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ABSTRACT OF THE DISCLOSURE

Temperature compensation of diode function generat-
ing circuits wherein compensation is achieved by using a
semi-conducting junction device (e.g. silicon diode) hav-
ing temperature characteristics closely matching those of
the diode or diodes in the function generating circuits.
In one embodiment, a single compensating diode con-
nected to a reference voltage is used for a plurality of
function generating circuits.

This invention relates to the temperature compensating
of an electronic function generating circuit, as used for
example in analog computers.

An object of this invention is to provide a function
generating circuit which has a high degree of stability
in its characteristics over a wide temperature range.

A more specific object is to provide a diode function
generating circuit which is stable over a wide tempera-
ture range and which operates well from a relatively low
supply voltage.

A further object is to provide such a circuit which,
while temperature stable and suitable for low voltage,
low impedance operation, is nonetheless simple and inex-
pensive.

These and other objects will in part be understood from
and in part pointed out in the following description.

Various function generators are known in the art.
Among these is a diode circuit in which segments of the
forward conduction characteristic of a number of silicon
diodes are added together to generate a portion of a
square law function of an analog signal, for example.
Typically, a silicon dicde begins to conduct in the for-
ward direction above a threshold voltage of about 0.6
volt, thereafter the voltage drop across the diode stays
essentially constant at this value and the current through
the diode is almost entirely determined by the impedance
in the circuit external to the diode.

Because of the intrinsic characteristics of a silicon
diode, its threshold voltage shifts with temperature and
thus jts forward conduction characteristic is dependent
upon temperature. For many applications, such as signal
rectification, or circuit isolation, this temperature varia-
tion is no serious problem. But in computation, where ex-
treme accuracy is necessary, the temperature shift in the
conduction characteristic of a dicde is intolerable. Pre-
viously, this problem has been handled by placing the
diode or diodes of the function generator in a constant
temperature environment, such as an oven, or by using
high supply voltages (e.g. =100 volts) or both. The
present invention eliminates the need of a constant tem-
perature environment and also makes possible the use
of much lower voltages, and of low impedances.

The present invention is based upon the realization
that it is possible to compensate for the temperature shift
of the characteristics of each diode in a function genera-
tor by inserting in opposition to that diode a second diode
of similar characteristics. The second diode is uniquely
arranged in circuit so that the second diode always con-
ducts over the allowable current range of the circuit.
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Provided that the two diodes are conducting roughly
the same magnitude of current, the temperature sensi-
tivity of the composite circuit is improved by at least ten
to one over an uncompensated circuit.

In order to illustrate the simplicity and versatility of
the invention we show herein several different types of
uncompensated diode segment function generators, Cor-
responding to each of these we show a compensated cir-
cuit embodying the invention.

A better understanding of the invention, together with
a fuller appreciation of its advantages, will best be gained
from the following description given in connection with
the accompanying drawings wherein:

FIGURE 1 is a schematic circuit of an uncompensated,
shunt type diode segment generator,

FIGURE 2 is a circuit of an uncompensated, series
type generator,

FIGURE 3 is a circuit corresponding to that of FIG-
URE 1 but which is compensated in accordance with the
invention,

FIGURE 4 is a circuit corresponding to that of FIG-
URE 2, but which is compensated in accordance with
the invention, and

FIGURE 5 is a circuit of a square law diode function
generator embodying the invention.

The diode segment function generator 1¢ shown in
FIGURE 1 comprises an operational amplifier, generally
indicated at 12, which is known in the art, and which
has an output 14 and an input 16. Connected to input
16 is a segment circuit generally indicated at 18. There
may for example the a number of these circuits con-
nected to terminal 16, each segment circuit providing a
different segment portion of an over-all analog function.
Within each circuit is a resistor 20 which in turn is con-
nected via a resistor 22 to a single input terminal 24
common to all of the segment circuits. Shunting the
junction of resistors 20 and 22 to ground is a silicon diode
26 which is poled as shown. A bias current is drawn
through the diode by connecting to the upper end of
it a bias resistor 28 whose other end in turn is connected
to a negative reference voltage terminal 3% common to
all of the segment circuits 18. Current flows into terminal
16 from each segment circuit when the input signal
voltage at terminal 24 exceeds a positive value sufficient
to cause diode 26 to turn off. This value of signal voltage,
called the “breakpoint” for a circuit 18, is determined
by the negative reference voltage applied to terminal 30
multiplied by the ratio of resistor 22 to resistor 28.
Above the cut off point of diode 26, current to terminal
16 increases linearly with signal voltage at a rate deter-
mined by resistors 20, 22, and 28. A second circuit 18
can have a different “breakpoint” by changing the values
of its respective resistors 20, 22, and 28. The precise
value of cut off voltage for diode 24 varies as a function
of temperature, and this gives rise to errors in the
accuracy of function generator 10.

The circuit 40 of FIGURE 2 is similar to the one
shown in FIGURE 1. Similar elements have been given
the same reference numbers. Here, one or more diode cir-
cuits 42 are connected to terminal 16. Each circuit con-
tains in addition to resistors 28, 22, and 28, a silicon diode
44 in series with resistor 2¢ and poled as shown. Current
will flow into terminal 16 from a circuit 42 when the sig-
pal applied to terminal 24 reaches a p®sitive value deter-
mined by the reference voltage at terminal 30 multiplied
by the ratio of resistor 22 to resistor 28. In a circuit 42,
resistor 20 can be zero if desired.

FIGURES 3 and 4 show temperature compensated cir-
cuits corresponding respectively to the circuits of FIG-
URES 1 and 2. In each of the compensated circuits of
FIGURES 3 and 4, there is a silicon diode in series op-
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position to the uncompensated diode of FIGURES 1 and
2. The compensating diodes of FIGURES 3 and 4 are
biased so that they conduct in the forward direction over
the allowable range of input signal voltages for the cir-
cuits. Further, the bias currents through the compensating
diodes are adjusted so that these currents are not vastly
different from the currents fiowing through the uncom-
pensated diodes. The current through a compensating di-
ode may for example be ten times greater than the current
through the uncompensated diode of a circuit of FIG-
URES 1 and 2, and yet an improvement of at least ten to
one in the temperature stability of the circuit is obtained.

In FIGURE 3, the function generator 50 contains one
or more compensated diode circuits 52. Each contzins in
addition to the elements of a circuit 18 in FIGURE 1,
a compensating silicon diode 54 in series with diode 26
but poled in the opposite direction. Diode 54 is connected
through a resistor 56 to a positive bias or reference volt-
age terminal 58. Current flows down through diode 54
over the allowable range of operation of circuit 52.

FIGURE 4 shows a generator 66 in which one or more
compensated, series type segment generators 62 are con-
nected to input 16 of amplifier 12. Elements in generator
60 corresponding to those in generator 40 have been
given the same reference numbers. The temperature shift
in the characteristics of series diode 44 is compensated
for by an oppositely poled silicon diode 64 in series with
signal input 24 and an oppositely poled silicon diode €8
in series with bias terminal 30. Diode 64 is shunted for
A.C. by a capacitor 68. In order to minimize variation
of input capacity at terminal 24 when diode 44 ceases
to conduct there is connected between its anode and
ground a similar diode 70 which is biased so that when
diode 44 ceases to conduct diode 7¢ begins to conduct,
and vice versa. A constant bias current is applied to the
common connection of diodes 44 and 78 via a reference
current terminal 72 from a constant current source gen-
erally indicated at 74.

FIGURE 5 shows a square-law function generator 80
in which a number of diode circuits 82 (for example,
ten) are connected in parallel to the input 16 of an am-
plifier 12. Each circuit, by choosing appropriate values
for its respective resistors, has a different “breakpoint”
and rate of current flow so that a square-law analog func-
tion is closely approximated by the over-all combination.
Within each circuit 82 is a series dicde 84 which is con-
nected to a bus 85 in turn connected to terminal 16.
Diode 84 corresponds, for example, to diode 44 in FIG-
URE 4. Connected between the anode of diode 84 and a
ground bus 86 is an impedance compensating diode 88.
To the left of diode 84 is an input resistor 90 which is
connected to a signal bus 92, and a bias resistor 94 which
is connected to a voltage bus 95. The latter is connected
through a single diode 96 to a negative reference voltage
terminal 98. This single diode, which is poled as shown,
serves as part of the temperature compensating arrange-
ment for each and every one of circuits 82.

Signal bus 92 is connected through two diodes 184 and
101 in series to an intermediate input lead 162. The
latter is connected through a diode 164 to a first signal
input terminal 106 and through a diode 168 to a second
signal input terminal 110. This comprises an arrangement
for selecting whichever input signal is more positive and
for applying it through diodes 16€ and 101 to bus 92.
In order to keep diodes 106 and 181 conducting, a con-
stant current is drawn from lead 162 at a terminal 112
by a constant current sink, and a constant current is ap-
plied to the anode of diode 180 at a terminal 114 from
2 constant current source. Diodes 100 and 181 are shunt-
ed to A.C. by a capacitor 116.

Current which flows to the right through diode 84 is
equal to the current to the right through resistor 9§ minus
the current flowing to the left through resistor 94. Now,
by virtue of two diodes 100 and 181 in opposition to
diodes 104 and 84 in one current path, and diodes 100
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and 161 in opposition to diodes 104 and 96 in another
current path, the current applied to bus 85 from a circuit
82 is effectively independent of the voltage drop across
any diode. Thus temperature compensation in generator
89, which has a plurality of diode circuits 82, and a se-
lector-type of input, is achieved with only the three diodes
96, 108, and 161.

The above description is intended in illustration and
not in limitation of the invention. Various modifications
in the embodiments set forth may occur to those skilled
in the art, and these modifications may be made without
departing from the spirit or scope of the invention as set
forth.

We claim:

1. An improved function generator comprising a sum-
ming point terminal, and at least one diode segment circuit
connected to said terminal, each circuit including a series
silicon diode poled for current flow in the forward direc-
tion to said terminal, an input terminal, means including
an oppositely poled diode connected in series with said
series silicon diode and said input terminal, and bias
means connected to said circuit to maintain said oppo-
sitely poled diode conducting over an allowable range
of operation, said bias means including a comstant cur-
rent source connected to the anode of said series silicon
diode, and a bias resistor and an oppositely poled diode
conmected in series with the anode of said series silicon
diode and a reference voltage terminal.

2. A temperature compensated function generator com-
prising a summing point, an intermediate point, an input
terminal, a silicon function diode and a resistor connected
in series between said summing point and said interme-
diate point, a first compensating diode and a resistor con-
necied in series between said input terminal and said
intermediate point, said function diode and said first com-
pensating diode being oppositely poled, a reference volt-
age terminal, a second compensating dicde and a resistor
connected in series between said reference terminal and
said intermediate point, and means to apply constant cur-
rent to the junction of said first compensating diode and
resistor.

3. A temperature compensated diode function genera-
tor comprising amplifier means, an input terminal and a
ground, series resistor means having two end points and
an intermediate point, one end point being connected to
said terminal, the other end point being connected to
said amplifier means, a silicon function diode, silicon
semi-conducting junction means in series with said diode
and poled for conduction in the opposite direction, said
diode and junction means being in series to ground from
said intermediate point along said resistor means, and bias
means for maintaining said junction means in the con-
ducting state over the allowable range of operation of
said generator.

4. The arrangement in claim 3 wherein said junction
means comprises a single silicon diode in series with said
function diode and oppositely poled relative thereto, one
terminal of said silicon diode being connected to ground,
the other terminal being connected to said function diode
and to said bias means. :

5. An improved function generator comprising input
means to apply an input signal to a plurality of segment
circuits, a2 summing point output terminal, a plurality of
diode segment circuits connected between said terminal
and said input means, each circuit respectively including
an silicon function diode, an input signal resistor and a
bias resistor, said signal resistor and function diode being
connected between said input means and said summing
point terminal, each circuit having a respective breakpoint,
the respective bias resistor of each circuit being connected
between its respective function diode and a common ref-
erence bus, a single temperature compensating diode con-

" nected between said bus and a reference voltage terminal,

and means to apply an input signal to all of said segment
circuits.
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6. The generator in claim 5 wherein said input means
to apply an input signal comprises a pair of input signal
terminals, a first selector diode conmecting one of said
signal terminals to an intermediate point, a second selector
diode connecting another of said signal terminals to said
point, a pair of temperature compensating diodes in series
and oppositely poled relative to said first and second se-
lector diodes, said temperature compensating diodes being
connected between said point and each input signal re-
sistor of said segment circuits, and means to current bias
said pair of compensating diodes.

7. The arrangement in claim 5 wherein in each segment
circuit there is a dynamic impedance compensating diode
connected to a point between said silicon diode and signal

6

tesistor, the other end of said impedance diode being
grounded.
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