
4.                                       1,100,082     action of
field-effect transistor Q1 would  0.5v peak-to-peak at source electrode 11.
also create an intermediate frequency out- Since the square-law region of a
field-effect    put  when displaced  from   any  har-  transistor is
approximately equal to its    monic   of  the   oscillator  frequency
pinch-off voltage, and for the transistor  5 by the intermediate frequency.
All of shown in the example typically is 1.5v, in- 70    these are spurious
responses and it can be  put signals from tuned circuit 2 of as much
seen from this that the square-law charac- as 1.0v peak-to-peak can be
accommodated    teristics of a field-effect transistor are there- without
spurious responses. Here, the 0.5v    fore not utilised. In order to
utilise the  oscillator level and the 1.Ov maximum signal 10 square-law
characteristics and their benefi- level are then equal to the pinch-off
volt- 75    cial aspects of a field-effect transistor, it is  age of this
field-effect transistor.    necessary, therefore, to limit the amplitude
From  the foregoing analysis, diode D1    of oscillation. To a small degree
resistor could also be connected in the opposite    R1 provides such a
limiting action because  polarity to that shown in this circuit be- 15 any
increase in amplitude of oscillation  cause only its alternating current
behaviour 80    creates a higher current within field-effect is utilised.
transistor Q1 due to its square-law action    Other means, such as diodes
connected to    which increases the current through resistor  a DC
reference voltage, can also be used to    R1 and therefore the voltage
developed  limit oscillation to a pre-determined level. 20 across it,
which, in turn, provides an addi-  If  desired,  moreover,  automatic  gain
85    tional amount of reverse bias, thereby de- control may be applied as
at 37, Figure 2,    creasing the gain of this transistor.    feeding; for
example, the junction between      This effect is useable when operating
with  diode D1 and a capacitance C7 connecting    a single transistor, a
single supply voltage, with the ground terminal 4 of the lower 25 and a
single frequency.  Any change in  primary winding 5, 4 of transformer T1.
90    transistor or supply voltage or operating  The diode bias at D1 can
thus be varied,    frequency will change the amount of loop  with an
increase in the positive direction,    gain within this oscillator or loss
within  for example, effecting a decrease in con-    the tuned circuit, and
therefore the level of version gain, and vice versa. 30 oscillation would
be critically dependent   Alternatively, as shown in Figure 3, the 95
upon those factors.                         gate electrode may be
constituted of a pair 



In order to limit the level of oscillation,  of gate electrode connections
contacting    diode D1 is connected in parallel with the  different
portions of the semiconductor Q1,    source winding 4, 5 of oscillator
trans-  with the relatively low  impedance input 35 former T1. This diode
D1, such as a semi-  signal-source connected, for example, to the 100
conductor diode, has relatively high im- gate 9 and the feedback path
(through C7)    pedance at small alternating voltages, and  to the gate 9'.
begins to conduct more heavily as the for-    The oscillator-converter
circuit of the in-    ward voltage is increased, and thereby  vention,
therefore, permits the construction 40 lowering its impedance. When
connected in  of a high performance receiver without the 105    parallel
with a tuned circuit, as winding 4, need of additional protective measures
such    5 effectively is, being tightly coupled to the  as further
selective input circuits or auto-    resonating circuit 4, only the average
re-  matic gain control amplifiers ahead of the    sistance of the diode at
the tuned frequency  converter. It is not intended, of course, to 45 is of
interest.  This resistance decreases  restrict the application of this
circuit to 110   approximately  proportionally to the ex-  the illustrative
reception of AM  broad-   ponential of the applied alternating voltage,
casts in the range of 530 and 1630 Kc,   and therefore the excess losses in
this tuned  because much  broader applications are   circuit 4 are
approximately proportional to  easily accomplished. Further modifications
50 the exponential of the level of oscillation. will occur to those skilled
in the art and all 115    These losses limit the level of oscillation  such
are considered to fall within the spirit    to the point where the energy
supplied by  and scope of the invention as defined in the    oscillation of
field-effect transistor Q1 are  appended claims.    approximately equal to
the loss of tuned    WHAT WE CLAIM  IS:- 55 circuit 4 and loss in diode D1.
By a suitable   1. A multi-signal circuit having, in com- 120    choice of
diode characteristics (either Ger-  bination, field-effect transistor means
pro-    manium  or Silicon) and by the alternate  vided with gate, source
and drain electrodes    connection of several diodes in series, the  a
relatively low impedance source of alter-    alternating oscillator voltage
at terminal 31, nating-current signals connected  to  the 60 and therefore
source electrode 7, are limited. source electrode, a relatively high
impedance 125    Typically in the case of a bonded Ger- source of
alternating-current signals con-    maninum diode D1, the oscillator
voltage at nected to the gate electrode, means for pro-    gate electrode 7
is stabilised at approxi-  ducing  signals substantially  out-of-phase
mately twice the normal forward voltage of with those of the relatively low
impedance 65 .25v of a Germaninum diode to a total of source, and a
neutralising feedback path 130   
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thus be varied,    frequency will change the amount of loop  with an
increase in the positive direction,    gain within this oscillator or loss
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the tuned circuit, and therefore the level of  version gain, and vice
versa. 30 oscillation would be critically dependent   Alternatively, as
shown in Figure 3, the 95    upon those factors.
gate electrode may be constituted of a pair       In order to limit the
level of oscillation,  of gate electrode connections contacting    diode D1
is connected in parallel with the  different portions of the semiconductor
01,    source winding 4, 5 of oscillator trans-  with the relatively low
impedance input 35 former T1. This diode D1, such as a semi-  signal-source
connected, for example, to the 100    conductor diode, has relatively high
im-  gate 9 and the feedback path (through C7)    pedance at small
alternating voltages, and  to the gate 9'.    begins to conduct more
heavily as the for-    The oscillator-converter circuit of the in-    ward
voltage is increased, and thereby  vention, therefore, permits the
construction 40 lowering its impedance. When connected in  of a high
performance receiver without the 105    parallel with a tuned circuit, as
winding 4, need of additional protective measures such    5 effectively is,
being tightly coupled to the  as further selective input circuits or auto-
resonating circuit 4, only the average re-  matic gain control amplifiers
ahead of the    sistance of the diode at the tuned frequency  converter. It
is not intended, of course, to 45 is of interest.  This resistance
decreases  restrict the application of this circuit to 110
approximately  proportionally to  the ex-  the illustrative reception of AM
broad-     ponential of the applied alternating voltage, casts in the range
of 530 and 1630 Kc,     and therefore the excess losses in this tuned
because much  broader applications are     circuit 4 are approximately
proportional to  easily accomplished. Further modifications 50 the
exponential of the level of oscillation. will occur to those skilled in the
art and all 115     These losses limit the level of oscillation  such are
considered to fall within the spirit     to the point where the energy
supplied by  and scope of the invention as defined in the     oscillation
of field-effect transistor Q1 are  appended claims.     approximately equal
to the loss of tuned    WHAT WE CLAIM IS:- 55 circuit 4 and loss in diode
D1. By a suitable   1. A multi-signal circuit having, in com- 120    choice
of diode characteristics (either Ger-  bination, field-effect transistor
means pro-    manium  or Silicon) and by the alternate  vided with gate,
source and drain electrodes,    connection of several diodes in series, the
a relatively low impedance source of alter-    alternating oscillator
voltage at terminal 31, nating-current signals connected  to  the 60 and
therefore source electrode 7, are limited. source electrode, a relatively
high impedance 125     Typically in the case of a bonded Ger- source of
alternating-current signals con-     maninum diode D1, the oscillator
voltage at nected to the gate electrode, means for pro-     gate electrode
7 is stabilised at approxi-  ducing  signals substantially  out-of-phase
mately twice the normal forward voltage of with those of the relatively low
impedance 



65 .25v of a Germaninum diode to a total of  source, and a neutralising
feedback path 130
1,100,082                 connected between the producing means feedback
path being provided with im-         and the gate electrode and of
impedance  pedance adjusted such that the out-of-phase       such that the
out-of-phase signals are sub- signals are substantially equal in amplitude
stantially equal in amplitude to the signals to the oscillating signals fed
from the source             5 fed from the source electrode to the gate
electrode to the gate electrode through the 70    electrode through the
inherent interelectrode  inherent interelectrode capacitance there-
capacitance therebetween.                  between.                  2. A
multi-signal circuit as claimed in   9. An oscillator-converter as claimed
in    Claim 1 and in which the said relatively low  Claim 7 and in which
means is provided    10 impedance source compasses an oscillating
connected with the source electrode for 75               circuit connected
with the source and drain  limiting the amplitude of oscillation circuit
electrodes, the said feedback path effectively  to values within cutoff and
saturation of    isolating the oscillating circuit from  the  the
field-effect transistor and thus coexten-               gate electrode.
sive with the said square-law portion of its            15  3. A
multi-signanl circuit as claimed in  characteristic.
80               Claim 2 and in which the said oscillating    10. An
oscillator-converter as claimed in               circuit comprises coupled
windings and the  claim 9 and in which a neutralising feed-
said feedback path is connected from  a  back path is provided between the
oscillat-               point of one of the windings to the said gate  ing
circuit and the gate electrode for apply-          20 electrode, the drain
current being thereby  ing a component of the oscillation signals 85
rendered substantially independent of the  thereto that is substantially
out-of-phase               impedance level of the relatively high im- with
that at the source electrode, the feed-               pedance source.
back path being provided with impedance                 4. A  multi-signal
circuit as claimed in  adjusted such that the out-of-phase signals
25 Claim 3 and in which the coupled windings  are substantially equal in
amplitude to the 90               comprise a pair of windings, connected
oscillating signals fed from  the source               respectively to each
of the source and drain  electrode to the gate electrode through the 



electrodes and coupled to a further winding  inherent interelectrode
capacitance there-               forming a tank circuit with shunt capaci-
between.            30 tance.                                       11. An
oscillator-converter as claimed in 95                 5. A  multi-signal
circuit as claimed in  Claim  9 and in which the said limiting
Claim 4 and in which the said one of the  means comprises means for
increasing the windings is the further winding, and an  loading of the
oscillating circuit at the               output is provided connected with
the said  source with increase in amplitude of the            35 winding
connected to the drain electrode.  oscillations produced therein.       100
6. A  multi-signal circuit as claimed in   12. An oscillator-converter as
claimed in               Claim 1 and in which the transistor means  Claim
11 and in which the loading increas-               is operated
substantially within the square-  ing  means comprises diode means the
law portion of its operating characteristic  average conductance of which
through the            40 to mix the signals.                        cycle
of the said oscillations depends upon 105                 7. An
oscillator-connverter having, in  the amplitude of the same and thus gene-
combination, field-effect transistor means  rates increasing losses in the
said oscillat-               provided with gate, source and drain elec- ing
circuit as the amplitude of the oscilla-               trodes, a relatively
high impedance source  tions increases.       45 of alternating-current
signals connected to  13. An oscillator-converter as claimed in 110
the gate electrode, oscillating-circuit means  Claim 12 and in which series
resistance is               connected  with  the  source  and  drain
connected with the source electrode to de-               electrodes to
produce oscillation signals of crease the gain of the field-effect
transistor    frequency different from that of the sig- means by increasing
reverse bias in response    50 nals from the said relatively high impedance
to increased amplitude of the said oscilla- 115    source, the portion of
the oscillating circuit tions.    at the said source electrode being a
rela-   14. An oscillator-converter as claimed in               tively low
impedance source of said oscil- Claim 12 and in which the said oscillating
lation signals, means for operating the  circuit comprises coupled windings
and the            55 field-effect transistor means within the sub- said
feedback path is connected from  a 120               stantially square-law
portion of its charac- point of one of the windings to the said
teristic to mix the said signals and produce  gate electrode, the drain
current being               a resultant converted signal.
thereby rendered substantially independent                 8. An
oscillator-converter as claimed in  of the impedance level of the
relatively high            60 Claim 7 and in which a neutralising feed-
impedance source.                          125               back path is
provided between the oscillat-  15. An oscillator-converter as claimed in
ing circuit and the gate electrode for  Claim 14 and in which the coupled
wind-               applying a component of the oscillation  ings comprise
a pair of windings, connected 



signals thereto that is substantially out-of-  respectively to each of the
source and drain           65 phase with that at the source electrode, the
electrodes and coupled to a further winding 130        6
1,100,082     forming a tank circuit with shunt capaci- feedback path to
the other terminal.    tance.                                       19. An
ocillator-converter as claimed in 20       16. An oscillator-converter as
claimed in  Claim  7 and in which the gate electrode     Claim 15 and in
which the said one of the  comprises a pair of terminals contacting   5
windings is the further winding, and an out- different portions of the
semiconductor por-     put is provided connected with the said tion of the
field-effect transistor means, the     winding connected to the drain
electrode.   relatively low impedance source being con- 25       17. An
oscillator-converter as claimed in  nected to one such terminal and the
feed-     Claim 12 and in which gain control signal back path to the other
terminal.  10 means is connected with the said diode    20. A  multi-signal
circuit arranged and     means.                                     adapted
to operate substantially as herein-       18. A multi-signal circuit as
claimed in  before described and with reference to the 30     Claim  1 and
in which the gate electrode  accompanying drawings.     comprises a pair of
terminals contacting     CLEVELAND AND JOHNSON,  15 different portions of
the semi-conductor           Chartered Patent Agents,     portion of the
field-effect transistor means,        Chancery House,     the relatively
low impedance source being              Chancery Lane,     connected to one
such terminal and the                  London, W.C.2.  Berwick-upon-Tweed:
Printed for Her Majesty's Stationery Office by The Tweeddale Press Ltd.
-1968  Published at the Patent Office, 25 Southampton Buildings, London,
W.C2 from  which copies may                                           be
obtained.    


