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(57) Abstract

A distortion cancellation amplifier system, more particularly an operational amplifier system includes a current mirror cir-
cuit having an input, an output and a common terminal; a device for providing a pair of differential current signals to the input
and output terminal of the current mirror circuit; a control device (30), responsive to said output terminal of the current mirror
cireuit, for controlling the voltage at the common terminal to drive the voltage at the input terminal of said current mirror circuit
to track the voltage on the output terminal of the current mirror circuit; an output amplifier stage having a predetermined gain
and having an input and an output terminal with its input terminal connected to the output terminal of the current mirror circuit;
a gain control device (32) having a predetermined impedance connected with the input terminal of the output amplifier; and a
distortion suppression device (36) connected between the output terminal of the output amplifier and the input terminal of the
current mirror circuit and having an impedance equal to the predetermined impedance of the gain control device divided by the
predetermined gain of the output amplifier for cancelling signal distortion introduced by the output amplifier stage.
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DISTORTION CANCELLATION AMPLIFIER SYSTEM
FIELD OF INVENTTON

This invention relates to a distortion cancellation

amplifier system, and more particularly to such an amplifier
system which cancels distortions introduced by the output
amplifier stage, and which is especially applicable to
operational amplifiers.

BACKGROUND OF INVENTION
| Many conventional amplifiers including operational

amplifiers employ an output buffer amplifier which is driven by a
current mirror circuit. The current mirror circuit is in turn
driven by a pair of differential current signals, usually
obtained from a voltage to current differential amplifier. A
gain control/frequency compensation device, for example a
capacitor, a resistor, or a network including capacitors,
resistors, and other elements, is connected to the output of the ’
current mirror circuit for shaping the response with respect to
both amplitude and frequency characteristics of the amplifier.

In order to improve the gain factor of such operational
amplifiers to a theoretically infinite gain, a gain control
device is used which includes a bias circuit that biases the
third common terminal of the current mirror circuit and includes
a voltage follower or a similar device which responds to the
voltage at the output of the current mirror circuit to vary the
bias on the common terminal of the current mirror and thereby
drive the voltage on the input terminal of the current mirror
circuit to track that on the output terminal of the current
mirror circuit. As a result, the amplifier provides a large
gain, virtually infinite, as it attempts to drive the voltage on
the current mirror input terminal to track that on the output
terminal, and null the difference in the differential input
currents. While this improved operational amplifier with the
floating current mirror circuit does provide a much increased
gain, it still suffers from the problem of distortion introduced

in the output buffer amplifier. In normal use an external
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passive network is used in conjunction with the operational

amplifier completing what is known as a feedback loop.

distortion

distorts the overall performance.

This
thusly occurs internal to the feedback loop and

One technique that has been

used to deal with such distortion in the past is to increase the

quiescent power provided to the output amplifier stage, in order

to minimize the distortion generated, but this increases the

power consumption without increasing the power output and

sacrifices

It is
distortion
distortion

It is
distortion
the output

It is
distortion
distortion
gain.

It is
distortion

the efficiency of the amplifier.

SUMMARY OF INVENTION

therefore an object of this invention to provide a
cancellation amplifier system which cancels voltage
arising in the output amplifier stage.

a further object of this invention to provide such a
cancellation amplifier system which greatly reduces
impedance.

a further object of this invention to provide such a
cancellation amplifier system which eliminates

involving both differential phase and differential

a further object of this invention to provide such a

cancellation amplifier system which passively

decreases distortion without increase in quiescent power.

It is

a further object of this invention to provide a low

power, low distortion amplifier system by passive distortion

cancellation.

The invention results from the realization that a truly

simple, passive cancellation of distortion in the output

amplifier stage of an amplifier system can be achieved by

connecting, between the output of the output amplifier stage and

an input of a current mirror circuit, an internal feedback

network whose impedance is equal to that of the gain control

network at

the input of the output amplifier stage divided by the.

gain of that stage, in order to cancel the effect of distortion -

in the output amplifier stage by mirroring the distortion current

L
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in the feedback network to provide at the input to the output
amplifierrstage a current equal and opposite to that caused by
the distortion.-

This invention features a distortion cancellation amplifier
system including a current mirror circuit having an input, an
output and a common terminal and means for providing a pair of
differential current signals to the input and output terminals of
the current mirror circuit. There are controi means, responsive
to the output terminal of the current mirror circuit, for
controlling the voltage at the common terminal to drive the
voltage at the input terminal of the current mirror circuit to
track the voltage on the output terminal of the current mirror
circuit. An output amplifier stage has a predetermined gain and
an input and an output terminal with its input-terminal connected
to the output terminal of the current mirror circuit. A gain
control device has a predetermined impedance connected with the
input terminal of the output amplifier. A distortion suppression
device is connected between the output terminal of the output
amplifier and the input terminal of the current mirror circuit
and has an impedance equal to the predetermined impedance of the
gain control device divided by the predetermined gain of the
output amplifier for cancelling the distortion introduced by the
output amplifier stage.

In a preferred embodiment the means for providing a pair of
differential current signals includes a voltage to current
transductance amplifier for providing a pair of differential
current signals in response to a pair of differential input
voltages. The means for providing a pair of differential current
signals may also include first and second bias circuits, one
interconnected with each of the input and output terminals of the
current mirror circuit. The control means may also include a
voltage follower circuit having its input responsive to the
output terminal of the current mirror éircuit, and its output
connected to the common terminal of the current mirror circuit.
The control means may further include a third bias circuit

connected to the common terminal of the current mirror circuit.
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The gain control device may include a capacitor, or a resistor,
or a network including two or more such devices. The distortion
suppression device may include a capacitor, a resistor, or a
network including two or more such devices. _

In a more specific implementation, the invention relates to
such a distortion cancellation amplifier system in the form of a

folded cascode operational amplifier.

DISCLOSURE OF PREFERRED EMBODIMENT

other objects, features and advantages will occur to those
skilled in the art from the following description of a preferred
embodiment and the accompanying drawings, in which:

Fig. 1 is a schematic block diagram of a distortion
cancellation amplifier system according to this invention;

Fig. 2 is a more detailed schematic block diagram of the
system of Fig. 1; and

Fig. 3 is a schematic diagram of a portion of the system of

Fig. 2 showing the biasing circuits in greater detail.

There is shown in Fig. 1 a distortion cancellation amplifier
10 according to this invention implemented in the form of an
operational amplifier such as a single-stage folded cascode
amplifier. A pair of differential currents supplied at input
terminals 12 and 14 are provided to current mirror circuit 16.
The negative current at the input terminal 18 of current mirror
circuit 16 is exactly mirrored at its output terminal 20. The
current at output terminal 20 combines at node 22 with the equal
and opposite current coming from terminal 12. These currents, as
a result of the high impedance at node 22, provide a large
voltage to the input 24 of output amplifier stage 26. Thus in
the conventional manner of operational amplifiers, the very small
difference in the currents at input terminals 12 and 14 provide a
large voltage at node 22 and thus at input 24 of amplifier 26.
This causes amplifier 26 to provide a large output, with gains at
least of an order of magnitude of 1,000 or more. In addition, in
accordance with improved virtually infinite gain operational

amplifier design, the third or common terminal 28 of current
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mirror circuit 16 is controlled by a control circuit 30. A
gquiescent bias is maintained at terminal 28 and control circuit
30 varies this bias so that the otherwise fixed output voltage at
terminal 18 is made to tfack the voltage at node 22. The 7
previously mentioned typically high impedance at node 22 can, by
design, be made to virtually identically match that at node 18.
This acts in conjunction with the control circuit 30 to cause the
voltage at node 22, and therefore the output of amplifier 26, to
constantly increase in response to the difference in current
supplied at the input terminals of 12 and 14 yielding the
virtually infinite gain, i.e., an arbitrarily large voltage at
node 22 caused by an arbitrarily small difference in input
currents.

The system also contains a gain control circuit 32 which
controls the magnitude and phase of the signal supplied to the
input 24 of amplifier 26, which determines both the magnitude and
phase of the amplifier response. In such a system, there are
distortions, as represented by the distortion E, 34, introduced
by output amplifier stage 26 which héve been previously addressed
by increasing the quiescent power consumption of amplifier 26.

-In accordance with this invention, the distortion
represented by E, at 34 is fed back through a distortion
suppression device 36 through internal feedback loop 38 to the
input terminal 18 of the current mirror circuit 16. Through the
inherent operation of current mirror circuit 16, the current in
the gain control/frequency compensation network will be equal to
the current in the distortion suppression device; the distortion
signal E, is therefore reflected at the output terminal 20 of
current mirror circuit 16, equal in magnitude but opposite in
sign, i.e., -E,. This is fed back to the gain control circuit 32
and the input 24 of output amplifier 26 so that it just cancels
the distortion signal E, introduced by amplifier 26. It is then
seen that for any EO, in Fig. 2, the voltage at nodes 18 and 20
will be at -E,, while the voltage at the output of the output
amplifier stage 26 remains unchanged which is the desired result.
In order for the cancellation to be complete, it is important
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that the impedance characteristics of the distortion suppression

device 36 be the same as that of the gain control device 32 in
proportion to the gain. That is, if output amplifier stage has a ot
voltage galn of unity the two impedances would be made equal. If

the gain is two then the impedance of circuit 36 would be half

that of circuit 32: the impedance of circuit 36 is equal to that

of circuit 32 divided by the gain of stage 26.

The distortion cancellation amplifier system 10 is shown in
more detail, system 10a, in Fig. 2, where the means for providing
a pair of differential current signals includes a voltage-to-
current differential amplifier 39 utilizing two NPN transistors
40 and 42 differentially connected with their emitters commonly
connected at terminal 43 to a biasing current source 46. The
outputs from voltage-to-current amplifier 39 are provided to the
input 18a and output 20a terminals of current mirror 16a. Also
interconnected with terminals 18a and 20a are biasing circuits
50, 52. Gain control/frequency shaping circuit 32a may include a
capacitor 54 or a resistor 56, or both. It may as well include
any combination or network of elements for accomplishing the gain
control and shaping functions in such amplifiers as is well known
to those skilled in the art. Control circuit 30a may include an
NPN transistor 56 which responds to the voltage at terminal 22a
to vary the quiescent voltage at terminal 28a established by
quiescent biasing circuit 58 to cause input terminal 18a of
current mirror circuit 16a to track the voltage at output
terminal 20a and thus the voltage at node 22a, and at the input
24a to output amplifier stage 26a. The distortion suppression
device 36a may include a capacitor 60 or a resistor 62, or both,
or a more complex network, so long as it is equivalent in its
electrical characteristics to gain control 32a. When the two are
equal in electrical characteristics, their response to the
distortion signal E, is identical and so virtually perfect
cancellation will occurs.

Biasing circuits 46, 50, 52, and 58, Fig. 2, may be
implemented as shown in Fig. 3, where biasing circuits 52a and
54a each include a PNP transistor 70, 72 in conjunction with



WO 93/19523 7 PCT/US93/02123

-emitter resistors 74 and 76, respectively. Bias circuit 46
includes a pair of NPN transistors 80, 82 connected in éeries
with the common electrode 43 of differential amplifier 39, along
with emitter resistor 84. Bias circuit 58 is implemented as a
current source 58a, employing an NPN transistor 86 and emitter
resistor 88. '

Although specific features of the invention are shown in
some drawings and not others, this is for convenience only as
each feature may be combined with any or all of the other
features in accordance with the invention.

Other embodiments will occur to those skilled in the art and
are within the following claims:

What is claimed is:
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CLAIMS
1. A distortion cancellation amplifier system comprising:

a current mirror circuit having an input, an output and
a common terminal;

means for providing a pair of differential current
signals to said input and output terminals of said current mirror
circuit; ' '

control means, responsive to said output terminal of
said current‘mirror circuit, for controlling the voltage at said
common terminal to drive the voltage at said input terminal of
said current mirror circuit to track the voltage on said output
terminal of said curréht mirror circuit;

an output amplifier stage having a predetermined gain
and having an input and an output terminal with its input
terminal connected to said output terminal of said current mirror
circuit;

a gain control device having a predetermined impedance
connected with said input terminal of said output amplifier; and

a distortion suppression device connected between said
output terminal of said output amplifier and said input terminal
of said current mirror circuit and having an impedance equal to
said predetermined impedance of said gain control device divided
by said predetermined gain of said output amplifier for
cancelling distortion introduced by said output amplifier stage.

2. The distortion cancellation amplifier of claim 1 in
which said means for providing a pair of differential current
signals includes a voltage to current transconductance amplifier
for producing a pair of differential current signals in response

to a pair of differential input voltages.

3. The distortion cancellation amplifier of claim 1 in
which said means for providing a pair of differential current
signals includes first and second bias circuits, one

interconnected with each of said input and output terminals of
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said current mirror circuit.

4. The distortion cancellation amplifier of claim 1 in
which said control means includes a voltage follower circuit
having its input responsive to said output terminal of said
current mirror circuit and its output connected to said common
terminal of said current mirror circuit.

5. The distortion cancellation amplifier of claim 14 n
which said control means further includes a third bias circuit

connected to said common terminal of said current mirror circuit.

6. The distortion cancellation amplifier of claim 1 in

which said gain control device includes a capacitor.

7. The distortion cancellation amplifier of claim 1 in

which said gain control device includes a resistor.

8. The distortion cancellation amplifier of claim 1 in
which said gain control device includes a resistor/capacitor

network.

9. The distortion cancellation amplifier of claim 1 in
which said gain distortion suppression device includes a

capacitor.

10. The distortion cancellation amplifier of claim 1 in
which said gain distortion suppression device includes a

resistor.

11. The distortion cancellation amplifier of claim 1 in
which said gain distortion suppression device includes a

resistor/capacitor network.
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12. A distortion cancellation folded cascode operational

amplifier, comprising: o

a current mirror circuit having an input, an output and
a common terminalj;

means for providing a pair of differential current
signals to said input and output terminals of said current mirror
cifcuit;

control means, responsive to said output terminal of
said current mirror circuit, for controlling the voltage at said
common terminal to drive the voltage at said input terminal of
said current mirror circuit to track thervoltage on said output
terminal of said current mirror circuit;

an output amplifier stage having a predetermined gain
and having an input and an output terminal with its input
terminal connected to said output terminal of said current mirror
circuit;

a gain control device having a predetermined impedance
connected with said input terminal of said output amplifier; and

a distortion suppression device connected between said
output terminal of said output amplifier and said input terminal
of said current mirror circuit and having an impedance equal to
said predetermined impedance of said gain control device divided
by said predetermined gain of said output amplifier for
cancelling distortion introduced by said output amplifier stage.

-,
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