means        Capacitor 82  -       680
picofarads     responsive to said low-level IF signal output
at said preliminary output terminals, and
developing a second low-level IF signal out-  30    WHAT WE CLAIM  IS:-
put coupled to said third input terminals 95        1. Television receiver
circuitry compris-  having a sound carrier to picture carrier      ing a
first high-gain wide-band amplifier  ratio appreciably greater than that of
said      means having an input and an output and a  first low-level IF
signal output, an auxiliary      video detector having an input and an out-
wide-band amplifier means arranged within  35 put, said first amplifier
means and said video  said body and having an input coupled to 100
detector being arranged in a single mono-  said third input terminals and
an output,      lithic semiconductor body having first signal  said
auxiliary amplifier means being respon-      input terminals to which said
input of said  sive to signals applied to said third input      first
amplifier means is coupled, said body  terminals and producing second
amplified  40  having first signal output terminals to which  intermediate
frequency signals; an inter- 105      said output of said detector is
coupled, the  carrier sound detector arranged within said      output of
said first amplifier means being  body and having an output coupled to said
coupled to the input of said video detector  third output terminals and an
input; second      to form a cascade, said first amplifier means  untuned
coupling means arranged within said  45 being responsive to low-level
intermediate  body and linking the output of said auxiliary 110
frequency signals applied to said first signal  amplifier means to the
input of said inter-      input terminals for providing  high-level carrier
sound detector means, said sound      amplified signals at its output, said
video  detector being responsive to said second      detector being
responsive to said high-level  amplifier intermediate frequency signals for



50 amplified signals for providing video signals  producing said modulated
sound carrier.  115      at said first signal output terminals, and    5.
Television receiver circuitry as claimed      wherein the coupling of the
output of said  in Claims 3 or 4 comprising means ar-      first amplifier
means to the input of said de-  ranged within said semiconductor body for
tector is provided by a first untuned, wide-  controlling the development
of an auto-  55 band coupling network disposed within said  matic gain
control potential reflecting un- 120      monolithic semiconductor body,
whereby  desired variations in the level of video signals      stability of
said first high-gain amplifier  applied thereto; means arranged in said
means is enhanced by the confinement of  semiconductor body for coupling
video sig-      said high-level amplified intermediate fre-  nals from said
video detector to said auto-              18
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A-continued                quency signals within said monolithic semi- 60
ON-CHIP COMPONENT VALUES                conductor body.
2. Television receiver circuitry as claimed       Capacitor C304  -      10
picofarads   in claim  1, said single monolithic semicon-       Capacitor
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being responsive to very low-level television 10    OFF-CHIP COMPONENT
VALUES    intermediate frequency signals coupled to
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54   -    2,400 ohms          nals at said preliminary output terminals.
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circuitry as claimed       Resistor 56   -     1,200 ohms         in claim
2 comprising first tuned coupling 15   Resistor 58   -     6,800 ohms
means arranged between said preliminary       Resistor 72   -    7,000 ohms
output terminals and said first input ter-
(for 15V pulse)   minals, having a bandpass characteristic and  80
Resistor 74   -    56,000 ohms            being responsive to said
low-level inter-       Resistor 75   -    43,000 ohms         mediate
frequency signals for selectively 20   Resistor 77   -     3,300 ohms
coupling said first low-level intermediate       Resistor 84   -    10,000
ohms           frequency signals to said first input terminals.
Resistor 86   -       330 ohms              4. Television receiver
circuitry as claimed  85       Capacitor 43  -     .020 microfarad    in
claim  3 in which said low-level inter-       Capacitor 53  -       .001
microfarad    mediate frequency signals include modu- 25    Capacitor 57  -
.100 microfarad    lated picture and sound carriers, said single
Capacitor 73  -       .001 microfarad    monolithic semiconductor body
having third       Capacitor 76  -        10 microfarads   input terminals
and third output terminals; 90       Capacitor 78  -       .100 microfarad
said tuned coupling means including means       Capacitor 82  -       680
picofarads    responsive to said low-level IF signal output
at said preliminary output terminals, and
developing a second low-level IF signal out- 30   WHAT WE CLAIM IS: -
put coupled to said third input terminals 95       1. Television receiver
circuitry compris-  having a sound carrier to picture carrier     ing a
first high-gain wide-band amplifier  ratio appreciably greater than that of
said     means having an input and an output and a  first low-level IF
signal output, an auxiliary     video detector having an input and an out-
wide-band amplifier means arranged within 35 put, said first amplifier
means and said video  said body and having an input coupled to 100
detector being arranged in a single mono-  said third input terminals and
an output,     lithic semiconductor body having first signal  said
auxiliary amplifier means being respon-     input terminals to which said
input of said  sive to signals applied to said third input     first
amplifier means is coupled, said body  terminals and producing second
amplified 40 having first signal output terminals to which intermediate
frequency signals; an inter- 105     said output of said detector is
coupled, the  carrier sound detector arranged within said     output of
said first amplifier means being  body and having an output coupled to said



coupled to the input of said video detector  third output terminals and an
input; second     to form a cascade, said first amplifier means  untuned
coupling means arranged within said 45 being responsive to low-level
intermediate  body and linking the output of said auxiliary 110
frequency signals applied to said first signal amplifier means to the input
of said inter-     input terminals for providing high-level carrier sound
detector means, said sound     amplified signals at its output, said video
detector being responsive to said second     detector being responsive to
said high-level amplifier intermediate frequency signals for 50 amplified
signals for providing video signals  producing said modulated sound
carrier.  115     at said first signal output terminals, and    5.
Television receiver circuitry as claimed     wherein the coupling of the
output of said  in Claims 3 or 4 comprising means ar-     first amplifier
means to the input of said de-  ranged within said semiconductor body for
tector is provided by a first untuned, wide-  controlling the development
of an auto- 55 band coupling network disposed within said  matic gain
control potential reflecting un- 120     monolithic semiconductor body,
whereby  desired variations in the level of video signals     stability of
said first high-gain amplifier  applied thereto; means arranged in said
means is enhanced by the confinement of  semiconductor body for coupling
video sig-     said high-level amplified intermediate fre-  nals from said
video detector to said auto-        19
1,285,493                                          19      matic gain
control potential development sponse to an IF input signal, and means
means, and means for rendering at least one  coupled to an output of said
first tuned     of said preliminary amplifier means, said  coupling means
for deriving said IF input     first high-gain wide-band amplifier means
signal for said automatic fine tuning circuit 25  5  and said auxiliary
amplifier means addition-  from the IF signal output of said preliminary
ally responsive to said developed automatic  IF amplifier, said IF input
signal deriving     gain control potential so that the gain of at  means
including isolating means arranged in     least said one amplifier means
varies in a  integrated form on said semiconductor body.     manner tending
to compensate for said un-    7. Television receiver circuitry as claimed
30 10 desired level variations.                     in any one of the
preceding claims wherein       6. Television receiver circuitry as claimed
each of said untuned couplings is a direct     in any one of Claims 2-5
comprising a  current coupling.     tuner apparatus for selecting and
converting    8. A chip, or television receiver using a     receiver
television signals to intermediate  chip, substantially as alternatively
described  35 15  frequencies, a second tuned coupling net-  in
conjunction  with  the  accompanying     work external to said
semiconductor body,  drawings.     having a bandpass characteristic and
being                T. I. M. SMITH,     interposed between said tuner
apparatus and            Chartered Patent Agent,     an input of said
preliminary amplifier, an                50 Curzon Street, 20  automatic
fine tuning circuit for modifying              London, W1Y 8EU.     the
operation of said tuner apparatus in re-          Agent for the Applicants.
Printed for Her Majesty's Stationery Office by Burgess & Son (Abingdon),
Ltd.-1972.                 Published at The Patent Office, 25 Southampton
Buildings, London, WC2A lAY,                                   from which
copies may be obtained.    


