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ABSTRACT
A balanced bridge chopper circuit including four
metal oxide semiconductor field effect transistors
(MOSFETs) is driven by a remote oscillator connected through an isolator to modulate low-voltage
low-frequency input signals at their remote source into
a square wave A.C. output signal that can be conducted to a common point where it is amplified and

[ 11]
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[ 45]

Nov. 30, 1976

demodulated for better linear measurement of said
low-voltage signals. The oscillator is connected
through the isolator to the bridge circuit in such a
manner that opposing pairs of the bridge transistors
are simultaneously conducting. The isolator may comprise a novel photovoltaic isolation device or it may
consist of an isolation transformer or of other types of
electrical isolation devices. The transistors and input
and output terminals for the bridge circuit are
shielded and are mounted on a heat sink consisting of
a thermally conducting metal plate and/or a metal
oxide single crystal which is in common with the
shield and/or one terminal of the low-voltage source
such that all leads and terminals are maintained at a
constant temperature and preferably at the same temperature as the low-voltage source. Air" currents are
prevented from causing thermally induced voltages
within the bridge circuit by the circuit shield and in
some extreme cases by the use of a hermetically
sealed shield for the critical circuit elements and connections. For accurately balancing out interelectrode
capacitance-coupled gate drive to low-level channel
signals, a pair of variable capacitors are connected between one output terminal of the bridge circuit and
the gate of each of its two adjacent transistors. The
balanced bridge chopper may be produced as a monolithic planar-silicon integrated circuit in which gate-tochannel capacitance balancing is accomplished during
manufacturing in place of the variable capacitors. A
novel balanced input filter and trimmer capacitors between the bridge output terminals and local ground
greatly reduce 60 Hz. common mode noise. In a hybrid circuit embodiment of the bridge circuit, the individual MOSFET chips forming the bridge circuit are
bonded and interconnected within a hermetically
sealed and magnetically transparent metal oxide single
crystalline container. Multiplexing circuitry is also disclosed for driving several chopper circuits from a single oscillator and for connecting the outputs from the
chopper circuits to a single amplifier and demodulator
at a remote location.
16 Claims, 20 Drawing Figures
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CHOPPER AND CHOPPER-MULTIPLEXER
CIRCUITRY FOR MEASUREMENT OF REMOTE
LOW-LEVEL SIGNALS
CROSS-REFERENCE TO RELATED PATENT
APPLICATIONS
This is a continuation-in-part of my copending patent
application Ser. No. 445,929, filed Feb. 26, 1974 and
now abandoned.
BACKGROUND OF THE INVENTION
In the instrumentation, control and related arts, it is
often desirable to connect a remote voltage source to a
distant point for measurement or control purposes. For
example, thermocouples are generally located many
feet from a temperature indicating meter. Similarly,
other transducers and sensor type voltage sources are
often remotely spaced from indicating or control circuitry which is responsive to a sensed condition. In the
past, noise considerations have generally necessitated
that the voltage source generate a voltage on at least
the millivolt level for reliable information transfer with
a remote instrument or other receiver.
Previously, low-voltage, low-frequency signals, particularly those in the microvolt to nanovolt range, have
been very difficult and often impossible to measure
because the signals to be measured were indistinguishable from noise which was both generated within and
induced into the system. One major noise source has
been found to be a common mode voltage appearing
between the "local ground" at the remote low-level
voltage source and the "reference ground" at the distant meter, instrument or other receiver. The low-level
voltage source is either directly connected to the local
ground or effectively connected to the local ground
through leakage resisitances and leakage capacitances
which result from the physical support of the source at
local ground as well as the proximity of nearby objects.
These values can have an enormously wide range of
possibilities, depending in detail on the nature of the
source and the specific point of application. Here the
source could be a thermocouple, pH electrode or severa! other common transducers, whereas local ground
could be a furnace, machine, or even a human patient.
By the nature of any local ground, composed of heavy
base metal plates, wires, supporting fixtures, etc., and
the fact that rotating machinery, power using equipment and power cables could be in the general vicinity,
at least in most industrial or laboratory environments, it
is common to find a sizable potential difference between local ground and reference ground. This potential difference, which is predominately steady state 60
Hz. of up to 1 volt, could under some special cases
consist of transients of several hundred volt magnitudes
lasting up to a few milliseconds in time.
Where the remote low-level voltage source is connected to a distant meter by a wire, magnetically induced voltages may also occur in the system. This noise
source is produced by magnetic flux changes over a
period of time. Mechanical motion of charged objects
near the low-level voltage source and all along the wire
connected to the meter also produce noise transients in
the system. The most common form of such "charge
sources" are humans, often with at least one meter
operator involved. Depending on humidity conditions,
a single human being can act typically as a one microfarad capacitor to ground, charged to several thousand

2

volts potential. It is not necessary that humans or other
objects actually touch either the wire or immediate
fixtures, inasmuch as relative motion causes their distributed capacitance to change sufficiently in time to
5 cause signiificant transient current to flow in the circuit.
Still another important noise source is galvanomagnetic voltage sources, the principal source of which is
the phenomenon of thermoelectricity. These sources
10 are principally D.C. in nature, but can have components of time change representable by thermal time
constants associated with the thermal mass and thermal
insulation of the connecting wire or circuit involved.
Because, in general, the source and meter are at differ15 ent temperatures, each electrical connection acts as an
individual thermocouple wire generating a distributed
voltage within itself.
Remote sensing of sub-microvolt level signals at near
D.C. frequencies can be seen as being most severely
20 limited by two effects: ( 1) thermoelectric_voltage instability on the signal lines, especially under severe ternperature gradient conditions, and (2) inability to remove one end of the source from local ground. These
are the main reasons why sub-microvolt level measure25 ments are seldom attempted for remote applications,
even with the most advanced state of the art equipment.
One prior art method for increasing the reliability of
low-level signal transmission systems involves modulat30 ing the low-level D.C. or low-frequency A.C. signal at
the common meter input with a chopper circuit. The
chopper converts the low-level voltage at the source
into an alternating current signal of a higher frequency
and of substantially a square wave form. Hitt et al. U.S.
35 Pat. Nos. 3,397,353, issued Aug. 13, 1968, and No.
3,585,518,issuedJune 15, 1971,teachtheuseoffield
effect transistors in a chopper array which is non-symmetrical with respect to common or ground. The chopper utilizes a single balancing capacitor and/or a special
40 transformer to aid in reduction of chopper drive signal
to low-level channel coupling. This non-symmetrical
array and/or need for a costly balancing transformer
limits the complete and economical solution for drive
signal coupling problems.
45
Banasiewicz et al. U.S. Pat. No. 3,621,474, issued
Nov. 16, 1971, teaches a modulator or chopper using a
balanced bridge configuration of field effect transistors
(FETs) in obtaining the modulation of a carrier signal
with a source signal. This technique of impressing the
50 source signal on the gates of the transistors prevents
complete source signal chopping from occurring,
which is incompatible with low-level signal modulation,
amplification and demodulation measuring techniques.
Lynn et al. U.S. Pat. No. 3,612,903, issued Oct. 12,
55 1971, teaches the use of a balanced bridge field effect
transistor chopper circuit ot moderate low-level signal
capability. The use of junction field effect transistors
(JFETs) in the legs of the bridge is a serious limitation,
permitting gate drive leakage current to reach the low60 level channel. JFETs also require the added use of
transformer secondary circuit diodes and discharge
resistors that add to the cost and add a potentially
troublesome reduction in circuit reliability. The use of
series resistors and an adjustable resistor in the low65 level channel add cost increases to the chopper and add
thermal voltage sources into the low-level channel, a
further noise source. Their use of resistor balancing for
capacitor coupled gate signal to low-level channel bal-
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ancing makes the balance condition frequency depena sapphire, quartz or diamond heat sink. The whole
dent. Failure to provide heat sinks or other thermal
assembly is then covered with a shield, such as of light
stabilizing influences on this circuitry permits internally
aluminum, to prevent air currents from further causing
generated voltages to limit the Lynn et al. chopper to
thermal gradients within the terminals or MOSFETs
the microvolt or higher voltage ranges.
5 mounted on the plate. Ultimate voltage stability is
The above and other prior art chopper circuits have
achieved by mounting the low-voltage source on a
been limited in applications involving very low-level
common heat sink or plate with the balanced bridge
signals due to troublesome noise which generally recircuit as at a location remote to the transformers and
sults from two sources. One is the thermoelectrically
remaining amplifier and processing circuitry.
caused low-frequency noise resulting from inadequate 10 The normally off MOSFETs are arranged in the
thermal stabilization of circuit elements and junctions.
bridge circuit so that they form the configuration of a
The other is large common mode signal sources which
square, in which each conducting leg of the square
become incorporated into the signal channel of most
includes one MOSFET connected to its drain/source
priot art chopper circuits by the nature of their nonterminals or channel contacts. One pair of opposite
symmetrical relation to ground. The circuits of the 15 comers of this square configuration comprise the input
present invention directly address these problems and
terminals to the balanced bridge circuit and the other
consequently offer significant improvements over the
opposite pair of comers comprise the output terminals
prior low-level signal processing art.
of the balanced bridge circuit. The low-voltage source
to be chopped or modulated by the bridge circuit is
SUMMARY OF THE INVENTION
20 connected either directly to the input terminals or
Generally speaking, the present invention involves
through a balanced twin-tee filter to the input termithe modulation of low-voltage signals, ranging from
nals. The input filter is tuned to 60Hz. resonance in this
about one nanovolt to about one volt and in frequency
case, but other common mode frequencies can likewise
from D.C. to low audio frequency, into a square wave
be resonated to attenuate not only the dominant comsignal of audio frequency or higher. Modulation is ef- 25 mon-mode signal, but also all higher frequency c"omfected by a simple balanced bridge chopping circuit of
mon-mode signals, thereby preventing such signals
four insulated gate field effect transistors (IGFETs),
from causing serious saturation cutoffs, and nonlinear
preferably of the metal oxide semiconductor field efdistortions of the desirable signal in early stages of the
feet transistor type, hereinafter· referred to as MOSsignal processing. Each of the input terminals is also
FETs, which are physically mounted on a heat sink and 30 connected, through a high-value resistor and/or biasing
are shielded from temperature gradients and/or air
voltage, to the substrate terminals of the two adjacent
currents. The bridge circuit is located physically adjaMOSFETs.
cent and heat sinked to the source voltage, which is
The square wave source for driving the balanced
located remote from and isolated from its driving
bridge chopper is preferably generated by a convensquare wave source so as to prevent as much as possible 35 tional square wave generator connected to the isolator,
drive signal coupling to the low-level channel. Also, the
both of which are located away from the chopper and
MOSFETs which form the bridge circuit are capacilow.:voltage source. The drive transformer, when used,
tively balanced. In one embodiment of the chopper, the
is preferably composed of a single primary coil consquare wave driving source is isolated from the bridge
nected to an osicillator or square wave generator, and
circuit by a driving transformer which has two center 40 two center tapped secondary coils, all three of which
tapped secondary coils which are so connected by
are wound on a common core. One of the two secontwisted and shielded pairs of leads to each MOSFET as
dary coils has its ends connected to the gates of one
to minimize magnetic flux coupling and to prevent
pair of normally off MOSFETs adjacent one input terdrive voltage capacitance pickup in the bridge circuit
minal, while its center tap is connected to that input
while simultaneously causing the opposing MOSFETs 45 terminal. The ends of the other secondary coil are
in the bridge circuit to conduct in alternating or chopconnected to the gates of the other two normally off
ping fashion. In a significantly modified embodiment,
MOSFETs adjacent to the other input terminal, with its
either a prior art optical isolation device combined with
center tap connected to that input terminal. Phasing of
a D.C. voltage source or a light emitting diode (LED)the connections between the two secondary windings
photo-voltaic diode array provides optical isolation 50 and the MOSFET gates is so arranged that the pairs of
between the square wave driving source and the MOSMOSFETs opposite each other in the bridge circuit are
FETs in the bridge circuit. Both isolator embodiments
simultaneously on while the other pair of opposed
provide a high impendance isolation between the loMOSFETs are simultaneously off. Since the driving
cally grounded chopper and the reference grounded
transformer is remote from the chopper, the conducoscillator.
55 tors between them should preferably comprise six wires
The heat sink may comprise a heat conducting metal
arranged into three twisted pairs: one pair from the
plate, such as of aluminum or copper in combination
ends of one secondary winding for the gates of one pair
with mica or thin plastic insulators, and/or it may comof MOSFETs, another pair from the ends of the other
prise a single crystal of a metal oxide single crystal such
secondary winding for the gates of the other pair of
as sapphire, quartz or diamond. When discrete MOS- 60 MOSFETs, and the third pair from the center taps to
FETs are used, their hermetic containers are cemented
the two input terminals. All three twisted pairs are
in snug holes in these metal plates. Or, they are
located within a common outer shield which is consoldered to the faces of the single crystals, when ennected to the local ground.
countered in non-encapsulated chip form. The termiSince it is practically impossible to obtain four disnals of the bridge are also heat sinks and may comprise 65 crete MOSFETs which are exactly equal in their intercopper threaded bolts and nuts extending through in
nal capacitance and resistance, a pair of trimmer cathermally conducting but electrically insulated fashion
pacitors or condensers, usually in the low picofarad
from the plates, or they may be copper pots soldered to
range, are connected between one bridge output termi-
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nal and the gates of the two MOSFETs connected to
conductive leakage of its transistors and which imthat output terminal for balancing out any gate-drive
proves the voltage sensitivity of the circuit over prior
voltage which has been capacitively coupled to the
known circuits by a factor of about one thousand.
low-level channel. Trimmer capacitors may also be
Another object is to produce such a chopper circuit
connected between the output terminals from the 5 which has no moving parts, may be encapsulated andbridge circuit and the local ground to further balance
/or integrated, and which will operate accurately from
out any common-mode signal appearing at the output
room temperature to substantially absolute zero, and
terminals from the bridge. The chopper of this invencan be installed adjacent to the source it is to modulate
tion may be manufactured as a planar integrated circuit
and remote from its driving and detecting circuits.
with one or more balanced bridge circuits formed en- 10 Another object of this invention is to provide a choptirely within and on a single crystal of silicon. In mass
per circuit suitable for locating adjacent a very lowproduction, such an integrated circuit can be standardlevel, remotely-located voltage source for modulating
ized so that each of the four MOSFET gate arms are
such source prior to conducting the modulated lowcapacitively balanced, thereby eliminating the need for
15 level voltage to a distant point.
the gate connected trimmer capacitors.
Still another object of the invention is to provide
The output from the remote chopper circuit of the
apparatus for multiplexing a plurality of low-level siginvention, since it is an A.C. signal, may be transmitted
nals from remote sources to a distant point.
by a triple coaxial cable to a distant point for amplificaOther objects and advantages of the invention will be
tion and/or demodulation, such as to a distantly located
20
apparent
from the following detailed description, with
coupling transformer, A.C. amplifier, synchronous dereference being made to the accompanying drawings.
modulator which is preferably driven and coupled
through a transformer from the same oscillator that
BRIEF DESCRIPTION OF THE DRAWINGS
drives the balanced bridge circuit or chopper, so as to
be in synchronism with the modulated signals to be
FIG. I is a schematic block diagram of a low-voltage
detected, and thence from the demodulator through a 25 modulating and detecting circuit employing a balanced
D.C. amplifier. Significant advantage is herein gained
bridge chopping circuit in accordance with the features
by transmitting A.C. rather than D.C. low-level signals
of this invention;
from the near presence of the remote source to the
FIG. II discloses a schematic wiring diagram of the
distant first stage of amplification. That is, the transmitbalanced bridge chopping circuit according to one
ted A.C. signal can no longer be deteriorated by near- 30 embodiment of the invention, with its input circuits
D.C. thermally generated lead signals.
thereto, namely the low-voltage source to be moduAccording to a further aspect of the invention, a
lated, and the driving square wave source and its couplurality of the remote chopper circuits may be conpiing transformer;
nected in a multiplexing circuit. In a controlled process
FIG. III is a side elevation of one embodiment of
or system, for example, a plurality of different voltage 35 apparatus incorporating a mechanical stud type heat
sources or transducers can monitor different conditions
sink for the chopping circuit shown in FIG. II, with part
or parameters. Each separate source is connected to
of the cover therefor being broken away;
the input of a different balanced bridge chopper. The
FIG. IV is an end view of the apparatus shown in FIG.
remote chopper outputs are connected to triple coaxial
III, with part of its cover broken away;
cables which lead to and are connected in parallel to 4
FIG. v is a rear view of the apparatus shown in FIG.
the distant A.C. amplifier, demodulator and D.C. amIII;
plifie~. The final D.C. output may be digitized_ ~nd
FIG. VI is an enlarged sectional view of one of the
supplied to a programmable controller, such as a d1g1tal
heat sink terminals taken along line VI-VI in the cencomputer. The controller and address logic determine
tral portionn of FIG. IV·
which one of !he chopper circui~s is ?riven ~y th e 45 FIG. VII is an enlarg;d sectional view taken along
square wave dn~e source at any g1~en time. Sw1t~hed
line VII-VII of FIG. III showing the mounting of one
remote preamplifiers may be pro~ided for selectively
of the transistors in the heat sink plate;
connectmg the outputs from _th e different cho~pers to
FIG. VIII is a side elevational view, similar to FIG. III,
the common first stage amplifier at the same time the
.
•
h"
•
d •
•
Th
. h d
. 50 of another embodiment of apparatus accordmg to t 1s
c hopper receives a nve s1gna1. e switc e preamp11.
. .
•
h
•
• • · h" h h
fi
rt· 1 1
f I fi
b •
It
r
mvent1on mcorporatmg a c oppmg c1rcU1t m w 1c t e
)ers are pa icu ar Y use u or su -microvo ~pp icaterminals are soldered to a metal oxide single crystal
t10ns and/or for systems where the sources require local
h
. k .
d fb .
hed
d
.
eat sm mstea o emg attac
to stu s;
common ground mg.
FIG
.
d . Of h
h
. FIG
Accordingly, it is an object of this invention to pro· IX )San en view t e apparatus s own ~n
•
vide apparatus for accurately measuring from a com- ss VIII _showmg the edge of the crystal upon wh~ch the
mon location low-level voltages from a collection of
termm~ls are mounted and the boss upon which the
one or more remote sources.
crystal is mounted;
Another object of this invention is to produce a simFIG. X is a rear view of the apparatus shown in FIG.
pie, efficient, effective, economic, compact, shielded,
VIII;
.
. .
reliable and substantially completely balanced chopper 60 FIG. _XI 1s an enlarged sche~atl~ diagraI1;1 of anoth~r
circuit for modulating low-voltage signals that is subembodiment of the chopper c1rc1:11t, wherem ~our_ chip
stantially unaffected by outside changes in temperatype MOSFETs and the fou~ tern:imals of the c1rcU1t ~re
ture, air currents, and/or magnetic fields.
all mounted on a metal oxide smgle crystal heat smk
Another object of this invention is to produce such a
plate with its single crystal cover removed;
chopper circuit which is mounted on a heat sink to 65 FIG. XII is a further enlarged sectional view taken
prevent slow voltage drifts and other spurious theralong line XII-XIl of FIG. XI showing the bonding
mally generated voltages from affecting low-level siglayer over the metal conducting layer for and to the
nals to be modulated, which eliminates substantially all
edge of the single crystal cover;

°

3,995,174
7
FIG. XIII is a schematic wiring diagram of a modified
balanced bridge chopping circuit according to the present invention;
FIG. XIV is a greatly enlarged top plan view of a
planar-silicon integrated circuit embodiment of the
balanced MOSFET switching bridge of FIG. XIII with
all of the MOSFET substrates in common;
FIG. XV is a cross-sectional view taken along line
XV-XV of FIG. XIV and showing the channel region
of one of the integrated circuit MOSFETs;
FIG. XVI is a schematic block diagram of one embodiment of a circuit for multiplexing the outputs of a
plurality of chopping circuits in accordance with this
invention;
FIG. XVII is a schematic block diagram of a modified
circuit for multiplexing the outputs of a plurality of
· chopping circuits and suitable for extremely low-voltage operation;
FIG. XVIII is a schematic circuit diagram of a novel
photovoltaic voltage generator, driving a normally-off
MOSFET, and which also may be used to replace the
isolation devices and D.C. source which drive the gate
contacts and the D.C. source which back-biases the
substrates of the bridge MOSFETs in the circuit of FIG.
XIII;
FIG. XIX is a greatly enlarged fragmentary view of a
portion of an integrated circuit embodiment of the
photovaltaic voltage source; and
FIG. XX is a cross-sectional view taken along line
XX-XX of FIG. XIX.
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manually incremented gain or an automatically incremented gain, referred to as an autoranging response.
It will be noted that FIG. I shows two separate
grounds 33 and 33'. Shielding for the twisted wire pairs
5 35, 36 and 37, shielding for the coaxial cable 26 and
shielding for the chopper 20 are connected to the remote local ground 33' at the low-level voltage source
24. The drive oscillator 32, the transformer 38, the
A.C. amplifier 28, the demodulator 30 and the D.C.
10 amplifier 39 are all either connected to or located adjacent the reference ground 33 at the distant location of
such apparatus. The two ground levels are isolated at
the transformer 29 and the transformer or other suitable isolator 34 to minimize common mode signals.
15 Although the two ground connections are usually continuous, their remote location will often produce a
steady-state emf between them which may be as large
as one volt and considerably higher during transient
peaks.
20
Referring now to FIG. II, the source 24 is shown to be
schematically located in a shielded box 25 which is
electrically connected to the local ground 33' along
with the heat sink 27 and a shield 31 around the twisted
wire pairs 35, 36 and 37 for isolation. The source 24 is
25 shown as a Thevinen 's equivalent circuit of a voltage
source E, in series with an internal resistance R, and is
connected through terminals 72 and 73 to the chopper
20 by conductors 23 which are as short as possible.
The specific balanced bridge chopper 20 shown in
30 FIG. II has a square configuration with four legs. Four
metal oxide semiconductor field effect transistors
DETAILED DESCRIPTION OF THE INVENTION
(MOSFETs) 41, 42, 43 and 44, respectively, form the
Referring first to FIG. I, a balanced bridge chopper
legs of the bridge with the source/drain terminals con20 in accordance with one exemplary embodiment of
nected to form the junctions or corners of the bridge.
the invention is shown mounted on a heat sink 27 35 The corners of this square configuration are connected
which is in common with the shield of a remotelyto terminals 45, 46, 47 and 48. Two opposed terminals
located, low-level voltage source 24 which is to be
45 and 47 are the two input terminals which are conmodulated by the chopper 20. The remotely modulated
nected directly through conductors 21 and 22, respeclow-level voltage is easily conducted to a distant point
tively, to the terminals 72 and 73 connected to the
through a coaxial cable 26 where it is coupled through 40 low-voltage source 24. The terminals 46 and 48 at the
a transformer 29 to an A.C. amplifier 28. The output
remaining opposed corners of the square configuration
from the amplifier 28 is applied through a synchronous
are A.C. output terminals.
demodulator 30 to a D.C. amplifier 39 for producing a
The square-wave driving voltage applied to the chopfinal output.
per 20 for modulating the low-voltage source signal is
A square wave drive source for modulating the low- 45 applied via conductors 51 and 52 from the ends of a
voltage source in the chopper 20 comprises a remote
first secondary winding 53 of the drive transformer 34,
oscillator 32 which is coupled by means of an isolation
respectively, and the twisted wire pair 35 to the gates of
transformer 34 through three twisted wire pairs 35, 36
the transistors or MOSFETs 41 and 42 adjacent one of
and 37 to the balanced bridge chopper 20. Or, the
the input terminals 45, and via conductors 55 and 56
transformer 34 may be replaced with other types of 50 from the ends of a second secondary winding 54 of the
isolators, such as the photoconductive isolators used in
drive transformer 34, respectively, through the twistedthe circuit of FIG. XIII, but attached electrically in a
wire pair 37 to the gates of the other two transistors or
different manner, or the novel photovoltaic isolation
MOSFETs 43 and 44 adjacent to the other input termidevice shown in FIGS. XVI-XVIII. The drive oscillator
nal 47. The secondary windings 53 and 54 are pro32, which is located remote from the low-level voltage 55 vided, respectively, with center taps 58 and 59. In order
source 24 and chopper 20, is also coupled through a
to synchronize the chopper 20, the transformer 34 has
transformer 38 to the demodulator 30, so that the deboth of its secondary windings 53 and 54 wound on a
modulator 30 will be synchronized with the signal modcommon core 57 with a single primary winding 40. The
ulated in the chopper 20. The resulting demodulated
secondary windings 53 and 54 are surrounded by a
signal then may be passed through the D.C. amplifier 60 shield which is connected to the local ground 33' by the
39 before being applied to a final output. The final
cable shield 31. In addition, center taps 58 and 59 of
output may be used to drive a meter or for any other
the two secondary windings 53 and 54 are connected
desired purpose. Of course, it will be appreciated that
via the twisted wire pair 36 to the two input terminals
the signal processing techniques involving the A.C.
45 and 47, respectively. Each input terminal 45 and 47
amplifier 28, the synchronous demodulator 30 and the 65 is also connected to the substrates of the two adjacent
D.C. amplifier 39 are only exemplary. The chopped
transistors or MOSFETs, namely MOSFETs 41 and 42
low-level signal may be transmitted to any suitable
from terminal 45 and MOSFETs 43 and 44 from termicircuit. Furthermore, the linear circuit may have a
nal 47. For very low-voltage measurements, direct con-
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nections may be made between each input terminal and
the substrates of the two adjoining MOSFETs, although
this is of no particular advantage. If voltage measurements are to include a range of values larger than about
one millivolt, it is preferable for greater citcuit flexibility to connect the input terminal 45 through a highvalued resistor 49 (typically 10 megohms) to the substrates of the adjoining MOSFETs 41 and 42 and to
connect the input terminal 47 through a similar highvalued resistor 50 to the substrates of the adjoining
MOSFETs 43 and 44. In a modification to the circuit
shown in FIG. II, the substrate resistors 49 and 50 can
be replaced with D.C. voltage sources (not shown) of
about two to five volts and arranged to back-bias the
MOSFET substrates with respect to the adjacent input
terminals 45 and 47, respectively. This use of a D.C.
voltage source becomes especially convenient when
photoconducting isolators are used in place of the gatedrive transformer 34, as is discussed in greater detail
below.
Since it is substantially impossible to get four MOSFETs which have exactly the same internal capacitances, it is necessary that they be trimmed or balanced. Capacitive balancing is accomplished by means
of a pair of variable trimmer capacitors or condensers
60 and 62. Each of these capacitors has one of its terminals connected in common to one of the outputs of
· b 'd
• •
h •
d
th e ch opping
n ge circuit 20, erein output 46 , an
• 1 connected to t he gate of one of
h as i·ts o th er termina
.
t th at out put termina
• 1, name1y
t wo MOSFETs a dJacen
· 1of capaci·tor 60 to t h e gat e o f MOS the o ther t ermina
FET 42 and the other terminal of the capacitor 62 to
the gate of the MOSFET 43.
The coupling of the square-wave driving voltage to
the chopper 20, alternately and simultaneously, causes
the opposite pair of MOSFETs 41 and 43 and then the
opposite pair of MOSFETs 42 and 44 to be conductive
and nonconductive to modulate the low-voltage from
the source 24 equally to positive and negative portions
of the square wave taken from the output terminals 46
and 48. In other words, the A.C. signal appearing at the
output terminals 46 and 48 is a square wave which is
symmetrical around the voltage at the local ground 33'
and has a peak-to-peak amplitude of 2E•. The A.C.
modulated signal at the output terminals 46 and 48
from the chopper 20 may be easily conducted through
the coaxial cable 26 to a distant location for amplification demodulation and detection.
The coaxial cable 26 is of a triple coaxial cable type
having an inner or center conductor 64 connected to
one of the chopper input terminals, herein terminal 48,
and an outer conductor 65 connected to the other
chopper output terminal 46. Shielding 66 surrounding
the outer conductor 65 is connected to the local
ground 33' at the low-level voltage source 24. The
shielding 66 eliminates electrostatic effects on the
cable 26 while the symmetry of the triple coaxial cable
26 eliminates magnetically induced signals along the
high impedance path.
The distant end of the coaxial cable 26 is shown
connected to a primary winding 68 of the transformer
29 while a secondary winding 69 is connected to the
A.C. amplifier 28. The primary winding 68 is also
shielded and connected through the cable shielding 66
to the local ground 33'.
One specific exemplary structural embodiment for
the balanced bridge chopper 20 is shown in FIGS. III
through VII, which comprises an inverted T-shaped
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heat sink metal plate and support 70 of aluminum or
copper, which may be mounted by means of screws 71
to the support and shield of the low-voltage source 24,
thereby also providing them with a common heat sink
as is shown in FIG. I. This plate 70 may be provided
with several apertures for heat sink type terminals of
the type shown in detail in FIG. VI, and also with blind
holes for heat sink mounting the cans or covers of the
MOSFETs 41, 42, 43 and 44, as shown in FIG. VII.
One of the terminals, namely output terminal 46, is
shown enlarged and in section in FIG. VI. The terminal
46 is similar in construction to each of the other terminals 45, 47 and 48, as well as the additional external
input terminals 72 and 73 used for making electrical
connection to the conductors 23 from the low-voltage
source 24. Each of these terminals comprises centrally,
a copper threaded screw, stud or threaded rod 75
which extends through an aperture 76 in the plate 70.
Th e aperture 76 ·is Iarger in
· d'iameter th an t h e outsi'de
diameter of the screw 75 in order to include an electrically insulating sleeve 77. At each end of the aperture
76 and concentric therewith is provided an electrically
insulated washer 78, such as a silicon-greased mica
washer, so as to electrically insulate the screw 75 and
copper end nuts 80 and 82 threaded on the screw 75
from the plate 70• Between the nut 82 and the insulating washer 78, there is provided a carefully deburred
copper washer 83, and. between
. the nut
. 80 and the
other washer 78 there is provided a pair of. carefully
de burred copper washers 84. Between
. the pair
. of washers 84, a": apertu~ed conductor terminal 85 is clamped.
The terminal 85 is mounted on the end of one or more
of the conductors connected to the bridge terminal 46.
The relative mass of the screw 75 and the nuts 80 and
82 connecting the screw 75 to the plate 70 for each of
the terminals 45-48, 72 and 73, effectively acts· as a
heat sink to reduce any spurious thermoelectric voltages at ~hese_ terminals.
.
If desi~ed, insulated_ terminal_s blocks 90 ~nd 92 may
be provided for making terminal connections t~ the
e~ds of_the output cable ~6 and t~e ends of the twisted
wire ~airs 35, 36 and 37 in the shi~lded cable 31 from
the dr~ve transfoi:mer 34 before being co?nected to the
h~at sinke_d te_rminals ~5, 46, 47 and 48 in accordance
wi~h the circuit shown in FIG. II. ~e locally grounded
shields 66 and 31 are shown extending around each of
the cable 26 and the three twisted wire pairs 35, 36 and
37, respectively, in FIGS. II and III, which cable and
wires extend through apertures in the plate 70 as shown
in FIGS. III and V. The shields 66 and 31 are grounded
to the plate 70.
The trimmer capacitors 60 and 62 for the MOSFETs
are also mounted on and through the plate 70 and may
have slotted screwdriver adjustments 61 and 63, respectively, projecting through the back of the plate 70
as shown in FIG. V. The purpose of this arrangement is
to permit final balancing out of the coupled gate-drive
signal from the low-level circuit while the shield cover
is in place.
The MOSFETs 41, 42, 43 and 44 are preferably
coated with an insulating layer 93, such as varnished
paper or a light gauge nylon mesh, and are mounted in
snugly fitted blind holes 95 as MOSFET 43 is shown in
FIG. VII. A diametrical slot 97 extends across the hole
95. When the MOSFETs are installed, they are first
dipped in a fresh adhesive hardening resin such as varnish for anchoring them in place in their holes 95. If the
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MOSFETs are to be removed, a solvent is introduced
input terminal 45 and is connected directly to source/into the slot 97 to dissolve the resin.
drain contacts of the MOSFETs 41 and 42 and also
The assembly of parts on the plate 70 as shown in
through the high-valued substrate resistor 49 to the pad
FIG. Ill, comprising the MOSFETs 41, 42, 43 and 44,
122. Similarly, the conducting layer 116 forms the
the terminals 45, 46, 47 and 48, the capacitors 60 and 5 other input terminal 47 and is connected directly to
62 and the terminal blocks 90 and 92, is preferably
source/drain contacts of the MOSFETs 43 and 44 and
enclosed by a cover 100, such as a box of light alumialso through the high-valued substrate resistor 50 to the
num. The cover 100 is shown as having tabs 99 on its
pad 123. The conducting layer 115 forms the output
corners for anchoring it to the plate 70. Similarly, the
terminal 46 and is connected directly to the source/other side of the terminals 45, 46, 47 and 48 should be IO drain contacts of the MOSFETs 42 and 43, and the
enclosed by a cover 101, as shown in FIGS. IV and V.
conducting layer 117 forms the other output terminal
The covers 100 and 101 serve multiple functions as
48 and is connected directly to the source/drain
heat sinks, as electrostatic shields, as dust hoods to help
contacts of the MOSFETs 41 and 44. Gate contacts of
maintain the necessary high electrical leakage resisthe MOSFETs 41--44 are connected, respectively, to
tance required at the heat sinked connections and, by 15 the conducting layers 118--121. Connections between
the mounting screws 71, as remote local ground points.
the conducting layers 114-121 and the MOSFETs
The covers 100 and 101 facilitate using the chopper 20
41-44 are made by bonded wires.
in industrial or other hostile environments wherein
The outwardly extending radial portions of each of
temperature extremes, temperature gradients and electhe printed conducting layers 114-121 all pass under
trical and magnetic noise may exist.
20 an annular band 124 of glass frit, or other suitable
Referring now to FIGS. Vlll, IX and X, there is
bonding agent, which is fused to the top surface of the
shown apparatus similar to that shown in FIGS. Ill, IV
plate 113. A metal oxide single crystal cover 125 (see
and V, in which similar parts have been given the same
FIG. XII) of substantially the same composition as the
reference characters. Instead of employing the bolts
plate 113 is fused to the band 124 to hermetically seal
and nuts for the heat sinked terminals 45, 46, 47 and 25 and encapsulate the bridge circuit 20. Prior to encapsu48, in this embodiment, terminals 45', 46', 47' and 48'
lation, the cover 125 has its band contacting edge also
have been fabricated by using terminals 111 mounted
impregnated with a fused glass frit layer 126, or other
on an electrically insulating and heat conducting metal
suitable bonding agent, so that the two glass frit layers
oxide single crystal 110 which is in turn mounted on a
or bonding agents 124 and 126 can be readily fused
raised boss portion 105 (shown in FIG. IX) of the cop- 30 together to make the seal. The centers of each of the
per heat sink plate 70. The metal oxide single crystal
circular outer ends of the printed conducting layers
110, such as sapphire, is soldered by pure indium solder
114-121 are shown to have holes drilled through them
106 to the boss 105 and the separate button or pot
and through the adjoining plate 113 for making electricopper terminals 111 are similarly soldered to its other
cal connections to the conducting layers 114-121 in a
side. However, the solder used within the terminals 111 35 conventional manner.
for making electrical circuit connections is composed
Turning now to FIG. Xlll, a modified circuit is shown
preferably of 44% atomic indium, 42% atomic tin and
for the balanced bridge chopper 20' which is particu14% atomic cadmium, or of a suitable substitute which
larly suitable for rejection of undesirable commonmelts well below the melting temperature of pure inmode signals in the measurement of remote voltages as
dium. This permits soldering the leads to and from the 40 low as a few nanovolts in extremely adverse noise envichopper bridge circuit 20 to the terminals 111 without
ronments. The chopper 20' is provided with a balanced
the terminals 111 separating from the crystal 110. This
twin-tee input filter 130 for assisting in the elimination
construction using the heat sinked crystal 110 elimiof common-mode signals, being most effective at the
nates the necessity of apertures in the plate 70 for the
resonant filter frequency, which is usually but not neefour terminals 45', 46', 47' and 48', as well as the need 45 essarily adjusted to 60 Hz. Op\ical isolation between
for a rear cover 101 (see FIGS. IX and X).
the local ground 33' and the reference ground 33 is
Referring now to FIG. XI, a physically compact hyprovided for the square wave chopper drive, functionbrid circuit embodiment of the chopper 20 is shown in
ally taking the place of the isolation transformer 34
which each of the transistors or MOSFETs 41, 42, 43
shown in the circuit of FIG. II. However, it is to be
and 44 in a non-encapsulated chip form are mounted 50 recognized that whereas photoconductive isolators and
on a printed circuit having radially outwardly extending
transformers may be interchanged in the gate drivers of
metal conducting layers 114-121 which comprise the
the two circuits of FIGS. II and Xlll, the details of the
lead contacts to and from these transistors or MOStwo circuits are distinctly unique. Finally, the chopper
FETs. The printed circuit is formed on a thermally
20' includes a preamplifier 131 for the A.C. output.
conducting but electrically insulating single crystal 55 The preamplifier 131 improves the common-mode
plate 113, such as sapphire, of about one or two centirejection capability of the system. The preamplifier 131
meters square which also acts as the heat sink. Printed
also reduces the effects of distributed capacitance
on the plate 113 are all of the terminals 114-121 for
along the transmission line connecting the chopper 20'
the balanced bridge chopper 20 of FIG. II. The two
to the remote receiver and the effects of capacitive
MOSFETs 41 and 42 having interconnected substrates 60 loading when the outputs from several choppers 20' are
are mounted on a common electrically conducting
multiplexed on a single transmission line connected to
substrate pad 122 printed on the plate 113 and the
a single receiver, as will be discussed in greater detail
other two MOSFETs 43 and 44 having interconnected
below in reference to FIGS. XVI and XVII.
substrates are mounted on a common electrically conThe external input terminals 72 and 73, which are
ducting substrate pad 123 printed on the plate 113. 65 connected to the low-level voltage source, are conWires from the substrates of each of the MOSFETs
nected through the input filter 130 to the input termi41-44 are further soldered or bonded to the adjacent
nals 45 and 47 of the balanced bridge chopper 20'. The
pad 122 or 123. The conducting layer 114 forms the
balanced twin-tee input filter 130 is of a novel symmet-
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rical RC design. The terminal 72 is connected through
a parallel capacitor 132 and resistor 133 to the bridge
terminal 45 and through a series variable resistor 134
and capacitor 135 to the bridge terminal 47. Similarly,
the terminal 73 is connected through a parallel capacitor 136 and resistor ll.37 to the bridge terminal 47 and
through a series variable resistor 138 and capacitor 139
to the bridge terminal 45. In addition, two zener diodes
128 and 129 are connected in series and back-to-back
between the terminals 45 and 47 to function with the
resistors 133 and 137 in protecting the MOSFETs 41,
42, 43 and 44 of the chopper 20 from destructive voltage surges or from an accidental application of a highvoltage to the terminals 72 and 73.
The actual component values and quality of the resistors and capacitors in the input filter 130 must be carefully selected when extremely low voltages such as a
few nanovolts are to be modulated, or the filter 130 will
become a significant noise source. In very low-level
applications, resistor elements become a source of
Johnson noise. Since the equivalent Johnson noise
voltage from a resistor element is proportional to the
square root of the resistance, it is desirable to keep the
resistors 133 and 137 as small as possible. Also, being
in the very low-voltage input section of the chopper
20', only high-quality non-polar linear capacitors, such
as Mylar capacitors, are acceptable for the capacitors
132, 135, 136 and 139. Because of their cost and physical size limitations, the capacitors 132, 135, 136 and
139 cannot be much larger than 5 to 10 mfd. One
exemplary set of component values for the input filter
130 has been found to be 1060 ohms for the resistors
133 and 137 and 2.5 mfd. for the capacitors 132 and
1.36. The capacitors 135 and 139 will then be 5 mfd.
and the variable resistors 134 and 138 are set to 530
ohms. Such a filter attains its high attenuation at the 60
Hz. resonant frequency.
In addition to Johnson noise, the resistors 133 and
137 can also become a thermoelectric generator or a
1/F "flicker noise" source oflow-frequency noise. This
noise can be significantly minimized by winding the
resistors 133 and 137 from Manganin wire, which has
the same thermoelectric power coefficient as copper,
and by winding the resistors onto and encasing them
within a thermally conducting insulating compound.
The windings are made in a bifilar manner to virtually
eliminate inductance and magnetic flux pickup. Finally, the terminals to the resistors 133 and 137 should
be connected to the common heat sink for the chopper
20' and the input terminals 72 and 73 to minimize this
low-frequency noise effect.
The circuit of FIG. XIII uses an identical balanced
bridge switch as in the circuit of FIG. II, with the source/drain contacts of the four MOSFETs 41, 42, 43 and
44 connected between the terminals 45, 46, 47 and 48
to form the square configuration of the chopper 20'.
However, substrate connections to the MOSFETs are
modified to provide back-biasing. Two equal highvalued resistors 140 and 141 are connected in series
between the input terminals 45 and 47. An isolated
D.C. voltage source 142 of 5 volts, for example, is
connected from the junction between the series resistors 140 and 141 to the common substrate connections
on the MOSFETs 41, 42, 43 and 44 to back-bias the
substrates. The back-biasing prevents the MOSFETs
from leaking at high input voltage E. levels.
The square wave drive for the chopper 20' is generated by an oscillator 178 driving a Schmitt trigger 179
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which in turn drives a triggered flip-flop 144 and then
two AND gates 145 and 146. An enable signal is applied on an "address control" input 147 from a suitable
external control (not shown) when the chopper 20' is
5 to be operated. The address control input 147 is provided for disabling the chopper 20' when several choppers are multiplexed together. When this feature is not
needed, the gates 145 and 146 may be replaced with
amplifiers. This arrangement causes the flip-flop 144 to
10 develop alternately high Q and Q outputs at a desired
chopping frequency, such as a fixed frequency within a
range from about 10 Hz. to about 10,000 Hz. The Q
and Q outputs from the flip-flop 144 are connected,
respectively, to the AND gates 145 and 146 such that
15 the gates 145 and 146 produce alternate outputs when
enabled by a signal on the input 147.
The alternate outputs from the gates 145 and 146
drive the balanced bridge chopper. However, isolation
is necessary since the oscillator 178, the Schmitt trigger
20 179, the flip-flop 144 and the gates 14~ and 146 are
connected to the reference ground 33 while the chopper 20' is connected to the local ground 33'. Isolation
is accomplished by two optical isolation devices 148
and 149. The isolation device 148 includes a light emit25 ting diode (LED) 150 and an optically driven photodiode or phototransistor 151, while the device 149 ineludes an LED 152 and an optically driven photodiode
or phototransistor 153. The output from the gate 145 is
connected to excite the LED 150 which optically drives
30 the photodevice 151. Similarly, the output from the
gate 146 is connected to excite the LED 152 which
optically drives the photodevice 153.
The common connection between the series highvalued resistors 140 and 141 across the input terminals
35 45 and 47 is used as a drive point for symmetrically
driving the chopper 20' in addition to its use for symmetrically back-biasing the MOSFET substrates. The
connection between the resistors 140 and 141 is connected through a D.C. voltage source 154 to the pho40 todevices 151 and 153 in the isolation devices 148 and
149, respectively. The other electrode of the photodevice 151 is connected to the gate electrodes of the
MOSFETs 41 and 43 and the other electrode of the
photodevice 153 is connected to the gate electrodes of
45 the MOSFETs 42 and 44 so that the normally offMOSFETs 41 and 43 conduct when the LED 150 is excited
and the normally off MOSFETs 42 and 44 conduct
when LED 152 is excited. A resistor 155 is shown connected across the D.C. source 154 and the photodevice
50 151 and a resistor 156 is shown connected across the
D.C. source 154 and the photodevice 153. The resistors 155 and 156 provide controlled leakage paths for
fast gate "turn off" of the MOSFETs.
The A.C. output from the remote chopper 20' is
55 passed through the preamplifier 131 prior to transmitting over a coaxial cable 157 to the distant amplifier,
demodulator and other common signal processing apparatus which form a receiver. The preamplifier 131 is
of a push-pull type and includes two very low noise
60 junction field effect transistors (JFETs) 158 and 159.
The bridge output terminal 46 is connected through a
coupling capacitor 160 to the gate of the JFET 158 and
the bridge output terminal 48 is connected through a
coupling capacitor 161 to the gate of the JFET 159.
65 The gates of the JFETs 158 and 159 are also connected
to the local ground 33' through high-valued resistors
162 and 163 which may be on the order of 10 to 100
megohms.
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The coaxial cable 157 includes three conductors 164,
ute to zero voltage offset problems, and could lead to
165, and 166 and an outer shield 167. The conductor
measurement resolution limitations at very low signal
164 and the shield 167 are connected to the local
levels.
ground 33' at the remote chopper 20'. At the distant
By locating the preamplifier 131 with the chopper
receiver, the conductor 164 is connected through a 5 20', the chopper 20' effectively sees only the heat sink
low-valued resistor 168 to the reference ground 33. At
capacitance to local ground 33' in the high impedance
the receiver end of the cable 157, the conductors 165
circuit which may, for example, be on the order of
and 166 are connected, respectively, to drain contacts
about 20 pfd. Without the preamplifier 131, as in the
of a pair of switching MOSFETs UJO and 181. The
circuit of FIG. II, the output from the chopper 20' is
source contacts of the switching MOSFETs 180 and IO also loaded down by the distributed capacitance from
181 are connected, respectively, through resistors 170
the coaxial cable connecting the output from the chopand 171 and a D.C. bias voltage source to the reference
per 20' to the remote location all at high impedance.
ground 33 and to output terminals 172 and 173 which
For a 10 foot cable, this capacitance typically may be
may be connected to a common differential amplifier
about 200 pfd. This decrease in effective output capacand demodulator (not shown). The voltage source 169 15 itance at the high impedance chopper output terminals
biases the preamplifier 131 while the resistor 168 pre46 and 48 by a factor of 10 permits a similar increase
vents a circulating ground loop from developing within
by a factor of 10 of the value of the resistors 162 and
the cable 157 and also serves to improve the common163. Also, the use of the preamplifier 131 at the locamode rejection capability of the overall circuitry. The
tion of the remote chopper 20', where it is at local
source contacts on each of the JFETs 158 and 159 are 20 ground 33' instead of at reference ground 33, serves to
connected to the local ground 33' while the drain
keep the induced type commonmode noise signals two
contacts are connected, respectively, to the cable conto three orders of magnitude smaller whenever one of
ductors 165 and 166. Thus, the modulated low-level
the low-level input source terminals 72 or 73 must be at
signal alternately appears at the chopper outputs 46
the local ground potential.
and 48 for alternately driving the preamplifier transis- 25 Referring now to FIGS. XIV and XV, there is sht:Jwn
tors 158 and 159. Gate contacts on the switching MOSone possible construction of a completely integrated
FETs 180 and 181 are connected to the address control
circuit for the balanced bridge chopper 20' of this
input 147 so that the MOSFETs um and 181 are
invention. Herein the conducting substrate 184 may
switched on whenever the AND gates 145 and 146 are
comprise p-type silicon for all four of the MOSFETs or
enabled. Thus, the low-level voltage is chopped and 30 transistors 41, 42, 43 and 44, upon which substrate is
amplified and this A.C. signal is conducted over the
deposited the four equally spaced source/drain metalcable 157 and applied through the switching MOSFETs
ized sector-shaped layers 185a, 185b, 185c and 185d in
180 and 181 to the output terminals 172 and 173 when
a circle to which are connected, respectively and alteran enable signal is applied to the address control input
nately, conductors for the input and output terminals
147.
35 45, 46, 47 and 48. The boundaries of the oxide winInput connections 182 and 183 are shown to the
dows under each of these sector layers or plates 185a,
substrates of the switching MOSFETs 180 and 181,
185b, 185c and 185d are indicated by the solid lines
respectively. These connections may be used for apply186, and that for the n+ ohmic contact diffusion
ing negative feedback from the output of an A.C. amboundaries of the closed regions are indicated by the
plifier connected to the terminals 172 and 173 for total 40 dotted lines 186' around these layers or plates and
amplifier gain stabilization. Separate adjustments on
around the boundaries 186. The spaces between adjathe level of the negative phased feedback signals to the
cent boundaries 186' of adjacent sector plates 185a,
connections 182 and 183 may be used to compensate
185b, 185c and 185d are bridged by oxide layers 187 as
for any mismatch in the preamplifier JFETs 158 and
shown in FIG. XV. On the tops of these bridging oxide
159 as well as any mismatch in the switching MOSFETs 45 layers 187 are deposited the gate electrode metaliza180 and 181. Overall feedback stabilization also pertion or layers 188a, 188b, 188c and 188d to which the
mits wider environmental temperature extremes in
gate connections of each of the MOSFETs are made. In
which the entire chopper assembly can be operated
the manufacture of these particular connections 188a
because it will compensate for gain-temperature variathrough 183d, they may be formed to extend various
tions.
50 radial distances in between the gaps between adjacent
Four trimmer capacitors 174-177 are provided for
sectors 185a through 185d by production mask modififurther balancing the chopper 20'. The capacitors 174
cations, depending upon the capacity between these
and 175 are connected, respectively, between the
sectors, so that a substantially balanced bridge chopper
bridge output terminals 46 and 48 and the local ground
circuit can be manufactured in mass production with33'. These capacitors 174 and 175 are used to achieve 55 out the requirement of trimmer condensers 60 and 62
an impedance balance at the dominant common-mode
in the circuit of FIG. II or of trimmer condensers 176
signal frequency, usually 60 Hz., thus permitting use of
and 177 in the circuit of FIG. XIII, as described above.
very high values for the output resistors 162 and 163.
It has previously been stated that the chopper 20'
The capacitor 176 is connected from one of the output
shown in the circuit of FIG. XIII will receive a drive
terminals, terminal 146 shown in FIG. XIII, to the com- 60 signal only while a signal is applied to the address conmon gates of the MOSFETs 41 and 43 and the capacitrol input 147 to enable the AND gates 145 and 146.
tor 177 is connected from the same output terminal 46
While the gates 145 and 146 are disabled, all of the
to the common gates of the MOSFETs 42 and 44. By
four MOSFETs 41, 42, 43 and 44 of the chopper 20'
carefully adjusting the capacitors 176 and 177, gatewill remain off. With all of the MOSFETs off, the chopchannel capacitance unbalance can be reduced, typi- 65 per output will be blocked and the output terminals 46
cally by a factor of from 0.1 to 0.0 l of its untrimmed
and 48 will have a very high impedance, similar to an
level, thus keeping the low-level channel relatively free
open switch. This ability to use the balanced bridge
from gate-drive signals, which would otherwise contribchopper 20' as a local ground level signal blocking
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switch under the control of reference grounded logic
synchronizing demodulation with the A.C. signal equiv- .
level addressing circuitry permits the use of the copper
alent of whichever sensor choro er out rut is activated.
20' in an N data channel low-level multiplexer. Such a
The computer 192 supplies address data to an address
multiplexing system is readily adaptable to continuous
control circuit 213 for selectively enabling the AND
on-line control of a complex system or industrial pro- 5 gates 207-212. The address control circuit 213 may,
cess, in addition to being useful as an N-channel data
for example, consist of a binary-to-N line decoder.
collecting system.
Depending upon binary address data received from the
Turning now to FIG. XVI, an N data channel multicomputer 192, the circuit 213 will apply a signal on one
plexing system 190 is shown for controlling an indusof N outputs, of which three outputs 214, 215 and 216
trial process or system 191. The system 191 includes N 10 are shown. When a signal appears on the output 214
data sensors (not shown) for monitoring N different
from the address control circuit 213, the gates 207 and
parameters or conditions within the system 191. The
210 are enabled to apply square wave chopper drive
different sensors may be of any conventional design,
signals from the flip-flop outputs 205 and 206 to the
floating or otherwise not electrically connected to the
chopper 194-1. Similarly, the address control output
local ground, and they may vary in detail within the 15 215 enables the gates 208 and 211 to apply squaresystem 191, depending upon the actual parameter or
wave drive signals to the chopper 194-2 and the adcondition they are required to measure. The sensors
dress control output 216 enables the gates 209 and 212
generate output voltages Esi, Es2 • • • EsN which are
to apply drive signals to the chopper 194-N. Since the
typically on the order of one microvolt or larger up to
address control circuit 213 applies a signal at most on
possibly several volts, with time variations possessing a 20 only one of the N outputs, only one of the N choppers
range of from near-D.C. to low audio frequency re194-1 through 194-N will be gated on at any given insponse. A digital computer 192 or other suitable type
stant. Either by blocking an address output from the
of process controller is provided for controlling or
computer 192 or by addressing an unused output from
monitoring the system 191 through signals ro plied over
the address control 213, all of the choppers 194-1
N control lines 193, when applicable, in response to the 25 through 194-N will remain off. Thus, the computer 192
sensed voltages E51 through EsN•
may be used on a time sharing basis and the digitized
N balanced bridge choppers 194-1 through 194-N
chopper output is disabled while the computer 192
(only three shown) are provided for selectively moduperforms functions other than the control or monitorlating the N voltages Es1 through EsN from the system
ing of the system 191. THe fact that only one channel
sensors and for multiplexing the modulated voltages to 30 at a time is permitted to transmit at the synchronous
the computer 192. The choppers 194 may be similar to
chopper frequency means that "cross-talk" between
the choppers 20' shown in FIG. XIII up to the points
the N data channels is virtually totally eliminated. FurA-B which include the output coupling capacitors 160
thermore, the high common-mode signal rejection ratio
and 161, with the preamplifier 131 omitted since neiof each separate chopper assembly aids considerably in
ther sub-microvolt voltages nor locally grounded volt- 35 reducing complex ground loops which would otherwise
age sources are being measured in the exemplary multiarise if N separate local ground connections had to be
plexing system of FIG. XVI. The twin-tee input 130
made to the different transducers within the system
may also be eliminated in cases where 60 Hz. or some
191.
other dominant frequency common-mode noise signals
An N data channel multiplexer 190' is shown in FIG.
are not a serious problem in a specific multiplexing 40 XVII with the addition of remote preamplifiers for each
system. The outputs from the choppers 194-1 through
data channel and of individual channel isolation switch194-N are connected through N locally grounded
ing which is physically located adjacent the common
shielded coaxial cables 195-1 through 195-N in comA.C. amplifier 196. Each of the N data channels is
mon to the input of an A.C. amplifier 196 at the distant
identical to the circuit of FIG. XIII. However, circuitry
location. The output from the amplifier 196 is con- 45 to the left of points A-B is shown merely as the block
nected through a synchronous demodulator 197, a low
representations of the choppers 194-1 through 194-N
pass filter 198, a D.C. amplifier 199 and an autoranging
while the preamplifiers 131 and channel switching
analog-to-digital converter 200, which utilizes a digiMOSFETs are shown in detail. The N separate data
tally switchable incremental intermediate stage gain
channels are connected via separate coaxial cables, of
control feedback loop to the A.C. amplifier 196, to SO which three cables 217-219 are shown for three typical
achieve an input to the computer 192. Depending upon
channels, to the A.C. amplifier 196. Isolation MOSFET
which one of the choppers 194-1 through 194-N is operswitches are provided for each channel to prevent the
ating at any given instant, a digitized representation of
(N-1) inactive preamplifiers from loading the activated
one of the sensor voltages E81 through EsN will be appreamplifier, as well as to prevent undesirable distribplied to the computer 192 where it may be stored in a 55 uted cable capacitive loading at the input to the commemory 201 for use in either controlling the system
mon amplifier 196. The source and drain contacts of a
191 or for maintaining a time data record of the actual
pair of switching MOSFETs 220 are connected in series
operation of the system 191.
between the two signal carrying conductors from the
Logic circuitry under the control of the computer
first channel coaxial cable 217 and the input of the
192 controls operation of the choppers 194-1 through 60 A.C. amplifier 196. The gates of the MOSFETs 220 are
194-N. A reference oscillator 202, a Schmitt trigger
connected in parallel to the output 214 from the ad203 and a triggered flip-flop 204 continuously generate
dress control circuit 213 such that the MOSFETs 220
outputs which appear alternately on lines 205 and 206.
are switched on whenever gate drive is applied through
The line 205 is connected to N AND gates, of which
the AND gates 207 and 210 to the first channel chopthree typical gates 207-209 are shown. Similarly, the 65 per 194-1. Similarly, a pair of MOSFETs 221 are conline 206 is connected to N AND gates, three of which
nected in series between the cables 218 and the A.C.
gates 210-212 are shown. The lines 205 and 206 are
amplifier 196 and have gate contacts connected to the
also connected to the common demodulator 197 for
output 215 from the address control circuit 213 and a
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pair of MOSFETs 222 are connected in series between
ing the substrates of the MOSFETs 41, 42, 43 and 44.
the cable 219 and the A.C. amplifier 196 and have gate
These elements may be replaced with a novel photovolcontacts connected to the address control output 216.
taic isolation device in accordance with another feature
As indicated above, a separate preamplifier for each
of the invention.
channel is located adjacent the choppers 194-1 through S
Turning to FIG. XVIII, a schematic circuit diagram is
194-N. Each preamplifier includes a pair of junction
shown for a novel photvoltaic isolation device 235.
field effect transistors (JFETs) 223 and a pair of equal
When a D.C. voltage is applied, plus-to-negatively,
high-valued resistors 224. The gate contacts of the two
respectively, to a pair of input terminals 236 and 237,
JFETs 223 for a channel are connected, respectively,
a D.C. output voltage will appear across a pair of outto the two output terminals from a chopper and 10 put terminals 238 and 239. The power absorbed at the
through the resistors 224 in a balanced manner to the
input terminals 236 and 237 of a gallium arsenide light
local ground, as in FIG. XIII. The source contact of ech
emitting diode (LED) 240 is converted to radiant light
JFET 223 is also connected to the local ground while
energy. This light energy is directed towards a large
the drain control is connected through a coaxial cable,
number of integrated circuit series-connected planarcable 217 for the first channel, to the drain contact of 15 silicon photovoltaic diodes 241, which generate the
one switching MOSFET, 220 for the first data channel,
output voltage at the terminals 238 and 239. Since
for applying a preamplifier signal to the input of the
optical coupling is used, the input terminals 236 and
amplifier 196 when such data channel is activated.
237 are electrically isolated from the output terminals
Biasing for the preamplifier is provided by means of a
238 and 239. Optical isolation makes the device 234
D.C. voltage source 225. Adjacent the amplifier 196, 20 particularly suitable for driving circuitry at the local
the positive terminal of the voltage source 224 is conground level with circuitry at the reference ground
nected through two equal resistors 226 to the two input
level without establishing undesirable ground loop curterminals to the amplifier 196. The negative terminal
rents.
from the voltage source 225 is connected to the referAs shown in FIG. XVIII, the input terminals 236 and
ence ground and also through a resistor 227, one for 25 237 are connected to the gallium arsenide LED-240
each data channel, and the coaxial cable to local
located within the device 235. The LED 240 is posiground for each data channel. The continuity between
tioned above a large plurality of planar-silicon photothe reference ground and each local ground, necessary
voltaic diodes 241 manufactured in integrated circuit
for individual preamplifier performance, is maintained
fashion to be in electrical series between the output
with the low-valued resistors 227, which also serve to 30 terminals 238 and 239. When a photovoltaic diode
minimize circulating ground loops within the shielded
such as the diodes 241 is optically excited with sufficable for each channel. Through this arrangement of
ciently short-wave light energy, a small voltage will
using preamplifiers and separate isolation switches for
appear across its anode and cathode electrodes. The
each channel, nearly complete isolation is provided,
voltage across the individual diodes 241 is additive
even though a common-mode signal may exist between 35 when the diodes 241 are connected in series, thereby
the local ground for the different channels. Furtherproducing a voltage across the terminals 238 and 239
more, as indicated above, the connection of the several
equal to the sum of the voltages generated in the indichannels in multiplexing arrangement to the common
victual photovoltaic diodes 241.
input of the A.C. amplifier 196 does not capacitively
The need to use many diodes to fit under one LED to
load the input to the amplifier 196 to an undesirable 40 achieve higher voltages requires each diode to be physdegree. Otherwise, excessive capacitive loading could
ically very small, thus causing a high internal impedhave an adverse affect on common-mode rejection
ance within the diodes 241 themselves. The high interbalance and possibly cause response time limitations on
nal impedance of the diodes 241 limits the capabilities
the overall signal processing.
of the devices 235 to supply an output voltage to a low
As indicated above in the description of FIG. XIII, 45 impedance load. However, such a limitation does not
negative feedback is provided to the substrates of the
affect the suitability of the device 235 for use in MOSswitching MOSFETs 220 for stabilization. The feedFET gate-drive circuitry such as that shown in FIG.
back signals may be taken from the output terminals
XIII. As shown in FIG. XVIII, the output terminals 238
253 and 254 from the A.C. amplifier 196. The output
and 239 from the device 235 are connected, respecterminals 253 and 254 are connected to the reference SO tively, to the gate and the source contacts of a normalground through a pair of potentiometers for each chanly-off n-channel MOSFET 242. The output terminal
nel. Potentiometer 255 is shown connected to the ter239 is also connected to a terminal 243 and the drain
minal 253 and potentiometer 256 is shown connected
contact of the MOSFET 242 is connected to a terminal
to the terminal 254 for providing adjustable feedback
244. As long as no power is applied to the input termisignals to the substrates of the switching MOSFETs 220 55 nals 236 and 237, the MOSFET 242 will be non-confor the first channel. The connections from the A.C.
ducting and a resistance on the order of about 1010
amplifier output terminals 253 and 254 to the switching
ohms will appear across the output terminals 243 and
MOSFETs 220 are such that the feedback signals are
244. When a D.C. voltage is applied to the input terminegatively phased. By adjusting the potentiometers 255
nals 236 and 237 to excite the light emitting diode 240,
and 256, the overall gain of each side of the channel is 60 the output voltage across the terminals 238 and 239
balanced for any mismatching of the preamplifier
from the device 235 causes the MOSFET 242 to conJFETs 223 and the switching MOSFETs 220 and the
duct, lowering the resistance between the terminals
preamplifier is temperature stabilized.
243 and 244 typically to about 100 ohms. A zener
The exemplary balanced bridge chopper circuit
diode 245 of proper polarity, as shown, may be conshown in FIG. XIII includes a D.C. voltage source 154 65 nected between the terminals 238 and 239 from the
and two optical isolation devices 148 and 149 for drivdevice 235 to protect the gate circuit of the MOSFET
ing the gates of the MOSFETs 41, 42, 43 and 44 and
242 from destructive negative static electric high voltalso includes a D.C. voltage source 142 for back-biasage accumulation. It is to be noted that the gate circuit
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of a typical MOSFET provides negligible load and may
prone voltage source 154. When the light emitting
have a resistance on the order of 1012 ohms. As a consediodes 240 in the two devices 235 are alternately exquence, the effective load across the output terminals
cited, the opposed MOSFETs 41 and 43 and the op238 and 239 will be the very small internal surface
posed MOSFETs 42 and 44 will alternately conduct to
leakage resistance of each photovoltaic diode 241 plus 5 chop or modulate a signal, as before.
any small leakage resistance of the back-biased zener
In addition to providing optical isolation between the
diode 245 connected across the output terminals 238
chopper 20' and the remote drive circuitry, a photovoland 239.
taic isolation device 235 may also be used as a voltage
Since the load on the device 235 is extremely small,
source for replacing the D.C. source 142 which backthe separate p-n junctions forming the diodes 241 may 1O biases the MOSFET substrates. Without the use of the
be on the order of only a few mils in diameter and may
device 235, such a D.C. source would have to be built
be fabricated using planar-silicon integrated circuit
using an isolating 60 Hz. transformer, a rectifying
methods. Such methods permit mass production of the
bridge, filter capacitors and a zener diode regulator, all
devices 235 at relatively low cost.
of which are extremely bulky, costly and prone to limit
Turning to FIGS. XIX and XX, a fragmentary portion 15 remote chopper performance by leakage of the transof a photovoltaic isolation device 235 formed by inteformer. If a multiple p-n junction photovoltaic device
grated circuit techniques is shown. The light emitting
similar to that shown in FIGS. XVIII-XX is permadiode 240, which is not shown in these figures, illuminently activated, it will generate a constant D.C. output
nates an area generally represented by the fragment of
voltage which may be used for back-biasing the suba circle 246. The individual diodes are formed on an 20 strates of the MOSFETs 41, 42, 43 and 44. The photon-substrate material 247 and are located within the
voltaic device 235 is ideal for generating the necessary
illuminated area 246. The diodes are formed on an
back-bias voltage while maintaining at least I 0 12 ohms
upper surface 248 of the substrate 247. Using wellisolation from the reference ground. Also, there would
known mask-etched oxide window techniques to delinbe no need for providing 60 Hz. alternating current
eate each diode 241, in proper sequence, the p-regions 25 near the chopper 20' for operating the D.C. power
249 and then-regions 250 are diffused into an n-type
source 142 or the D.C. power source 154 of the circuit
substrate 247. Then a device-grade oxide layer 252 is
of FIG. XIII, thus eliminating this source of electromaggrown and mask-etched with final mask-etch metalizanetic flux which can add to the common-mode signal.
tion patterns 251 to complete the series interconnecOther applications of the photovoltaic device 235 intion pattern between the diodes 241.
30 volving the use of isolated linear gates in other types of
It will be noted that the same general principle for
circuitry would clearly be an improvement to that rephotovoltaic generation of electricity has been used in
spective circuit art, for the above-stated reasons.
the past in the so-called "solar cell". However, such
U.S. Pat. No. 3,366,802, which issued on Jan. 30,
cells were formed in large planar sheets typically sev1968 to Hilbiber, discloses a photo-chopper comprising
era! inches in arear for a single junction and great care 35 a junction field effect transistor which is specially fabrihad to be taken to obtain the low internal resistance
cated with a light sensitive surface in the gate vicinity.
necessary for maximum power transfer. Here, however,
Electrical gating action between the two drain/source
load impedance being well beyond the high megohm
contacts in the JFET is achieved by directing light on
region permits efficiency considerations to be elimithe gate region, thereby causing the photovoltaic effect
nated, and the photovoltaic isolation device 235 may 40 to develop an internal biasing voltage which turns off
be constructed with a large number of series connected
this normally-on JFET. The action attainable with the
diodes which are sufficiently small as to be illuminated
Hilbiber photo-chopper is similar to that attainable by
by a single light emitting diode. In the more typical
the combination of the isolated photovoltaic device
photoconductive optical couplers, an external power
235 with the normally off MOSFET 242, as shown in
supply is required in the output circuit. Large junction 45 FIG. XVIII. The Hilbiber JFET photo-chopper can be
size, permitting greater photoconduction currents, has
substituted into the circuits of FIGS. II and XIII for the
usually been used. The junction size prevented a pluralswitching MOSFETs 41, 42, 43 and 44 and photodrive
ity of photovoltaic diodes from being incorporated
can be handled with reference-grounded logic, thereby
under a single light emitting diode.
maintaining the much needed electrical isolation from
From the above description, it will be appreciated 50 reference ground to the chopper circuit in a low-cost,
that the photovoltaic isolation device 235 may be used
but less than optimum version of the chopper bridge
for replacing the D.C voltage source 142 and the comassembly. However, there are two problems with the
bined voltage source 154 and photoconductive devices
use of these photo-chopper elements in this applica148 and 149 in the circuit of FIG. XIII. Just as the
tion. One is that they would afford less channel switch
oscillator 178, the Schmitt trigger 179, the flip-flop 144 55 isolation while in the off condition. The other problem
and the AND gates 145 and 146 alternately excite the
is that direct impingement of light on the same semilight emitting diodes 150 and 152 in the devices 148
conductor material which is used to conduct the lowand 149, respectively, the light emitting diodes 240 in
level signal would very likely lead to thermal instabilitwo devices 235 may similarly be excited. In such an
ties causing electrical noise between the two drain/embodiment of the chopper 20', the output terminal 60 source contacts, thus limiting such a chopper assembly
238 from one photovoltaic isolation device 235 may be
to a range considerably above one microvolt in sensitivconnected directly to the gate contacts of the opposed
ity. In contradiction to these problems, the photovoltaiMOSFETs 41 and 43 and the output terminal 238 from
cally-driven MOSFET switch combination of FIG.
a second photovoltaic isolation device may be conXVIII would not be subject to these problems.
nected to the gate contacts of the opposed MOSFETs 65 Accordingly, it will be readily understood that the
42 and 44, while their negative output terminals 239
balanced bridge chopper of this invention and its parare attached to the common junction between resistors
ticular isolated connections to the square wave driving
155 and 156, without the need for the bulky, leakagecircuit may be fabricated in several different ways, and
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that other embodiments for forming the same function
said secondary windings, said cable means and said
may be interchanged without departing from the scope
balanced bridge chopper to the local ground.
of this invention. It will also be appreciated that the
4. A chopper circuit, as set forth in claim 2, wherein
doping types for the transistors and the diodes can be
said isolating means includes two optical isolation dereversed, i.d. p-semiconductor material may be substi- 5 vices each comprising a light source and output means
tuted for n-semiconductor material and vise versa with
responsive to light from said light source for establishsimilar results. It will further be appreciated that variing a D.C. voltage, and wherein said driving means
ous other detailed modifications and changes may be
includes means connecting said output means from one
made in the above-described principles of this invenoptical isolation device between said bridge input tertian without departing from the spirit and the scope of lO minals and the gates of one opposed pair of said MOSthe following claims.
FETs, means connecting said output means from the
What I claim is:
other optical isolation device between said bridge input
1. A chopper circuit for modulating a low-level signal
terminals and the gates of the other opposed pair of
from a source located adjacent a local ground which is
said MOSFETs, and means for alternately energizing
electrically displaced from a reference ground compris- 15 the light sources in said two optical isolation devices
ing, in combination, a balanced bridge chopper includwhereby such devices alternately generate sufficient
ing four normally-off MOSFETs with the source/drain
D.C. voltages for alternately turning on said pairs of
contact of a different MOSFET connected into each of
opposed MOSFETs connected to such devices.
four legs extending between four terminals to form a
5. A chopper circuit, as set forth in claim 4, wherein
square configuration, one pair of opposed terminals 20 said output means from each of said optical isolation
defining bridge input terminals and the other pair of
devices comprises a D.C. voltage source connected in
opposed terminals defining bridge outout terminals,
series with a photoconductor located adjacent the light
means for applying such low-level signal to said input
source for such device.
· Js ,.1or mo d u Jation,
·
h eat sm
· k means mountmg
·
6. A chopper circuit, as set forth in claim 4, wherein
t ermma
said input and output terminals and said MOSFETS, 25 said output means from each of said optical isolation
said heat sink means maintaining said terminals and
devices comprising a plurality of series connected photovoltaic diodes. . .
said MOSFETs at substantially the same temperature,
.
.
.
capacitive balancing means between at least one of said
7. A chop~er c_1rcm~, as set !orth i~ c)aim 6, whe~em
output terminals and the gates of the two adjacent
for ~ach opti~al i~olation_ d~vice? said light ~ource i~ a
.
,,
30 gallium arsemde light emittmg diode and said plurality
MOSFETs c Onnect e d t o sueh out put termma1 1or ca.
.
.
·r l b l ·
'd b 'd
h
£
of senes connected diodes are formed as a smgle plaplatct tvet· Y ada~c!ng sat . n ge. c opfpe~d• mMeOaSnFsETor
nar-silicon integrated circuit with said diodes located to
a erna 1ve1y nvmg opposmg pairs o sat
s
.
.
.
• •
· ·
h th t h'l
· f
• MOSFET
be simultaneous1y 111ummated by said light em1ttmg
s~c
a w 1 e one p~tr o opposmg .
s are
diode.
simultaneously conductmg the other pair are non-con- 35 8 . A chopper circuit, as set forth in claim 7, and
ducting whereby a square wave A.C. signal proporincluding a third tical isolation device similar to said
tional in magnitude to such low-level signal is applied
two optical isolation devices, means for continuously
!o sai~ brid~e output termina)s, and mea~s for conn~ctenergizing the light emitting diode in said third device,
mg said b~1dge output termmals to a s1~al receiver
and means connecting the output means from said third
)ocated adJa~ent the refe~ence gro~nd Without ch~g- 40 optical isolation device between said bridge input termg the magmtude of the signal applied to such receiver
minals and a common connection to the substrate of
by the displacement between the reference ground and
said four MOSFETs for back-biasing said substrates.
the local ground._
.
.
.
.
9. A chopper circuit, as set forth in claim 1, and
2. A chop~e~ ctrcutt, a~ set forth m claim 1, wherem
further including means mounting said heat sink means
MOSFET ~nvmg means mcludes a squar~ wa~e source 45 adjacent the low-level signal source for thermal conlocated adJacent a reference ground which_ 1~ spac~d
ductivity with such signal source.
from the local ground, and m~ans for dnvmg said
10. A chopper circuit, as set forth in claim 9, and
~OS~ETs from the outpu~ of s~1d sq~are ~ave source
further including two trimmer caoacitors, one conm~ludmg means for electn~ally 1solatmg said _balanced
nected between each of said bridge output terminals
bndge chopper from the direct output of _said square 50 and the local ground, said two trimmer capacitors rewave source whereby the output from said balanced
ducing the dominant frequency common-mode signal
bridge chopper is unaffected by the electrical ground
at said bridge output terminals.
displacement between said square wave source and
11. A chopper circuit, as set forth in claim 10, and
said balanced bridge chopper.
further including a balanced twin-tee low pass filter
3. A chopper circuit, as set forth in claim 2, wherein 55 having input and output terminals, said filter resonating
said isolating means includes a transformer having a
at the frequency of the dominant common-mode signal,
primary winding and two shielded center tapped seconand means connecting said filter input and output terdary windings, means applying the output of said
minals in series between the low-level signal source and
square wave source to said primary winding, shielded
said bridge input terminals, said heat sink means incable means connecting said secondary winding center 60 eluding means mounting said filter terminals.
taps to different ones of said bridge input terminals and
12. A chopper circuit, as set forth in claim 9, and
connecting the four ends of said secondary windings to
further including a balanced twin-tee low 0ass filter
different ones of the gates of the four MOSFETs with
having input and output terminals, said filter resonating
the ends of each secondary winding connected to the
at the frequency of the dominant commom-mode siggates of the two MOSFETs connected to the bridge 65 nal, and means connecting said filter input and output
input terminal connected to the center tap for such
terminals in series between the low-level signal source
secondary winding, a shield surrounding said balanced
and said bridge input terminals, said heat sink means
bridge chopper, and means connecting the shields for
including means mounting said filter terminals.

co
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connecting said transmission line shielding to the local
13. A chopper circuit, as set forth in claim 9, wherein
ground.
said means for connecting said bridge output terminals
15. A chopper circuit, as set forth in claim 1, wherein
to such receiver includes a locally grounded preamplisaid four MOSFETs and said capacitive balancing
fier having an input connected to said bridge output 5 means are formed as a single integrated circuit.
terminals and a balanced output connected to a
16. A chopper circuit, as set forth in claim 1, wherein
shielded coaxial cable transmission line, said transmissaid capacitive balancing means comprises a first capacitor connected between said one output terminal
sion line conducting the amplifier bridge output to such
and the gate of one adjacent MOSFET connected to
reference grounded receiver, and means connecting
1o said one output terminal, and a second capacitor consaid transmission line shielding to the local ground.
nected between said one output terminal and the gate
14. A chopper circuit, as set forth in claim 9, wherein
of the other adjacent MOSFET connected to said one
said means for connecting said bridge output terminals
output terminal, and wherein said four MOSFETs and
to such receiver includes a shielded coaxial cable transsaid first and second capacitors are formed as a single
mission line connecting said bridge output terminals to
15 integrated circuit.
such distant reference grounded receiver, and means
* * * * *
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