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(57 ABSTRACT

A power amplifier includes a bootstrapped driver CIr-
cuit in which the load element is divided into two parts.
A single-ended push-pull circuit provides a feedback to
the junction point of those two parts. A resistor ele-
ment havmg 0.1 to 10 times the resistance of the load
element is connected in paraliel with the load element.

3 Claims, 4 Drawing Figures
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POWER AMPLIFIER WITH A BOOTSTRAPPED
DRIVER STAGE

Matter enclosed in heavy brackets[ Jappears in the
original patent but forms no part of this reissue specifi-
cation; matter printed in italics indicates the additions

made by reissue.

This invention relates to an improvement in a driver
circuit for a single-ended push-pull amplifier.

A power amplifier using a single-ended push-pull
circuit as an output stage and a bootstrapped driver
circuit as a driver stage has been proposed. In such a
bootstrapped driver circuit, an output voltage is ap-
plied to a load resistor to form a positive feedback
circuit.

With such a power amplifier, the operating condi-
tions on alternating half cycles of the signal become
unequal. Further, voltage gains in each half cycle are
respectively affected by the current gains of each of the
output transistors, and the difference in the character-
istics between the output transistors inevitably results
in the occurrence of distortion in the output. The ther-
mal drift of the characteristics of the output transistors
also result in the distortion of the output.

An object of the present invention is to provide an
improved power amplifier with a bootstrapped driver
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circuit capable of making the voltage gain on each half 30

cycle equal and, at the same time developing the volt-
age gain in the whole circuit independently of the cur-
rent gain h,;’s of each of the output transistors.

SUMMARY OF THE INVENTION

A power amplifier in accordance with the present
invention comprises a bootstrapped driver circuit in
which the load element is divided into two parts con-
nected in series, a single-ended push-pull circuit from
which the output voltage is fed back to the junction
point of the two parts of the load element of the driver
stage, and a resistor element connected in parallel with
the load element, the resistance value of the resistance
element being selected in the range of 0.1 to 10 times
the resistance value of the load element of the driver
circuit.

According to the present invention, the voltage gain
of the whole circuit on each half cycle of the signal
becomes approximately equal to the ratio of the resis-
tance of the resistance element connected in paraliel
with the load element of the driver circuit to the emit-
ter resistance of the driver transistor. Therefore, the
voltage gain of the power amplifier is not dependent
upon the current gain of the output transistor, and
hence the output has no distortion in either half cycle
thereof irrespective of the conditions of the output
transistors. | | .

BRIEF DESCRIPTION OF THE DRAWINGS

The above and further objects, features, and advan-
tages of the present invention will become apparent
from the following detailed description of several em-
bodiments of this invention taken in conjunction with
the accompanying drawings, wherein:

F1G. 1 1s a circuit diagram of a conventional prior art
power amplifier; .

FIGS. 2 and 4 are circuit diagrams illustrating a first
and a second embodiment of this invention; and
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F1G. 3 is an equivalent circuit diagram of the first
embodiment shown in FIG. 2.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Referring now to FIG. 1, an example of a conven-
tional power amplifier comprises a differential ampli-
fier composed of a transistor 8, biased by resistors 1
and 2, and a transistor 9 are directly coupled with each
other and connected via a constant-current source 20
to ground. The output amplified by the transistor 8 is
obtained across a load resistor 3 and this is applied to
the base of a driver transistor 10. The load of the tran-
sistor 10 is divided into two resistors 4 and §. The resis-
tor 4 is electrically connected to the collector of the
transistor 10 through the diode chain 11. The output of
the transistor is derived from both ends of the diode
chain 11 and applied to the bases of the complemen-
tary transistors 12 and 14 respectively which together
with the output transistors 13 and 14, form Darlington
connections. These Darlington connections are further
connected so as to form the single-ended push-pull
circuit.

Output transistors 12 and 13 are driven on one half
cycle of the input signal and further, output transistors
14 and 18 are driven on the other half cycle. The diode
chain 11 supplies the bias voltage between the bases of
the transistors 12 and 14 and also operates to prevent
thermal drift of the pidle current of the output transis-
tors 13 and 18.

The ultimate output of the amplifier is derived from
the junction point of the emitter of transistor 13 and
the collector of transistor 15, and then fed to the load
19 through the coupling capacitor 18. Part of the ulti-
mate output is fed back to the base of the transistor 9
through a negative-feedback circuit consisting of resis-
tors 6 and 7 and a capacitor 16, and is thereby intended
to provide DC operational stabilization and improve-
ments in the AC characteristics.

The ultimate output is also fed to the junction be-
tween the resistors 4 and § through the bootstrapping
capacitor 17. This feedback circuit is a so-called boot-
strap circuit, a kind of positive feedback circuit. This
circuit has the advantages that the collector load im-

pedance of the transistor 10 is increased, thereby in-

creasing its gain, that the junction of the resistors 4 and
S can be raised to a voltage in excess of the power
supply voltage range by the action of the charged ca-
pacitor 17 as a battery in the operating frequency band,
that as a result the dynamic range of the transistor 10
can be made wide enough and that the output with no
distortion can also be large enough when compared
with the power supply voltage. For such advantages,
the bootstrapped driver stage is generally employed in
the power amplifier.

With this circuit, however, the transistors 12, 13 and
14 operate as grounded-emitter circuits and the transis-
tor 18 operates as a grounded-collector circuit in an
equivalent circuit. This results in a difference in operat-
ing conditions on each half cycle as viewed from the
base of the transistor 10. Furthermore, the voltage
gains of the Darlington circuits of transistors 12 and 13
and transistors 14 and 18 are respectively affected by
the current gain h;.'s of the respective output transis-
tors which current are different individually and easily
drift with the operating temperature. For these reasons,
the occurrence of distortion, particularly a difference
between alternate half cycles of the signal, is inevitable.
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In FIG. 2, a first embodiment of this invention com-
prises a resistor 21 connected in parallel with the resis-
tors 4 and § in addition to the conventional amplifier
shown in FIG. 1. The exemplary resistance values em-
ployed in the embodiment are 10K{}, 15K(]} and 5601,
for the resistors 21, 4 and S, respectively. The other
circuit components of FIG. 2 are the same as the con-
ventional amplifier shown in FIG. 1, and hence they are
given the same numerals as in FIG. 1 and description
thereof is not repeated here.

An equivalent circuit diagram for the driver and
output stages of FIG. 2 may be briefly represented by
FIG. 3.

Now the total voltage gain for alternate half cycles
will be considered by taking the operating conditions at
comparatively small signals into consideration with
reference to FIG. 3. Where a consideration is made by
use of the parameters indicated in FIG. 3, the transis-
tors 10, 12, and 13 operate on the one half cycle, with
the result that we have the following equations (1) to

(3).

E, = iyt (1)
Eo = RpBa(B1in) (2)
i, + ig + L ™ 8B (3)
xRy = g {Barra + Balfna® + Fea 2)} (4)

LR, = B8R, + isRy ‘5)

* Note that the relationship Br,.>> r, (where r,
presents the base resistance of the transistor 10 or 12)
will be held within ordinary perimeters for the operat-
ing current range which is small for the transistors 10
and 12, but the same relationship will be not hold for
the transistor 13 in which the operating current is com-
paratively large and hence, the base resistance r, of the
transistor 13 can hardly be neglected.

Therefore we have the following equation (6).

(6)

Rl'ni'Rl.l.:
RBslr.s + 7aa + Byrns) + R!ﬂl(ﬁlnt + Fegt raa t+ "rnﬁ:} + R,\R,

In conventional circuit design, the resistance values
are so selected that the relationships B3>>1, B3>>1,
BaR > >Teq, [2a, T.8s aTC valid and R,>>R; is not valid,
that is to say that the resistance value of R, may be
disregarded with respect to the resistance R;. In such a
case, equation (6) may be approximated as

ke

E,

R,

Fey

(7)

The optimum value of the resistance R, that cannot
be disregarded with respect to the resistance R, will
range from 0.1 to 10 times the value of the resistance

R,.

Similarly, the following equations (8) to (12} will
also hold for the other half cycle of the signal:

Ei» 15,.7Tn-8) | (8)

Eo = Re.Bs.Beinn (9)

h + ia + ise = Br.lba (10)

aRz =ipe.B4.Tes (t1)

hR: = aRa2 + Ri.BsBibe (12)
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Therefore we have
Le _ ] . :Rl"R:'RL'ﬂIBE (13)
E, Lol RiBsres + RaBi(ren + RipBs) + RiRy

Because the relationships 8, >>1, Bs>>1, and r,,
<<R,.Bs are valid under normal operating conditions
as mentioned above, the equation (13) can be approxi-
mated as

Lo

E,

R,

Tt

(14)

Accordingly the voltage gains for the alternate half
cycles are substantially the same and determined by the
emitter resistance at the operating point of the driver
transistor 10 and the resistance value of the resistor 21
in FIG. 2. Further, the whole voltage gain of the ampli-
fier is entirely independent of the current gain of each
output transistor.

Therefore, as compared with a conventional power
amplifier provided with a bootstrapped driver stage the
present power amplifier has the advantages that no
substantial distortion caused by the circuit design or
thermal drift in the characteristics of the output transis-
tors appears in the output. For these effects, the circuit
design is readily obtained by employing output transis-
tors each having a sufficiently large current gain hg;.
Then the present power amplifier is feasible for mass-
production. Further, since the bootstrap effect is not
defeated by the insertion of the resistor 21, a high non-
distortion output voltage is held as in a conventional
circuit.

Referring now to FIG. 4 which shows a circuit dia-
gram for a second embodiment of this invention, a
preamplifier 31 provides a differential amplifier to
which an output is applied by a negative feedback tech-
nique, having an output supplied to the base of the
transistor 22 forming a Darlington connection together
with the transistor 23. The emitter of the transistor 23
is grounded through an emitter resistor 33. The output
of the Darlington connection is obtained across the
series connection of the resistors 35 and 39. The resis-
tor 34 connected in paralle] with the series connection
of the resistors 3§ and 39 is inserted according to this
invention.

Thus transistors 27 and 28 in the output stage are
driven on one half cycle of the signal, whereas transis-
tors 28, 29, and 30 are driven on the other half cycle of
the signal, thereby obtaining output power at a load 38
through the coupling capacitor 37 from the junction of
the emitter of transistor 28 and the common collector
of transistors 29 and 30.

A diode chain 26, fed with a current from a constant-
current source 32, determines the idle currents of the
output transistors 28 and 30 and at the same time,
provides compensation against the thermal drift of the
idle current. The diode 24 is to prevent the transistor
25 from being driven into the cutoff condition. The
bootstrap effect is provided by a circuit configuration
consisting of a capacitor 36 and resistors 35 and 39. By
connecting the collector of the transistor 27 to their
junction and feeding a voltage exceeding the power
supply voltage provided by the bootstrap effect to the
collector of the transistor 27, a high output with no
distortion can be obtained irrespective of the saturation
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resistance of the transistor 27. Since the transistor 27
operates as a grounded-collector transistor, the input
impedance of this stage is relatively large. Therefore,
the load resistance of the transistors 22 and 23 is con-
sidered as almost the same as the resistance of the
resistor 34. For this reason, effects similar to those
mentioned with respect to the first embodiment can be
expected. The voltage gains on alternate half cycles are
equal and no substantial distortion appears in the out-
put. Furthermore the thermal drift of the current gain
of each output transistor does not cause output distor-
tion.

In accordance with the preferred embodiments, ex-
emplary resistance values selected for the resistors 34,
35, and 39 are the following: 6 kilohms for resistor 34,
2.4 kilohms for resistor 35, and 390 ohms for resistor
39.

The above described embodiments are intended to
be exemplary and should not be considered limitations
on the scope of the invention.

Numerous modifications and vanations of the above
described embodiments that are within the scope of the
invention will occur to those skilled in the art.

What is claimed is:

1. A power amplifier comprising:

a driver circuit comprising an input terminal, an out-
put terminal, signal amplifying means and a load
element formed by two separate resistors, a first
end of the first resistor being connected to said
signal amplifying means and a second end of said

Re. 29,286

5

10

15

20

25

30

35

40

45

50

55

60

65

6

first resistor being connected to said second resis-
tor,

an output circuit comprising at least one input termi-
nal connected directly to the output terminal of
said driver circuit, output transistors connected 1n
a single-ended push-pull configuration, and an out-
put terminal,

feedback means for supplying a feedback signal from
the output terminal of said output circuit to said
second end of said first resistor; and

a third resistor connected directly to and in parallel
with said load element.

2. The power amplifier of claim 1, wherein the resis-
tance value of said third resistor is approximately
within the range of 0.1 to 10 times that of said load
element of said driver circuit.

3. The power amplifier of claim 1, further compris-
ing.

a pre-amplifier circuit comprising an input terminal,
an output terminal connected to said input termi-
nal of said driver circuit, and a feedback terminal,;
and

an additional feedback means connected between
said output terminal of said output circuit and said
feedback terminal of said pre-amplifier circuit for
supplying a part of the output signal of said output
circuit to said feedback terminal in inverse phase

relationship.
®  x % * *
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