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LOW DISTORTION SIGNAL AMFPLIFIER
ARRANGEMENT

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions made

by reissue.

This invention relates to semiconductor differential
signal processing circuits and, more particularly, to
arrangements for cancelling the effect of distortion-pro-
ducing, non-linear base-emitter voltage characteristics
in such differential circuits.

Transistor differential amplifier arrangements includ-
ing three (or more) active devices are commonly em-
ployed in monolithic integrated circuits as well as dis-
crete device circuits. Such differential amplifiers are
particularly suitable for construction 1n integrated cir-
cuit form where the characteristics of the differentially
coupled transistors are readily matched one to another.

As was pointed out in the publication “RCA Linear
Integrated Circuit Fundamentals™, Technical Sernes
IC-40, published by RCA Corporation, transistor differ-
ential amplifiers exhibit a transfer characteristic includ-
ing a distortion or offset term dependent upon the base-
emitter voltage (Vpe) of the transistors. This offset volt-
age is, in turn, variably dependent upon several factors
including temperature, 8 of the transistors and various
base and emitter resistor values and ratios. When low
distortion is a requirement, differential amplifiers typi-
cally are degenerated with emitter resistors that are
large compared to the junction impedances of the de-
vices, or by some other equivalent means such as reduc-
ing the direct current bias. Degeneration has the unde-
sired effect of reducing the signal gain of the stage. The
present invention permits the use of emitter degenerat-
ing resistors but their values may be significantly lower
for a given amount of output distortion.

In accordance with the present invention, a signal
amplifier arrangement comprises first and second differ-
ential amplifiers coupled in common to a direct current
source which supplies all of the current to the differen-
tial circuits. Signals to be amplified are coupled between
the control electrodes (bases) of the devices in each of
the differential circuits by means of voltage follower
stages. The main conduction path (collector-emitter) of
each of the followers is coupled in series with the main
conduction path of the device in the first differential
circuit other than the one to the control electrode of
which the follower output is coupled. Output signal
current is produced in at least one load circuit con-
nected to the second differential circuit, the output
signal current being related to the differential input
signal voltage but substantially independent of current
level induced base-emitter voltage variations in the
differential amplifier devices.

Referring to the single FIGURE of the drawing,
operating bias is supplied to a current source (or sink)
transistor 16 by means of a biasing network 14. Specifi-
cally, the quiescent operating current of transistor 16 is
fixed by the combination of an emitter degeneration
resistor 18 and a series circuit including first, second and
third resistors 20, 22, 24 and a diode 26 coupled across
a source of direct voltage (4 ). Current source transistor
16 provides operating current to a first or input pair of
differentially coupled transistors 28, 30 and to a second
or output pair of differentially coupled transistors 32,
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34. Signal voltages (V1, V3) are supplied from a signal
source 10 to the base (control) electrodes of voitage
follower transistors 36 and 38. The emitter (output) of
follower transistor 36 is direct coupled to the joined
bases of transistors 28 and 32 to apply signal voltage
thereto while the emitter of follower transistor 38 is
similarly coupled to the joined bases of transistors 30, M4
to apply signal voltage thereto.

In accordance with the present invention, the emit-
ter-collector or main current conduction path of fol-
lower transistor 38 is direct current coupled to the emit-
ter-collector or main current conduction path of input
differential transistor 28 while the emitter-collector or
main current conduction path of follower transistor 36
is direct current coupled to the emitter-collector or
main current conduction path of input differential tran-
sistor 30.

Output or load circuits illustrated as resistors 40 and
42 are coupled, respectively, to the collectors of output
transistors 32 and 34.

The operation of the illustrated configuration will be
described by first considering only the three transistors
16, 32, 34 as a simple differential amplifier. In that case,
the differential emitter current in the transistors (i.e., the
voltages at the emitters of transistors 32 and 34 divided
by the sum of the resistors R) may be related to the
input signal voltages Vi and V; in the following man-
ner.

Ve32=V 1 —-(KT/q) In (i32/14)

and

V4=V —(KT/q) In (i,34/15)

where:
i,=saturation current of each transistor;

q=the charge on an electron;

K —Boltzman’s constant; and

T =absolute temperature in degrees Kelvin.
Then,

V. 17— V4=V —V2+KT/q (In 1:34/1:32).

It can therefore be seen that the differential signal
current (V.32 — Ve34/2R) will include not only a term
dependent upon the applied differential signal voltage
(V| — V3) but also includes a non-linear distortion term
dependent upon emitter current levels.

This effect may be negated by combining with the
input signal voltage a compensating voltage which will
cancel the distortion term. This compensating voltage 1s
provided in the illustrated configuration in the follow-
Ing manner.

The signal voltages V| and V2 are applied to the
differential transistors 32, 34 via follower transistors 36
and 38, respectively. The base-emitter voltages of fol-
lower transistors 36, 38 therefore subtract from the
signal voltages V1, V2. In that case, the voltage at the
emitters of transistors 28 and 32 may be expressed as
follows:

Ver=Vi—Vpie— Vperg= Vo

Similarly, the voltage at the emitters of transistors 30
and 34 may be expressed as follows:

Vao=Vi—Vauw—Vai= Ve
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Assuming that the current gain of each of the transis-
tors 1s sufficiently high so that base current of a device
1s negligible compared to collector (or emitter current),
it can be seen that the collector currents of series con-
nected transistors 28 and 38 are substantially equal and
the collector currents of series connected transistors 36
and 30 are substantially equal. Furthermore, if transis-
tors 28 and 38 are of equal geometry, their base-emitter
voltages will be substantially equal (Vpe28 =V pe33). Sim-
ilarly, with transistors 30 and 36 of equal geometry,

their base-emitter voltages will also be substantially

equal (Vpe30=Vpe36).
The differential emitter voltage (V28— V.:30) may be
expressed as follows:

Veors—Vei0=V ) — Vo1 —Viaeds — Vi + Vpoag +-
V pe30-

Substituting for V.36 and V.33 from above,
V28— Ve30=Vi1—Vpe30— Vps - Va+Vpoos+-
Ve

Vg —Veun=V -~ Vs

Thus, the V. terms (which include the undesired,
logarithmic, current dependent distortion terms) are
cancelied.

A differential signal current (i) between the emitters
of transistors 28 and 30 therefore may be expressed as
follows:

i=(V;-—-V3)/2R

Where output transistors 32 and 34 have geometries
which are matched to transistors 28 and 30, differential
signal currents (4+i and —1) will be produced in the
collectors of transistors 32 and 34. It can be seen from
the last expression that such signal currents will be free
of non-linear current level development V. distortion
producing terms.

What is claimed is:

1. A signal amplifier arrangement comprising:

a first circuit path for providing a direct operating

current;

a first differential amplifier circuit comprising first
and second semiconductor devices, each having a
matn current conduction path coupled to said first
direct current circuit path and each having a con-
trol electrode:

an output differential amplifier circuit comprising
third and fourth semiconductor devices, each hav-
Ing a main current conduction path coupled to said
first direct current circuit path and each having a
control electrode direct current coupled respec-
tively to control electrodes of said first and second
devices;

at least a first output load circuit coupled to a main
current conduction path of one of said third and
fourth devices at a point remote from said coupling
to said first direct current providing circuit path;

a source of signals to be amplified;

means comprising fifth and sixth semiconductor de-
vices having main current conduction paths cou-
pled respectively to said main current conduction
paths of said second and first devices, having con-
duction characteristics substantially equal to con-
duction characteristics of said first and second
devices and each having a control electrode cou-
pled to said source of signals for coupling signal
voltages between said control electrodes of said
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first and second devices and between said control
electrodes - of said third and fourth devices:
whereby

output signal current produced in said load circuit is
related to said signals and substantially independent
of current level induced variations in characteris-
tics of said devices to which said signal voltages are
coupled.

2. An arrangement according to claim 1 wherein:

said first, second, fifth and sixth devices are like con-
ductivity transistors, said control electrodes are
base electrodes and said main conduction paths are
between respective collector and emitter elec-
trodes; and

said fifth and sixth transistors are coupled in emitter
follower configuration with respect to said signals
to be amplified. |

3. An arrangement according to claim 2 wherein:

said collector-emitter paths of said first and sixth
transistors are coupled in series combination and
said collector emitter paths of said second and fifth
transistors are coupled in series combination.

4. An arrangement according to claim 3 wherein:

said transistors in each said series combination carry
like quiescent currents and thereby have like base-
emitter offset voltages.

. An arrangement according to claim 4 wherein:

output voltage across said output load circuit is sub-
stantially free of base-emitter offset voltage distor-
tion effects.

6. An arrangement according to claim 5 and further

comprising:

a second output load circuit coupled to a main cur-
rent conduction path of the other of said third and
fourth devices, whereby output voltage across said
second load circuit is substantially free of base-
emitter offset voltage distortion effects.

7. In a signal amplifier arrangement having

first and second transistors of a like conductivity type
having respective base and emitter and collector elec-
trodes and having respective base-emitter junctions;

means for applying current to an interconnection be-
tween the emitter electrodes of said first and second
transistors of a polarity tending to forward bias their
respective base-emitter junctions;

means for applying operating potentials to the collector
electrodes of said first and second transistors,

means responsive to the collector current of said first
transistor for supplying an output signal;

first conductive means for providing between first and
second points a conductance related to at least a por-
tion of the conductance of said first transistor base-
emilter junction,

second conductive means for providing between third
and fourth points a conductance related to at least a
portion of the conductance of said second transistor
base-emitter junction;

means for causing a current proportionally related to the
emitter current of said second transistor to flow
through said first conductive means to develop a po-
tential drop thereacross;

means for causing a current proportionally related to the
emitter current of said first transisior to flow through
satd second conductance means to develop a porential
drop thereacross,

means affsetting the base potential of said first transistor
from a first input voltage in an amount proportional to
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the potential drop across said first conductive means
for suppressing distortion terms in said output signal,
and

means offsetting the base potential of said second transis-

tor from a second input voltage in an amount propor-
tional to the potential drop across said first conductive
means for suppressing distortion terms in said output
signal the improvement wherein:

said first and second input voltages are respectively ap-

plied at said first point and at said third point,

said second point is at the base electrode of said first

transistor,

said fourth point is at the base electrode of said second

transistor,

said means for causing a current proportionally related

to the emitter current of said first transistor to flow
through said second conductive means comprises a
third transistor of said like conductivity type having a
base electrode to which is applied a base potential
equal to the base potential at the base electrode of said
first transistor, having an emitter electrode to which is
applied an emitter potential equal to the emitter po-
tential at-the emitter electrode of said first transistor,
and having a collector electrode connected to said
fourth point; and

said means for causing a current proportionally related

to the emitter current of said second transistor to flow
through said first conductive means comprises a
fourth transistor of said like conductivity type having
a base electrode to which is applied a base potential
equal to the base potential at the base electrode of said
second transistor, having an emitter electrode to which
is applied an emitter potential equal to the emitter
potential at the emitter electrode of said second tran-
sistor, and having a collector electrode connected to
said second point.

8. An improved signal amplifier arrangement as set forth
in claim 7 wherein the base electrodes of said third and
Jfourth transistors are connected at said second point and at
said fourth point, respectively.

0. An improved signal amplifier arrangement as set forth
in claim 8 wherein the emitter electrodes of said third and
fourth transistors are connected to said interconnection
between the emitter electrodes of said first and second
transistors.

10. An improved signal amplifier arrangement as set
forth in claim 8 wherein the emitter electrode of said third
transistor connects to the emitter electrode of said first
transistor and the emitter electrode of said fourth transistor
connects to the emitter electrode of said second transistor.

11. A signal amplifier arrangement comprising:

a first circuit path for providing a direct operating cur-

rent to a first node;

first, second, third and fourth transistors of like conduc-
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means for applying at the base electrodes of said first
input and third transistors a first signal potential, the
quiescent value of which is offset from a bias potential
by a first offset potential;

means for applying at the base electrodes of said second
input and fourth transistors a second signal potential,
the quiescent value of which is offset from a bias po-
tential by a second offset potential,

first conductive means for connecting said first node to a

second node at the emitter electrodes of said first and
third transistors for completing the base-emitter cir-
cuits of said first and third transistors, which base-
emitter circuits exhibit respective potential drops
across them, each potential drop having respective
linear and non-linear components;

second conductive means for connecting said first node
to a third node at the emitter electrodes of said second
and fourth transistors for completing the base-emitter
circuits of said second and fourth transistors, which
base-emitter circuits exhibit respective potential drops
across them, each potential drop having respective
linear and non-linear components;

means connected to the collector electrodes of said first
and second transistors for completing their connection
in a first differential amplifier circuit;

means connected to the collector electrodes of said third
and fourth transistors for completing their connection
in a second, output differential amplifier circuit in-
cluding a first output load circuit coupled to the
collector electrode of one of said third and fourth
transistors; and

means for suppressing the component of response, in the
collector currents of said third and fourth transistors,
to said input signal potentials which is attributable to
undesired potential drop components across the base-
emitter circuits of said first, second, third and fourth
transistors, which means includes

a first current conductive element connected for con-
ducting the collector current of said second transistor
for developing a potential drop thereacross providing
said first offset potential, the conductance of said first
current conductive element being such that said first
offset potential has a value for substantially cancelling
the effect of an undesired component of the potential
drops across the base-emitter circuits of said first and

third transistors; and

a second current conductive element connected for con-
ducting the collector current of said first transistor for
developing a potential drop thereacross providing said
second offset potential, the conductance of said second
current conductive element being such that said sec-
ond offset potential has a value for substantially can-
celling the effect of an undesired component of the
potential drops across the base-emitter circuits of said

second and fourth transistors.
% ¥ ¥ » 4
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