
1,092,566     impedance at the intermediate frequency   transistor, is used
as the converter and has    may also, in accordance with the present in-
source electrode 1, gate electrode 3, and    vention, be made adjustable by
connecting   drain electrode 5.    a shunt element in parallel with the
above-   A  portion of the signal alternating-cur- 5 described resonant
circuit, the value of  rent voltage developed across the input res-  70
which is decreased by means of an automa-   onant circuit C1-L1 is tapped
off at tap 19,    ti voluume control circuit. For  example, a   located on
inductance L1, and the input sig-    diode connected in parallel with this
cir-  nal is thence fed by way of capacitor C5 in-    cuit, or a portion of
it, receiving increasing  to the source electrode 1 of the field-effect 10
amounts of forward bias by the, automatic  transistor Q1. Proper dc
operating bias 75    gain control circuit, will show a reduced im- equal to
approximately one-half of the    pedance. proportional to the inverse of
the  pinch-off voltage of the field-effect transistor    direct current
supplied to it by the automa-  Q1 is established by the source resistor
tic gain control circuit, and will, therefore,  R1 connected in parallel
with capacitor C5. 15 be useful in reducing the output voltage at    Since
field-effect transistors can exhibit 80    the intermediate frequency.
Since the con-  manufacturing variations in pinch-off vol-    version gain
is equal to the product of con-  tage, as before explained, a field-effect
tran-    version transconductance and  impedance  sistor having the lowest
pinch-off voltage is    of the output circuit at the intermediate fre-
therefore more subject to overload than any 20 quency, a further means of
automatic gain  of the others; and resistor R1 is thus chosen 85    control
can now be included in this con-  for the field-effect transistor having
the low-    verter circuit.                             est pinch-off
voltage.  If a field-effect trans-      A further object of the present
invention,  istor of the higher pinch-off voltage is in-    therefore, is
to provide a new and improved  serted in the same circuit of Figure 1 the
25 converter circuit in which there is provided   optimum  overload
conditions for this par- 90    improved isolation between the signal and
ticular device will not be reached.  But the    oscillator circuits, with
an improvement in  overload characteristics will still be better    local
oscillator performance when incoming  than those obtained with a
field-effect trans-    signals in excess of those permitted for lin-  istor
of very low pinch-off voltage, and with 30 ear converter action are
encountered.       optimum bias as established by resistor R1. 95       An
additional object is to provide a new  Resistor R1, effectively grounded
for all di-    and improved field-effect transistor  circuit  rect currents
by way of inductance L1, also    of more general utility, also, it being
under-  stabilises the operating point of field-effect    stood that the
term field-effect transistor is  transistor Q1 for variations in
temperature 35 herein intended to embrace solid-state and   and supply
voltage  which might other- 100    related devices which have the type of
char-  wise affect the operating point of the field-    acteristics and
perform in the manner de-  effect transistor Q1.    scri
Local oscillator alternating-current vol-      Other and further objects
will be de-  tage is fed to gate electrode 3 of the field- 40 scribed
hereinafter and are more particu-   effect transistor Q1 by way of
conductor  23 105    larly delineated in the appended claims.    from the
tap 25 of inductance L2, forming      The  invention  will now  be
described  a resonant circuit tuned to the local oscilla-    with reference
to the accompanying draw-  tor frequency with capacitor C2. One end of
ings, Figure 1 of which is a schematic  this oscillator resonant circuit
C2-L2 is 



45 circuit diagram of a preferred embodiment  grounded at G2.  The local
oscillator voltage 110    of the invention, illustratively  shown as  is
developed by a transistor Q2 having an    adapted for signal conversion in
FM  broad-  emitter electrode 7, base electrode 9, and    cast receivers.
collector electrode 11. Bias voltage for the       Figures 2 and 5 are
similar diagrams il-  transistor Q2 is established by means of vol- 50
lustrating  alternative  circuit connections;  tage divider resistors R2
and R3, with resis- 115    and                                         tor
R2 also providing the proper base cur-      Figures 3 and 4 are circuit
diagrams of  rent for transistor Q2 from the supply vol-    modified AGC
connections.       Referring to Figure 1, the radio-frequency  tage B[err].
The base electrode 9 is by-passed 55 input signal at input terminals 13 and
15 is  to ground G3 by way of capacitor C7. Col- 120     obtained from an
external antenna or from   lector supply voltage for transistor Q2 is ap-
a radio-frequency amplifier stage or similar     source, coupled by way of
coupling-capaci-  plied from the voltage source B[err] by way of     tor C4
to a tuned input circuit consisting of   choke CH1 to collector 11, and the
emitter 60  capactor C1 and inductance L1. Capacitor  current of transistor
Q2 is returned  to 125     C1 and inductance L1 are tuned to the in-
ground G3 by  way of resistor R4. The ca-     coming signal frequency so
that a parallel  pacitance between collector electrode .11 resonant circuit
exists between node 17 and  and emitter electrode 7 in parallel with an
ground G1. A field-effect transistor Q1,  external  capacitor C6 and the
phase shift 65 shown here as an N-channel type field-effect  between base
current and collector current 130                          of transistor Q2
will provide an equivalent         alignment, moreovr, both  the signal and
negative resistance appearing at collector 11       the oscillator circuits
are grounded at their of transistor Q2.  The resonant circuit of
respective ground terminals.  G1 and G2,        inductance L2 and capacitor
C2 is connected         thereby avoiding the necessity for any sec- in
parallel with this equivalent negative re-       ondary windings on either
the input circuit     5 sistance by way of coupling capacitor C8
inductance L1 of the oscillator inductance         and therefore transistor
Q2 will oscillate at       L2.  If it should be intended to feed both
the frequency primarily determined by in-             the input signal and
the local oscillator vol-        ductance L2 and capacitor C2.  The mode
tage into the gate circuit, and it is desired    10 of oscillation of this
transistor can be de-        to avoid the need for secondary windings on
scribed as the grounded-base mode and the           either inductance,
while still maintaining        peak-to-peak amplitude of oscillation will
signal and oscillator circuits grounded at        be appoximately equal to
twice the differ-          their respective ground terminals, it would
+                  be necessary to use such techniques as a        ence
between the supply voltage B[err] and the      double set of small coupling
capacitors from    15 base-to-ground volatge of transistor Q2.
each resonant circuit into the gate circuit.          This voltage
amplitude of oscillation        This type of connection, however, is gener-
however, is generally too high for proper           ally undesirable
because it results in local        converter action of the field-effect
transis-     oscillator frequently changes when the input 



tor Q1. A portion only of the oscillation           signal circuit is
adjusted and changes, also    20 voltage is therefore tapped from
inductance         in tuned frequency of the input signal cir-        L2 at
connection 25 and is fed by way of               cuit when the local
oscillator circuit is ad-        conductor 23 to the gate electrode of the
justed for proper frequency.  For this reason,        field-effect
transistor Q1. Supply voltage for      the signal is fed into the source
electrode 1        the field-effect transistor Q1 is obtained from     and
the local oscillator is fed into the gate        +
electrode 3 of field-effect transistor Q1 and    25 supply voltage B[err],
and the drain current of     only the inter-electrode capacitance will
field-effect transistor Q1 flows from source     cause coupling between the
circuits.  This        +                                             method
of connection also has the advan-        B[err] by way of inductance L3,
and conduc-        tage, when there is an input signal in excess-
tor 29, into the drain electrode 5, and is re-     of that permitted by
normal operation, that        turned to ground from source electrode 1 by
the local oscillator is relatively unaffected    30  way of resistor R1,
load 21 connected to tap       because only the instantaneous conduction
19 of inductance L1, and then the lower        of current by the
effectively instantaneously        part of inductance L1 to ground G1.
forward-biased gate electrode 3 will effect          Inductance L3 is tuned
to the intermed-          the local oscillator operation. It should also
iate frequency resulting from conversion in        be noted that the
connections shows in     35  the mixing process within field-effect trans-
Figure 1 result in an input impedance com-        istor Q1 by means of
capacitor C3; and the         parable to the optimum source impedance
intermediate frequency ouput voltage ob-           for lowest noise
operation, thereby reducing        tained at tap 31 if inductance L3 is
connec-       the conversion power gain from the maxi-        ted to IF
output terminals 33 and 35, the           mum amount possible.    40
letter of which is connected to ground G4.           In FM tuner operations
with a circuit of        The input signal frequency and the local
the type shown in Figure 1, for example,                      oscillator
frequency are by-passed to ground       employing a Texas Instruments
N-channel        by way of capacitor C3 connected to source         Type
2N3823 field-effect transistor Q1, IHF                        +
sensitivities of 1.6 to 2 microvolts were ob-        B[err] which is
effectively grounded for all fre-  tained with cross-modification rejection
of    45  quencies.                                          from 96 db to
more than 100 db. Two         While  field-effect transistor normally
strong signals, equivalent to more than 50         have a high gate input
impedance, at fre-          mv per meter and separated by 800 kc can
quencies above 30 NHz, lowest noise ope-           be fed into the input
without having any         ration will result when they are driven from
measurable intermodulator products gene-         a relatively low impedance
source for              rated; such performance being more than    50
example, 1000 ohms or less.  The available         20 db better than he
best prior-art bipolar        power gain as a radio-frequency amplifier,
transistorised front ends and at least equiva-        furthermore, at
frequencies above 100 MHz,         lent, and in most cases superior, to the
very        may be relatively independent of the method        best
prior-art tube front ends, and with the        of signal connection,
whether fed to the           further advantages thereover previously    55
source or the gate electrode of the field-ef-      discussed.        fect
transistor.  For this reason, in the cir-       If a higher conversion
power-gain is re-        cuit shown in Figure 1, the signal voltage is
quired, an alternate connection of field-ef-        fed to the source
circuit 1 and the local os-      fect transistor Q1 can be used, as is
shown        cillator voltage is fed to the gate circuit 3.     in Figure
2.  Here, the gate electrode 3 of  60  For  ease of construction, assembly
and            field-effect transistor Q1 is connected to a     



tap 19' of the input circuit inductance L1,       losses of the local
oscillator circuit connec-                  [err] tap 19' generally located
closer towards    ted to conductor  27.  By this means, a re-
node 17 than the tap 19 of Figure 1.  Local        duction of conversion
gain of field-effect                  oscillator voltage from the resonant
circuit      transistor Q1, is effectively obtained. The              C2-L2
is obtained from tap 25 by way of        effect of these losses of the
local oscillator 70                 conductor 21 through source by-pass
capaci-        resonant circuit by different bias voltages of
tor C5 to the source electrode 1.  Source, bias   diode D1 will be
restricted to the local os-                 resistor R1 is connected in
parallel with ca-    cillator frequency because the resonant cir-
pacitor C5 as described above.  In order to        cuit of inductance L2
and capacitor C2 will                 provide the same local oscillator
injection        be effectively a short circuit for all frequen- 75
and conversion transconductance of the cir-        cies other than the
local oscillator frequency                 cuit of Figure 2 as compared
with the cir-          In order to get fully effective action of this
cuit of Figure 1, the same amount of local         conversion gain control
method, it is desir-                 oscillator injection voltage has to be
main-       able that diode D1 be selected so that its              15
tained. Since, however, the input impedance        change in capacity
between its anode and 80              of field-effect transistor Q1 at its
source ter-   cathode terminals, as anode to cathode vol-
minal 1 is lower than the input impedance          tage is varied, is very
small compared to                 at the gate terminal 3, tap 25 will have
to        the value of the capacitor C2, so that the                 be
located further away from ground G2 be-         local oscillator frequency
will not be             20  cause the local oscillator voltage at conduc-
shifted.                                85.                 tor 27 will be
reduced in view of the            The AGC voltage source for the automa-
amount of increased loading on the local           tic gain control
purposes of diode D1 should                 oscillator circuit C2-L2 by the
source input       have a low internal impedance. Since nor-
impedance of field-effect transistor Q1.           mal detector circuits
for automatic gain             25   As was mentioned above, the conversion
control may have too high an impedance, it 90                 gain of a
field-effect transistor is approxi-      is therefore possible and
practical to use                 mately proportional to the amount of local
another stage subject to automatic gain con-                 oscillator
voltage provided.  The amount of        trol as a direct-current amplifier
to operate                 conversion  gain can thus be adjusted, in ac-
diode D1. This is shown in Figure 4. Here,             30  cordance with
the invention, by varying the        transistor Q3, the  first
intermediate-fre- 95                local oscillator voltage. One method of
ac-        quency amplifier, has emitter electrode 39,
complishing this is shown in Figure 3.  Local      base electrode 41, and
collector electrode            oscillator voltage is there obtained from a
43, and receives automatic gain control vol-                circuit similar
to that involving transistor       tage from AGC source 38 by way of con-
35  Q2 of Figure 1 and by way of lead 27,              dutor 55 and
resistor R9 connected to the  100                oscillator inductance L2
and capacitor C2          base electrode 41. The emitter is returned
forming the resonant network. A diode D1           to ground G5 for all
high frequencies, in-                is also connected to conductor 27 and
is re-       cluding intermediate frequencies,  by way            turned to
ground G5. by way of by-pass ca-         of by-pass capacitor C10, and  for
di-            40  pacitor C9. The cathode of diode D1 is             rect
currents by way of voltage divider re- 105                also connected by
way of conductor 37 to           sistors R7 and R8. The junction of resis-
a dc voltage source 38, which may be the           tors R7 and R8 now
provides the direct                automatic gain control dc voltage
developed        control voltage to diode D1 by way of con-
by an AGC detector. When this voltage is           ductor 37. As above,
local oscillator voi-            45  positive, as it may be under the
conditions        tage with inductance L2 and capacitance 110
of no-signal, diode D1 is effectively reverse-     C2 forming the
frequency-determining cir- 



biased for all instantaneous voltages except       cuit for the local
oscillator, is still provided                those exceeding  the voltage
provided by           by way of conductor 27. Diode D1 is again
conductor 37. Since a diode in its forward         by-passed from  its
cathode terminal to            50  bias operation conducts current
increasing         ground by way of capacitor C9. The inter- 115
by a factor of two for a voltage increase of       nal impedance of the
voltage source now                approximately 20 mv, the peak-to-peak os-
controlling diode D1 lies between the value                cillator voltage
is thereby limited to a peak-     of resistor R8 itself and the value of
the                to-peak value of twice the sum of dc vol-
parallel combination of resistors R7 and            55  tage provided by
conductor 37 and the nor-         R8.  The exact value is dependent upon
the 120               mal forward voltage drop of diode D1. This
internal impedance of the AGC voltage               normal forward voltage
drop is approxim-           source 38 in series with resistor R9, and the
ately one-quarter of. a volt for germanium         direct current gain of
transistor Q3. diodes and approximately six-tenths of a             As
mentioned above, the maximum con-           60  volt for silicon diodes.
Any reduction in  version power gain exists when the impe- 125
positive AGC voltage of the dc voltage  dance of the intermediate frequency
net-               source 38 toward zero or towards negative  work
connected in the output circuit of a               values will therefore
limit the peak-to-peak   field-effect transistor matches the impe-
local oscillator voltage  to progressively  dance of the drain electrode.
It was also           65  lower values by effectively increasing the
stated that maximum overload capability of 130                  the
field-effect transistor converter exists   capacitor 49 at its anode end.
The cathode          when the impedance of the circuit tuned to     end of
diode D2 is connected to tap 31 of          the intermediate frequency
connected to the  inductance L3 which has the same dc vol- 70  drain
electrode of the field-effect transistor  tage as conductor 51, or for that
matter,  is reduced to a value so that the instantan-                +  o
eous peak-to-peak voltage across this net-  voltage source B[err].
Reverse-biased diode D2          work is equal to more than twice the
differ-  will therefore exert no damping effect on re-          ence
between the supply voltage and the    sonant circuit C3-L3, which will then
have          pinch-off voltage of the field-effect transis-  a high
impedance.                      75      10 tor. If it is desirable to have
both the maxi-     The aforementioned reduction in current          mum
possible conversion gain for weak sig-  through transistor Q3 by a more
negative          nals and the ability to handle the strongest  voltage of
AGC voltage source 38 can there-          input signals, it is therefore
desirable to  by reduce the voltage drop across resistor R6          vary
the impedance of. the intermediae fre-  which will cause the anode
electrode of di- 80       15 quency network connected to the output  ode
D2, connected to conductor 49, to          circuit of the field-effect
transistor in accor-  reach a positive voltage with respect to its
dance with the received signal voltages, and                             +
thereby also effect some further automatic  cathode and voltage source
B[err], and diode          gain control. This is also shown in Figure  D2
will begin to conduct. Increased con-      20 4 where the automatic gain
control voltage,  duction will show a lower dynamic resis- 85
applied by way of conductor 55 and resis-  tance and therefore an effective
damping          tor R9 to the first intermediate frequency  resistance
connected in.parallel with a por-          amplifier stage Q3, results in a
voltage var-  tion of inductance L3 between terminal 31 



iation at its emitter electrode 39 with re-  and conductor 51 by way of
capacitor C13.       25 spect to ground G5. This same emitter vol-  Any
further reduction in collector current 90          tage variation can be
thought to be an emit-  of transistor Q3 to the point of almost com-
ter current variation which is very nearly  plete cut-off, will then cause
field-effect          equal to the value of collector current var-
transistor Q1 to be supplied with direct cur-       iation of the same
transistor Q3.  In this                             +       30 stage,
collector current for transistor Q3 is  rent from supply voltage B, by the
parallel       +             combination of resistor R5 and resistor R6 95
supplied from voltage source B[err] by way of  in series with. diode D2 as
far as direct ope-          filter resistor R6 to node 47, inductance L4,
rating currents are concerned. Under these          tap 45, to the
collector electrode 43 of tran-  conditions diode. D2 will have its minium
istor Q3. Inductance L4 is tuned to the in-  resistance and the resonant
circuit L3 in       35 termediate frequency by means of capacitor  parallel
with capacitor C3 will also have its 100          C14, and intermediate
frequency output at  minimum resonant parallel impedance. By
terminals 33, 35 is obtained from coupled-  appropriate choice of operating
currents of          inductance L5 tuned with capacitor C15  field-effect
transistor Q1 and IF amplifier          also to the intermediate frequency.
Any  transistor Q3 and supply filter resistors R5       40 variation in the
dc voltage conductor 55 due  and R6, respectively, the effective parallel
105          to the variations in voltage of the AGC vol-  impedance of the
IF resonant circuit of in-          tage source 38 therefore causes varying
vol-  ductance L3 and capacitance C3 can be          tage drop across
resistor R6. Supply voltage  calculated through the knowledge that the
+                                   dynamic impedance of a semiconductor
di-          source B[err] of the field-effect transistor Q1 is- ode is
equal to approximately 26. ohms with 110
+     1 ma of current through diode D2 and half       45 obtained from
supply voltage source B[err] by  that amount with the double current. This
way of resistor R5 connected to lead 51 of  effective dynamic resistance
can then be          the  intermediate-frequency  tuned  circuit
multiplied by the ratio of the square of the          C3-L3, and is also
by-passed to ground by  total turns of inductance L3 to the number 115
capacitor C12.   The effective collector sup-  of turns from tap 31 to
conductor 57 of in-       50 ply voltage at node 47 for transistor Q3 is
ductance L3 to arrive at the effective paral-          also effectively
by-passed to ground by way  lel impedance of this tuned circuit. Again,
of conductor 49 and capacitor C13 in series  diode D2 should be chosen so
that its ca-          with capacitor C12 connected to ground;    pacitance
variations from reverse to forward 120            If the AGC voltage source
38 changes its  bias cause an insignificant amount of detun-       55 value
from a positive voltage towards a less  ing. of the aforementioned circuit
resonant          positive voltage, the voltage drop across re-  at the
intermediate frequency.          sistor R6 will be reduced. Under normal
For operation in the FM band of 88 to 108          conditions with very
weak input signals, the  megacycles, certain diodes may exhibit too 125
voltage drop across resistor R6 is larger  larger variation in capacitance
to be useful       60 than the voltage drop across resistor R5 and  for
control of local oscillator voltage, and          therefore diode D2 will
be reverse-biased. therefore detuning by diode D1. Under          Diode D2
is connected to node 47 by way of  these circumstances, the local
oscillator vol-         



tage may ,be adjusted to a fixed value, as  The oscillator converter
circuits shown shown in Figure 1, and only the diode D2  therefore permit
the construction of high     may be sued for automatic  gain control
performance receivers without the need of     pruposes.
additional protective measures such as fur-   5   While a normal
field-effect transistor may  ther selective circuits or automatic 70     be
considered to consist of a bar of semi-  gain comtrol amplifiers ahead of
the con-     conductor  material with source and drain  verter. It is not
intended to restrict the ap-     electrodes attached to both ends of the
bar       plication  of these circuits to the reception  and with gate
electrode  consisting of two       of  FM broadcasts in a range of 88 to
108-  10 parallel-connected surfaces attached to the  megacycles, because
much broader applications 75     sides of the bar to form a single,
accessible   are easily accomplished.     gate electrode terminal, it is
possible that  WHAT WE CLAIM IS:-     the two gate electrodes be not
connected     1. Signal mixing apparatus having in     together within the
field-effect transistor  combination, field-effect transistor means 15  but
have separate terminals. Such field-ef-  provided with source, drain and
gate e1ec- 80     fect transistors may be described as tetrode-  trode
means and a subtantially square-law     type field-effect transistors.
These devices  characteristic extending  over  a  prede-     can be used
equally well in the circuits de-  termined voltage range, a pair of input
cir-     scribed in Figures 1 through 4 by extern-  cuits connected with
the source and gate 20  ally connecting the two  gate electrodes to-
electrode means for respectively applying to 85     gether and treating
them as a single gate  and mixing within the field effect transistor
electrode. The availability of a second gate  means a pair of
alternating-current voltages     electrode makes it possible, however, to
of peak - to-peak values lying substantially     connect the signal to one
gate electrode  within said range, and an output circuit 25 3 by way of
conductor 23 and tap 19', and  connected with said drain electrode means
for 90     the local oscillator voltage to the second  withdrawing the
resultant of the said mix-     gate electrode 4 from tap 25 of the local
ing.     oscillator inductance L2, Figure  5. The    2.  Apparatus as
claimed in claim  I in     source electrode 1  s returned directly to
which each input circuit is provided with 30 ground G1 by means of the
parallel combi-  a pair of terminals one of which is groun- 95     nation
of by-pass capacitor C5 and resistor  ded, the other terminals being
respectively     R1.  By this means, the local oscillator cir-  connected
to source and gate electrodes of     cuit and the signal circuit are
effectively iso-  the said field-effect transistor means.     lated from
each other, being coupled only    3. Apparatus as claimed in claim  1 in
35  by the interelectrode capacitance between  which each input circuit is
provided with 100     the first gate 3 and the second gate 4. The  a pair
of terminals one of which is groun-     loading on the input signal circuit
will be  ded, the other terminals being respectively     that shown in
Figure 2 and the loading of     connected to a pair of gate electrodes
com-     the oscillator circuit will be that shown in  prising the said
gate electrode means, the 40  Figure 1.  This method of connection, us-
said source electrode means being coupled 105     ing a tetrode
field-effect transistor, will re-  to said grounded terminals.     sult in
superior selectivity. The amount of   4. Apparatus as claimed in claim 1 in
conversion gain may be comparable to that  which each of said input and
output circuits     of Figure 1 because only the transconduc-   comprises a
tuned circuit substantially re- 45 tance of gate 3 will be varied by the
local  sonant to the corresponding alternating- 110    oscillator voltage
rather than the transcon-  current voltage therein.    ductance of both
gates connected in parallel.    5.  Apparatus as claimed in claim 4 in
The improved input impedance and reduced  which means is provided
responsive to var-    circuit loading of inductance L3 and capaci-  iations
in the peak-to-peak voltage of one 50 tor C1, however, will compensate in
large  of said alternating-current voltages and con- 115 



part for this loss.                        nected with the corresponding
tuned circuit       Since a field-effect transistor is usually of  therefor
for effectively  correspondingly    symmetrical construction, as evident in
the  varying the mixing gain of the field-effect    physical description of
a field-effect transis-  transistor means. 55 tor given above, it is
therefore possible to    6.  Apparatus as claimed in claim 5 in 120
interchange the source and drain connec-   which said responsive means is
controlled    tions of field-effect transistors Q1 shown in  by
direct-current voltage  control means.    all these figures.  This
interchange of con-    7. Apparatus as claimed in claim 4 in    nections
can be beneficial because lead  which said output tuned circuit is provided
60 break-out from the field-effect  transistor  with means responsive to
direct-current vol- 125 will result in slightly different leakage in-  tage
control means for adjusting the output ductances and stray capacitances of
the de- circuit  impedance correspondingly to vary    vice itself, and they
be used for optimum       the mixing gain of the field-effect transis-
circuit layout by using the more convenient  tor means. 65 electrode.
8.  Apparatus as claimed in claim 1 in 130
1,092,566     tage may be adjusted to a fixed value, as   The oscillator
converter circuits shown    shown in Figure 1, and only the diode D2
therefore permit the construction of high    may be used for automatic
gain control   performance receivers without the need of    purposes.
additional protective measures, such as fur-  5   While a normal
field-effect transistor may  ther selective input circuits or automatic 70
be considered to consist of a bar of semi-  gain control amplifiers ahead
of the con-    conductor material with source and drain  verter. It is not
intended to restrict the ap-    electrodes attached to both ends of the bar
plication of these circuits to the reception and with gate electrode
consisting of two  of FM  broadcasts in a range of 88. to 108 10
parallel-connected surfaces attached to the  megacycles, because much
broader applications  75    sides of the bar to form a single, accessible
are easily accomplished.    gate electrode terminal, it is possible that
WHAT WE CLAIM  IS:-    the  two gate electrodes be not connected        1.
Signal mixing apparatus having in    together within ,the field-effect
transistor  combination field-effect transistor means 15 but have separate
terminals. Such field-ef-  provided with source, drain and gate  elec- 80
fect transistors may be described as tetrode-  trode means and a
substantially square-law    type field-effect transistor   These devices
characteristic  extending  over  a  prede-    can be used equally well in
the circuits de-  termined voltage range, a pair of input cir-    scribed
in Figures 1 through 4 by extern-  cuits connected with the source and gate
20 ally connecting the two gate electrodes to-  electrode means for
respectively applying to 85    gether and treating them  as a single gate
and mixing within the field effect transistor    electrode.  The
availability of a second gate  means a pair of alternating-current voltages
electrode makes it possible, however, to  of peak - to-peak values lying
substantially    connect the signal to one gate electrode  within said
range, and an output circuit 25 3 by way of conductor 23 and tap  19', and
connected with said drain electrode means for 90    the local oscillator
voltage to the second   withdrawing the resultant of the said mix- 



gate electrode 4 from  tap 25 of the local  ing.    oscillator inductance
L2, Figure 5. The       2. Apparatus as claimed in claim  1 in    source
electrode 1 is returned directly to   which each input circuit is provided
with 30 ground G1 by means of the parallel combi-  a pair of terminals one
of which is groun- 95    nation of by-pass capacitor C5 and resistor  ded,
the other terminals being respectively    R1. By this means, the local
oscillator cir-  connected to source and gate electrodes of    cuit and the
signal circuit are effectively iso-  the said field-effect transistor
means.    lated from each other, being coupled only    3. Apparatus as
claimed in claim  1 in 15 by the interelectrode capacitance between  which
each input circuit is provided with 100    the first gate 3 and the second
gate 4. The  a pair of terminals one of which is grou-    loading on the
input signal circuit will be  ded, the other terminals being respectively
that shown in Figure 2 and the loading of  connected to a pair of gate
electrodes com-    the oscillator circuit will be that shown in  prising
the said gate electrode means, the 40 Figure 1. This method of connection,
us-  said source electrode means being coupled 105    ing a tetrode
field-effect transistor, will re-  to said grounded terminals.    sult in
superior selectivity. The amount of    4. Apparatus as claimed in claim  1
in    conversion gain may be comparable to that  which each of said input
and output circuits    of Figure 1 because only the transconduc-  comprises
a tuned circuit substantially re- 45 tance of gate 3 will be varied by the
local  sonant to the corresponding alternating- 110    oscillator voltage,
rather than the transcon-  current voltage therein.    ductance of both
gates connected in parallel.    5. Apparatus as claimed in claim 4 in
The improved input impedance and reduced  which means is provided
responsive to var-    circuit loading of inductance L3 and capaci-  iations
in the peak-to-peak voltage of one 50 tor C1, however, will compensate in
large  of said aternating-current voltages and con-  115    part for this
loss.                        nected with the corresponding tuned circuit
Since a field-effect transistor is usually of  therefore for effectively
correspondingly    symmetrical construction, as evident in the  varying the
mixing gain of the field-effect    physical description of a field-effect
transis-  transistor means. 55 tor given above, it is therefore possible to
6. Apparatus as claimed in claim 5 in 120    interchange the source and
drain connec-  which said respective means is controlled    tions of
field-effect transistors Q1 shown in  by direct-current voltage control
means.    all these figures. This interchange of con-   7. Apparatus as
claimed in claim 4 in    nections can be beneficial because lead   which
said output tuned circuit is provided 60 break-out from  the field-effect
transistor  with means responsive to direct-current vol- 125    will result
in slightly different leakage-in-  take control means for adjusting the
output    ductances and stray capacitances of the de-  circuit impedance
correspondingly to vary    vice itself, and may be used for optimum  the
mixing gain of the field-effect transis-    circuit layout by using the
more convenient  tor means. 65 electrode.
8. Apparatus as claimed in claim 1 in 130
1,092,566                                       9           which one of
said alternating-current vol-   16. Apparatus as claimed in claim 14 in
tages comprises a received radio-frequency  which said responsive means
comprises di- signal and the other comprises locally gene-  ode means
connected with by-pass means 



rated oscillations, the said output circuit be-  across the said tuned
circuit resonant to the       5ing tuned to an intermediate frequency re-
said locally generated oscillations.    50          sulting from the
conversion of the said sig-    17. Apparatus as claimed in claim 16 in
nal by square-law  non-linear mixing with  which automatic gain control
direct-current          said oscillations in the field-effect transis-
voltage means is connected between said          tor means.
diode and by-pass means.       10   9. Apparatus as claimed in claim 8 in
18. Apparatus as claimed in claim 13 in 55          which said voltage
range lies within limits  which the said tuned output circuit reso-
of substantially zero bias voltage and pinch-  nant to said intermediate
frequency is con-          off voltage of the field - effect transistor
nected with voltage-responsive means for          means.
adjusting the impedance thereof corres-       15   10. Apparatus as claimed
in claim  9  pondingly to vary the conversion gain of 60          wherein
means is provided for adjusting the  the field-effect transistor means.
direct-current bias applied to the field-ef-    19. Apparatus as claimed in
claim 18 in          fect transistor means to a value substanti-  which
said tuned output circuit is connec-          ally one-half said pinch-off
voltage.     ted with intermediate frequency amplifying       20   11.
Apparatus as claimed in claim 9 in  means and diode means controllable
there- 65          which means is provided for reducing the  by and
connected to vary the effective out-          peak-o-peak voltage value of
said locally  put circuit impedance as presented to the          generated
oscillations correspondingly to in-  drain electrode means, and automatic
gain          crease the signal-handling amplitude capa-  control
direct-current voltage means being       25 bility of said field-effect
transistor means  provided for controlling said  amplifying 70          and
to reduce its conversion gain.         and thus said diode means.
12. Apparatus as claimed in claim  11    20. Signal mixing apparatus
arranged          wherein said reducing means is connected  and adapted to
operate substantially as          with automatic gain control means.
hereinbefore described and with reference       30   13. Apparatus as
claimed in claim 9 in  to Figure 1 of the accompanying drawings.  75
which each of the input and output circuits  21. Signal mixing  apparatus
arranged          is provided with a tuned circuit substanti-  and adapted
to operate substantially as          ally resonant to the corresponding
alternat-  hereinbefore described and with reference          ing-current
voltage therein.               to Figures 2 and 5 of the accompanying    35
14.   Apparatus as claimed in claim  13  drawings.          in which the
said tuned circuit resonant to    22. Signal mixing apparatus arranged
the said locally generated oscillations is  and  adapted to operate
substantially as          provided with means responsive to varia-
hereinbefore described and with reference          tions in the
peak-to-peak voltage of said os-  to Figures 3 and 4 of the accompanying
40  cillations for effecting corresponding varia-  drawings.          tions
in the conversion gain of the field-    CLEVELAND AND JOHNSON,
effect transistor means.                            Chartered Patent
Agents,            15. Apparatus as claimed in claim 14 in
CHANCERY HOUSE,          which said responsive means is controlled
CHANCERY LANE,       45 by direct-current voltage control means.
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