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COMPLETE SPECIFICATION 

Electronic Switching 
We, RADIO CORPORATION OF AMERICA, a 

Corporation organized under the laws of i:he 
State of Delaware, United States of America, 
of 30, Rockefeller Plaza, City and State of 

S New York, United States of America, do here­
by declare the invention, for which we pray 
t'hat a patent may be granted to us, and the 
method by which it is to be pe1formed, to be 
particularly described in and by the following 

10 statement: -
This invention relates to electronic switch­

ing circuits; and more particularly to electronic 
switching circuits using field-effect transistors. 

In synchronous detector circuits, chopper 
15 circuits and in similar circuits it is desirable 

to permit current flow in either direction 
through the switCh when the switch ds closed. 
However, circuits wherein a junction transistor 
is used as a bidirectionally conductive switch-

20 ing clement, with the desired signaI infor­
mation applied iin series with the emitter­
collector electrodes of the traasistQrs and a 
switching voltage applied to the base elec­
trode, are subject to the problem rhat the 

25 desired signal information is contaminated by 
the switching voltage. The contamination in­
cludes a direct current {d-c) component de­
veloped across the base-emitter junction and 
an alternating current (a-c) component caus11d 

.30 by switching currents flowing through the sig­
nal input and/or output circuits. Another 
problem encountered in switching circuits 
using junction transistors is that the range 
of desired signl}I amplitude for which the 

35 device exhibits linear characteristics is limi­
ted to a very small voltage. 

It is therefore an object of this invention 
to provide an improved electronic switching 
circuit. 

40 According to the present invention, there 
is provided an electronic switching circuit 
comprising a field effect transistor having 
a gate electrode and source and drain elec-

[Price 41. 6d.] 

trodes defining a current path of bidirectional 
conductivity through said transistor, the gate 45 
electrode being separated by a thigh impedance 
insulating gap respectively from the source 
and drain electrodes; a controlled circuit in­
cluding the current path, an input for bidi­
rectional signal voltages and a load imped- 50 
ance element; and a varying switching sig-
nal voltage which li·s superimpose.d on the gate 
electrode, with or without a predetemtlned 
bias potential to determine the conductivity 
state of the current path, to change t:lhe con- 55 
ductivity of the current path as a function 
of the switching voltage. 

It has been found that field-effect devices 
exhibit a linear resistance over a large range 
of applied source-to-drain voltages as com- 60 
pared to junction transistors. Hence, the 
utility of switching circuits embodying the 
invention is not, a-s a practical matter, limited 
by rile amplitude of the applied signal volt-
age which can be tolerated. 65 

Referring to the accompanying drawings:· 
FIGURE 1 is a diagrammatic view of a 

field-effect transistor suitable for use in cir-
cuits embodying the invention; 

FIGURE 2 is a cross-sectional view taken 70 
along section line 2-2 of FIGURE 1; 

FIGURE 3 is a graph showing a family 
of dntln current versus source-to-drain volt-
age rurves for various values of gate-to-source 
voltages for the transistor of FIGURES 1 75 
and 2; 

FIGURE 4 is a schematic circuit diagram 
af a switching circuit according to the inven­
tion; 

FIGURE 5 is a schematic circuit diagram 80 
of a synchronous detector circuit embodying 
a switching circuit of ttie invention; 

FIGURE 6 is a schematic circuit diagram 
of another synchronous detector circuit em­
bodying a switching circuit of the invention; SS 

FIGURE 7 is a schematic circ;uit diagram 
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of a chopper circuit embodying a switching 
circuit of the· invention; and 

FIGURES 8a, Sb and 8c arc graphs of 
voltage waveforms useful in explaining the 

5 operation of t'he chopper circuit of FIGURE 
7. 

Referring now to FIGURE 1, an insulated 
gate field-dfcct transistor 10 which may be 
used with circuits embodying the invention 

10 includes a body 12 of a semicondm:tor 
material. The body 12 may be either a single 
crystal or polycrystalline and may be of any 
of the semiconductor materials used to pre­
pare transistors in the semiconductor art. For 

IS example, the body 12 may be nearly intrin­
sic silicon, such as for example, lightly doped 
P-typc silicon of 100 ohm cm. material. 

In the manufacture of a device 9hown in 
FIGURE 1, heavily doped silicon dioxide 

20 is deposited over the surface of the sllicon 
body 12. The silicon dioxide is doped with 
N-type impurities. By means of a photo­
resist and acid etching, or other suitable 
technique, the silicon dioxide is :removed 

25 where the gate electrode is to be formed, 
and around t'hc outer edges of the silicon 
wafer as viewed on FIGURE l. The de­
posited silicon dioxide is left over those arC"J.,s 
where the source-drain regions are to be 

30 formed.· 
The body 12 is then heated in a suitable 

atmosphere such as in water vapour so that 
exposed silicon areas aTe oxidized to form 
grown silicon dioxide layers indicated by the 

35 stippled areas of FIGURE 1. During the 
heating process, impurities from t'he deposited 
silicon dioxide layer diffuse dnto silicon body 
12 to .form the source and drain regions. 
FIGURE 2, which is a cross-sectional view 

40 taken along 5Cction Hne 2-2 of FIGURE 1, 
shows the source-drain regions labelled S and 
D respectively. 

By means of another photo-resist and acid 
etching or like step, the deposited silicon di-

45 oxide over part of the source-drain diffused 
regions are removed. Electrodes are formed 
for the source, drain and gate regions by 
evaporation of conductive materials through 
a mask. First chromium is put down to form 

50 a bonding film on which deposits of gold are 
formed by evaporation to provide non-oxidiz­
ing electrodes. Other suitable electrically con­
ductive materials may be used. 

The finished wafer is shown in FIGURE 
55 1, in which the stippled area, between the 

outside boundary and the first more darkly 
stippled zone 14, is grown silicon dioxide. 
The white area 16 is the metal electrode 
corresponding to the source electrode. Dark 

60 zones 14 and 18 arc deposited silicon dioxide 
zones overlying the diffused source region, 
·and the dark zone 20 is a deposited silicon 
d1oxide zone overlying the diffused drain 
region. Whlte areas 22 and 24 are the metal-

65 lie electrodes whi"C;h correspond to the gate 

and drain electrodes respectt'vcly. ·me stippled 
zone 28 is a layer of grown silicon dioxide 
en a portion of which the gate electrode 
22 is placed and which insulates the gate elec­
trode 22 from the substrate silicon body 12 and 70 
from the source and drain electrodes as shown 
in FIGURE 2. The input resistance of the 
device at low frcquendes is approximately 
101 ~ ohms. 

The layer of grown silicon dioxide 28 ~n 75 
which the gate electrode 22 is mounted, over-
lies an inversion layer or channel C of con­
trollable conductively connecting the source 
and drain regions. The gate electrode 22 is 
disposed symmetrically between the source re~ 80 
gion S and t1ie drain mgion D. If desired, 
the gate electrode 22 may be disposed te>­
wards the source region S and may overlap 
the deposited ~ilicon dioxide layer 18. 

It should be noted that electrodes D and 85 
S interchangeably operate as the drain and 
the source electrodes as a function of the 
polarity of the bia·s potential applied there­
bctwcen; i.e., the electrode to whicll a posi-
tive bias potential is applied (relative to the 90 
bias potential applied to the other electrode) 
operates as a drain electrode. The conduction 
of current through the channel C is by 
majority current carriers, in the present case 
electrons. If the device has an N-type sub- 9S 
strate, and P-typc source and drain regions, 
t1ic majority current carriers arc holes, and 
the electrode to which the negative terminal 
of a supply source is applied operates as the 
drain electrode. 100 

The channel C, i.e., the source-te>-drain cur­
rent path, has controllable conductivity as 
shown by FIGURE 3. The conductivity of 
the Channel C is a function of the amplitude 
and polarity of the applied gate-to-source bias 105 
:voltage. FIGURE 3 is a .family of curves 
29-41 illustrating the linear portion below 
the knee of the drain current versus drain 
voltage characteristic of the insulated gate 
field-effect transistor shown in FIGURE 1 110 
connected in a common source configuTation. 
In FIGURE 3, drain-to-source voltage is re­
presented in volts along the abscissa; and 
drain current in milliamps along the ordinate. 

In order to more easily explain the con- 115· 
ditions for obtaining the curves shown in 
FIGURE 3, one of tlle two electrodes will 
always be referred to as the drain electrode 
regardless of the polarity of the bias voltage 
applied thereto, and the other electrode will 120 
be referred to as the source electrode. The 
curves 29-41 shown in the first quadrant 
in FIGURE 3 were obtained by applying 
a bias potential to the drain electrode which 
!is positive wit'h respect to the potential of 125 
the source electrode, and by biasing the gate 
electrode with respect to the source electrode 
by a voltage having a magnitude as indicated 
by the voltage of Eir (gate voltage) correspond-
ing to each of the curves 29-41. The por- 130 
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tion of the curves 29-41 corresponding to 
the third quadrant were obtained by reversing 
the po'larity 'of the bias voltage applied be­
tween the source and drain electrodes, i.e., 

S by applying a bias potentfal to the drain elec­
trode which is negative with respect to the 
potential of the source electrode. 

It should be noted that the drain current 
versus drain voltage cha1'actcristics shown in 

10 FIGURE 3 is substantially linear over a sub­
stantial range of drain voltages as compared 
to a bipolar or junction transistor. W!ith a 
gate-to-source voltage corresponding to the 
curve 29, substantially no source-to-drain cur-

15 :rent flows, while a gate-to-source voltage cor­
responding to the curve 41, permits source-to­
drain current as a linear function of applied 
source-to-drain voltage. 

A feature of an insulated gate field-effect 
. 20 transistor is that it can be manufactured so 

that the zero gate bias voltage characteris­
tic is at any one of the curves shown in 
FIGURE 3. In FIGURE 3, for example, the 
curve 41 corresponds to the zero bias volt-

25 age curve, as indicated by the notation ER= 
0. The location .of tlhe zero bia-s curve is 
established during the manufacture of the 
transistor, e.g., by controlling the time and/or 
temperature of the step of the process when 

50 the silicon dioxide layer 28 shown in 
FIGURES 1 and 2 is .grown. The longer 
the transistor is baked and the !higher the 

. temperature, in a dry oxygen atmosphere, the 
larger the drain current will be for a given 

35 amount of drain voltage at zero bias between 
the source and gate electrodes. Hence, if de­
isired, the curve 29 could be made to corres­
pond to the zero gate bias condition, with 
the curves 30-41 corresponding to progres-

40 sively more positive gate voltages. 
Reference is now made to FIGURE 4 

which is a schematic diagram of a switdhing 
circuit employing an insulated gate field­
effect transistor 43 similar of the type des-

45 cribed with reference to FIGURES 1 and 2. 
The transistor 43 has a source electrode 42, 
a drain electrode 44, and a gate electrode 46. 
The source electrode 42 is connected to a 
source of signals 48 which has an internal 

50 resistance indicated by the resistor 50 effec­
tively in circuit between the source electrode 
42 and ground,.. Thi: drain electrode 44 is 
connected to a load circuit 52 which has a 
resistance indicated by the resistor 54 which 

55 completes the drain electrode 44 circuit to 
ground. 

The transistor 43 operates as a switch to 
connect and disconnect the signal source 48 
from the load 52. To control the conduc-

60 tivity of the source-to-drain pat'h of the tran­
~stor 43, a single-pole double-throw switch 
56 is connected to the gate electrode 46, so 
that in a first position of the switch the gate 
is connected through a resistor 58 and a 

65 . source of direct voltage, shown as a battery 

60 to ground; and in a second position of the 
switch 56, (the position iJlustrated in the 
drawing) the gate electrode is connected 
through a resistor 62 and a, source of poten-
tial, shown as a battery 64, to ground. 70 

Assume that the transistor 43 has a zero 
bias gate voltage characteristic corresponding 
to one of the curves 33-37 of FIGURE 3. 
When the switch 56 is in its first position, 
t'he gate electrode 46 is maintained at a posi- 75 
tive potential with respect to ground, and the 
device operates to provide a low sourcc-to­
drain resistance as indicated by the curve 
41 of FIGURE 3. Under these conditions, 
current flows in either direction between tbl! 80 
signal source 48 and load 52. In additfon, 
due to the very high d-c resistance between 
the source and gate electrodes, not only is 
there very little loading on the battery 60. 
but substantially no current from the bat- 65 
tery 60 flows in t'he signal source or load 
circuits for any applied signal condition which 
would cause signal contamination. 

When it is desirable to interrupt the cir-
cuit between the signal source 48 and load 90 
52, the switch 56 is thrown to its second posi­
tion, wherein the gate electrode 46 is held 
at a negative potential by the battery 64. 
The potential of tbe battery 64 is sufficiently 
negative that the source-drain path of the 95 
transistor 43 is cutoff and the device may be 
considered to be operating on the curve 29 
of FIGURE 3. 

If the transistor 43 has a zero bias gate 
voltage characteristic corresponding · to the 100 
curve 41 of FIGURE 3, then the voltage sup-
ply source represented by the battery 60, and 
the resistor 58 can be eliminated and the 
fcft-hand stationary contact as vfowed Sn 
FIGURE 4 of the switch 56 can be either 105 
directly grounded, or grounded through a 
direct current conductive impedance clement 
such as a resistor or inductor. Alternatively, 
if the transistor 43 has a zero bias gate volt-
age characteristic corresponding to the curve 110 
29 of FIGURE 3, then the battery 64, and 
resistor 62 can be eliminated, and the right-
hand stationary contact as viewed in FIGURE 
4 can be either directly grounded or grounded 
through a direct current conductive imped- 115 
ance element. 

The principles of the invention are em­
bodied in the synchronous detector circuit of 
FIGURE 5, wherein the conductivity of the 
field-effect transistor is switc'hed electronically. 120 
Synchronous detectors, often referred to as 
product detectors, are useful for demodulat-
ing signal wave transmissions which include 
sideband information representative of two 
or more diff ercnt message signals. Examples 125 
of such wave transmissions are suppressed car-
rier wave transmission, single or independent 
sideband transmission, quadrature sideband 
transmission and the like. 

The synchronous detector circuit of 130 
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FJGURE 5 includes an insulated gate ficld­
effect transistor 70 having a source electrode 
72, a gate electrode 74 and a drain electrode 
76. For the purposes of a generalized des·-

5 cription it will be assumed that the transistor 
70 has a zero bias gate electrode characteristic 
corresponding to the curve 33 of FIGURE 3. 

Signals from a suitable source (not shown) 
are applied to the primary wind1ng of a trans-

10 former 78, and arc coupled to a secondary 
winding 80 which connects the source elec­
trode 72 to a point of reference potential, 
shown as ground. The gate electrode 74 is 
biased to cutoff by a voltage divider com-

15 prising a pair of resistors 82 and 84 connec­
ted between ground and the negative terminal 
of a direct voltage source. A reference signal 
source (not shown) which provides a voltage 
of the original carrier frequency is applied 

20 to the primary winding of a transformer 86. 
Wlhcre more than one messa~.e signal is con­
tained in the sidebands of the signal being 
demodulated, the reference voltage phase is 
adjusted to provide the desired relation to 

25 the sideband energy for proper scparatfon 
of the message signals. The reference volt­
age is applied to the gate electrode 74 through 
a coupling capacitor 88. 

The drain electrode 76 is coupled to a 
30 suitable utilization or load circuit, represented 

by a resistor 90, through a low-pass filter cir­
cuit including a series resistor 92 and a pair 
of shunt capacitors 94 and 96. 

The reference voltage applied to the gate 
35 electrode 74 is of sufficient amplitude to 

drive the transistor 70 to a conductive con­
dition represented by the curve 41 of 
FIGURE 3. During this interval signal cur­
rents from the input circuit can flow to the 

40 load 90 in either direction through the tran­
sistor 70. It should be noted that there is 
no direct voltage polarizing supply required, 
and hence d-c stability problems associated 
with supply voltage drift, device aging and the 

45 like are not encountered. By properly con­
tro!Hng the phase of the reference signal ap­
plied to the gate electrode 74 with respect 
to the phase of the signals applied to the 
source electrode 72, the input signals are 

50 sampled in a manner to derive the desired 
message signal. The low-pa~s filter com­
prising the resistor 92 and capacitors 94 and 
96 serve to filter r-f components of the 
applied signal from the desired modulation 

55 products. Due to the very high impedance 
between the gate electrode 74 and either of 
the source or drain electrodes 72 and 76 re­
spectively, very little current from the refer­
ence signal source flows in the input or out-

60 put circuits of the synChronous detector . to 
produce contamination of the desired signal. 

The angle of sampling of the input signal 
applied to the source electrode 72 can be 
controlled as a function of the bias voltage 

65 applied to the gate electrode 74. For ex-

ample, as the negative voltage applied to the 
gate electrode 74 is increased, the angle of 
sampling of the input signal will be reduced, 
since a greater amount of the reference sig-
nal input swing will be required to overcome 70 
the increased reverse bias.· 

As mentioned above in connection with 
FIGURE 4, if the trans1stor 70 has a zero 
gate electrode bias characteristic correspond-
ing to the curve 29 of FIGURE 3, the capaci- 75 
tor 88, the resistors 82 and 84, and the bias 
voltage supply can be eliminated and the 
secondary winding of the transformer 86 
directly connected between the gate electrode 
74 and ground. 80 

A modification of the synchronous detector 
circuit wherein the signal input circuit and 
load circuit are connected in parallel between 
the ~ource and drain electrodes of an in­
sulated gate field-effect tmnsistor is shown 85 
in FIGURE 6. The circuit of FIGURE 6 
include·s an insulated gate field-effect tran­
sistor 100 which can be of the type as des­
cribed with reference to FIGURES 1 and 2. 
The transistor 100 is presumed to have a 90 
zero bias gate electrode characteristic corres­
ponding to the curve 41 of FIGURE 3. If 
desired, a suitable positive biasing potential 
may be provided to maintain the gate electrode 
102 at a positive potential with respect to 95 
ground and the ~ourcc electrode 104. 

A signal input source, not shown, which 
has a high impedance relative to the minimum 
resistance exhibited between the source and 
drain electrodes of the transistor 100 is 100 
coupled to the input terminals 106. The in-
put terminals 106 are capacitively coupled 
tlh:rough a coupling capacitor 108 between 
the source and drain electrodes of the tran­
sistor 100. A reference input signal is applied 105 
to the terminals 110. The reference signals 
are coupled through a capacitor 112 and 
across resistor 114 connected between the 
gate electrode 102 and source electrode 104. 
An output or utilization circuit having a re- 110 
sistance represented by the resistor 116 is 
connected between the source and drain elec­
trode·s by way of a low-pass filter comprising 
a pair of series resistors 118 and 120 and 
a pair of shunt capacitors 122 and 124. 115 

In operation, the transistor 100 serves as 
a switch to Short out the desired signal applied 
to the terminals 106 except during the sam-
ling interval. Accordingly, as the reference 
signal swings positively, the transistor 100 120 
remains in its high conduction condition, and 
effectively shorts the input terminals. When 
the reference signal swings sufficiently nega-
tive to cutoff the transistor 100, the signal 
applied to tlhe terminals 106 is fed to the 125 
output circuit, with the r-f components be-
ing filtered by the resistor 120 and capacitors 
122 and 124. 

FIGURE 7 is a schematic circuit dia-
gram of a chopper circuit for· ~nverting a 130 
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dirctt-voltage (slowly varying voltage) to an 
alternating voltage amplitude modulated as 
a function of the original direct voltage. The 
chopp::r circuit includes an insulated gate 
field-effect transistor 130 having a source elec­
trode 132, drain electrode 134 and gate elec-
trode 136. A direct voltage source 138 is 
coupled to the drain el::ctrode 134, with the 
internal resistance of the signal source 138, 

10 represented by t'he resistor 140, provided a 
d-c path between the drain 134 and a point 
of reference potential shown as ground. 

A source of switching voltage 142 is 
coupled through a transformer lH, the 

lS secondary winding 146 of which is connected 
between the gate electrode 136 and the source 
clcctro:Ie 132. The switching voltage which 
comprises essentially a square voltage wave 
as shown in FIGURE 81 may be coupled 

20 between the gate and either of the source 
and drain electrodes in any suitable manner. 

A load resistor 148 is connected between 
the source electrode 132 and ground ,and 
chopped signals developed thereacross arc 

25 coupled by way of the capacitor 150 to a 
load circuit 152. The load circuit 152 may 
comprise an a-c amplifier of a kind known in 
the art, with means for synchronously de­
modulating the amplified a-c signal. 

30 The operation of the chopper circuit of 
FIGURE 7 will be explained with reference 
to the graphs of FIGURES Sa, Sb and Sc. 
The graph of FIGURE Sa represents the 
slowly varying direct voltage from the d-c 

35 signal source 138 applied to t'he drain elec­
trode 134. The graph of FIGURE 8b re­
presents the switching or chopping voltage 
waveform from the switching voltage source 
142 which is applied between the gme elec­
trode 136 and source electrode 132. The 
graph of FIGURE Sc represents the resul­
tant a-c signal which is developed across 
the resistor 148 and coupled to the load 152. 
It will be noted that the resultant a-c signal 

4S is a suppressed carrier, amplitude modulated 
as a function of the slowly varying &-£ volt­
age from the signal input source 138. 

The switching voltage source 142 provides 
a signal of sufficient amplitude to drive. the 

ld-c 

50 transistor 130 between cutoff and a relatively 
highly conductive condition. When the gate 
electrode 136 is positive relative to t!he source 
electrode 132, the transistor is conductive, 
and the voltage across the signal source 138 

S5 appears across the resistor 148. The resist-
2, ancc of the resistor 148 is made large relative 
6 to the minimum source-to-drain resistance of 
~ the transistor 130 to prevent excessive d-c 
0 signal voltage drop across the transistor. When 
'V 60 the gate electrode 136 is driven negatively 

• v relative to the source eleterede 13~, the trai;t­
sistor 130 is cutoff, and t!he voltage _;icross 
the resistor 148 is zero as shown in FIGURE 
Sc. The continuous or periodic chopping 

65 converts the direct voltage to an ampldtude 

----···-
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modulated a-c wave which can be amplified 
without severe drift problems in a-c ampli­
fiers. It will be noted, that a reversal in 
polarity of the applied direct voltage as indi­
cated by the right-hand portion of FIGURE 70 
Ba does not affect the operation of the cir-
cuit because of the bidirectional conduction 
capabilities of the transistor 130. 

The chopper circuit of FIGURE 7 pro­
vides excellent operational characteristics with- 75 
cut contamination of the chopped output sig-
nal developed across the resistor 148 by the 
switching voltage. As discussed hereinbefore, 
where junction transistors arc used as cllop­
pers, the switching voltage developed across 80 
the emitter-base path of the transistor appears 
across the output resistor even with zero 
input voltage from the signal source. This 
undesired emitter-base voltage, which is known 
as an offset voltage, is temperature responsive, SS 
and must be compensated if the Chopper is 
to provide acceptable operation. In the junc-
tion transistor art, two transistors were con­
nected back-to-back, and simultaneously 
switched, to compensate .for the offset volt- 90 
age. 

The chopper circuit of FIGURE 7 requires 
only a single insulated gate field-effect tran­
sistor to provide contamination free chop-
ping action. Since there is no rectifying junc- 95 
tion between the gate electrode 136 and wurce 
electrode 132, the gate electrode can be driven 
either positive or negative relative to the 
source electrode without producing significant 
gate current. Accordingly, the power demand 100 
on the switching voltage source 142 is low. 
Furthennore, the high gate impedance per-
mits flexibility of design, in that the end of 
the secondary winding 146 can be discon­
nected from the source electrode 132 and 105 
connected to ground without introducing 
appreciable contamination of the output sig-
nal by the switc'hing signal. 

Although the circuits of FIGURES 4-6 
have been described in connection with an 110 
fosulated gate field-effect transistor having a 
P-type semiconductor substrate, other types 
of insulated gate devices may be used. For 
example, a complementary conductivity type 
device having an N-type semiconductor sub- 115 
strate may be used. Alternatively, other types 
of insulated gate devices may also be used 
such as thin film devicts fonned on an 
insulating support. 

WHAT WE CLAIM IS:- 120 
1. An electronic switching circuit comprising 

a field effect transistor baving a gate electrode 
and source and drain electrodes defining a 
current path of bidirectional conductivity 
through said transistor, the gate electrode be- 125 
ing separated by a high impedance insulat-
ing gap respectively from the source and drain 
electrodes; a controlled circuit including the 
current path, an input for bidirectional sig-
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direct-voltage (slowly varying voltage) to an alternating voltage amplitude modulated as a function of the original direct voltage. The chopp~r circuit includes an insulated gate field-effect transistor 130 having a source elcc-1rodc l 32, drain electrode 134 and gate elec­trode 136. A direct voltage source 13S is coupled to the drain electrode 134, with the internal resistance of the signal source 138, represented by the resistor 140, provided a d-c path between the drain 134 and a point of reference potential shown as ground. A source of switching wltage 142 is coupled through a transformer 144, the secondary winding 146 of which is connected between the gate electrode 136 and the source clcctroJe 132. The switching voltage \\~1ich comprises essentially a square voltage wave as shown in FIGURE 8, may be coupled between the gate and either of the source and drain electrodes in any suitable manner. A load resistor 14S is connected between the source electrode 132 and ground ,and chopped signals developed thereacross arc coupled by way of the capacitor 150 to a load circuit 152. The load circuit 152 may comprise an a-c amplifier of a kind known in the art, with means for synchronously de­modulating the amplified a-c signal. The operation of the chopper cirrnit of FIGURE 7 will be explained with reference to the graphs of FIGURES Sa, Sb and 8c. The graph of FIGURE 8G' represents the slowly varying direct voltage from the d-c signal source 138 applied to t'he drain elec­trode 134. The graph of FIGURE Sb re­presents the switching or chopping voltage wavefonn from the switching voltage source 142 which is applied between the gate elec­trode 136 and source electrode 132. The graph of FIGURE Sc represents the resul­tant a-c signal which fa devclopcd across the resistor 148 and coupled to the load 152. It will be noted that the resultant a-c :signal is a suppressed carrier, amplitude modulated as a function of the slowly varying ft--€ volt-age from the signal input source 138. . The switching voltage source 142 provides a signal of sufficient amplitude to drive. the transistor 130 between outoff and a rclauvcly highly conductive condition. When the gate electrode 136 is positive relative to t'he source electrode 132, the transistor is conductive, and the voltage across the signal source 138 appears across the resistor 148. The resist­ance of the resistor 14S is made large relative to the minimum source-to-drain resistance of the transistor 130 to prevent excessive d-c signal voltage drop across the transistor. When the gate electrode 136 is driven negatively relative to the source eleterade 134, the trar:t­sistor 130 is cutoff, and die voltage _!!cross the resistor 148 is zero as shown in FIGURE Sc. The continuaus or periodic chopping converts the direct voltage to an ampLitude 

modulated a-c wave which can be amplified without severe drift problems in a-c ampli­fiers. It will be noted, that a reversal in polarity of the applied direct voltage a·s indi­cated by the right-hand portion of FIGURE 70 Sa docs not affect t'he operation of the cir-cuit because of the bidirectional conduction capabilities of the transistor 130. The chopper circuit of FIGURE 7 pro­vides excellent operational characteristics with- 75 cut contamination of the chopped output sig-nal developed across the resistor 148 by the switching voltage. As discussed hcreinbefore, where junction transistors are used as Chop­pers, the switching voltage developed across 80 the emitter-base path of the transistor appears across the output resistor even with zero input voltage from the signal source. This undesired emitter-base voltage, which is known as an offset voltage, is temperature responsive, SS and must be compensated ff the dhopper is to provide acceptable operation. In the junc-tion transistor art, two transistors were con­nected back-to-back, and simultaneously switched, to compensate .for the offset volt- 90 age. 
The chopper circuit of FIGURE 7 requires only a single insulated gate field-effect tran­sistor to provide contamination free chop-ping action. Since there is no rectifying junc- 95 tion between the gate electrode 136 and source electrode 132, the gate electrode can be driven either positive or negative relative to the source electrode without producing significant gate current. Accordingly, lihe power demand 100 on the switching voltage source 142 is low. Furthermore, the high gate impedance per-mits flexibility of design, in that the end of the secondary winding 146 can be discon­nected from the source electrode 132 and 105 connected to ground without introducing appreciable contamination of the output sig-nal by the switching signal. 

Although the circuits of FIGURES 4-6 have been described in connection with an 110 insulated gate field-effect transistor having a P-typc semiconductor substrate, other types of insulated gate devices may be used. For example, a complementary conductivity type device having an N-type semiconductor sub- 115 strate may be used. Alternatively, other types of insulated gate devices may also be used such as thin film devicts fonned on an insulating support. 

WHAT WE CLAIM IS:- 120 l. An electronic switching circuit comprising a field effect transistor !having a gate electrode and source and drain electrodes defining a current path of bidirectional conductivity through said transistor, the gate electrode be- 12S ing separated by a high impedance insulat-. ing gap respectively from the source and drain electrodes; a controlled circuit including the current path, an input for bidirectional sig-
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nal voltages and a load impedance clement; 
and a varying switching signal voltage which 
is superimposed on the gate electrode, with 
or whhout predetermined bias potential to 

S determine the conductivity state of the cur­
rent path; to change the conductivity of the. 
current path as a function of the switching 
voltage. 

2. A switching circuit according to claim 
10 1 in whidh the gate electrode is also coupled 

to ground. 
3. An electronic switching drcuit according 

to Claim 1 or Claim 2 when operated as a 
synchronous detector, wherein the input sig-

15 nal includes message signals to be detected, and 
a reference voltage source with said bias po­
tential is connected between the gate elec­
trode and ground or a source of said bias 
potential to provide ithe switching signal 

voltages to said gate electrode to sample the 20 
message signals .. 

4. An electronic switching circuit according 
to Claim 3, wherein conduction through said 
transistor effectively shorts out the load and 
sampling of the input signal source is effec- 25 
tive when the transistor is cut off by a nega-
tive gate electrode bias. 

5. An electronic switching circuit accord­
ing to Claim 1 or Claim 2, when operated 
as a chopper circuit whC\·ein a slowly varying 30 
direct voltage source provides the source of 
bidirectional signal voltages. 
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