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[57] ABSTRACT

A power amplifier is constituted by a complementary
pair of one N channel and one P channel unsaturated
Junction type FET’s constructing a single ended push-
pull circuit, the N channel FET having a drain con-

1

nected to the positive terminal of a first dc power
source of a predetermined voltage and a source con-
nected via a load to a ground potential, and the P
channel FET having a drain connected to the negative
terminal of the first dc power source and a source
connected via the load to the ground potential. The
gate potentials of the complementary pair of FETs
constituting the power amplifier are controlled by a
bias control circuit constructed of a complementary
pair of one PNP type and NPN type bipolar transis-
tors, the PNP type bipolar transistor having a collector
coupled to the gate of the N channel FET and con-
nected via a first resistor to the negative terminal of a
second dc power source with its voltage predeter-
mined and varied at substantially the same rate as that
of the first dc power source and a base connected to
the collector thereof via a second resistor, and the
NPN type bipolar transistor having a collector coupled
to the gate of the P channel FET and connected via a
third resistor of the same resistance value as the first
resistor to the positive terminal of the second dc
power source and a base connected to the collector
thereof via a fourth resistor of the same resistance
value as the second resistor, the bases of the bipolar
transistors being also interconnected via a common
resistor and the emitters thereof being coupled in
common to one terminal of an' input audio signal
source having the other terminal connected to the
ground potential via respective resistors of the same
resistance value, whereby the amounts of drain cur-
rent flowing into the complementary pair of FET’s are
each maintained substantially constant, even if the
voltage levels of the first and second dc power source
are fluctuated.

9 Claims, 3 Drawing Figures
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BIAS CONTROL CIRCUIT FOR AN AUDIO
AMPLIFIER UTILIZING AN UNSATURATED
JUNCTION TYPE FET

BACKGROUND OF.THE INVENTION

The present invention relates to a bias control circuit
for an audio amplifier utilizing as an amplifier element
a field effect transistor (hereinafter referred to as
“FET"”), more particularly, a vertical or unsaturated
junction type FET.

In the field of an audio amplifier, there has recently
been accepted the type which uses an unsaturated junc-
tion type FET as an active circuit element constituting
its final or power amplifier stage. Namely, an unsatu-
rated junction type FET is an active circuit element
showing the so-called triode tube characteristic differ-
ent from the prior art saturated type FET which indi-
cates the so-called pentode tube characteristic. There-
fore said unsaturated junction type FET has an excel-
lent advantage in amplifying audio signals of a particu-
larly large input level.

On the other hand, an unsaturated junction type FET
has the disadvantage that the amount of its drain cur-
rent. I, varies with the drift of its drain-to-source volt-
age V5. Consequently, an audio amplifier containing
an unsaturated Junctlon type FET involves the problem
that the amount of its drain current I, varies with its
power supply voltage, even if its gate-to-source voltage
Vs is kept at a constant value, resulting in the cross-
over distortion of a signal amplified by the FET as well
as the undue increment of its temperature.

- Accordingly, practical application of an audio ampli-
fier containing an unsaturated. junction type FET is
primarily governed by the extent to which the drift of
its drain current I, can be reduced with respect to the
fluctuation of its power supply voltage.

Thus a counter measure hitherto adopted for an
audio amplifier containing an unsaturated junction
type FET to prevent the drift of its drain current I, with
respect to the ﬂuctuatlon of its power supply voltage is
‘exemplified by ‘one in which power sources for the
driver stage (usually constituted by a bipolar transistor)
and the final power amplifier stage formed of the FET
are respectively constituted by constant voltage

. sources. From the technical as well as the economical
viewpoint, it raises little’ problem that a power source
for the driver stage consuming a relatively small
amount of power is constituted by a constant voltage
source. Where, however, a power source for the power
amphfier stage consuming a maximum amount of

" power is constituted by a constant voltage source, then

some technical difficulties arise in addition to-the re-
quired use of expensive circuit elements of a large
current capacity as the constituent elements of the
constant voltage source.

For this reason, an audio amplifier utilizing an unsat-
urated junction type FET is desired to have such a
circuit arrangement that the amount of drain current I,
flowing into the FET can always be kept substantially
constant, without employing a constant voltage source
for the power amplifier stage mcludmg the FET, even if
the level of its power supply voltage is fluctuated by any
cause.

Such a circuit arrangement may include the type
which enables the level of the gate-to-source potential
Vs of the FET to drift at substantially the same rate as
its drain-to-source voltage Vs, even if the level of the
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power supply voltage is fluctuated. To provide a practi-
cal circuit arrangement for the above-mentioned ob-
ject, those skilled in the art can readily think of a pro-
cess of employing the power sources whose voltages
always fluctuate at a substantially equal level for the
driver and power amplifier stages, without utilizing
constant voltage sources.

However, such a circuit arrangement can not yet
maintain the drain current I, flowing into the FET at a
constant value even if the levels of the power supply
voltages are fluctuated. The reason is that voltage Vs
applied between the gate and source of the FET varies
at a higher level than that of voltage Vs impressed
between the drain and source thereof due to the volt-
age amplification factor p of the FET.

SUMMARY OF THE INVENTION

It is, therefore, the object of the present invention to
provide a bias control circuit for an audio amplifier
utilizing an unsaturated junction type FET capable of
so controlling its gate-to-source potential or gate vias
voltage as to enable the amount of drain current flow-
ing thereinto always to maintain at a substantially con-
stant value, even if the level of its power supply voltage
is fluctuated. ’

According to the preferred embodiment of the inven-
tion there is provided a bias control circuit for an audio
amplifier utilizing an unsaturated junction type FET,
the improvement wherein said amplifier includes at
least an amplifier section formed of a complementary
pair of one N channel and one P channel unsaturated
junction type FETs constituting a single ended pushpull
circuit; the N channel FET having a drain connected to
the positive terminal of a first dc power source of a
predetermined voltage and a source connected via a
load to a ground potential, and the P channel FET
having a drain connected to the negative terminal of
the first dc power source and a source connected via
the load to the ground potential; and wherein said bias
control circuit-comprises a first complementaty pair of’
one PNP type- and one NPN type-bipolar: transistors,
the first PNP type bipolar transistor having a collector
coupled to the gate of the N channel FET and con-
nected via a first resistor to the negative terminal of a
second dc power source with its voltage predetermined
and fluctuated at substantially the same rate as that of
the first dc power source and a base connected to the
collector thereof via a second resistor, and the first
NPN type bipolar transistor having a collector coupled
to the gate of the P channel FET and connected via a
third resistor of the same resistance value as the first
resistor to the positive terminal of the second dc power -
source and a base connected to the collector thereof
via a fourth resistor of the same resistance value as the
second resistor, the base of the bipolar transistors being
also interconnected via a fifth common resistor and the
emitters thereof being coupled in common to one ter-
minal of an input audio signal source having the other
terminal connected to the ground potential via sixth
respective resistors of the same resistance value.

The bias control circuit constructed as above men-
tioned has the advantage capable of maintaining the
amounts of drain current flowing into the complemen-
tary pair of FET’s substantially constant, even if the
levels of their drain-to-source voltages and those of
their gate-to-source voltages drift with the first and
second dc power sources.
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BRIEF DESCRIPTION OF THE DRAWING

FIG. 1 is a schematic circuit diagram according to
one embodiment of the invention;

FIG. 2 shows curve diagrams illustrating the relation-
ship between variations in the resistance values of the
resistors R1 and R2 shown in FIG. 1 and those in the
voltage drops across the resistor R7 shown therein; and

FIG. 3 is a schematic. circuit diagram according to
another embodiment of the invention.

PREFERRED EMBODIMENTS OF THE
INVENTION

A bias control circuit utilizing an unsaturated junc-
tion type FET according to the preferred embodiments
of the invention will now be described by reference to
the appended drawings.

FIG. 1 is.a schematic circuit diagram according to
one embodiment of the invention. In FIG. 1, reference
numeral 11 denotes a power transformer comprising a
primary winding 11P having two.ends connected across
an ac power source 12, and two secondary windings
118, and 118, electromagnetically coupled -to the pri-
mary winding 11P and having their center taps CT, and
CT, connected to a reference or ground potential,
respectively. One, e.g., 118, of the secondary windings
has two ends connected to the corresponding input
terminals 13a and 13b of a full wave rectifier bridge 13.
Thus, the rectifier bridge.13 is so constructed as to
induce positive and negative dc voltages having a pre-
determined value, e.g., =60 volts on its positive and
negative output terminals 13¢ and 134..
. Similarly, the other secondary winding 118, has two

ends connected to the corresponding input terminals
14a and 14b of a full wave rectifier bridge 14 with its
positive and negative output terminals 14c and 144
designed to induce thereon positive and negative dc
voltages of a predetermined value, e.g., =40 volts. Two
smoothing capacitors C1 and C2 are connected in se-
ries between the rectifier bridge output terminals 13¢
and 13d. The junction 15 of the capacitors C1 and C2
is connected to the ground potential. Similarly, two
smoothing capacitors C3 and C4 are connected in se-
ries between the rectifier bridge output terminals 14¢
and 144, the junction 16 of the capacitors C3 and C4
being connected to the ground potential.

Thus, a circuit portion 17 including the rectifier
bridge 13 and the smoothing capacitors C1 and C2 acts
to impress the aforesaid = dc 60 volts on positive and
negative dc power source terminals 18P and 18N con-
nected respectively to the positive and negative output
terminals 13c and 134 of the rectifier bridge 13, the
positive and negative dc power source terminals 18P
and 18N jointly constituting a dc power source for the
later described bias control circuit 19 and driver circuit
20 respectively formed of two bipolar transistors.

On the other hand, a circuit portion 21 including the
rectifier bridge 14" and the smoothing capacitors C3
and C4 functions to apply the aforesaid = dc 40 volts to
positive and negative dc power source terminals 22P
and 22N connected respectively to the positive and
negative output terminals 14¢ and 144 of the rectifier
bridge 14, and jointly constituting a dc power source
for the later described power amplifier circuit 23
formed of two unsaturated junction type FET’s.

Thus, one terminal of a conventional input audio
signal source 24 with the other terminal connected to
the ground potential is connected to the emitters of a
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complementary pair of one NPN type and one PNP
type bipolar transistors 25N and 25P jointly constitut-
ing the bias control circuit 19 via separate resistors R1
and R2 of the appropriate same resistance value, e.g.,
47Q.

The transistor 25N has a collector connected to the
base thereof via a resistor R4 of a suitable resistance
value, e.g., 56 k{ and also to the positive dc power
source terminal 18P via a resistor R3 of a predeter-
mined resistarice value, e.g., 100 k).

Similarly, the transistor 25P has a collector con-
nected to the base thereof via a resistor R6 of the same
resistance value as the resistor R4 and also to the nega-
tive dc power source terminal 18N via a resistor RS of
the same resistance value as the resistor R3. The bases
of the transistors 25N and 25P are interconnected via a
variable resistor VR of an appropriate resistance value,
e.g., 50 kQ. Thus, the complementary pair of bipolar
transistors 25N and 25P collectively constituting the
bias control circuit 19 operate in a base grounded ac
mode and in an emitter grounded dc mode. The collec-
tor of the transistor 25N is further connected to the
base of an NPN type bipolar transistor 26N having a
collector connected to the positive dc power source
terminal 18P. Similarly, the collector of the transistor
25P is further connected to the base of a PNP type
bipolar transistor 26P with its collector connected to
the negative dc power source terminal 18N, The tran-
sistors 26N and 26P have their emitters interconnected
via a common load resistor R7 -of a preselected resis-
tance value, e.g., 3 kQ. Thus, the transistors 26N and
26P constitute a pair of mutually complementary emit-
ter-follower circuits jointly forming the so-called single
ended pushpull (hereinafter referred to as “SEPP”)
circuit 'used as the driver circuit 20.

The emitter of the transistor 26N- is further con-
nected to the gate of a P channel unsaturated junction
type FET 27P having a drain connected to the negative
dc power source terminal 22N.

‘Similarly, the emitter of the transistor 26P is further
connected to the gate of an N channel unsaturated
junction type FET 27N with its drain connected to the
positive dc source terminal 22P. The FET’s 27P and
27N have their sources connected via separate resistors
R8 and R9 of the prescribed same resistance value,
e.g., 0.47 () to one terminal of a load 28 such as a
loudspeaker with the other terminal connected to the
ground potential. Thus, the FET’s 27P and 27N consti-
tute a pair of mutually complementary source-follower
circuits collectively forming a SEPP circuit used as the
power amplifier circuit 23.

The operation of the circuitry of FIG. 1 will now be
described. Assuming that the voltage level of the ac
power source 12 is fluctuated by any cause, then those
of the positive and negative dc voltages induced on the
positive and negative dc source terminals 22P and 22N
inevitably vary as apparent to those skilled in the art.
As a result, the amounts of drain current flowing
through the drain-source paths of the FET's forming
the power amplifier circuit 23 tend to drift. At the same
time, the positive and negative dc voltage levels in-
duced on the positive and negative dc power source
terminals 18P and 18N vary at substantially the same
rate as those induced on the aforesaid dc source termi-
nals 22P and 22N.

For this reason, the amounts of emitter current of the
transistors 26N and 26P constituting the driver circuit
20 and in consequence their emitter potentials for de-
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fining the source-to-gate potentials V¢ of the FET’s
27P and 27N forming the power amplifier 23 drift with
the polarities, thereby compensating changes in their
drain current I,. In this case, if the bias control circuit
19 is not provided, then the levels of the gate-to-source
voltages Vg of the FET’s 27P and 27N drift at substan-
tially the same rate as those of the drain-to-source
voltages thereof in accordance with variations in the
voltage levels of the ac power source 12. If, however,
the gate-to-source voltages Vs of the FET's 27P and
27N fluctuate in almost the same amount as their drain-
to-source voltages Vs as above mentioned, then the
aforesaid drift compensation for the drain current I, of
the FET’s 27P and 27N depending on their gate-to-
source voltages V¢ will be carried to the excess due to
the voltage amplification factor p of the FET’s.

According to the present invention, the bias control
circuit 19 is provided, offering the advantage that the
drift of the drain current flowing into the FET’s 27P
and 27N can always be reduced to the smallest possible
extent as described hereinunder, even if the voltage
levels of the ac power source 12 is drifted. That is, the
resistors R4 and R6 connected between the corre-
sponding collectors and bases of the transistors 25N
and 25P forming the bias control circuit 19 each act as
4 negative feedback resistance element as is well
known in the art. Where, consequently, the dc voltage
levels of the positive @nd negative dc power source
terminals 18P and 18N vary with the voltage level of
the ac power source 12, then the collector potentials of
the transistors 25N and 25P so connected to the corre-
sponding bases of the transistors 26N and 26P as to
define the corresponding gate-to-source potentials Vgg
of the FET’s 27P and 27N change in a smaller amount
than the dc voltage levels induced on the positive and
negative dc power source terminals 18P and 18N. For
this reason, the present inventor has experimentally
proved that the above-mentioned selection, as shown in
FIG. 1, of the resistance values of the negative feed-
~ back resistors R4 and R6 used in the bias control cir-
cuit 19 enables the drain current flowing into the FET’s
27P and 27N forming the power amplifier circuit 23 to
be always maintained substantially constant, even if the
voltage level of the ac power source 12 is fluctuated for
any reason.

In this case, changes in the degree of the drift com-
pensation of the collector potentials of the transistors
25N and 25P with respect to variations in the voltage
level of the ac power source 12 can be most effectively
attained by variations in the resistance values of their
emitter resistors R1 and R2, but can also be controlled
. by variations in the resistance values. of the negative
feedback resistors R4 and R6 as well as of the collector
resistors R3 and RS of the transistors 25N and 25P.
Where the resistance values of the emitter resistors R1
and R2 of the transistors 25N and 25P are variously
changed, curves 31, 32, 33 and 34 shown in FIG. 2
respectively indicate the relationship between the drifts
of the dc voltage levels induced on the positive and
negative d¢ power source terminals 18P and 18N re-
sulting from variations in the voltage level of the ac
power source 12 and variations in the voltage drops
induced across the common emitter resistor R7 of the
transistors- 26N and 26P and defining the gate-to-
source potentials Vgg of the FET’s 27P and 27N As
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apparent from these curves 31 to 34, ‘the drifted

amounts of the gate-to-source voltages: Vis of the
FET’s 27P and 27N corresponding to those fluctua-

tions in the dc voltage levels of the positive and nega-
tive dc power source terminals 18P and 18N which
result from variations in the voltage level of the ac
power source 12 are more reduced as the resistance
values of the resistors R1 and R2 are progressively
decreased. This means that the smaller the resistance
values of the resistors R1 and R2, the less the drifted
amounts of the collector potentials of the transistors
25N and 25P with respect to fluctuations in the dc
voltage levels of the positive and negative dc power
source terminals 18P and 18N.

The above-mentioned basic principle associated with
variations in the resistance values of the resistors R1
and R2 can be equally applied to the negative feedback
resistors R4 and RS and also to the collector resistors
R3 and RS of the transistors 25N and 25P.

Hence, the transistors 25N and 25P forming the bias
control circuit 19 each operate in a base grounded ac
mode and in consequence each of their current amplifi-
cation factors stands at about 1. For this reason, audio
frequency signals supplied from the input audio signal
source 24 to the emitters of the transistors 25N and
25P are transmitted through their collectors into the
bases of the corresponding transistors 26N and 26P
constituting the driver circuit 20, with substantially the
same signal phase and level as when initially supplied,
thereby enabling any audio frequency signal to be
transmitted in a substantially original form through the
bias control circuit 19 to the driver circuit 20.

According to the embodiment of FIG. 1, the resistor
VR interconnecting the bases of the transistors 25N
and 25P is of variable type. Therefore, the adjustment
of the resistance value of the variable resistor VR has
the merit of controlling the base bias potentials of the
transistors 25N and 25P and in consequence control-
ling the gate-to-source potentials V¢g of the FET’s 27P
and 27N defining the amounts of their drain current Ip.

FIG. 3 is a schematic circuit diagram according to

_another embodiment of the invention.

The embodiment of FIG. 3 differs from that of FIG.
1 in that; (a) the collectors of the transistors 25N and
25P forming the bias control circuit 19 are connected
directly to the gates of the corresponding FET’s 27P
and 27N forming the power amplifier circuit 23 and the
emitters of the transistors 25N and 25P are connected
via the corresponding resistors R1 and R2 to the emit-
ters of the corresponding transistors 26N and 26P
forming the driver circuit 20, whereby the bias control
circuit 19 is provided in the immediately preceding
stage of the power amplifier circuit 23, i.e., between
the driver circuit 20 and the power amplifier circuit 23;
and an audio frequency signal delivered from the input
audio signal source 24 is applied to the driver circuit 20
through a preamplifier circuit 30 of the hereinunder
described construction. The preamplifier circuit 30
comprises three or one PNP type and two NPN type
bipolar transistors 31P, 31N and 32N each having an
emitter, a base and a collector respectively connected
in the circuitry of FIG. 3 as hereinunder described.

The PNP type bipolar transistor 31P has a collector
connected to the base of the transistor 26N included in
the driver circuit 20, an emitter connected to the posi-
tive dc power source terminal 18P via a resistor R10 of
an appropriate resistance value, e.g., 120 (), and a base
connected to the dc power source terminal 18P via two
series connected diodes D1 and D2 with their forward
polarities and also to the ground potential via a resistor
R11 of a preselected resistance value, e.g., 10 k€). The
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NPN type bipolar transistor 31N has a collector con-
nected to the base of the transistor 26P included in the
driver circuit 20, an emitter connected to the negative
dc power source terminal 18N via a resistor R12 of a
prescribed resistance value, e.g., 100, and a base
connected to the nongrounded side terminal of the
input audio signal source 24 with the other terminal
connected to the ground potential. And the NPN type
bipolar transistor 32N has a collector connected to the
collector of the transistor 31P, an emitter connected to
the collector of the transistor 31N via a resistor R13 of
4 predetermined resistance value, e.g., 47 ), and a base
connected to the collector of the transistor 31P via a
variable resistor VR1 of an appropriate resistance
value; e.g., 1 k) and also to the collector of the transis-
tor 31N via a resistor R14 of a preselected resistance
value, e.g., 560 Q.-

A circuit portion 33 including the transistor 32N.
constitutes, as is well known to those skilled in the art,
a kind .of constant current source with a temperature
drift compensation effect and acts as a common collec-
tor load network for the transistors 31P and 3IN. The
circuit portion 33 may be replaced by a resistor having
an appropriate resistance value and shown by phantom
34 in FIG. 3.

The parts of FIG. 3 corresponding to those of FIG. 1
are denoted by the same symbols and the description
thereof-is omitted.

It will be apparent that the circuitry of FIG. 3 con-
structed as above mentioned operates in a similar man-
ner to, and can attain substantially the same effect as,
that of FIG. 1. In this case, it will be easily understood
by those skilled in the art that the most appropriate
resistance value of each of the resistors R1 to R9 used
in the circuitry of FIG. 3 differs from that of the cir-
cuitry of FIG. 1, due to different circuit arrangements.

- While the invention has been described in term of the
preferred ‘embodiments, it should be understood that
various changes and modifications will occur to those
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the invention as defined in the appended claims.

What is claimed is:

-'1. A bias control circuit for an audio amphﬁer utiliz-
ing an unsaturated junction type FET, the improve-
ment wherein said amplifier includes at least an ampli-
fier section formed of a complementary pair of one N
channel and one P channel unsaturated junction type
FETs constituting a single ended pushpull circuit, the N
channel FET having a drain connected to the positive
terminal of a first dc power source of a predetermined
voltage and a'source connected via a load to a ground
potential, and the P channel FET having a drain con-
nected to the negative terminal of the first dc power
source and a source connected via the load to the
ground potential; and wherein said bias control circuit
comprises a first complementary pair of one PNP type-
and one NPN type-bipolar transistors, the first PNP
type bipolar transistor having a collector coupled to the
gate of the N channel FET and connected via a first
resistor to the negative terminal of a second dc power
source with its voltage predetermined and fluctuated at
substantially the same rate as that of the first dc power
source and a base connected to the collector thereof
via a second resistor, and the first NPN type bipolar
transistor having a collector coupled to the gate of the
P channel FET and connected via a third resistor of the
same resistance value as the first resistor to the positive
terminal of the second dc power source and a base
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connected to the collector thereof via a fourth resistor
of the same resistance value as the second resistor, the
bases of the bipolar transistors being also intercon-
nected via a fifth common resistor and the emitters
thereof being coupled in common to one terminal of an
input audio signal source having the other terminal
connected to the ground potential via sixth respective
resistors of the same resistance value.

2. The bias control circuit claimed in claim 1,
wherein the first dc power source across which the
drains of the complementary pair of FET’s are con-
nected and the second dc power source across which
the collectors of the complementary pair of bipolar
transistors are coupled each comprise a full wave recti-
fier bridge having its input terminals connected to the
both ends of a secondary power transformer winding
which is electromagnetically coupled to a primary
power transformer winding having its terminals con-
nected across an ac power source.

3. The bias control circuit claimed in claim 1,
wherein the fifth resistor interconnecting the bases of
the complementary pair of bipolar transistors is of vari-
able type.

4, The bias control circuit claimed in claim 1,
wherein there is further provided, between the collec-
tors of the complementary pair of bipolar transistors
having their emitters coupled via the sixth respective
resistors to the input audio signal source and the gates
of the complementary pair of FET’s, a driver circuit
comprising a second complementary pair of one NPN
type and one PNP type bipolar transistors constituting
a single ended pushpull circuit, the second NPN type
bipolar transistor having a base connected to the col-
lector of the first NPN type bipolar transistor, a collec-
tor connected to the positive terminal of the second dc
power source and an emitter connected to the gate of
the P channel FET, and the second PNP type bipolar
transistor having a base connected to the collector of
the first PNP type bipolar transistor, a collector con-
nected to the negative terminal of the second dc power
source and an emitter connected to the gate of the N
channel FET, the emitters of the second bipolar transis-
tors being further interconnected via a common resis-
tor.

5. The bias control circuit claimed in claim 4,
wherein the first complementary pair of bipolar transis-
tors have their emitters directly connected to the one
terminal of the input audio signal source, with the other
terminal connected to the ground potential.

6. The bias control circuit claimed in claim 1,
wherein there are further provided, between the sixth
respective resistors connected to the corresponding
emitters of the first complementary pair of bipolar
transistors and the one terminal of the input audio
signal source with the other terminal connected to the
ground potential, a driver circuit comprising a second
complementary pair of one NPN type and one PNP
type bipolar transistors constituting a single ended
pushpull circuit, the second NPN type bipolar transis-
tor having an emitter connected via the sixth corre-
sponding resistor to the emitter of the first NPN type
bipolar transistor and a collector connected to the
positive terminal of the second dc power source, and
the second PNP type bipolar transistor having an emit-
ter connected via the sixth corresponding resistor to
the emitter of the first PNP type bipolar transistor and
a collector connected to the negative terminal of the
second dc power source, the second bipolar transistors
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having their bases interconnected via a seventh com-
mon resistor; and a preamplifier circuit comprising a
third complementary pair of one PNP type and one
NPN type bipolar transistors, the third PNP type bipo-
lar transistor having a collector connected to the base
of the second NPN type bipolar transistor, an emitter
connected via an eighth resistor to the positive terminal
of the second dc power source and a base coupled to a
constant base bias voltage source, and the third NPN
type bipolar transistor having a collector connected to
the base of the second NPN type bipolar transistor, an
emitter connected via a ninth resistor to the negative
terminal of the second dc power source and a base
coupled to the one terminal of the input audio signal
source with the other terminal connected to the ground
potential, the collectors of the third complementary
pair of bipolar transistors being further interconnected
via a'common load resistance network.

7. The bias control circuit claimed in claim 6,
wherein the common load resistance network inter
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connecting the collectors of the third complementary
pair of bipolar transistors comprises a fourth NPN type
bipolar transistor constituting a constant current
source and having a collector connected to the collec-
tor of the third PNP type bipolar transistor, an emitter
connected via a tenth resistor to the collector of the
third NPN type bipolar transistor, and a base con-
nected to the collector thereof via an eleventh resistor
and also to the collector of the third PNP type bipolar
transistor via a twelfth resistor.

8. The bias control circuit claimed in claim 6,
wherein the common load resistance network intercon-
necting the collectors of the third complementary pair
of bipolar transistors comprises a single resistance ele-
ment. '

9. The bias control circuit claimed in claim 6,
wherein the gates of the complementary pair of FET’s
are connected directly to the corresponding collectors

of the first complementary pair of bipolar transistors.
* k% k% ok ok



