
4                                          1,043,900     negative when the
oscillator is operating at tion of the effective capacitance of the diode
its natural resonant frequency. This negative  71[err] and the effective
resistance of the diode     voltage result from self-rectification of the
72[err]  which controls the frequency of oscil-     oscillator signal by
the diodes 71 and 72, lation in the circuit of Figure 6. As described  5
and is added to the control signal applied to  above in connection with
Figure 3, a suitable 70     the terminals 73 and 74.
signal source or an AFC circuit may be used       As shown in Figure 5, the
relative oscil-  to replace the resistor 81, and the resistor     lator
output voltage increases as the sub-  81 may represent the equivalent
resistance of     strate voltage is made less negative. Hence  such a
frequency controlling voltage source. 10 the substrate voltage may also
provide    Figure 7 is a schematic circuit diagram of 75     amplitude
modulation of the oscillator out-  an amplifier circuit which includes an
in-     put voltage.  If desired, the amount of  sulated gate field-effect
semiconductor de-     change in the amplitude of oscillator volt-  vice 90
of the type described in connection     age may be reduced by the provision
of  with Figures 1 and 2. The device 90 includes 15 additional feedback
capacitance between the  a gate electrode 91  which  is coupled  80
source electrode 62 and the gate electrode through a coupling capacitor 92
to a source     61.                                          of signals to
be amplified. The gate electrode       The frequency controlling voltage is
ap-  91 is also coupled over a lead marked AGC     plied to a pair of
terminals 73 and 74, and  through a resistor 93 and a filter capacitor 20
through an oscillator frequency choke coil  94 to a source of gain
controlling potential 85     75 to the substrate 64. By way of example,
(not shown).     the frequency controlling voltage may com-    The
semiconductor device 90 includes a     prise an automatic frequency control
(AFC)  source electrode 95 which is connected to     voltage derived from a
suitable source. An  ground through a resistor 96 paralleled by a 25
oscillator whose frequency is automatically  signal bypass capacitor 97. A
drain elec- 90     controlled in this manner is useful as the  trode 98 is
coupled through a resonant     heterodyne oscillator of a superheterodyne
circuit 99 and a resistor 100 to a source of 



radio receiver. Alternatively, the frequency  potential +B. The resistor
100 is bypassed     controlling voltage may comprise a suitable  for signal
frequencies by a capacitor 101. 30 signal  source for frequency modulating
the  A tap 102 on the resistor 100 is coupled to  95     developed
oscillations, whereupon the circuit the substrate electrode 103. A bypass
capaci-     operates as a modulator. Still further, a tor 104  prevents
signal energy from de-     switching signal providing a voltage of suf-
veloping at the substrate electrode. Ampli-     ficient magnitude to
forward bias both of fied signal energy may be extracted from the 35 the
diodes 71 and 72 may be used to selec-  amplifier circuit at the output
terminals 105. 100     tively switch the oscillator on and off and    For
weak signals, the semiconductor de-     thereby  provide  a  start-stop
oscillation  vice 90 conducts maximum current, and the     system.
voltage appearing at the tap 102 is least posi-       If desired, the
frequency characteristics of  tive. The circuit parameters are selected so
40 the circuit of Figure 3 may be modified by  that the voltage at the tap
102 is less posi- 105     the addition of a reactance element, such  tive
than the voltage at the source electrode     as the capacitor 76, between
the substrate  95. However it is to be understood that the     electrode 64
and ground.                     circuit will operate in the manner to be
A modification of the oscillator circuit is  described if the substrate
electrode 103 is 45  shown in Figure 6. The circuit of Figure 6  biased
more positively than the source elec- 110     is similar to that of Figure
3 in that the oscil-  trode 95.     lator shown therein is a Colpitts
oscillator   Under the weak signal conditions the     operating with a
drain electrode at ground  amplifier resonant output circuit 99 is tuned
potential for oscillator signals. The main dif- such as to provide peaking
or maximum re- 50  ference in the circuits of Figures 3 and 6 is  sponse to
signals near the high frequency end 115     in the biasing of the substrate
electrode. The of a predetermined signal pass band. As the     source
electrode 62[err] is raised off d-c ground signal level increases the AGC
voltage ap-     potential by the addition of source biasing  plied to the
gate electrode 91 tends to be-     resistor 80 between the low signal
poten- come more negative and reduces the current 55 tial side of the
oscillator frequency choke  through the transistor 90. This, in turn 120
671 and ground. A variable resistor 81 is  causes the potential at the tap
102 of the     connected between  the drain electrode 631  resistor 100 to
become more positive there-     and the substrate electrode 64[err] to
control by driving substrate electrode 103 more     the bias on the
substrate. In the circuit of  positive. With the substrate electrode 103 



60  Figure 6, the diode 721 is forward biased and  more positive, the
capacitance across the 125     conducts current of a magnitude determined
resonant circuit 99 is increased, thereby de-     by the resistance of the
resistors 80 and 81. creasing its resonant frequency to provide     The
resultant voltage across the resistor 81  either an essentially flat
frequency response     effectively appears across the diode 71[err] and
characteristic over said predetermined signal 65  controls its capacitance.
It is the combina-  pass band, or to change the maximum fre- 130
1,043,900                                          5      quency response
to more nearly the centre of   3. An  electrical circuit according  to
the band.                                    Claim  1 or Claim  2, wherein
said circuit       An amplifier of the general type described  means is
arranged  to  interconnect said  45     is useful as an i-f amplifier for
intercarrier  source, drain and gate electrodes for sustain- 5  type
television receivers to provide enhanced  ing oscillations, and wherein
said control     response to the video signal carrier when the  means
controls the voltage of said substrate     average carrier level is weak.
for adjusting the frequency of said oscilla-       Other types of control
circuits may be em-  tions.                                     50
ployed.  For example, a suitable control    4. An  electrical circuit
according  to 10  voltage circuit may be coupled directly to the  Claim  1
or Claim  2, wherein said circuit     substrate electrode for altering the
tuning of  means is arranged  to  interconnect said     the circuits
coupled to the amplifier.     source, drain and gate electrodes for sus-
As described, circuits embodying the in-  taining oscillation, and wherein
a source of 55     vention employ a single active circuit element  signals
is provided, and said control means 15  which doubles as a voltage
responsive re-  connects said source of signals to said sub- 



actance element.  The control voltage is  strate for modulating the said
oscillation.     effective to control the active circuit react-    5. An
electrical circuit according  to     ance, while being isolated from  the
active  Claim  1 or Claim  2, wherein said circuit 60  circuit, thereby
causing no undesirable inter-  means is arranged to provide an amplified 20
action between the control voltage circuit  output in response to an
applied signal, and     and the active circuit.
wherein said control means applies a control
voltage to said substrate to alter the fre-       WHAT WE CLAIM IS:-
quency  response  characteristic  of  said  65       1. An electrical
circuit comprising: a  amplified output.     field-effect transistor having
a substrate of    6. An  electrical circuit according  to 25  semiconductor
material, a gate electrode in-  Claim 1 or Claim 2, including an automatic
sulated from the substrate, and source and  frequency  control  voltage
source,  and     drain electrodes separated by a conductive  wherein said
circuit means connects said  70     path having a conductivity controllable
as  source, drain and gate electrodes for oscil-     a function of a
potential applied to the gate  lation, and said control means couples said
30  electrode, said substrate forming with said  automatic frequency
control voltage source     source and drain electrodes respectively a  to
said substrate to control the frequency of     pair of rectifying
junctions; circuit means  oscillation of the circuit.                 75
coupled with said source, drain and gate elec-    7. An electrical circuit
substantially as     trodes for conditioning said transistor to  herein
described with reference to Figure 3 35  operate as an active device; and
control  or Figure 6 or Figure 7 of the accompany-     means for applying a
control signal to the  ing drawings.     substrate.       2. An  electrical
circuit according  to             A. M. & WM. CLARK,     Claim 1, wherein
said circuit means includes        Chartered Patent Agents, 40  a resonant
circuit, and wherein the control              5, Stone Buildings,
signal varies the tuning of said resonant                  Lincoln's Inn,
circuit.                                                  London, W.C.2.
Abingdon: Printed for Her Majesty's Stationery Office, by Burgess & Son
(Abingdon), Ltd.-1966.                   Published at The Patent Office, 25
Southampton Buildings, London, W.C.2,                                  from
which copies may be obtained. 



quency response to more nearly the centre of   3. An  electrical circuit
according  to       the band.                                    Claim  1
or Claim  2. wherein said circuit An amplifier of the general type
described  means is arranged  to  interconnect said  45       is useful as
an i-f amplifier for intercarrier  source, drain and gate electrodes for
sustain-    5  type television receivers to provide enhanced  ing
oscillations, and wherein said control       response to the video signal
carrier when the  means controls the voltage of said substrate
average carrier level is weak.               for adjusting the frequency of
said oscilla-         Other types of control circuits may be em-  tions.
50       ployed.  For example, a suitable control    4. An  electrical
circuit according  to   10  voltage circuit may be coupled directly to the
Claim  1 or Claim  2, wherein said circuit       substrate electrode for
altering the tuning of  means is arranged  to  interconnect said       the
circuits coupled to the amplifier.       source, drain and gate electrodes
for sus-         As described, circuits embodying the in-  taining
oscillation, and wherein a source of 55       vention employ a single
active circuit element  signals is provided, and said control means   15
which doubles as a voltage responsive re-  connects said source of signals
to said sub-       actance element.  The control voltage is  strate for
modulating the said oscillation.       effective to control the active
circuit react-    5. An  electrical circuit according  to  ance, while
being isolated from  the active  Claim  1 or Claim  2, wherein said circuit
60       circuit, thereby causing no undesirable inter-  means is arranged
to provide an amplified   20  action between the control voltage circuit
output in response to an applied signal, and       and the active circuit.
wherein said control means applies a control
voltage to said substrate to alter the fre-          WHAT WE CLAIM IS: -
quency  response  characteristic  of  said  65 



1. An electrical circuit comprising: a  amplified output.
field-effect transistor having a substrate of    6. An  electrical circuit
according  to   25  semiconductor material, a gate electrode in-  Claim 1
or Claim 2, including an automatic       sulated from the substrate, and
source and  frequency  control  voltage  source,  and       drain
electrodes separated by a conductive  wherein said circuit means connects
said  70       path having a conductivity controllable as  source, drain
and gate electrodes for oscil-       a function of a potential applied to
the gate  lation, and said control means couples said   30  electrode, said
substrate forming with said  automatic frequency control voltage source
source and drain electrodes respectively a  to said substrate to control
the frequency of       pair of rectifying junctions; circuit means
oscillation of the circuit.                  75       coupled with said
source, drain and gate elec-    7. An electrical circuit substantially as
trodes for conditioning said transistor to  herein described with reference
to Figure 3   35  operate as an active device ; and control  or Figure 6 or
Figure 7 of the accompany-       means for applying a control signal to the
ing drawings.       substrate.          2. An  electrical circuit according
to             A. M. & WM. CLARK,       Claim 1, wherein said circuit means
includes          Chartered Patent Agents,   40  a resonant circuit, and
wherein the control              5, Stone Buildings,       signal varies
the tuning of said resonant                  Lincoln's Inn,       circuit.
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Office, by Burgess & Son (Abingdon), Ltd.-1966.
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