
GB 2 031 238B   1 SPECIFICATION
transistors in the first and second output circuits being connected to an
output terminal via first and Push-pull amplifier
second resistors respectively; a series combination of a first variable
bias circuit, a power source circuit 5 The present invention relates
generally to push-pull    70 and a second variable bias circuit, said
series amplifiers, and more particularly to a push-pull      combination
being connected between the inputs of amplifier which operates with high
efficiency,       the first and second output circuits, each of the first
produced an output of low distortion factor, and      and second variable
bias circuits comprising a carries out improved class "A" amplifier
operation.   transistor, between the collector and the base of 10  In
general, amplifiers are classified as class "A",  75 which a third resistor
is connected, and the emitter class "AB", class "B", etc., depending on the
manner  of which is connected to the input of its in which their operating
points are selected. Of these  corresponding output circuit to supply a
amplifiers, a class "A" amplifier has an operating    predetermined forward
bias voltage in the absence point which is set at substantiallythe middle
of the  of an input signal which is applied to the inputs of 15 linear part
of the input voltage versus output current   80 the first and second
outputs circuits; and first and characteristic curve of the output-stage
transistors.  second current mirror circuits, each having a first For this
reason, a class "A" amplifier has the        current path, one end of which
is connected to the characteristic of a very low distortion but, on the
input of its corresponding output circuit, and the other hand, has certain
drawbacks such as the         other end of which is connected to the output
20 necessity of passing therethrough an idling current    85 terminal via a
fourth resistor to detect a potential even when there is no signal, whereby
the efficiency  difference between the input of its corresponding is poor,
and a great quantity of heat is generated. In  output circuit and the
output terminal, and having a the case of an ordinary class "A" amplifier
of 1 00W  second current path, one end of which is connected output, for
example, the power-source voltage is set  to the input of its corresponding
output circuit, and 25 at 50V, and the idling current is set at a value of
the    90 the other end of which is connected to the base of order of 4A.
Consequently, at the time when there is  the transistor in its
corresponding variable bias no signal, a power of 400W is consumed. For
this      circuit so that its corresponding variable bias circuit reason, a
great quantity of heat is generated in a    applies to the input of its
corresponding output class "A" amplifier, which necessitates elaborate
circuit a forward bias voltage corresponding to a 30 means for dissipating
the heat, giving rise to     95 sum of the predetermined forward bias
voltage and problems such as high cost, increased weight, and     a voltage
drop across the third resistor in its difficulty in miniaturization.
corresponding variable bias circuit which voltage Furthermore, the idling
current of a class "A"      drop is caused by the presence of the input
signal. amplifier is determined with consideration given to     Another and
specific object of the invention is to 35 the estimated minimum value of
the load impedance  100 provide a push-pull amplifier which, strictly (for
example, 4[err]). For this reason, in the case where  speaking, does not
belong to any of the above the amplifier is used with a load impedance
higher    described class "A", class "AB", and class "B" of the than this,
there has been a disadvantage in efficiency  prior art but carries out an
improved class "A" as described hereinafter. Still another problem is
operation, as it were, of a novel operational mode. 40 that, when an output
exceeding the rated value is  105   Still another object of the invention
is to provide a produced by a conventional class "A" amplifier, its
push-pull amplifier of a circuit orginazation wherein operation becomes one
of class "AB", and switching    the bias voltage of the output-stage
transistors is distortion arises.
maintained constant when the output is in a range In the case of a class
"AB" amplifier, the idling   below a specific value, and, when the output
is 45 current is less than that of a class "A" amplifier,  110 above a
specific value, the bias voltage is varied in while in the case of a class
"B" amplifier, the idling  response to that output. The amplifier of the
present current is theoretically zero. In both of these      invention has
the advantageous features of its amplifiers, the efficiency is higher than
that in a class  carrying out improved class "A" operation, very low "A"
amplifier, and less heat is generated. On the    idling current resulting
in good operational 50 other hand, however, the output-stage transistors of
115 efficiency, and, moreover, very low distc.tion factor the class "AB"
and class "B" push-pull amplifiers are  of the output resulting from
absence of distortions caused to undergo switching operation. For this
such as switching distortion and crossover reason, switching distortion is
produced in their     distortion. outputs, and the distortion factor is
worse than that   Other objects and further features of the invention 55 in
class"A" push-pull amplifier.                  120 will
beapparentfromthefollowing description with Accordingly, it is a general
object of the present  respect to preferred embodiments of the invention
invention to provide a novel and useful push-pull     when read in
conjunction with the accompanying amplifier in which the above described
problem        drawings, in which: accompanying known push-pull amplifiers
have            Figure 1 is a graph indicating characteristics for a 60
been overcome.                                    125 description of the
operation of a known class "A" According to the invention there is provided
a      amplifier; push-pull amplifier comprising: first and second
Figure 2. is a circuit diagram of a first embodiment output circuits each
comprising at least one output   of the push-pull amplifier according to
the present transistor, which circuits are mutually connected in
invention; 65 push-pull arrangement, the emitters of the output  130
Figure 3 is a graph indicating relationships    
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2 between the difference between the input voltage    the noninverting
input terminal of an operational and the output voltage of the output-stage
-      amplifier 17b. transistors in the circuit shown in-Figure 2 and the
-  A constant-current circuit 13a comprising a PNP voltage between
thecollectorand the emitter of a    transistor 01, resistors R1 and R2, and
a diode D1 Is 5 transistor for varying bias voltage;             70
connected to the emitter of the transistor Q2. Figure 4is a graph
indicating the relationship    Similarly, a constant-current circuit 13b
comprising a between the output current and a bias voltage of the  NPN
transistor Q6, resistors R3 and R4, and a diode circuit illustrated in
Figure 2;                     D2 is connected to the emitter of the
transistor 05. Figure 5 is a waveform chart showing waveforms     The PNP
transistor Q2, a diode D3, and resistors R5 10 of the outputcurrent of the
circuit shown in Figure 2;   75 and R6 constitute a variable-bias circuit
14a. The Figure 6 is a waveform chart showing the  -
forward-direction diode D3 and the resistor R6 are waveform of the output
current of a known class "B"  connected in parallel between the collector
and base push-pull amplifier;                                of the
transistor Q2. The resistor R5 is connected in Figure 7 is a circuit
diagram of a second          series with the resistor R6. The NPN
transistor 05, a 15 embodiment of the push-pull amplifier according to
80 diode D4, and resistors R7 and R8 constitute a the invention;
variable bias circuit 14b. The reverse-direction diode Figure 8 is a
partial circuit diagram showing a    D4 and the resistor R8 are connected
in parallel modification of one part of the circuitshown in     between the
collectorand base of thetransistor Q5. Figure 7; and
The resistor R7 is connected in series with the 20  Figure 9 is a circuit
diagram of a third embodiment   85 resistor R8. Here, the above mentioned
resistors R5, of the push-pull amplifier according to the invention.  R6,
R7, and R8 are selected to have the same As conducive to a full
understanding of the        resistance value. present invention; the idling
current of a known class  A PNP transistor Q3, an NPN transistor 04, and
"A" amplifierwill first be described briefly in      power sources -B1 and
+B1 connected respectively 25 conjunction with Figure 1. The abscissa of
Figure 1  90. to the collectors of these transistors consitute a represents
the voltage VCE between the collector and  power source circuit 15. The
NPN. transistor Q7 and the emitter of an output-stage transistor of the
an NPN transistor Q8 and the PNP transistor Q9 and amplifier, which the
ordinate represents the emitter  a PNP transistor Q10 are respectively
connected to output current IE of the transistor.                form
Darlington Pairs and constitute output stages. 30  In the case of a load
impedance of 8[err], the      95 The emitters of the transistors Q8 and Q10
are optimum load line for obtaining the output wave     connected by way of
resistors R9 and R1O, and the form indicated by solid line IV-becomes as
indicated  output stage is constitute as a pure complementary by solid line
1. The idling current in this case assumes  push-pull organization. The
junction between the a value as indicated at 11. The load line of a load
resistors R9 and R10 is connected respectively to 35 impedance of 4Q when
the idling current is of the  100 resistors R11 and R13. value [err]
becomes as indicated by intermittent line I.  A detection circuit 16a
comprises an operational Fbrthis reason, the outputwaveform at this time:
amplifier 17awhose inverting input terminal is becomes distorted as
indicated by intermittent line  connected to the resistor R11, and between
whose V, and the input waveform is no longer reproduced    output and
inverting input a resistor R12 is 40 accurately. Therefore, it has been the
practice in the   105 connected. Similarly, a detection circuit 16b known
class "A" amplifier to set the idling current at  comprises an operational
amplifier 1 7b whose an idling current 12 determined by the optimum load
inverting input terminal is connected to the resistor line of the
estimated- lowest load impedance of 4[err]  R13, and between whose output
and inverting input indicated by the single-dot chain line ll. When the  a
resistor R14 is connected. Specific DC voltages are 45 amplifier is used
for a load of 8[err], however, this  '110 applied from DC voltage sources
18a and 19aand DC practice is disadvantageous on the point of
voltage sources 18b and 19b respectively to the two efficiency.
input terminals of these operational amplifiers 17a Accordingly, the
present invention provides a     and 17b. Here, the resistance values of
the resistors push-pull amplifier which has a good distortion      R12 and
R14 are selected to equal those of the 50 factor of the same order as that
of a class "A"  115 resistors RI 1 and R13. amplifier and; moreover, is
capable of operating      The output produced at the junction of the with a
high efficiency close to that of a class "AB" or  resistors R9 and R10 is
passed through a filter class "B" amplifier.
comprising a coil L1, a capacitor C1, and resistors Referring firstto
Figure 2, thefirstembodimentof   R15 and R16 and is led outthrough an
output 55 the push-pull amplifier according to the invention  120 terminal
20. will now be described. An audio signal applied to an  The emitter
outputs of the transistors Q8 and Q10 input terminal 11 is amplified-by a
predriver circuit  are respectively passed through the resistors R9 and 12
and is thereafter led out through the emitters of  RI 1 and the resistors
R10 and R13 and applied to the transistors Q2 and Q5. The signal led out
through the  inverting input terminals of the operational 60 emitter of the
transistor Q2 is applied to the base of a:  125 amplifiers 17a and 1 7b.
The operational amplifier transistor 07 and, at the same time, is applied
to the  17a detects the voltage difference between the base noninverting
input terminal of an operational      voltage of the transistor Q7 and the
emitter voltage amplifier 17a. Similarly; the signal led out through-  of
the transistor Q8, that is, the voltage difference the emitter of the
transistor Q5 is applied to the base  between the input voltage and the
output voltage of 65 of a transistor Q9 and, at the same time, is applied
to'  130 the output-stage transistors 07 and 08. The voltage    
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value. When the amplitude of the output current [err] amplifier 17a is
applied via the resistor R5 to the  exceeds a certain value, the bias
voltage [err] base of the transistor Q2. Similarly, the operational
assumes a value resulting from a smooth addition of amplifier 17b detects
the voltage difference between  the variation of the difference between the
input and 5 the base voltage of the transistor Q9 and the emitter    70
output voltages of the output-stage transistors to the voltage of the
transistor 010, that is, the voltage  above mentioned constant voltage.
Therefore, even difference between the input voltage and the output  when
the output is high, the output-stage transistors voltage of the
output-stage transistors Q9 and Q10.  7, Q8, Q9, and Q10 are not cut off
and operate in The voltage difference detection output of the      only
their active area. 10 operational amplifier 1 7b is applied by way of the
75   The waveforms of the emitter output current IE of resistor R7 to the
base of the transistor 05.      the transistors 08 and Q10 (that is, the
output Then, when the voltage difference between the     current [err]) at
the time of large amplitude are base voltage of the transistor Q7 and the
emitter   indicated in Figure 5. Curve Vill indicates the output voltage of
the transistor Q8 becomes large, the     current waveform of the emitter of
the transistor Q8, 15 voltage difference detection output voltage from the
80 while curve IX indicates the output current operational amplifier 17a
corresponding to this     waveform of the emitter of the transistor 010.
For voltage difference becomes high, whereby the diode  comparison, the
output current waveforms of a D3 becomes nonconductive, and the voltage
known push-pull amplifier of class "B" are shown in between the collector
and emitter of the transistor  Figure 6. 20 Q2 rises in response to the
base input voltage   85   As is apparent from Figure 6, in the known class
thereof. Conversely, when the voltage difference    "B" push-pull
amplifier, switching distortion between the base voltage of the transistor
Q7 and   portions (encircled portions) are produced at parts the emitter
voltage of the transistor Q8 becomes    where the transistors undergo
switching (cut-off). In small, for example, of an order of one volt or
less,  contrast, according to the push-pull amplifier of the 25 the voltage
difference detection voltage produced in   90 present invention, in the
half cycle on the negative responsethereto as output from the operational
side of the emitter output current of the transistor 08 amplifier 17a
becomes low, whereby the diode D3     and the half cycle on the positive
side of the emitter becomes conductive ("ON"). Accordingly, in the
output current of the transistor 010, when a certain case where a silicon
transistor is used for the     constant value is exceeded, the emitter
output 30 transistor Q2 and a germanium diode is used for the    95
currents are gently limited to constant values by the diode D3, the voltage
between the collector and     diode characteristics of the diodes D3 and
D4. Thus, emitter of the transistor Q2 becomes a voltage value  as is
apparent from a comparison of Figures 5 and 6, of 0.2Vwhich results from
the subtraction of the     switching distortion such as that produced in
the voltage drop of 0.5V in the forward direction of the  known push-pull
amplifier is not generated in the 35 diode D3 from the threshold-value
voltage of 0.7V of  100 push-pull amplifier of the present invention. the
transistor 02.                                  Furthermore, since the
connecting parts of the upper Furthermore, since the constant-current
circuit 13a  and lower output waveforms is smooth, there is no is connected
to the emitter of the transistor Q2, and  cross-over distortion in the
combined output the emitter current thereof is a constant current, the
waveform. 40 transistor Q2 assumes a cut-off state. In addition,  105   A
further feature of the push-pull amplifier of the since the diode D3 is
connected thereto, the       invention is that the entire cycle of the
input is not transistor Q2 does not assume a fully saturated      amplified
as it is, as in a known class "A" push-pull state, and the voltage between
its collector and    amplifier, but the half cycles on the negative side or
emitter does not become lower than 0.2V. Therefore,  the positive side of
the output currents of the NPN 45 the output-stage transistors Q7 and Q8
never    110 transistors 07 nd 08 and the PNP transistors Q9 and assume a
cut-off state.                             010 of the output stage are
limited in amplitude to Accordingly, the difference VBE between the input
constant values, whereby each idling current is of a and output voltages of
the output-stage transistors  very low value of 0.3A, for example.
Therefore, in the 07 and Q8 and the voltage VCE between the collector
amplifier of the present invention, only a very small 50 and emitter of the
transistor Q2 have a relationship    115 quantity of heat is generated, and
the efficiency is as indicated by curve VI in Figure 3. Similarly, the
much higher than that of a known class "A" difference VBE between the input
and output         amplifier and is comparable to the efficiency of a
voltages of the output-stage transistors 09 and 010  known class "B"
amplifier. and the voltage VCE between the collector and        In the
above described embodiment of the 55 emitter of the transistor 05 have a
relationship as  120 invention, Schottky diodes may be used forthe
indicated by curve VII in Figure 3 when the collector  diodes D3 and D4.
Furthermore, field-effect voltage of the transistor Q5 is taken as a
reference  transistors of different channels may be used instead datum.
of bipolar transistors. Accordingly, the voltage difference (bias voltage)
Next, the second embodiment of the push-pull 60 [err] between the emitter
of the transistor Q2 and the   125 amplifier according to the present
invention will be emitter of the transistor Q5, has a relationship with
described with reference to Figure 7. In this circuit, respect to the
output curent [err] of the output terminal  there are provided two
constant-current sources 31 a 20 as indicated in Figure 4. More
specifically, the bias  and 31 b, between which a variable-bias circuit 32a
voltage Vas is of a constant value of 2.8V when the  comprising a PNP
transistor Q11 and resistors R21 65 amplitude of the output current [err]
is below a certain   130 and R22 for base bias thereof, a power source
circuit    
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4 33 comprising a variable resistor VR for idling        R25 = R26, R23 =
R30, R28 = R29 current adjustment, and a variable-bias circuit 32b. .
Here, for the sake of simplification of description, it comprising an NPN
transistor Q12 and base-bias       will be assumed that the threshold
voltages between resistors R23 and R24 thereof are connected in       the
bases and emitters of the transistors Q11 5 series.
70 through Q22 are all equal and are of a value VBES, Detection circuits
34a and 34b are respectively    and that the emitter-grounded DC current
connected to the variable-bias circuits 32a and 32b.  amplification factor
hFE of the transistors Q11 and The detection circuit 34a comprises PNP
transistors  Q12 is of such an amply great value that the base Q13 and Q14,
resistors R25, R26, and R27, and a      current can be neglected. Then, the
variable resistor 10 diode D1 1. The bases ofthe transistors Q13 and 014
75 VR is so adjusted that the idling currents flowing are connected to each
other, andtheir junction is    through the resistors R33 and R34, when
there is no connected to the collector of the transistor 014. The  signal,
will be of low values such that the voltage emitters of the transistors Q13
and Q14 are          drop due to the resistors R33 and R34 can be
respectively connected through the resistors R25     neglected. As a
result, the currents flowing through 15 and R26 to a point [err] on the
emitter side of the   80 the transistors 013, 014, Q15, and Q16 become
transistor Q11. The collector of the transistor Q13 is  substantially zero,
whereby the voltage between the connected to the base of the transistor
Q11. The     emitter and collector of the transistor 011 (between diode D11
and the resistor R27 are connected in      points [err] and [err] and the
voltage between the series to the collector of the transistor Q14. The
collector and emitter of the transistor 012 (between 20 transistors 013 and
014 and the resistors R25 and  85 the points  and [err] are of mutually
equal value R26 constitute a current mirror circuit. In this     of 3VBES-
specification and claims, the term "current mirror.    On the other hand,
the voltage between the points circuit" means a circuit having first and
second     [err] and [err] is of a value of [err] due to the current paths,
between which means is provided for   transistors Q17, 018, and Q19
connected in a 3-stage 25 causing a current passing through the second
90 Darlington arrangement. Furthermore, the voltage current path to be
substantially equal to a current  drop in the forward direction of the
transistor Q14 passing through the first current path. For example,  and
the diode D1 is also 3VBES. Similarly, the voltage in:theembodiment shown
in Figure 7, the resistor     between the points [err] and [err]  is also
[err].At this R26 and the diode-connected transistor Q14           time,
each of the output-stage transistors Q17 30 constitute the first current
path. The resistor R25 and    95 through Q19 and Q20 through Q22 operates
in its the transistor Q13 constitute the second current     active area.
path. The direct connection of the bases of the        Then, when an input
signal is applied to the input transistors 013 and Q14 constitutes the
means for    terminal 11 connected to the point [err], a current causing a
current passsing through the second        resulting from the addition of a
current of a certain 35 current path to be substantially equal to a current
100 value by this input signal tothe idling currentflows passing through
the first current path. The detection  out through the output terminal 20.
During the circuit 34b has a circuit organization similar to that of
period in which this current thus flows out, the the detection circuit 34a,
comprising NPN transistors  potential difference between the input and
output of 015 and Q16, resistors R28, R29, and R30, and a      the
output-stage transistors Q17, Q18, and 019 (i.e., 40 diode D12. The
transistors Q15 and Q16 and the   105 the voltage difference between the
points [err] and resistors R28 and R29 constitute a current mirror
[err]  increase, relative to the value of 3VBES at the circuit.
time when there is no signal, by an incremental, The emitters of the
transistors Q13 and Q14 are    quantity equal to the sum of the voltage
drop due to connected by way of the resistors R25 and R26 to the  the
resistor 33 and the increase increment of the 45 base of a transistor Q17.
Output-stage transistors     110 voltage between the bases and emitters of
the 01.7, Q18, and Q19 are connected in Darlington
output-stagetransistors 017,018, and Q19. arrangement. Similarly the
emitters of the             This voltage increase increment appears also
transistors Q15 and 016 are connected by way of the  between the two
terminals of the resistor R27 since resistors R28 and R29 to the base of a
transistor 020.  the resistance values of the resistors R25 and R26 are 50
Output-stage transistors Q20,021, and Q22 are.   115 selected at low values
of an order such that they can connected in Darlington arrangment. The
be neglected in comparison with the resistance output-stage transistors Q17
through 022 constitute  value of the resistor R27. In addition, because of
the a pure-complementary, single-ended push-pull         current mirror
circuit comprising the transistors Q13 circuit. The emitters of the
transistors Q17 and Q18  and Q14, the collector currents of these
transistors 55 are respectively connected by way of resistors R31    120
G13 and Q14 are substantially equal, and, and R32 to the emitters of the
transistors Q20 and   furthermore, a constant current [err] from the
Q21.Theemitters of the transistors Q19 and 022 are  constant-current source
31a is flowing through the respectively connected by way of resistors R33
and   resistor R21. For this reason, the above mentioned R34 and a point G
to an output terminal 20. The      voltage increase increment appears also
at the two 60 connection point G is connected to the resistors R27   125
terminals of the resistor R22.Consequently, the and R30.
voltage between the points [err] and [err]  increases by In the present
embodiment of the invention, the    an increment substantially equal to the
increase resistance values of the resistance R21 through R30  increment of
the voltage between the points (g) and are selected to have the following
relationships. 65   2R21 =R22, R23 =2R24, R22  R27                 130
Atthistime,theemitteroutputcurrentsofthe    
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emitters thereof being respectively equal, and the decrease, and the
voltage difference between the    forward-direction voltage drop is also
made equal to points [err] and [err]  decreases. However, the voltage
[err]. For this reason, two diodes are used between the collector and
emitter of the transistor  respectively for each of the diodes D11 and D12.
5 Q1 2 is maintained at substantially [err] even when  70 However, in the
case where different diodes of the currents flowing through the transistors
015 and  forward-direction voltage drop are used, the number Q16 become
zero, whereby the voltage between the     of diodes is not limited to two.
Furthermore, in the points [err] and [err]  also becomes substantially
case where the output-stage transistors are arranged [err], and the forward
bias of the PNP transistors   in a single stage, the diodes D11 and D1 2
are 10 Q20, Q21, and Q22 is sustained. Therefore, the    75 unnecessary. In
addition, while the input terminal is transistors Q20,Q21, and Q22 is
notturned into       connected to the emitter of the transistor Q12, it may
cut-off state, whereby switching distortion is not   be connected to any of
the points [err]; [err] , and  . produced.
The third embodiment of the push-pull amplifier On the other hand, during
the period in which an   according to the invention will now be described
in 15 output current flows in through the output terminals   80 conjunction
with Figure 9. In Figure 9, those parts 20 is response to the input signal,
the emitter output  which are the same as corresponding parts in Figure
currents of the output-stage transistors Q20, 021,   7 are designated by
like reference numerals and and Q22 increase, conversely to the above
described  characters. Description of such parts will be omitted. result.
For this reason, the voltage difference        This amplifier is provided
with a constant-voltage 20 between the input and output of the output-stage
85 circuit 41 which carries out setting of the idling transistors Q20, 021,
and Q22 (i.e., between the     currents and temperature compensation
thereof, points [err] and [err] ) increases, relative to the value of  and
which comprises a transistor Q31, a thermistor 3VBES at the time where
there is no signal, by an    TH1 connected between the base and collector
of the incremental quantity equal to the sum of the voltage  transistor
Q31, and a variable resistor VR1 connected 25 drop due to the resistor R34
and the increase     90 between the base and emitter of the transistor Q31.
increment of the voltage between the bases and       Another essential
component of this amplifier is a emitters of the output-stage transistors
Q20, Q21,   variable-bias circuit 42a comprising a transistor Q11 and Q22,
and the voltage between the collector and   whose collector is connected to
the constant-voltage emitter of the transistor Q12 increases by an
circuit 41 and a resistor R22 connected between the 30 incremental quantity
substantially equal to this  95 base and collector of this transistor Q11.
Similarly, in voltage variation. During this period, since the
symmetrical relation to the variable-bias circuit 42a, voltage between the
points [err] and [err] is                there is provided a variable bias
circuit 42b maintained substantially at 3VBES, the voltage       comprising
a transistor Q12 whose collector is between the points [err] and [err]
decreases but           connected to the constant-voltage circuit 41 and a
35 becomes substantially 3VBES, and the output-stage    100 resistor 23
connected to the constant-voltage circuit transistors 017, Q18, and Q19
sustain the forward    41 and a resistor 23 connected between the base and
bias.                                                collector of this
transistor Q12. This amplifier is In the circuit of the present embodiment
of the    further provided with detection circuits 43a and 43b. invention,
also, the output current waveform         The detection circuit 43a
comprises transistors Q13 40 appearing at the point [err]  becomes as
indicated in    105 and Q14 constituting a current mirror circuit, a Figure
5.                                            resistor q7, a diode
connection transistor 032, and Instead of the transistor 011 in the above
an emitter-follower connection transistor 033. described embodiment of the
invention, transistors   Similarly, in symmetrical complementary relation
to 023 and Q24 connected as shown in Figure 8 may be    the detection
circuit 43a, the detection circuit 43b 45 used. The emitter of the PNP
transistor Q23 and the    110 comprises transistors Q15 and 016
constituting a collector of the NPN transistor Q24 are connected to
current mirror circuit, a resistor R30, a diode the constant current
circuit 31 a, and the collector of  connection transistor Q34, and an
emitter-follower the transistor Q23 is connected to the base of the
connection transistor Q35. transistor Q24. This circuit is effective when
used as  The idling currents of the transitors Q19 and 022 50 a substitute
in the case where the emitter-grounded    115 are set at a value, for
example of 50 to 150 mA by the DC current amplification factor hFE of the
transistor  variable resistor VR1. The temperature Q11 in the above
described embodiment of the         characteristics thereof are compensated
for by the invention is small, and the effect of the base current
thermistor TH1 and the transistor Q31. The currents cannot be neglected.
More specifically, almost all of  flowing through the current mirror
circuits 55 the constant current 11 flows through the transistor    120
comprising the transistors Q13 and Q14 and the Q24, and by causing the
current flowing through the  transistors Q1 5 and Q16 when there is no
input transistor Q23 to be amply small, the effect of the  signal are
almost zero. base current of the transistor Q23 on the voltage     It will
be assumed here that there is a across the two terminals of the resistor
R22 is      forward-direction input, whereby the currents of the 60
removed. A similar circuit organization can be used    125 output-stage NPN
transistors Q17, Q18, and 019 also for the transistor Q12.
increase, and the voltage between the points [err] In the above described
embodiment of the           and [err] increases. The variation in the
voltage invention, the output-stage transistors are          between the
bases and emitters of the transistors connected in three-stage Darlington
arrangement,     Q14, Q32, and Q33 will be denoted by AVBE. Then, 65 the
threshold voltage VBES between the bases and  130 the voltage variation
[err] which results from the    
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connected to the output terminal via a series [err] between the points
[err] and [err] is produced            combination of the corresponding
fourth resistor, at across the two terminals of the resistor R22, that is,
least one diode and a current path between the between the collector and
emitter of the transistor      emitter and the base of a transistor. 5 Q11.
Therefore, as a result, the bias voltage between    70   4. A push-pull
amplifier substantially as the points [err] and [err] is reduced by 3AVBE,
andthe        described and as shown in Figures 7 to 9 of the emitter
output current waveforms of the transistors      accompanying drawings. Q19
and Q22 become as indicated in Figure 5. The operation of the circuit part
of the remainder lower     Printed for Her Majesty's Stationery Oflfe, by
Croydon Printing Company 10 half of the figure is similar and, since it can
be readily   Limited, Croydon,Surrey, 1982. Published by The Patent Office,
25 Southampton Buildings, London, understood from the foregoing
description, will not     WC2A 1AY, from which copies may be obtained. be
further described. Further, this invention is not limited to these
embodiments by various variations and 15 modifications may be made without
departing from the scope of the invention. CLAIMS 20   1. A push-pull
amplifier comprising: first and second output circuits each comprising at
least one output transistor, which circuits are mutually connected in
push-pull arrangement, the emitters of the output transistors in the first
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path, one end of which is connected to the input of its corresponding
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