
GB 2 048 597 B         1 SPECIFICATION
the first group of transistors and the current amplifi- cation factor of
the pair of Darlington-connected ver- Push-pull output circuit
tical transistors of the second group of transistors, respectively, the
difference between the positive half 5    The present invention relates to
a push-pull output  70 cycle output gain and the negative half cycle output
circuit.                                            gain will be of
negligible magnitude. A complementary push-pull output circuit which
However, a maximum output voltage [err] can be constructed in a monolithic
semiconductor     obtainable from the output terminal of the com-
integrated circuit has been known, such as by U.S.  plementary push-pull
output circuit shown in the 10 Patent No. 3,197,710. In the known
complementary    75 DE-OS 22 33 260 is given by the following formula:
push-pull output circuit, NPN transistors are con-     [err]
(1) structed in the configuration of a so-called vertical  where [err] is a
power supply voltage and [err] is the transistor structure while PNP
transistors are con-  base-emitter voltage of each of the pair of
Darlington structed in the configuration of a so-called lateral  connected
vertical NPN transistors of the first group 16 transistor structure. In
this type of known com-  80 of transistors. plementary push-pull output
circuit, a first group of  Accordingly, the maximum output voltage of the
transistors comprising a pair of vertical NPN transis-  complementary
push-pull output circuit shown in tors connected in Darlington
configuration are      the DE-OS 22 33 260 has a relatively large residual
arranged between a first operating potential point   voltage of [err]. In
order to obtain a higher output 20 and an output terminal while a second
group of   85 voltage by establishing a small value of residual vol-
transistors comprising a lateral PNP transistor and  tage, it has been
proposed to connect a bootstrap two other vertical NPN transistors
connected in Dar-  capacitor between the output terminal of the com-
lington connection are arranged between the output   plementary push-pull
output circuit and the pair of terminal and a second operating potential
point.     Oarlington-connected vertical NPN transistors of the 25   A
difference between a positive half cycle output    go first group of
transistors. Through a positive feed- gain and a negative half cycle output
gain which is  back via the bootstrap capacitor, the base potential due to
a difference between a current amplification  of the vertical NPN
transistors of the first group of factor of the first group of transistors
and a current  transistors is driven to a higher level than the power
amplification factor of the second group of transis-  supply voltage Vcc so
that the vertical NPN transis- 30 tors causes a relatively large distortion
factor in the    95 tors of the first group of transistors are driven into
output of the complementary push-pull output cir-   their saturation
regions. Thus, a maximum output cuit. In DE-OS 22 33 260, in order to
reduce the dis-  voltage [err] obtainable from the complementary tortion
factor of the complementary push-pull output  push-pull output circuit
which uses the bootstrap circuit, a base-emitter junction of another
lateral PNP  capacitor is given by the following formula: 35 transistor is
connected in forward direction between  100 [err]                 (2) the
base and the emitter of the lateral PNP transistor  where [err] is the
power supply voltage and [err] is a of the second group of transistors, the
collector and  collector-emitter saturation voltage of each of the the base
of said other lateral PNP transistor are con-  vertical NPN transistors of
the first group of transis- nected together.
tors. 40   By forwardly connecting the base-emitter junction  105
Accordingly, when the bootstrap capacitor is used of second transistor
between the base and the emit-  in the complementary push-pull output
circuit ter of first transistor and connecting together the col-  shown in
the DE-OS 22 33 260, the maximum output lector and the base of the second
transistor, the first  voltage [err] has a relatively small residual vol-
and second transistors constitute a so-called con-  tage of [err]. However,
the bootstrap capacitor is 45 stant current circuit. The constant current
circuit  110 expensive and it must be a discrete element because (current
mirror circuit) has been known, such as by  of difficulty in forming it in
a monolithic semiconduc- U.S. Patent No. 3,391,311 or 1969 IEEE
International  tor integrated circuit. As a result, a cost of the inte-
Solid-State Circuits Conference DIGEST OF TECHNI-    grated circuit
increases because the integrated cir- CAL PAPERS, February 1969, pages
16-17. As is well   cuit needs lead terminals for coupling the discrete 50
known in the art, a ratio of an input current to an  115 bootstrap
capacitor element output current in the constant current circuit is equal
On the other hand, a push-pull circuit for produc- to a ratio of current
coefficients (emitter areas) of the  ing a maximum output voltage having a
relatively two transistors forming the constant current circuit.  small
residual voltage without using the bootstrap Thus, in the complementary
push-pull output cir-   circuit has been known, such as by Japanese Patent
55 cuit shown in the DE-OS 22 33 260, the ratio of the  120 Application
Laid-Open No. 35351/78. input current to the output current in the constant
The circuit shown in the laid-open Japanese current circuit wilt be 1
(unity) when the ratio of the  Application is a push-pull output circuit
including current coefficients (emitter areas) of the two lateral
transistors [err] and [err] as output circuits, as PNP transistors of the
second group of transistors   shown in Fig. 2. 60 forming the constant
current circuit isselected to 1    125   A maximum output voltage [err]
obtainable (unity). Thus, since the positive half cycle output   from the
push-pull output circuit shown in Fig. 2 is 



gain and the negative half cycle output gain of the  given by the following
formula: complementary push-pull output circuit are deter-    [err] mined
by the current amplification factor of the pair        [err]
(3) 65 of Darlington-connected vertical NPN transistors of   130 where
[err] is the power supply voltage, [err] is a    2
GB 2 048 597 B      2 base-emitter voltage of an NPN transistor 03 and
practical means because of dispersion of device [err] is a
collector-emitter saturation voltage of a  characteristics. PNP transistor
[err].                                    As a result, due to the
difference between the Thus, the maximum output voltage [err]        gains
for the positive and negative half cycle out- 5  obtainable from the
push-pull circuit shown in Fig. 2   70 puts, the second harmonics appears,
which extreme- is relatively high although it does not use the     ly
deteriorates the distortion factor especially when bootstrap capacitor.
the amount of negative feedback decreases in the It has been found by the
inventors of the present  high frequency range. invention that the
distortion factor of the circuit  It is an object of the present invention
to provide a 10 shown in Fig. 2 is deteriorated due to second order    75
push-pull output circuit which is capable of produc- harmonics when the
amount of negative feedback      ing a relatively high maximum output
voltage with- decreases in a high frequency range.                out using
the bootstrap capacitor and improves the The inventors studied the causes
therefore and    distortion factorwhich would otherwise be deterio- found
the following facts:                          rated by the secondary
harmonics in an open loop 15  The circuit shown in Fig. 2 includes the PNP
80 characteristics. transistors [err] and [err] as driving transistors and
the  In accordance with the present invention there is NPN transistors 03
and Q4 as the output transistors  provided a push-pull output circuit
comprising: (a) a but the transistor [err] for producing a positive half
first transistor group having at least a portion thereof cycle output
constitutes a current mirror circuit   connected between a first operating
potential point 20 merely with a transistor [err]. Accordingly, when the
85 and a output terminal and including first transistor of positive half
cycle output is produced, an input NPN  a first conductivity type and
second transistor of a transistor [err] of the current mirror circuit acts
as an  second conductivity type which are connected in the essential
driving transistor.                       form of a first composite
transistor; (b) a second A gain [err] when the positive half cycle output
transistor group having at least a portion thereof 25 transistor [err] is
conductive is given by the following    90 connected between said output
terminal and a formula:                                            second
operating potential point including third [err]
(4)  transistor of said first conductivity type and fourth where [err] and
[err] are emitter sizes (e.g. emitter  transistor of said second
conductivity type which are peripheral lengths) of the transistors [err]
and [err],   connected in the form of a second composite 30 respectively.
On the other hand, a gain [err]   95 transistor, the base of said third
transistor receiving when the negative half cycle output transistor 04 is
an input signal; (c) a first level shifting circuit having conductive is
given by the following formula:       one termna thereof applied with said
input signal; [err]                                   (5)     (d) a current
mirror circuit including two transistors In the above formulas (4) and (5),
it is easy to make  of said second conductivity type, the emitters of said
35 the current amplification factors [err] and [err] of the  100 two
transistors being connected together, the input transistors [err] and [err]
approximately equal because   terminal and the output terminal of said
current they are both NPN transistors, but making the       mirror circuit
being connected to the other terminal current amplification factors [err]
and [err] of the   of said first level shifting circuit and the base of
said NPN transistor [err] and the PNP transistor [err] approx-  first
transistor of said first transistor group, respec- 40 imately equal is
difficult even when the transistors    105 tively; and (e) a second level
shifting circuit con- are discrete devices and it is almost impossible
nected between the commonly connected emitters when the transistors are
constructed in a monolithic  of said two transistors of said current mirror
circuit integrated circuit.                                 and the base of
said second transistor of said first In the monolithic integrated circuit
forming a    transistor group. 45 composite transistor, as is well known,
the NPN  110   bthe present invention will now be described in transistors
are constructed in the vertical transistor  detail with reference to the
accompanying drawings, structure while the PNP transistors are constructed
in which: in the lateral transistor structure. Thus, due to     Fig. 1
shows a circuit diagram of one embodiment various dispersions in the
manufacturing process of  of the present invention; 50 the monolithic
integrated circuit, the current ampli-  115   Fig. 2 shows a circuit
diagram of an example of fication factors of the vertical NPN transistors
range  prior art circuit; and between 50 and 200 while the current
amplification    Fig. 3 shows a circuit diagram of another embodi- factors
of the lateral PNPtransistors range between  ment of the present invention.
30 and 200. In the manufacture of the monolithic IC,  Fig. 1 shows a
circuit diagram of one embodiment 



55 process conditions are established such that the  120 of the present
invention. current amplification factors of the vertical NPN     In Fig. 1,
a first group of transistors [err] comprising transistors has a value in a
predetermined range and  a PNP transistor [err] as a driving transistor and
an the values of the current amplification factors of the  NPN transistor
[err] Darlington-connected thereto as lateral PNP transistors are not
usually considered  an output transistor constitutes a class B amplifice-
60 strictly in establishing the process conditions.  125 tion output
circuitfor producing a positive half cycle While it may be possible to
control the ratio of  output while a second group of transistorsT2 gains
for the positive and negative half cycle outputs  comprising a PNP
transistor 02 as a driving transis- by the gain of the current mirror
circuit comprising  tor and an NPN transistor [err] Darlington-connected
the PNP transistors [err] and [err] (which corresponds    thereto as an
output transistor constitutes a class 8 65 to the ratio of emitter areas
[err]), it is not a  130 amplification output cicuit for producing a
negative    GB 2 048 597 B    3 half cycle output.
positive half cycle output essentially acts as the The first transistor
group [err] and the second      driving transistor so that the transistors
[err] and [err] transistor group T2 are connected in series across a  are
analogous with the Darlington-connected tran- power supply voltage [err]
and ground potential to    sistors [err] and [err] forming a composite
transistor for 5  form a push-pull output circuit.                 70
producing the negative half cycle output. Directy applied to the base of
the driving transis-  A gain [err] when the positive half cycle output tor
[err] of the negative half cycle output transistor    transistor [err] is
conductive is given by the following group is a collector output of an
amplifying transis-  formula; tor [err] which produces a class A amplified
output    [err] I0 signal which is an input signal to the push-pull  75
where [err] is a current amplification factor of the output circuit.
transistor [err] is a current amplification factor of On the other hand,
applied to the base of the     the transistor [err] is an emitter area of
the driving transistor [err] of the positive half wave output  transistor
[err] is a resistance of a speaker load [err] transistor group, through a
current mirror circuit CM  hjbQ5 is a common-base input impedance of the 15
comprising NPN transistors [err] and [err] is an inverted   80 transistor
[err] and [err] is an emitter area of the version of a collector output of
the amplifying     transistor [err]. transistor [err] which forms a class A
amplified output  On the other hand, a gain [err] for the negative signal,
which collector output is further level-shifted  half cycle output is given
by the previously men- bya first level shifting circuit [err] for reducing
tioned formula (5), which is again shown below; 20 crossover distortion.
85 [err]              (9) In order to bias the output transistor [err], a
second  where [err] is a current amplification factor of the level shifting
circuit LS2 comprising a forward-    transistor [err] and [err] is a
current amplification -biased diode (or diode-connected transistor) [err]
is  factor of the transistor 04. inserted between the base of the output
transistor [err]  In the above formula (8), when the gain of the 25 and the
commonly connected emitters of the transis-  90 current mirror circuit is
unity [err] and the tors [err] and [err] forming the current mirror circuit
CM,  PNP transistors [err] and 02 and the NPN transistors and a constant
current circuit 102 is connected to the  03 and 04 manufactured by the same
process commonly connected emitters of the transistors [err]   condition
are used, the current amplification factors and [err] forming the current
mirror circuit CM.       of the transistors in each pair are approximately
30   Since the forward-biased diodes 010 serving as the   95 equal [err]
the dispersion of the second level shifting circuit LS2 is connected be-
device characteristics is cancelled out. As a result, it tween the current
mirror circuit CM and the base of  is ready to attain the equal gains [err]
the output transistor Q3, a maximum output voltage  to prevent the
generation of the second harmonics [err] of the output voltage [err] is
given by the    and hence to improve the distortion factor of the 35
following formula:                              100 open loop
characteristics. [err]
Accordingly, when the present circuit is con- [err]
(6)      structed in a negative feedback configuration, the where Vcc is
the power supply voltage and [err]     distortion factor is not
considerably deteriorated [err] and [err] are base-emitter voltages of the
even if the amount of feedback decreases in the high 40 transistors [err]
and Q3, respectively.       105 frequency region. Accordingly, by the
arrangement of the second       When the present circuit is constructed in
the level shifting circuit LS2, the maximum output      monolithic
integrated circuit structure, the gains can voltage [err] of the push-pull
output circuit of the  be readily matched by setting the gain of the
current present embodiment has a relatively small residual  mirror circuit
CM to unity (that is, [err]) and 45 voltage VBE although it does not use
the bootstrap  110 using the same structure for the PNP transistors [err]
capacitor.                                          and [err] and for the
NPN transistors [err] and Q4. Should the opposite ends of the second level
When the present circuit is constructed by discrete 



shifting circuit LS2 be shorted, the maximum output  devices, matching of
the gain can be attained by voltage [err] would have a relatively large
residual  selecting the devices of the same characteristic. In 50 voltage
of [err] as is given by the following formula;  115 this case, a cost
reduction can be attained because [err]
the matching of the gains in the prior art circuit [err]
(7)      includes a high cost in selecting the devices of It is seen from
the above consideration that by the  desired characteristics. arrangement
of the second level shifting circuit LS2  The present invention is not
limited to the prefer- 55 the maximum output voltage [err] can assume a
120 red embodiment shown in Fig. 1 but resistor means high voltage close to
the power supply voltage Vcc  may be additionally provided to prevent the
oscilla- without using the bootstrap capacitor.              tion or
stabilize an idling current The constant A constant current circuit [err]
in the collector circuit  current circuit inserted in the common emitter
circuit of the amplifying transistor [err] serves as a collector  of the
current mirror circuit may be a mere current 60 load for the amplifying
transistor [err].          125 path circuit, but when the constant current
circuit is In the circuit of the present embodiment, the     used a
negative feedback is given by the current distortion factor of the open
loop characteristic can  flowing through the biasing transistor Q10 to
further be readily improved because the driving transistor  stabilizethe
bias. [err] of the Darlington-connected transistors [err] and [err]  The
conductivity types of the transistors may be 65 forming composite
transistor for producing the       130 reversed.    4
GB 2 048 597 B      4 Fig. 3 shows a circuit diagram of another embodi-
(unity). The commonly connected emitters of the ment of the present
invention. The components in a   NPN transistors [err] and [err] of the
current mirror square shown by broken lines are formed on a single  circuit
CM is connected to a constant current circuit silicon chip by a
manufacturing process well known   102 which comprises an NPN transistor
Q15 and a 5  in the art. Numerals in the circles indicate lead  70 resistor
R5. terminals of the monolithic integrated circuit. All of  A second level
shifting circuit LS2 is connected the NPN transistors in the monolithic
integrated     between the commonly connected emitters of the circuit shown
by the broken line square are formed   NPN transistors [err] and 09 of the
current mirror in vertical transistor structure while all of the PNP
circuit CM and the base of the NPN transistor 03 of 10 transistors are
formed in lateral transistor structure.   75 the first transistor group
[err]. The second level shifting An NPN transistor [err], a zener diode
[err] and       circuit LS2 comprises an NPN transistor [err]. Like in
resistors [err] and [err] constitute a constant voltage    the case of the
embodiment shown in Fig. 1, by the regulator 6 which supplies to a
preamplifier 7 a     arrangement of the second level shifting circuit LS2,
substantially constantoperating voltage VR which is  a high maximum output
voltage [err] close to the 15 practically independent of the magnitude of
the  80 power supply voltage Vcc can be obtained. power supply voltage
[err].                              In order to render a minimum output
voltage Applied to an input terminal (+) of the preamplifier  [err] of the
output voltage [err] obtainable from the 7, through an input coupling
capacitor [err], is an   output terminal (terminal 4) to assume a low
voltage input signal IN, and an output [err] from the preampli-  close to
the ground level, a third level shifting circuit 20 fier 7 drives a base of
a class A amplifying transistor   85 [err] is arranged between the output
terminal (termin- [err].
al 4) and the base of the NPN transistor Q13. The third Connected across
the collector and the base of the  level shifting circuit [err] comprises
an NPN transistor class A amplifying transistor [err] is a phase compen-
014. The collector of the NPN transistor [err] is sating capacitor [err].
The collector of the class A    connected to the base of the NPN transistor
Q13 and 25 amplifying transistor [err] is connected to an NPN   90 to the
base of its own. A current flowing into the transistor 012 of a constant
circuit [err] through an  third level shifting circuit LS3 is supplied from
a NPN transistor [err] of a first level shifting circuit [err]  collector
of a PNP transistor Q16 which forms a for reducing crossover distortion.
constant current circuit 103. The push-pull output circuit essentially
consists of  Accordingly, the minimum output voltage [err] 30 a first
transistor group [err] and a second transistor  95 of the output voltage
[err] obtainable at the output group T2. The first transistor group [err]
is arranged  terminal is given by the following formula; between the power
supply voltage [err] (terminal 5)    [err]         (10) and an output
terminal (terminal 4) and comprises    where [err] is a collector-emitter
saturation vol- PNP transistor 01 and NPN transistor [err] which are
tage of the transistor [err] is a base-emitter 35 connected as a composite
transistor structure. A  100 voltage of the transistor [err], and [err] is
a portion of the second transistor group T2 is arranged  base-emitter
voltage of the transistor [err]. By select- between the output terminal
(terminal 4) and a       ing the transistors Q13 and Q14 of the same device
ground terminal (terminal 3) and it comprises PNP    characteristic
(particularly the emitter size), the transistor [err] and NPN transistor
[err] which are        base-emitter voltages [err] and [err] can be made 40
connected to form a composite transistor. The    105 equal. Under this
condition, the above formula (10) 



emitter of the PNP transistor [err] is connected to the  can be modified as
shown below; power supply terminal.                               [err]
(11) Applied to the base of the PNP transistor Q2,        On the other
hand, the magnitudes of the currents through an oscillation preventing
resistor R3 and an  flowing through the first, second and third constant 45
emitter-collector path of an NPN transistor Q13, is the  110 current
circuits [err] and [err] depend on a first collector output of the class A
amplifying transistor  biasing current [err] flowing through a biasing
circuit 7 [err]. Since the base of the NPN transistor [err] is      which
comprises resistors [err] and [err], NPN connected to the output terminal
through a collector-  transistors [err] and [err] and a PNP transistor
[err]. The -emitter path of an NPN transistor Q14 of a third level  first
biasing current [err] is given by the following 50 shifting circuit LS3,
the NPN transistor [err] essentially  115 formula; acts as a common-base
transistor. The collector of the common-base transistor 013 is connectedto
the                                  (12) power supply terminal through a
load resistor R4. Accordingly, the base-emitter junction of the PNP
The magnitude of a second baising current [err] 55 transistor 02 is driven
by a voltage drop across the    120 flowing through the emitter-collector
path of the load resistor R4 by a collector signal current of the  PNP
transistor [err] and the collector-emitter path of common-base transistor
03.                           the NPN transistor [err] is given by the
following On the other hand, the collector output of the class  formula; A
amplifying transistor [err] is applied to the current        [err] 60
mirror circuit CM through the first level shifting  125 circuit LS,. The
current mirror circuitCM comprises NPN transistors [err] and [err] having
the same emitter    The magnitudes of the constant currents ICQ12 and areas
[err] and [err]. Thus, the gain of thecurrent   [err] flowing through the
constant currentcircuits [err] mirror circuit CM (i.e. the ratio of the
collector   and [err] can be selected to any desired values by 65
currentsof the transistors [err] and [err] is equal to 1  130 appropriately
selectingthe emitter sizes-of the PNP    GB 2 048 597 B     5 transistors
[err] and Q16. On the other hand, the  type and fourth transistor of said
second conductiv- magnitude of the constant current [err] flowing     ity
type which are connected in the form of a second through the constant
current circuit [err] is given by  composite transistor, the base of said
third transistor the following formula;
receiving an input signal; (c) a first level shifting 5
70 circuit having one terminal thereof applied with said input signal; (d)
a current mirror circuit including (14)       two transistors of said
second conductivity type, the R9
emitters of said two transistors being connected together, the input
terminal and the output terminal 10  On the other hand, the emitter current
[err] of the    75 of said current mirror circuit being connected to the
transistor [err] is given by the following formula;    other terminal of
said first level shifting circuit and the base of said first transistor of
said first transistor [err]
group, respectively; and (e) a second level shifting 4
circuit connected between the commonly connected 15  Accordingly, by
appropriately selecting the magni-  80 emitters of said two transistors of
said current mirror tudes of the constant currents [err] and [err], the
circuit and the base of said second transistor of said minimum output
voltage [err] of desired magni-    first transistor group. tude can be
obtained in accordance with the above      2. A push-pull output circuit
according to Claim formula (11).                                        1,
wherein said first and third transistors of said first 20  In accordance
with the present embodiment, the  85 conductivity type are PNP transistors,
and said emitter sizes [err] and [err] of the NPN transistors [err]  second
and fourth transistors of said second conduc- and [err] of the current
mirror circuit CM are equal.   tivity type are NPN transistors. The lateral
PNP transistor [err] of the first transistor  3. A push-pull output circuit
according to Claim group [err] and the lateral PNPtransistorQ2 of the
2, wherein said PNP transistors and said NPN 25 second transistor group
have the emitter areas [err]    90 transistors are constructed in lateral
transistor struc- and [err] which are forty times as large as the emitter
ture and vertical transistor structure, respectively, of areas of the other
small signal lateral PNP transistors  a monolithic semiconductor integrated
circuit. (e.g. transistor [err]), and have the equal current     4. A
push-pull output circuit according to Claim 1 amplification factors [err]
and [err]. The vertical NPN  further comprising (f) a fifth transistor of
said second 30 transistor Q3 of the first transistor group [err] and the
95 conductivity type, said input signal being applied to vertical NPN
transistor [err] of the second transistor  the base of said third
transistor through the emitter-- group have the emitter areas [err] and
SE04 which are  collector path of said fifth transistor, and (g) a third
280 times as large as the emitter sizes of the other  level shifting
circuit connected between said output 



small signal vertical NPN transistors (e.g. transistor  terminal and the
base of said fifth transistor. 35 [err], and have the equal current
amplification fac-    100   5. A push-pull output circuit according to
Claim 4 tors [err] and [err]                                  further
comprising (h) a class A amplifying transistor In accordance with the
embodiment shown in Fig.    having the collector thereof connected to said
one 3, like in the case of the embodiment shown in Fig. 1,  terminal of
said first level shifting circuit, (i) a first a high maximum output
voltage is obtainable with-    constant current circuit connected between
said 40 out using the bootstrap capacitor and the distortion   105 other
terminal of said first level shifting circuit and factor in the open loop
characteristic can be reduced  said first operating voltage point for
acting as a load and a low minimum output voltage is obtainable.      to
said class A amplifying transistor, (j) a second In the embodiment shown in
Fig. 3, a negative      constant current circuit connected between the
feedback resistor [err] is connected between the      commonly connected
emitters of said two transis- 45 output terminal and a negative feedback
terminal (-)  110 tors of said current mirror circuit and said second of
the preamplifier 7, and a negative feedback circuit  operating potential
point, and (k) a third constant 8 comprising resistors [err] and [err], and
a capacitor  current circuit connected between said first operat- C102 is
connected between the terminal 4 and the     ing potential point and said
third level shifting terminal 2. The output voltage [err] of the push-pull
circuit. 50 output circuit is applied to the speaker load [err]  115   6. A
push-pull output circuit according to Claim 5 through an output coupling
capacitor C103. A capaci-  further comprising (I) a preamplifier having an
input tor [err] and a resistor [err] is connected in series  terminal, a
negative feedback terminal and an output across thespeaker load RL to
prevent the oscillation.  terminal for driving the base of said classA
amplify- CLAIMS                                               ing
transistor, (m) a negative feedback network 55   1. A push-pull output
circuit comprising:      120 arranged between said output terminal of said
(a) a first transistor group having at least a portion  push-pull output
circuit and said negative feedback thereof connected between a first
operating poten-  terminal of-said preamplifier, (n) an output coupling
tial point and an output terminal and-including first  capacitor having one
terminal thereof connected to transistor of a first conductivity type and
second   said output terminal of said push-pull output circuit, 60
transistor of a second conductivitytype which are    125 (o) a speaker load
connected between the other connected in the form of a first composite
transistor;  terminal of said output coupling capacitor and said (b) a
secondtransister group having at least a       second operating potential
point, and (p) an oscilla- portion thereefconnected between said output
tion preventing network connected across said terminal and a second
operating potential point and  speaker toad. 65 including third transistor
of said first conductivity     130   7. A push-pull output circuit
according to any    5
GB  2 04 597 B     5 transistors [err] and [err]. On the other hand, the
type and fourth transistor of said second conductiv- magnitude of the
constant current [err] flowing       ity type which are connected in the
form of a second through the constant current circuit [err] is given by
composite transistor, the base of said third transistor the following
formula;                                receiving an input signal; (c) a
first level shifting 5           [err]
70 circuit having one terminal thereof applied with said input signal: (d)
a current mirror circuit including two transistors of said second
conductivity type, the (14)        emitters of said two transistors being
connected together, the input terminal and the output terminal 10   On the
other hand, the emitter current [err] of the    75 of said current mirror
circuit being connected to the transistor [err] is given by the following
formula;     other terminal of said first level shifting circuit and the
base of said first transistor of said first transistor group, respectively;
and (e) a second level shifting (15)       circuit connected between the
commonly connected 15   Accordingly, by appropriately selecting the magni-
80 emitters of said two transistors of said current mirror tudes of the
constant currents [err] and  [err] the   circuit and the base of said
second transistor of said minimum output voltage [err] of desired magni-
first transistor group. tude can be obtained in accordance with the above
2. A push-pull output circuit according to Claim formula (11).
1, wherein said first and third transistors of said first 20  In accordance
with the present embodiment, the    85 conductivity type are PNP
transistors, and said emitter sizes [err] and [err]  of the NPN transistors
[err]  second and fourth transistors of said second conduc- and [err] of
the current mirror circuit CM are equal.    tivity type are NPN
transistors. The lateral PNP transistor [err] of the first transistor   3.
A push-pull output circuit according to Claim group [err] and the lateral
PNP transistor [err] of the     2, wherein said PNP transistors and said
NPN 25 second transistor group have the emitter areas [err]    90
transistors are constructed in lateral transistor struc- and [err] which
are forty times as large as the emitter  ture and vertical transistor
structure, respectively, of 



areas of the other small signal lateral PNP transistors  a monolithic
semiconductor integrated circuit. (e.g. transistor Q19), and have the equal
current       4. A push-pull output circuit according to Claim 1
amplification factors [err] and hf.2. The vertical NPN  further comprising
(f) a fifth transistor of said second 30 transistor [err] of the first
transistor group [err] and the  95 conductivity type, said input signal
being applied to vertical NPN transistor 04 of the second transistor   the
base of said third transistor through the emitter- group have the emitter
areas [err] and SEQ4 which are  collector path of said fifth transistor,
and (g) a third 280 times as large as the emitter sizes of the other  level
shifting circuit connected between said output small signal vertical NPN
transistors (e.g. transistor  terminal and the base of said fifth
transistor. 35 [err], and have the equal current amplification fac-    100
5. A push-pull output circuit according to Claim 4 tors [err] and [err].
further comprising (h) a class A amplifying transistor In accordance with
the embodiment shown in Fig.     having the collector thereof connected to
said one 3, like in the case of the embodiment shown in Fig. 1,  terminal
of said first level shifting circuit, (i) a first a high maximum output
voltage is obtainable with-     constant current circuit connected between
said 40 out using the bootstrap capacitor and the distortion   105
otherterminal of said first level shifting circuit and factor in the open
loop characteristic can be reduced  said first operating voltage point for
acting as a load and a low minimum output voltage is obtainable.       to
said class A amplifying transistor, (j) a second In the embodiment shown in
Fig. 3, a negative       constant current circuit connected between the
feedback resistor [err] is connected between the        commonly connected
emitters of said two transis- 45 output terminal and a negative feedback
terminal (-) 110 tors of said current mirror circuit and said second of the
preamplifier 7, and a negative feedback circuit  operating potential point,
and (k) a third constant 8 comprising resistors [err] and [err], and a
capacitor  current circuit connected between said first operat- C102 is
connected between the terminal 4 and the      ing potential point and said
third level shifting terminal 2. The output voltage [err] of the push-pull
circuit. 50 output circuit is applied to the speaker load RL  115   6. A
push-pull output circuit according to Claim 5 through an output coupling
capacitor [err]. A capaci-  further comprising (1) a preamplifier having an
input tor C104 and a resistor R103 is connected in series   terminal, a
negative feedback terminal and an output across the speaker load [err] to
prevent the oscillation.  terminal for driving the base of said class A
amplify- CLAIMS                                                ing
transistor, (m) a negative feedback network 55   1. A push-pull output
circuit comprising:       120 arranged between said output terminal of said
(a) a first transistor group having at least a portion  push-pull output
circuit and said negative feedback thereof connected between a first
operating poten-    terminal of-said preamplifier, (n) an output coupling
tial point and an output terminal andincluding first  capacitor having one
terminal thereof connected to transistor of a first conductivity type and
second    said output terminal of said push-pull output circuit, 60
transistor of a second conductivity type which are    125 (o) a speaker
load connected between the other connected in the form of a first composite
transistor;  terminal of said output coupling capacitor and said (b) a
second transistor group having at least a       second operating potential
point, and (p) an oscilla- portion thereof connected between said output
tion preventing network connected across said terminal and a second
operating potential point and   speaker load. 65 including third transistor
of said first conductivity  130   7. A push-pull output circuit according
to any    6                                      GB 2 048 597 B       6 one
of the preceding claims, wherein the emitter sizes of said two transistors
of said current mirror circuit are substantially equal, the current
amplifica- tion factors of said first and said third transistors are 5
substantially equal, and the current amplification factors of said second
and said fourth transistors are substantially equal. 8. A push-pull output
circuit substantially as hereinbefore described with reference to and as 10
shown by Figure 1 or Figure 3 of the accompanying drawings. Printed for Hw
Majesty's Stationery Office by The Tweeddale Prm Ltd., Berwick-upon-Tweed,
1983. Published at the Patent Office, 25 Southampton Buildings, London,
WC2A 1AY from which copies may be obtained.    


