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VARIABLE GAIN DIFFERENTIAL
AMPLIFIER CIRCUIT

BACKGROUND

1. Field of the Invention

This invention relates generally to the field of differential
amplifiers. More particularly, this invention relates to a
differential amplifier circuit and has variable gain.

2. Background of the Invention

Professional audio equipment frequently utilizes differ-
ential line input stages. Differential amplifiers used in these
applications frequently require a wide range (e.g. 30 db) of
variable gain with an acceptably low input impedance (for
good noise performance) and an acceptably high value of
common mode rejection (e.g. >35 db). FIG. 1 illustrates a
conventional design for such an amplifier stage.

In FIG. 1, input signals V , and V are applied to resistors
10 and 12 respectively which are connected to the inverting
and non-inverting inputs of an operational amplifier 16. A
fixed amount of differential gain is provided according to the
values of resistors 10 and 12 in cooperation with resistor 20
and feedback resistor 22 in a known manner. The fixed input
stage of amplification provided by amplifier 16 permits the
designer to design the circuit for suitably low impedance and
high common mode rejection. The output of amplifier 16 is
provided to a single ended gain stage through a resistive
divider made up of resistors 26 and 30 to the non-inverting
input of a second amplifier 34. Negative feedback is pro-
vided through resistor 38 to the inverting input of amplifier
34. The gain of amplifier 34 is adjustable via a potentiometer
40 which is in series with a resistor 42 and connected
between the inverting input of amplifier 34 and ground. The
value of resistor 42 limits the maximum gain of amplifier 34
to a predetermined value. The sum of resistor 42 and the full
value of potentiometer 40 establish the minimum gain of
amplifier 34.

The circuit of FIG. 1, and similar circuits which use
multiple operational amplifiers (often three or more are
used) provide very high performance and maximum control
of all parameters associated with the differential amplifier.
However, it is often desirable to reduce the number of
amplifier stages and associated components in order to
increase reliability, reduce size and reduce cost. Several
circuits have been proposed to accomplish this purpose. The
circuit of FIG. 2, for example, uses a single operational
amplifier 50 as an input stage and variable gain stage.
Voltage inputs V , and V, are provided to resistors 60 and 64
which are respectively coupled to the inverting and non-
inverting inputs of amplifier 50. The gain of this arrange-
ment is established by a network of 5 resistors. 66, 68, 70,
72 and 74 along with a potentiometer 78. Negative feedback
is ultimately provided through resistor 66 while positive
feedback is provided through resistor 72. Due to the pres-
ence of positive feedback, the circuit of FIG. 2 has the
potential of instability which cannot be tolerated in some
high performance audio applications.

Another single amplifier arrangement is shown in FIG. 3
with V, and V, again provided through resistors 80 and 82
to the inverting and non-inverting inputs of amplifier 86.
Negative feedback is provided through a pair of feedback
resistors 90 and 92 with a potentiometer 94 in series with a
resistor 96 connecting the junction of resistors 90 and 92 to
ground. Resistor 98 connects between the non-inverting
input and ground. This circuit meets many of the needs
outlined above except that the input impedance of the circuit
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2

must be relatively high in order to achieve a minimum gain
value in the range of —10 db.

Another common circuit for providing a single amplifier
variable differential amplifier is shown in FIG. 4. In this
circuit signals V, and V are provided through resistors 102
and 104 to the inverting and non-inverting input terminals of
amplifier 108. The non-inverting terminal is also connected
through resistor 110 to ground. A potentiometer 114 is
connected from output to inverting input to provide variable
negative feedback. While this circuit is simple in design and
has a stable input impedance, the common mode rejection
ratio (CMRR) varies widely with the gain selected by
adjustment of potentiometer 114. In many cases the CMRR
can become extremely low (e.g. less than 10 db) which can
contribute to audible noise in an audio environment.

Accordingly, it is desirable to provide a differential ampli-
fier which overcomes the shortcomings of the circuits of
FIGS. 1 through 4.

SUMMARY OF THE INVENTION

It is an object of the present invention to provide a
variable gain differential amplifier which utilizes a single
operational amplifier.

It is an advantage that the circuit of the present invention
has relatively low input impedance with good common
mode rejection, wide range of gain and has a low part count
and low cost.

These and other objects, advantages and features of the
invention will become apparent to those skilled in the art
upon consideration of the following description of the
invention.

The present invention provides a variable gain differential
amplifier using a single operational amplifier. A potentiom-
eter is used in the negative feedback loop with one end
connected to ground through a resistor which limits the
maximum gain. The other end is connected to the output and
the wiper is connected through a minimum gain limiting
resistor to the inverting terminal. This provides an amplifier
with good CMRR, relatively low input impedance, wide
gain control and variability with a single operational ampli-
fier.

In one embodiment of the present invention, a differential
amplifier circuit with variable gain, includes an operational
amplifier having an inverting input, a noninverting input and
an output. A pair of input resistors R, and R; each having a
first terminal respectively is connected to the inverting input
and the non-inverting input, and each having a second
terminal for receiving a differential input signal. A resistor
R, is connected from the non-inverting terminal to a point of
AC ground. A potentiometer having a wiper, a first end and
a second end, the second end conmected to the output is
provided with a resistor R,, connected between the first end
of the potentiometer and the output. A resistor Ry is con-
nected between the wiper of the potentiometer and the
inverting terminal of the operational amplifier. Preferably, a
resistor Ry is connected from the wiper to the output.

The features of the invention believed to be novel are set
forth with particularity in the appended claims. The inven-
tion itself however, both as to organization and method of
operation, together with further objects and advantages
thereof, may be best understood by reference to the follow-
ing description taken in conjunction with the accompanying
drawing,.

BRIEF DESCRIPTION OF THE DRAWING

FIG. 1 is a schematic of a conventional two amplifier
differential input amplifier with variable gain.
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FIG. 2 is a schematic of a single operational amplifier
circuit requiring positive feedback.

FIG. 3 is another example of a single amplifier differential
input amplifier circuit with variable gain.

FIG. 4 is an amplifier circuit having differential input and
variable gain using a single operational amplifier.

FIG. 5 is a schematic of a differential input variable gain
amplifier of the present invention.

DETAILED DESCRIPTION OF THE
INVENTION

While this invention is susceptible of embodiment in
many different forms, there is shown in the drawings and
will herein be described in detail specific embodiments, with
the understanding that the present disclosure is to be con-
sidered as an example of the principles of the invention and
not intended to limit the invention to the specific embodi-
ments shown and described. In the description below, like
reference numerals are used to describe the same, similar or
corresponding parts in the several views of the drawing.

Turning now to FIG. 5, an amplifier circuit according to
the present invention is shown. In this circuit input voltages
V, and Vj are coupled to the inverting and non-inverting
inputs of an operational amplifier 120 via resistors 122 and
124. Resistor 122 is referred to as R, in the equations to
follow while resistor 124 is referred to as R, in the equations
to follow. Resistor 128 (R, in the equations) is connected
between the non-inverting input of amplifier 120 and AC
ground. A feedback resistor 130 is connected to the wiper of
a potentiometer 134 with one end of potentiometer 134
connected to the output of amplifier 120 and the other end
of potentiometer 134 connected through a resistor 138 to
ground. A capacitor 140 is connected in parallel with resistor
130 in the preferred embodiment to provide variable feed-
back compensation for enhanced stability. In one embodi-
ment of the present invention a resistor 142 is also connected
between the wiper of potentiometer 134 and the output of the
operational amplifier. In the equations that follow, resistor
130 is referred to as R, resistor 138 is referred to as R,, and
resistor 142 is referred to as resistor R,. Two components of
the potentiometer resistance are referred to in the equations
as Rp and R,. R, represents the value of the potentiometer
between the amplifier output and the wiper and the R,
represents the value of the potentiometer between the wiper
and resistor 138. Of course, those skilled in the art will
understand that the circuit of FIG. 5 does not show power
supplies, biasing, temperature or frequency compensation
and any capacitive coupling that may be used.

Resistor 142 is selected, if desired, to be a very large value
compared with the value of potentiometer 134 and is used to
compensate for the possibility of the potentiometer wiper
leaving contact with the wiper surface during adjustment. In
the preferred embodiment, resistor 130 is also selected to be
much larger than the potentiometer value. The term “much
larger” is used in the conventional engineering sense to
mean that the value is large enough so as not to significantly
affect the calculations of interest. Typically, this means that
a factor of at least 5 to 10 in magnitude is adequate to
constitute “much larger.” In addition, the following con-
straints are imposed on the circuit values of the preferred
embodiment:
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-continued
Rp>>Rp
Ry >> (Rp+ Rp)

With these assumptions (and standard Op-Amp analysis
approximations) in place, the voltage at the output of the
circuit V, is given by:

Rp Rp
Vo=~ (1R ) e
Thus, the minimum is gain Ay,,;, is established by select-
ing Ry. The minimum gain occurs when the potentiometer
is adjusted so that R,=0 and is given by:

Rr
Avmin = T

while the maximum gain is limited by R,, and occurs when
the potentiometer is adjusted so that R,=0 and is given by:

Rr Re
AVMM:—RT ( 1+—1v)

Under the above constraints, the following circuit valucs
may be selected for an amplifier which provides gain in the
range of approximately ~12 db to +18 db:

R=6K Q

RptR=1K £ linear Potentiometer
R,=30Q

R,=100K Q

C=22 pf

With these component values, the differential amplifier
has a common mode rejection ratio which varies with the
adjustment of the potentiometer 134 but is generally in the
range of approximately 40 dB. The differential input imped-
ance of the present circuit is approximately 32K € (R;+R)).
This is approximately half the value of the circuit of FIG. 3
to obtain the same minimum gain. Moreover, this circuit
configuration provides a much lower minimum gain than
that of the circuit of FIG. 3 while requiring the same number
of components. If resistor 142 is omitted, a reduction in the
number of components required can be achieved. In the
preferred embodiment the amplifier 120 is selected to be an
analog devices OP275, but those skilled in the art will
recognize that a number of amplifiers may be suitable for
this purpose.

The present invention provides a single amplifier stage
having a widely adjustable range from approximately —12
dB to +18 dB while retaining an acceptably low input
impedance and an acceptably high common mode rejection
ratio.

Thus it is apparent that in accordance with the present
invention, an apparatus that fully satisfies the objectives,
aims and advantages is set forth above. While the invention
has been described in conjunction with specific embodi-
ments, it is evident that many alternatives, modifications,
permutations and variations will become apparent to those
skilled in the art in light of the foregoing description.
Accordingly, it is intended that the present invention
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embrace all such alternatives, modifications and variations
as fall within the scope of the appended claims.

What is claimed is:

1. A differential amplifier circuit with variable gain,

comprising in combination:

an operational amplifier having an inverting input, a
non-inverting input and an output;

a pair of input resistors R, and R; each having a first
terminal respectively connected to said inverting input
and said non-inverting input, and each having a second
terminal for receiving a differential input signal;

a resistor R, connected from said non-inverting terminal
to a point of AC ground;

a potentiometer having a wiper, a first end and a second
end, said second end connected to said output for
controlling a differential gain of said differential ampli-
fier;

a resistor R,, connected between said first end of said
potentiometer and ground;

a resistor Ry connected between said wiper of said
potentiometer and said inverting terminal of said opera-
tional amplifier and a feedback compensation capacitor
in parallel with Rg.

2. The amplifier of claim 1, further comprising a resistor

R, connected from said wiper to said output.
3. The amplifier of claim 1, wherein said resistors R;, R,
R, and R, are related in value by:

Rr
Ry

Ry
R

4. The amplifier of claim 2, wherein said resistors R,, R,
R, and Ry are related in value by:

RF

T

Ry
3

5. The amplifier of claim 1, wherein a resistance value of
R is much greater than a value of R,.

6. The amplifier of claim 2, wherein a resistance value of
Ry is much greater than a value of R,.

7. The amplifier of claim 3, wherein a resistance value of
R;- is much greater than a value of R,.

8. The amplifier of claim 2, wherein a resistance value of
Ry is much greater in value than a resistance value of said
potentiometer.

9. The amplifier of claim 3, wherein a resistance value of
Ry is much greater in value than a resistance value of said
potentiometer.

10. The amplifier of claim 1, wherein resistive values of
said resistors R;, R,, Ry, R, R,, and said potentiometer are
selected to provide a range of differential voltage gain of
approximately —12 db to +18 db.

11. The amplifier of claim 2, wherein resistive values of
said resistors R,, R,, Rg, R;, R,, and said potentiometer are
selected to provide a range of differential voltage gain of
approximately —12 db to +18 db.

12. The amplifier of claim 3, wherein resistive values of
said resistors R, R,, Rg, R;, R, and said potentiometer are
selected to provide a range of differential voltage gain of
approximately —12 db to +18 db.

13. A differential amplifier circuit with variable gain,
comprising in combination:

an operational amplifier having an inverting input, a

non-inverting input and an output;
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a pair of input resistors R; and R; each having a first
terminal respectively connected to said inverting input
and said non-inverting input, and each having a second
terminal for receiving a differential input signal;

a resistor R, connected from said non-inverting terminal
to a point of AC ground;

a potentiometer having a wiper, a first end and a second
end, said second end connected to said output for
controlling a differential gain of said differential ampli-
fier;

a resistor R,, connected between said first end of said
potentiometer and said point of AC ground,;

a resistor R connected between said wiper of said
potentiometer and said inverting terminal of said opera-
tional amplifier;

a feedback compensation capacitor in parallel with R;

a resistor Ry connected from said wiper to said output;

wherein a resistance value of Ry is much greater than a
value of R, a resistance value of Ry is much greater in
value than a resistance value of said potentiometer, and
said resistors R, R,, R, and R are related in value by:

R,

Ry
R

R~

14. The amplifier of claim 13, wherein resistive values of
said resistors R,, R,, Rg, R}, R;, and said potentiometer are
selected to provide a range of differential voltage gain of
approximately —12 db to +18 db.

15. A differential amplifier circuit with variable gain,
comprising in combination:

an operational amplifier having an inverting input, a
non-inverting input and an output;

a pair of input resistors R, and R, each having a first
terminal respectively connected to said inverting input
and said non-inverting input, and each having a second
terminal for receiving a differential input signal;

a resistor R, connected from said non-inverting terminal
to a point of AC ground;

a potentiometer having a wiper, a first end and a second
end, said second end connected to said output for
controlling a differential gain of said differential ampli-
fier;

a resistor R,, connected between said first end of said
potentiometer and ground;

a resistor R connected between said wiper of said
potentiometer and said inverting terminal of said opera-
tional amplifier; and

a feedback compensation capacitor in parallel with Rg.

16. A differential amplifier circuit with variable gain,

comprising in combination:

an operational amplifier having an inverting input, a
non-inverting input and an output;

a pair of input resistors R, and R; each having a first
terminal respectively connected to said inverting input
and said non-inverting input, and each having a second
terminal for receiving a differential input signal;

a resistor R, connected from said non-inverting terminal
to a point of AC ground;

a potentiometer having a wiper, a first end and a second
end, said second end connected to said output for
controlling a differential gain of said differential ampli-
fier;
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a resistor R,, connected between said first end of said value of R, a resistance value of Ry is much greater in
potentiometer and said point of AC ground; value than a resistance value of said potentiometer, and
a resistor R, connected between said wiper of said said resistors Ry, Ry, Ry and R are related in value by:
potentiometer and said inverting terminal of said opera-
tional amplifier; . 5 R &
a feedback compensation capacitor in parallel with Ry; Rf :%

a resistor Ry connected from said wiper to said output;
and

wherein a resistance value of R is much greater than a * ook ok ok ok



