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This invention relates generally to signal amplifier
circuits, and more particularly relates to signal amplifier
circuits wherein semiconductor devices or transistors are
utilized as the amplifying or signal translating elements.

Radio and television receivers require circuits which
are reliable, economical and simple in operation. Par-
ticularly effective use may be made of transistors in
amplifier applications for the audio circuits of the afore-
mentioned receiver equipment. In such applications, low
distortion, wide frequency range and relatively high
power output are highly desirable. Push-pull operation
of amplifier circuits contributes to low distortion, and
wide frequency range may be more €asily obtained with
this mode of operation. Elimination of the speaker
coupling or output transformer also contributes ma-
terially to improvement in quality and low cost of manu-
facture. Class B operation may contribute to high out-
put power at low cost. Heretofore, these desirable fea-
tures have been obtained with some degree of circuit
complexity and by the use of more costly components,
as well as careful selection of matched amplification
devices in push-pull circuit arrangements.

It is an object of the present invention, therefore, to
provide an improved and simplified amplifier circuit in
which semiconductor devices are effectively utilized to
provide the aforementioned advantages of low distortion,
wide frequency range and high power output.

It is a further object of the invention to provide an
improved semiconductor audio frequency signal amplifier
circuit in which the requirement for output coupling
transformers is eliminated.

It is a still further object of the invention, to provide
an improved semiconductor amplifier circuit wherein
Class B. operation may be utilized to provide high power
outpuf in an efficient manner.

It is another object of the invention, to provide an
improved transistor amplifier ¢ircuit to provide push-pull
signal amphﬁcatlon in a single-ended cxrcmt whereby low
distortion is achieved:

1t is still another object of the invention, to prov1de a
push-pull single-ended transistor signal amplifier circuit
having an improved driving means whereby the advan-
tages of push-pull operation may be obtained economi-
cally.

It is another object of the invention; to provide an
improved push-pull single-ended transistor amplifier cir-
cuit employing transistors of like conductivity type in its
output circuit, whereby selection of power transistors
having characteristics suitable for push-pull signal ampli-
fication is facilitated.

It is yet another object of the invention, to provide an

improved amplifier circuit employing transistors to ef-

fecnvely provide amplification of direct current s1gna1s
in a simple but reliable circuit configuration.

Further objects and advantages of circuits embodying
the invention will become apparent from the description
contained hereinafter.

A signal amplifier circuit, in accordance with the in-
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vention, comprises a pair of semiconductor devices, such
as tramsistors, of like conductivity type connected in a
push-pull power amplifier output stage and arranged in
parallel relation for supplying signal currents to a utiliza-
tion device. This connection is known as a push-pull
single-ended circuit. A pair of transistors of opposite
conductivity types are connected in driving relation with
the output stage and provide the required out-of-phase
signals to the output stage. Input electrodes of the pair
of transistors of opposite conductivity type are coupled
in common to a source of input signals which are to be
amplified.

The driver stage thus provides out-of-phase driving
signals, in response to a single-ended input signal, to a
pair of power output transistors of like conductivity
type.

In a preferred arrangement, operating potentials are
applied to the driver tramsistors by a direct coupling
connection between each driver tramsistor and its re-
spective power franmsistor. Thus, the collector-emitter
path of each driver transistor may be connected across
the collector and base electrodes of the power transistor
to which it is to supply driving currents. In this pre-
ferred arrangement no coupling components are required
between the driver and power transistors. The collector-
emitter paths of the driver transistors must be oriented
in order to provide out-of-phase signals to the power out-
put stage transistors.

The novel features that are comsidered characteristic
of this invention are set forth with particularity in the
appended claims. The invention itself, however, both
as to its organization and method of operation, as well as
additional objects and advantages thereof, will best be
understood from the following description when read
in connection with the accompanying drawing, in which:

Figure 1 is a schematic circuit diagram of a signal
amplifier circuit utilizing a pair of transistors of like
conductivity type in a power output stage driven by a
pair of transistors of opposite conductivity type, in ac-
cordance with the invention, and

Figure 2 is a schematic circuit diagram of an amplifier
circuit illustrating, in a further embodiment of the in-
vention, a method of applying bias to the transistors.

Referring now to the drawing, wherein like elements
are designated by like reference numerals in both figures,
and referring particularly to Figure 1, a pair of transistors
10 and 16, of like conductivity types, and shown for
illustrative purposes to be of the P-N-P junction type,
include respectively a pair of emitter electrodes 11 and
17, a pair of base electrodes 12 and 18, and a pair of
collector “electrodes 13 and 19. The emitter electrode
11 of the transistor 1§ is connected through a' source
of energizing potential iftustrated as a battery 22 to a point
of reference potential 15. The collector electrode 19
of the transistor 16 is likewise connected through a bat-
tery 24 to the point of reference potential 15. The
collector electrodé 13 and the emitter electrode 17 of the
transistors 10 and 16 respectively are connected in com-
mon with one of a pair-of output terminals 26; the other
of which is connected to the point of reference potential
15. A utilization device 28, which may be a loudspeaker
of the conventional moving coil type for example, may
be connected to the pair of output terminals 26.

The transistors 1¢ and 16 are connected in parallel
relation. with respect to the utilization device 28,.and
are connected -in series with respect to the batteries 22
and 24. Push-pull operation is thereby effected by
supplying out-of-phase  input signals to the base elec-
trodes 12 and 18 of the transistors 10 and 16 respec-
tively.  To this end; a pair of transistors 30 and 36 of
opposite conductivity type, including respectively a pair

- of emitter electrodes 31 and 37, a pair of base electrodes
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32 and 38, and a pair of collector electrodes 33 and 39,
are connected in driving relation with the pair of output
stage transistors 10 and 16.

The collector electrode 33 and the emitter electrode 31
of the transistor 30 are directly connected, respectively,
to the base electrode 12 and the collector electrode 13
of the output transistor 10, while the emitter electrode
37 and the collector electrode 39 of the transistor 36 are
directly connected, respectively, to the base electrode 18
and the collector electrode 19 of the trapsistor 16. The
direct voltage existing between the base and collector
electrodes of the output stage transistors 10 and 16 are
thereby utilized as energizing voltages for the collector-
emitter paths of the driver transistors 30 and 36.

The base electrodes 32 and 38 may be connected in
common to one of a pair of input terminals 42, the
other of which is connected to the point of reference po-
tential 15. - :

Connected in this manner, the circuit of Figure 1, op-
erates in Class B, thus providing high efficiency in 2
circuit utilizing no components other than the transistors
themselves and the batteries. :

During a positive half cycle of an input signal applied
at the pair of input terminals 42, the transistors 36 and 16
are cut-off, while the transistor 30 conducts. A current
is thereby drawn from the base electrode 12 causing the
transistor 10 to conduct. A signal current then flows
from the battery 22 through the emitter and collector
electrodes 11 and 13, through the utilization device 28,

and back to the battery 22. During a negative half

cycle of input signal, on the other hand, the transistors
30 and 10 are cut-off and a current flows out of the base
electrode 38 causing an amplified current to flow into
the cmitter electrode 37 from the base electrode 18 of
the transistor 16, thereby causing the collector-emitter
path of the transistor 16 to conduct. Thus, current flows
from the positive terminal of the battery 24 through the
utilization device and the collector-emitter path of the
transistor 16 back to the negative terminal of the battery
24, i

The trapsistor 30 provides a phase inverting path be-
tween the pair of input terminals 42.and the base elec-
trode 12, while the transistor 36 provides no such phase
reversal between the pair of input terminals 42 and
the base electrode 18. Thus, signal currents in a single-
ended input circuit are changed by the transistors 30 and
36 to out-of-phase signal currents suitable for driving a
pair of transistors of like conductivity type connected in
a push-pull single-ended output circuit.’ '

By virtue of the fact that no reactive coupling elements
are shown or required in this circuit, the frequency re-

sponse need depend only upon that of the tramsistors’

themselves. Since the transistors are each. effectively
utilized in a negative feedback connection (i.e. common
collector configuration) the high frequency response is
excellent. The low frequency response extends to direct
current, sincé no reactive coupling elements are utilized.
The distortion encountered in use of this circuit is very
low because of the aforementioned feedback. -~ -~
Output power may be high, and with high efficiency
since the transistors operate in Class B. Furthermore,
optimum load impedance requirements may be met by
the use of a loudspeaker of normally low impedance,
so that direct coupling of a loudspeaker may be employed

while eliminating the need for a_qqstljspealger coupling

transformer. . )

Referring now to Figure 2, a first pair of tramsistors
110 and 116 are shown for jilustrative purposes to be
of the N-P-N junction type.” The transistor ‘110 includes
an emitter_electrode 111, a base electrode 112, and a
collector electrode 113, while the transistor 116 includes
an emitter electrode 117, a base electrode 118, and a
collector electrode 119, The emitter_ electrode 117 is
connected directly to the collector electrode 113. The
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4
energizing potential which is shown for illustrative pur-
poses to include a rectifier 50 connected to the secondary
winding 53 of a transformer 52, the primary winding 54
of which may be coupled to the power line through a
pair of terminals 56. Filtering of this supply is accom-
plished by a filtering capacitor 58. The collector electrode
119 of the transistor 116 is coupled to a positive source
of supply consisting of a rectifier diode 60 coupled to
the secondary winding 53, and a filtering capacitor 62
connected between the collector electrode 119 and circuit
ground. Output signals may be derived from the ampli-
fier circuit from a pair of output terminals 26, one of
which is connected to ground, and the other of which is
connected in common to the emitter electrode 117 and
the collector electrode 113.

A second pair of transistors 130 and 136 of opposite
conductivity type are connected in driving relation with
the transistors 310 and 116 and are connected to require
a single-ended source of signals. The transistor 130, of
the P-N-P type, includes an emitter electrode 131, a base
electrode 132, and a collector electrode 133. The col-
lector electrode 133 is connected directly to the base
electrode 112 to provide signal currents thereto. The
emitter electrode 131 is connected to the ungrounded one
of the pair of output terminals 126.

The transistor 136 includes an emitter electrode 137,
a base electrode 138, and a collector electrode 139. The
emitter electrode 137 is connected to the base electrode
118 for providing signals current thereto and the col-
lector 139 is connected to the positive source of supply.
The base electrode 138 is connected through a biasing
resistor 66 to the base electrode 132. Biasing voltages
for the base electrodes 138 and 132 are developed across
the resistor 66 by means of a current derived from the
positive and negative supplies through a resistor ‘68,
coupled between the positive supply and the base elec-
trode 138, and a resistor 70 connected between the nega-
tive supply and the base electrode 132.

The resistor 66 may be replaced by a thermistor or
some other temperature responsive resistance in order to
provide variation of the bias with temperature depending
upon the requirements of the transistors 110, 116, 130,
and 136. Depending upon the bias applied to the base
electrodes 132 and 138, the circuit including both the
output stage and the driver stage may be operated in
either Class A or Class B or at a point intermediate these
two classes of operation. Additionally, Class C opera-
tion, useful in certain radio frequency amplifier applica-
tions, may be utilized by providing reverse bias for the
base electrodes 132 and 138. .

Signals applied to the base electrodes 138 and 132, as
for example, through the coupling capacitor 72 will be
amplified and will appear at the pair of output terminals
26 where they may be utilized to directly drive a loud-
speaker or any other device. A third amplifier stage
comprises a tramsistor 76 having an emitter electrode
77, a base electrode 78 and a collector electrode 79.
The base electrode 78 is coupled through a coupling
capacitor 80 to one of a pair of input terminals 82, the
other of which is connected to ground. Energizing cur-
rent is supplied to the collector electrode 79 by means
of resistors 83 and 84 connected between the positive
supply and the -collector electrode 139. Signals are
coupled from the collector electrode 79 through the
coupling capacitor 72 to the base electrodes 138 and
132. The direct current operation of the transistor 76
is stabilized by the connection of a stabilizing resistor
86 between the emitter electrode 77 and the negative
supply source. The base electrode 78 is returned to the
negative supply source through a resistor 88 connected
therebetween. - Bias current is supplied to the base elec-
trode 78 by a feedback resistor 90 connected between
the base electrode 78 and the ungrounded one of the pair
of output terminals 26. The feedback resistor 90 pro-
vides negative feedback for the operation of the entire
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amplifier. If this negative feedback is not desired the
resistor 90 could be connected between the base elec-
trode 78 and ground. In order to raise the gain of the
amplifier circuit and to provide a greater output signal
capability of the driver transistor 76, an oufput signal is
fed back to the tap 85 from the ungrounded one of the
output terminals 26 through a feedback capacitor 92.
This feature provides greater output current capability
of the transistor 76 since it reduces signal current flow-
ing through the resistor 84 from the collector electrode
79 and therefore makes more signal current available
for the base electrodes 38 and 32. The transistor 76 is
shown for illustrative purposes to be an N-P-N transis-
tor. A P-N-P transistor may be utilized equally well in
this application by returning the emitter electrode 77 to
the positive supply and the collector electrode 79 to the
negative supply.

" Operation of the transistors 110, 116, 130 and 136 is
similar to the circuit operation described with reference
to Figure 1, except that bias voltage is applied to the
base electrodes 138 and 132 in order to adjust the operat-
ing point to give any desired class of operation.

Amplifier circuits in accordance with the invention
may provide high fidelity amplification of input signals
to a loudspeaker coupled direcily to the output terminals.

An output transformer is not required because of the
low load impedances which may be coupled to transistors
and because of the parallel connection of the two output
circuit transistors. Direct current amplification may be
provided since no reactive coupling elements are re-
quired and relatively large amounts of feedback may be
applied to the circuit, since phase shift of signals in an
output transformer is not encountered.

An amplifier circuit in accordance with the invention
utilizes push-pull single-ended operation to provide low
distortion, wide frequency range and high power out-
put, in an economical and efficient manner. Selection
of output transistors is facilitated by virtue of the fact
that transistors of like conductivity types are utilized.

What is claimed is:

1. In a push-pull amplifier circuit the combination
with a first transistor of one conductivity type including
a first base, a first emitter, and a first collector electrode;
a second transistor of said ome conductivity type includ-
ing a second base, a second emitter, and a second col-
lector electrode; means connecting said first emitter elec-
trode with said second collector electrode; and output
circuit means connected with said first collector and sec-
ond. emitter electrodes and to a common point in said
circuit to derive a push-pull output signal; of a third
transistor of an opposite conductivity type including a
third base, a third emitter, and a third collector elec-
trode; a fourth transistor of said one conductivity type
including a fourth base, a fourth emitter, and a fourth
collector electrode; input circuit means connected with

said third and fourth base electrodes and to a common

point in said circuit for applying an input signal thereto;
signal conveying and direct-current conductive means
connecting said third collector electrode with said first
base electrode; means connecting said third emitter elec-
trode with said first collector electrode; signal conveying
and direct-current conductive means connecting said
fourth emitter electrode with said second base electrode;
and means connecting said fourth collector electrode
with said second collector electrode; said third and
fourth transistors being alternately conductive in re-
sponse to input signals of opposite polarity to provide
out-of-phase signals for driving said first and second
transistors in push-pull relation. _

2. A push-pull signal amplifier circuit comprising, in
combination, a first and a second output tramsistor of
one conductivity type each including base, emitter, and
collector electrodes, means providing a series direct-
current conductive path for applying energizing poten-
tials to said output transistors, said direct-current con-
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ductive path including a direct-current conductive con-
nection between the emitter of said first transistor and
the collector of said second transistor, output circuit
means connected with the collector of said first transistor
and the emitter of said second transistor and to a com-
mon point in said circuit, a first and second driver tran-
sistor each including base, emitter, and collector elec-
trodes, said first driver transistor being of an opposite
conductivity type and said second driver transistor being
of said one conductivity type, means connecting the
collector and emitter of said first driver transistor with
the base and collector respectively of said first output
transistor, means connecting the emitter and collector of
said second driver transistor with the base and collector
respectively of said second output transistor, and means
for applying an input signal between the base electrodes
of said first and second driver transistors and said com-
mon point in said circuit,

3. A push-pull signal amplifier circuit comprising, in
combination, a first and a second output transistor of one
conductivity type each including base, emitter, and col-
lector electrodes, means including a direct current supply
source and the collector and emitter electrodes of each
of said output transistors providing a series direct-current
conductive path for applying energizing potentials to said
output transistors, output circuit means connected with
the collector of said first transistor and the emitter of said
second transistor and to a common point in said circuit,
a first and second driver transistor each including base,
emitter, and collector .electrodes, said first driver transis-
tor being of an opposite conductivity type and said sec-
ond driver transistor being of said one conductivity type,
means connecting the collector and emitter of said first
driver fransistor with the base and collector respectively
of said first output transistor, means connecting the
emitter and collector of said second driver tramsistor

. with the base and collector respectively of said second
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output transistor, and means for applying an input signal
between the base electrodes of said first and second driver
transistors and said common point in said circuit.

4. A push-pull signal amplifier circuit comprising, in
combination, a first and a second output transistor of
one conductivity type each including base, emitter, and
collector electrodes, means direct-current conductively
connecting the emitter of said first transistor with the
collector of said second transistor, output circuit means
connected with the collector of said first transistor and
the emifter of said second transistor and to a common
point in said circuit, a first and second driver transistor
each including base, emitter, and collector electrodes,
said first driver transistor being of an opposite con-
ductivity type and said second driver transistor being of
said one conductivity type, means direct-current con-
ductively connecting the collector of said first driver
transistor with the base of said first output transistor,
means direct-current conductively connecting the emitter
of said second driver transistor with the base of said
second output ‘transistor, means providing a direct cur-
rent supply source, means direct-current conductively
connecting the collector electrodes of said second driver
and second output transistors with said source, means
including said output circuit means connecting the
emitter of said first driver transistor and the collector
of said first output transistor with said source, and
means for applying an input signal between the base elec-
trodes of said first and second driver transistors and said
common point in said circuit,

5. A push-pull signal amplifier circuit comprising, in
combination, a first and a second oufput transistor of
one conductivity type each including base, emitter, and
collector electrodes, means providing a source of direct
energizing potential including a pair of terminals, means
connecting the collector and emitter electrodes of each
of said output transistors in series between the terminals
of said source to provide a series direct current con-
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ductive path; the emitter of said first output transistor
being connected to one of said terminals and the col-
lector of said second output transistor being connected
to the other of said terminals, said series direct current
conductive path including a connection between the col-
lector of said first output transistor and the emitter of
said second: output transistor, output terminal means
connected with said connection and to a common point
in said circuit, a first and second driver transistor each
including base, emitter, and collector electrodes, said
first driver transistor being of an opposite conductivity
type and said second .driver transistor being of said one
conductivity type, means connecting the collector of said
first- driver transistor with the base of said first output
transistor, mieans connecting the emitter of said second
driver transistor with the base of said second output
transistor, means direct-current conductively connecting
the emitter of said first driver transistor with said output
terminal means, means direct-current conductively con-
necting the collector of said second driver transistor
with the other of said terminals of said potential source,
and means for applying an input signal in parallel be-
tween the base electrodes of said first and second driver
transistors and said common point in said circuit.

6. In a push-pull amplifier circnit, the combination
comprising, a first pair of semiconductor devices of like
conductivity type connected for push-pull operation and
cach including base, emitter, and collector electrodes,
the emitter electrode of one device being connected to
the collector electrode of the other device and the col-
lector electrode of said one device being connected
through a source of energizing potential to the emitter
electrode of said other device, output circuit means con-
nected with the emitter electrode of said one device and
the collector electrode of said other of said devices and
to a common point in said circuit, and push-pull driving
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means connected with the base electrodes of said devices,
said push-pull driving means including a second pair of
semiconductor devices each having base, emitter and col-
lector electrodes, one of said devices of said second pair
being of the same conductivity type as the devices of
said first pair, the other of said devices of said second
pair being of an opposite conductivity type, the emitter
electrode of said one of said devices of said second pair
being coupled with the base electrode of said one of
said devices of said first pair, the collector electrode of
said other of said devices of said second pair being con-
nected to the base electrode of the other device of said
first pair, means connecting the collector electrode of
said one of said devices of said second pair with the
collector electrode of said one of said devices of said
first pair, means connecting the emitter electrode of said
other of said devices of said second pair with the col-
lector electrode of said other of said devices of said
second pair, and input circuit means coupled with the
base electrodes of said second pair of semiconductor
devices and to said common point.
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