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ABSTRACT OF THE DISCLOSURE

In many situations where a varying electrical signal is
used for such things as monitoring the operation of
several systems, providing input information for digital
computers, high-speed communication and the like, multi-
plexing is used to save equipment. I n such systems, circuits
which periodically sample the varying signals and hold the
sample until the next sampling is made are important.
This invention is one such circuit. It comprises two pairs
of differentially connected amplifiers arranged so that one
pair compensates for drift produced in the other pair.
A constant current power supply for one pair of differ-
ential amplifiers aids in stabilization. The output comprises
push-pull valves with means for limiting the quiescent
current through them to improve the overall efficiency of
the circuit. Field effect transistors are used to provide
large time consiants where needed.

e ——— T ————

This invention relates to sampling and holding circuits,
and more particularly to circuits for sampling individual
analog signals and holding them at the sampled level for
a comparatively long interval of time.

In many systems which use analog signals for their
operation, one primary example being the various simula-
tors for training persons in the operation and control of
aircraft, ships, and other vehicles and machines, newer
techniques involve performing the necessary operations
on information by digital means. Since the information
often originates as analog information and is used as
analog information, converters for converting the infor-
mation, between the analog and the digital systems are
needed. A single digital computer (actually, digital in-
formation processor would be a better term) can manipu-
late information from many sources in very short time
intervals. Analog information from training devices does
not usually vary at a rapid rate, but the instruments and
other equipment controlled by the analog information
may have low inertia and virtually no storage facilities.
This means that the information coming from the digital
information processor and the digital-to-analog converter
must be directed to the proper instrument and then stored
at that level until the next time the same information is
available from the converter. To illustrate, in a radar
simulator many targets may be shown on the simulated
radar screen. Each target requires its own information
which locates its position on the screen and the manner
in which it is moving. As conditions being simulated
change, the information shown on the radar screen must
also change. These changes occur at comparatively slow
rates. Therefore, if a single digital information processor
and d-a converter is used to process information from the
radar targets and also from many similar devices, the
over-all switching or multiplexing cycle may be quite long,
A circuit for each radar target must be provided between
the d-a converter and the radar simulator to receive the
information specific to each target at the appropriate
tmes and store that information iwth little change in
value until it again receives new information about the
same target. Of course, the above illustration is only that—
an example of one type of system in which the circuit
of this invention may be used.
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. It is an object of this invention to provide a new and
improved circuit for the sampling and holding of analog
information.

It is another object of this invention to provide a new
an.d'improved circuit for use in analog systems for re-
ceiving and storing on command analog data at prescribed
intervals.

It is a further object of this invention to provide a
simple and inexpensive circuit module which is suitable
for use in many different situations in which analog in-
formation is to be received and stored for a finite interval
of time.

It is still another object of this invention to provide a
solid state circuit which is useable in a large number of
situations, with little or no change, for the storage of
electrical potentials for a prescribed interval of time.

It is still a further object of this invention to provide
a new and improved circuit which is virtually free from
potential drift with time and which provides a very stable
and inexpensive as well as rugged means for sampling
and storing electrical potentials.

Other objects and advantages of this invention will
become more apparent as the following description pro-
ceeds, which description should be considered together
with the accompanying drawings in which:

FIG. 1 is a block diagram of the sample and hold cir-
cuit of this invention, and

FIG. 2 is a schematic circuit diagram of the circuit of
FIG. 1,

Referring now to the drawings in detail, the reference
character 11 designates a pair of signal input terminals,
one of which is grounded. The ungrounded terminal 11
is connected to the input of an electronic sampling switch
12. A series of control pulses G for the sampling switch
12 are applied to control input terminal 13, which is con-
nected to a gate 18. The output from the gate 18 controls
the switching circuit 12 to permit input signals A from the
terminals 11 to be applied to one side of a storage capaci-
tor 14, the other side of which is grounded. An amplifier
15 having a feedback path 16 has its signal input con-
nected across the capacitor 14 and supplies an output
signal O to a pair of output terminals 17, one of which
is grounded.

In operation, the analog signals, shown at A, are ap-
plied to the input terminals 11. These analog signals may
vary rapidly, but they usually vary at a relatively slow
rate and they may be interrupted in nature. Thus, assum-
ing that the input terminals 11 receivé signals from a
single digital-to-analog converter which is, in torn, sup-
plied from a single digital information processor, the
information output from the d-a converter relates to a
single analog device for only a short tirhe interval. Then,
the output of the d-a converter switches to information
which relates to another analog device. The digital proc-
essor and the d-a converter are multiplexed to handle the
information from and to a large number of analog devices
in a given interval of time. The output ftom the d-a con-
verter, which is being used here as an exdample of an input
device for the circuit of this invention, is directly con-
nected to the input terminals 11. Assuriing that a large
number of devices shown in FIG. 1 would be used in a
single system, the input terminals 11 of dll of them would
be connected together and to the outplit from the d-a
converter. Electronic sampling switch 12 is normally
opened but is closed by the application 6f a control pulse
from the gate 18. When a control pulse is applied to the
control input terminal 13, the sampling switch 12 closes
to permit the electrical potential applied at that time to
the input terminals 11 to be applied across the capacitor
14. When the control pulse on terminal 13 decays, sam-
pling switch 12 opens and disconnects the capacitor 14
from the input. Thus, the amplifier 15 i$ left as the single
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device which is connected across the capacitor 14. The
input impedance of the amplifier 15 must be of a value
such that the combination of the size of the capacitor 14,
the amplifier 15 input impedance, and sampling switch
12 open circuit impedance will maintain the charge on the
capacitor 14 within the desired limits during the time
when the sampling switch 12 is open. When sampling
switch 12 closes again, the capacitor 14 will charge to the
potential then existing at the input terminals 11. In addi-
tion to the input impedance requirements of the amplifier
15, it must be virtually drift-free. A feedback path 16
across the amplifier 15 is provided to set the closed loop
gain of the amplifier precisely. At the output terminals 17,
an amplified version of the input signal appears and is
connected to the device which uses that signal.

One circuit which has been constructed to accomplish
the results mentioned above for the system of FIG. 1 is
shown in detail in FIG. 2. The same reference characters
in both figures designate the same elements. Input
terminals 11, shown in FIG. 2 on the left, are connected
to ground and to the source electrode of a field effect
transistor 21. The transistor 21 comprises the electronic
sampling switch 12 of FIG. 1. The drain electrode of the
transistor 21 is connected to one side of the storage capaci-
tor 14, the other side of which is connected to ground.
The gate electrode of the transistor 21 is connected
through a stabilizing resistor 22 to the input terminal 11
and through a diode 23 to the collector electrode of a tran-
sistor 18. The collector electrode of the transistor 18
is connected through a load resistor 19 to a source of
12 volts, and the emitter electrode of the same tran-
sistor is connected to —12 volts. The base electrode of the
transistor 18 is connected through a resistor 10 to the
control input terminal 13 and through a resistor 20 to a
source 39 of —75 volts, The ungrounded side of the
capacitor 14 is also connected to the gate electrode of
a field effect transistor 24 which comprises one side of
a diflerentially connected amplifier, the other side of
which is a similar field effect transistor 25. The source
electrodes of the two transistors 24 and 25 are connected
to opposite sides of a variable resistor 28 having a sliding
contact 29. The contact 29 is connected to the collector
electrode of a transistor 31, the emitter electrode of which
is connected to a resistor 35 and a Zener diode 33 to the
positive side of a source 32 of 12 volts DC, the negtive
side of which is connected through a resistor 34 to the
other side of the diode 33. The base electrode of the tran-
sistor 36 is supplied with a constant positive potential
from the source 32 through the slide contact of a potenti-
ometer 36 and across the Zener diode 33 which acts as
a voltage regulator.

The drain electrodes of the two transistors 24 and 25
are connected together through resistors 26 and 27, one
side of resistor 26 being connected to the drain electrode
of transistor 24, one side of the resistor 27 being con-
nected to the drain electrode of the transistor 25, and the
other sides of the resistors 26 and 27 being connected
together and to the negative side of a source 40 of 20 volts
DC. The output from the transistor 24 is taken from the
one side of the resistor 26 and is applied to the base
electrode of a transistor 41, and the output from transistor
25 is taken from the one side of the resistor 27 and is
applied to the base electrode of a transistor 42. Transistors
41 and 42 form a differentially connected amplifier with
the emitter electrodes of each of the two transistors con-
nected to one side of each of two resistors 43 and 44,
respectively, the other sides of which are connected to-
gether and through the potentiometer 36 and resistors
37 and 38 to the positive terminal of the source 32. The
collector electrode of the transistor 41 is connected to
one side of a resistor 45, and the collector electrode of
the transistor 42 is connected through a Zener diode 46
to one side of a resistor 47. The other sides of the re-
sistors 45 and 47 are connected together and to the nega-
tive side of the source 39 or 75 volts DC. The single out-
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put from the differentially connected amplifier is taken
from the junction of the Zener diode 46 and the resistor
47 and is applied to the input of a phase splitter which
comprises transistor 51. The phase splitter 51 supplies the
base electrodes of the transistors 52 and 53 which form
a push-pull output amplifier. The collector electrode of
the transistor 51 is connected through a load resistor 57
to the positive side of the source 39 of 75 volts DC, and
the emitter electrode of the same transistor is connected
through a Zener diode and a load resistor 54 to the nega-
tive side of the source 39. The junction of the collector
electrode of the transistor 51 and the resistor 57 is con-
nected across a diode 59 to the base electrode of the
transistor 53, and the junction of the diode and the re-
sistor 54 is connected to the base electrode of the tran-
sistor 52. The emitter electrode of transistor 53 is con-
nected to the collector electrode of the transistor 52, and
to the ungrounded output terminal 17. The emitter elec-
trode of the transistor 52 is connected through a resistor
55 and a diode 56 to the negative side of the source 39.
In addition, two feedback paths are provided from the
ungrounded output terminal 17. One feedback path com-
prises a capacitor 61 and a resistor 62 and is connected
to the base electrode of the phase splitter transistor 51,
and the other path comprises a line 63 and a potentiometer
65 and is connected to the gate electrode of the field
effect transistor 25 in the first differential amplifier.
The circuit of FIG. 2 has been designed to accomplish
the objects outlined above. Amplification in the over-all
circuit may be in the order of a gain of ten. The input
potentials range between =5 volts DC. The output po-
tentials will then range from 0 volts DC to about =50
volts DC, or that potential which is required to estab-
lish full scale in the devices driven by the circuit. Con-
sidering the example mentioned above of a system in
which information is procesed in digital form and is then
converted into analog form for application to the equip-
ment which utilizes it, a digital word may comprise 10
binary bits. Thus, the input variation in potential, =5
volts, is represented by 1024 units. Each bit represents
about ten millivolts. Therefore, to maintain the accuracy
of the system, there should be a drift in the system of
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is designed to hold a value for an interval of about one
second. With slight modifications, this time can easily
be doubled. Therefore, during the one second that the
value is held, it should change by less than five milli-
volts. The storage capacitor 14 may have, for example,
a value of about 0.1 microfarad. A field effect transistor
21 was chosen as the electron switch because of the high
“off” impedance which it exhibits and the fact that it
has virtually no saturation voltage drop. However, when
it is conducting, the transistor 21 has an impedance of
about 1500 ohms. This determines the input charging
rate. The time required to charge the capacitor 14 of
about 0.1 mf. through the transistor 21 to achieve a
charge on capacitor of 0.9995 E;, is about eight times
the time constant of capacitor 14 and transistor 21. This
corresponds to a change in the output of about 100 volts
with an error of about 50 millivolts, or the equivalent
of one-half bit on the input. Thus, with a capacitor of
0.1x10-6 £, and a charging impedance of 1500 ohms,
the time constant is 150X 10—% seconds, or 150 micro-
seconds. Since it takes about eight to ten times this time
to fully charge the capacitor 14, the minimum conduc-
tive time for FET 21 should be in the order of 1500
microseconds. When the transistor 21 is switched “off”;
that is, nonconducting, the capacitor 14 tends to dis-
charge through the transistor 24, resistor 26, and tran-
sistor 21. Field effect transistors maintain this discharge
time at a maximum.

Once the capacitor 14 is charged with the input signal
and the switch transistor 21 stops conducting, the poten-
tial across the capacitor 14 is applied to the gate elec-
trode of the field effect transistor (FET) 24. The amount
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of current flowing through this transistor and through
its load resistor 26 depends primarily upon the effective
conductance of the transistor 24 which is controlled by
the amplitude of the input signal applied to the gate
electrode. Transistor 31, through which the load current
of FET’s 24 and 25 must pass, is connected as a con-
stant current device with its base electrode connected
to the fixed potential developed across a portion of the
potentiometer 36 by the current flowing from the 12 volt
source 32. With the voltage of the base electrode relatively
fixed, the current through the emitter-collector path of
the transistor 31 does not change. This limits the amount
of current supplied to the two FET’s 24 and 25. When
the voltage applied to the gate electrode of the FET 24
increases, the current flowing through the FET 24 in-
creases. This decreases the current available to flow from
the transistor 31 through the FET 25. Thus, an effect
on FET 24 produces an opposite effect upon FET 25.
The voltage applied to the gate electrode of FET 24 is
determined by the charge on the storage capacitor 14.
The voltage applied to the gate electrode of the FET 25
is determined by the amplitude of the output signal at
terminals 17. Each FET 24 and 25 has its own output,
The output from FET 24 is applied to the base electrode
of transistor 41 and the output from FET 25 is applied
to the base electrode of the transistor 42. Thus, as the
voltage across the storage capacitor goes up, the voltage
applied to the base of transistor 42 goes up and the
voltage applied to the base electrode of the transistor
41 goes down. Although the transistors 41 and 42 are
differentially connected, an output is taken from only
transistor 42 across the resistor 47.

The differentially connected amplifier comprising tran-
sistors 41 and 42, the constant current device 31, the
feedback path from the commonly connected emitter
electrodes of the transistors 41 and 42 to the 12 volt
source 32, and the use of a Zener diode 33 across the
12 volt source 32, all contribute to reduce the drift in
the amplifier, and in particular, to reduce the thermal
drifts in the direct coupled amplifier stages. The Zener
diode 33 is connected across the 12 volt source 32 and
tends to compensate for changes in the potential across
the base to emitter terminals of tramsistor 31 due to
temperature variations. The use of a potentiometer 36
to apply the potential to the base electrode of the con-
stant current device transistor 31 also permits variation
in the applied potential to help compensate for drift
which occurs over a long interval of time due to aging
and the like. Using a common supply path, which incor-
porates series resistors 34 and 35 to supply power for
the FET’s 24 and 25 and resistors 36 and 38 to provide
power for the transistors 41 and 42, provides a negative
feedback path which tends to compensate for drift in
the common mode. Further, using a pair of transistors
41 and 42 differentially connected belt taking an output
from only one of the tramsistors 42 provides a drift
corrector in transistor 41. The gain of the transistors
41 and 42 lies in the base-colléctor path. The base-
emitter path usually has a maximum gain of unity. Thus,
the feedback introduced by the variations in current flow-
ing through the transistor 41, due to changes in the
charge in capacitor 14, does not nullify the gain of the
transistor 42. The feedback is in the base-emitter path
of the transistor 41 while the output is taken from the
collector of the transistor 42,

The single output from the transistor 42 is taken across
the load resistor 47 and is applied to the base electrode
of the transistor 51. Transistor 51 has two outputs, a
high gain output from its collector electrode across load
resistor 57 which is applied to the base electrode of the
transistor 53, and a low gain output taken from its
emitter across load resistor 54 and applied to the base
electrode of the transistor 52. The output from the tran-
sistor 53 is taken from its emitter electrode and is, there-
fore, of approximately unity gain, whereas the output
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from transistor 53 is taken from its collector and is high
gain. Thus, the over-all effect of the three transistors 51,
52 and 53 is to provide a two-stage amplifier with a
phase splitter and the same over-all gain from both sides
at the output at terminals 17. The voltage at the output
terminals 17 is fed back through line 63, and potentiom-
eter 65 to establish a potential on the gate electrode of
the transistor 25. Thus, when the system has stabilized
with a fixed potential across the storage capacitor 14,
the potentiometers 65 and 28 can be adjusted so that the
current flowing through the FET’s 24 and 25 are equal.
From this starting point, any change in the potential ap-
plied to the gate electrode of FET 24 by the capacitor
14 will change the flow of current through the FET 24
and one side of the potentiometer 28. Since a limited and
constant amount of current is available for the poten-
tiometer 28, when the current flow through FET 24
changes in one direction, the current flow through the
FET 25 must change in the other direction. The change
in the current flowing through FET 25 is then transferred
to the base electrode of the transistor 42 where it is am-
plified and is then applied to the output circuit at the
base of transistor 51. Drift in the differentially connected
circuit comprising transistors 41 and 42 affects both of
the transistors in the same manner. Therefore, when the
current through the transistor 42 is increased due to tem-
perature changes, for example, the current flowing
through the transistor 41 increases in the same manner
and by the same amount. This increase in current flow
tends to reduce the potential applied across the transis-
tors 41 and 42 due to the increased potential drops pro-
duced in resistors 37 and 38 and in potentiometer 36.
Thus, the compensation is twice that which it would be
if a single amplifier stage were used.

The above described device provides a rugged means
for sampling a voltage which exists on a line for short
intervals of time by opening the input to the device on
command. The sampled signal is used to charge the ca-
pacitor 14 through the switch 12. The potential across
the capacitor 14 then controls the conduction through
one side of a differentially connected amplifier to pro-
duce an amplified output which is proportional to the
sampled potential. Drift is reduced by the use of dif-
ferentially connected amplifiers in which one side tends
to compensate for drift changes in the other and by
means of feedback circuits. The use of field effect tran-
sistors 24 and 25 provides a high impedance device
which reduces the amount of drain on the capacitor 14
to the point where the loss of potential between sam-
pling cycles is within the desired tolerances. The device
of this invention also provides gain sufficient to operate
other apparatus without the intervention of additional
amplifiers. It is realized that the above specification may
indicate to others in the art additional ways in which
the principles of this invention may be used without de-
parting from the spirit of this invention. It is, there-
fore, intended that this invention be limited only by the
scope of the appended claims.

What is claimed is:

1. A system for sampling an electrical signal and hold-
ing said signal for future use, said system comprising:

(a) an electrical switch means having an information
input, an information output and a control input;

(b) means for applying a signal to be sampled to said
information input and for applying control signals
to said control input, said switch means being en-
abled to pass information from said information
input to said information output under the control
of said control signals;

(c) an information storage device connected to said
information output to receive information passing
through said switch means, said storage device being
of such a capacity that it is filled to the extent of
the input information available during the time that
said control signals cause said switch means to pass
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information from its information input to its infor-
mation output so that the information stored in said
storage device trully represents the information ap-
plied to said information input;

(d) a first differential amplifier comprising a first and
a second amplifying stage connected to provide at
an output the difference between information ap-
plied to two inputs; means for connecting said stor-
age device to the input of said first amplifying stage,
said first amplifying stage having an impedance such
that the information stored in said storage device
does not appreciably leak through said first ampli-
fying stage during such times that said switch is
disabled, and means for connecting the input to said
second amplifying stage to the output of said system
so that information appearing at said system output
is fed back and compared with the information in
said storage device; and

(e) each of said first and second amplifying stages
having a main conductive path, means for connect-
ing said main conductive paths of said first and sec-
ond amplifying stages together and in parallel; a
source of electrical energy for energizing said first
and second amplifying stages; and a constant cur-
rent device in series with said source of electrical
energy and the parallel main conductive paths of
said first and second amplifying devices so that the
total amount of current supplied to the parallel
paths is relatively constant and is shared by said first
and second paths.

2. The system defined in claim 1 further comprising:

(a) a second differentially connected amplifier;

(b) said second differentially connected amplifier com-
prising a third amplifying stage and a fourth am-
plifying stage, each of said third and fourth stages
having an input, an output and a main conduc-
tive path;

(c) means for connecting the main conductive paths
of said third and fourth stages together in parallel
through similar resistors;

(d) means for applying said source of electrical en~
ergy to said commonly connected main conduction
paths of said third and fourth stages;

(e) means for connecting the input of said third stage
to the output of said first stage, and means for con-
necting the input of said fourth stage to the output
of said second stage;

(f) and means for taking an output from said fourth
stage only.

3. The system defined in claim 2 further including:

(a) an output amplifier comprising a phase splitter
stage, a first output stage, and a second output stage;

(b) said phase splitter stage comprising a pair of out-
put electrodes and an input electrode, means for
connecting said input electrode to the output from
said fourth stage;

(c) each of said first and second output stages com-
prising at least an output electrode and an input
electrode;

(d) means for connecting one of said output elec-
trodes of said phase splitter to the input electrode of
said first output stage, means for comnecting the
other output electrode of said phase splitter to the
input electrode of said second output stage, and
means for connecting the output of said system to
the output electrodes of said first and second output
stages.

4, The system defined in claim 3 further including:

(a) a feedback path connected between the output of
said system and the input of said second stage;

(b) said feedback path including a variable impedance
for adjusting the amount of energy applied from
said system output to the gate electrode of said sec-
ond stage.
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5. The system defined in claim 1 wherein said elec-

tronic switching means comprises a field effect transistor
having a source electrode, a drain electrode and a gate
electrode, and means for biasing said gate electrode to
maintain said field effect transistor normally nonconduct-
ing whereby an electrical signal applied to said informa-
tion input is transferred to said capacitor only upon
command.

6. A sample and hold circuit comprising:

(a) an electronic switch comprising an input, an out-
put and a control terminal, means for connecting
said input to a source of information to be sampled,
means for applying electrical control signals to said
control terminal; said switch establishing a direct
connection between said input and said output under
the control of the control signals applied to said
control terminal;

(b) an information storage device connected to the
output from said switch, said storage device having
a storage capacity such that during the times that
said switch is conductive said storage device is filled
to the extent possible by the information available
at the input;

(c) a first differential amplifier comprising a first
amplifier stage and a second amplifier stage, each of
said first and second stages having an input, an out-
put, and a main conductive path, means for connect-
ing said storage device to the input of said first stage
so that the information stored in said storage device
controls the conduction through the main conduc-
tive path of said first stage;

(d) a constant current device, means for connecting
together in parallel the main conductive paths of
said first and second stages, means for connecting
the parallel connected main conductive paths of said
first and second stages in series with said constant
current device so that the output from said constant
current device is divided between the conductive
paths of said first and second stages;

(e) a second differential amplifier comprising third
and fourth amplifier stages, each of said third and
fourth stages including an input, an output and a
main conductive path, means for connecting the input
of said third stage to the output from said first stage;
means for connecting the input of said fourth stage
to the output from said second stage; means for
connecting the main conductive paths of said third
and fourth stages together and in parallel; and means
for connecting the parallel arrangement of the third
and fourth stages conductive paths to said source
of electrical energy so that the current drawn by the
said third and fourth conductive paths determines
the potential applied to said constant current device
from said source of energy;

(f) a phase splitter, means for connecting the input
to said phase splitter to the output from said fourth
stage;

(g) a pair of output stages connected as a push-pull
circuit with the inputs to the pair of output stages
being taken from the two sides of said phase splitter,
means in said push-pull circuit to equalize the
quiescent currents flowing therethrough, and means
for taking the output of the system from said push-
pull circuit; and

(h) a feedback path connected from the output of the
system to the input to said second stage, whereby
the information stored in said storage device deter-
mines the current flowing through said second stage,
which in turn determines the current flowing
through said second stage, the current flowing
through said third and fourth stages further deter-
mining the current flowing through said constant
current device which determines the sum of the cur-
rents flowing through said first and second stages,
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