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OPERATIONAL AMPLIFIER HAVING
STABLE OPERATIONS FOR A WIDE RANGE
OF SOURCE VOLTAGE, AND CURRENT
DETECTOR CIRCUIT EMPLOYING A
SMALL NUMBER OF ELEMENTS

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

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an operational amplifier,
and more particularly, to an operational amplifier having an
output section constituted by a push-pull circuit.

Further, the present invention also relates to a current
detector circuit and an amplifier employing the current
detector circuit, and more particularly, to a current detector
circuit for selecting a smaller one from current values (two
current values) of a current flowing through a detecting
object (detecting device) and maintain the current flowing
through the detecting object at a predetermined value and an
amplifier employing the current detector circuit, capable of
operating with a low source voltage.

2. Description of the Related Art
Recently, compact and low-power-consumption elec-
tronic apparatuses have been developed. Portable electronic

devices are mostly driven by batteries. Homeuse and
office-use electronic apparatuses driven by, for example, AC

100 (117, 200, or 220) V usually employ semiconductor
integrated circuits (LSIs) operating with a power source
voltage of 5 V.

The portable devices driven by battery, however, usually
operate with a power source voltage of 3 V. The battery
voltage decreases as the battery wares. LSIs 1n the portable
devices must deal with such a fluctuation in the source
voltage and a variety of source voltages ranging from 3 to 5
V. Namely, the LSIs must be stable for a wide range of
source voltages.

To let an analog circuit operate for a wide range of source
voltages, an operational amplifier plays an important role.
An operational amplifier whose output section constituted
by a push-pull circuit may be used for heavy load or a
high-speed operation 1in an analog-digital mixed signal LSI
consisting of CMOSs. In this case, the operational amplifier
must be particularly stable. It 1s required to provide an
operational amplifier that shows stable performance for a
wide range of source voltages.

By the way, low-frequency amplifiers are classified into
classes A, B, and AB. The A-class amplifiers involve a low
signal distortion but large power consumption. The B-class
amplifiers mvolve a large signal distortion but small power
consumption. The AB-class amplifiers involve a small signal
distortion and small power consumption.

Amplifiers for driving speakers must provide a large
current at low distortion. For this purpose, the A-class
amplifiers consume large power even when there are no
signals, and the B-class amplifiers cause a problem of
crossover. Accordingly, the AB-class amplifiers are usually
employed to drive speakers.

To reduce power consumption low-voltage power source
are widely used. It 1s necessary, therefore, to develop ampli-
fiers operating with a low-voltage power source.

SUMMARY OF THE INVENTION

An object of a first aspect of the present mnvention 1s to
provide an operational amplifier that operates stably for a
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wide range of source voltages. An object of a second aspect
of the present 1nvention 1s to provide a current detector
circuit for selecting a smaller one from current values of a
current flowing through a detecting object (detection device)
and control the current to a predetermined value, as well as
providing an amplifier employing the current detector
circuit, to operate with a low-voltage power source.

According to a first aspect of the present invention, there
1s provided an operational amplifier comprising a differential
amplification section; an output section having a first tran-
sistor of a first conductivity type and a second transistor of
a second conductivity type that 1s opposite to the first
conductivity type, the first and second transistors being
connected 1n series between a first power source unit and a
second power source unit, the first transistor being driven
according to an output of the differential amplification
section; a control signal generation unit for detecting a
current flowing through the first transistor and generating a
control signal 1n response to the detected current; and a drive
control unit for driving the second transistor 1n response to
the control signal.

The drive control unit may control the second transistor to
increase a current flowing through the second transistor if
the current flowing through the first transistor detected by
the control signal generation unit decreases. The control
signal generation unit may have a third transistor of the first
conductivity type having a first terminal connected to the
first power source and a control terminal connected to the
output of the differential amplification section as well as to
the control terminal of the first transistor; and the drive
control unit may have fourth and fifth transistors of the first
conductivity type having first terminals connected to the first
power source unit, a sixth transistor of the second conduc-
fivity type having a first terminal connected to the second
power source unit and a conftrol terminal and a second
terminal connected to the second terminal of the fifth
transistor as well as to the control terminal of the second
transistor, and a constant current source, the control terminal
and second terminal of the fourth transistor being connected
to the second power source unit through the constant current
source, to the control terminal of the fifth transistor, and to
the second terminal of the third transistor, to receive the
control signal from the control signal generation unit. The
first transistor may be connected to the third transistor 1n a
current mirror configuration, the fourth transistor may be
connected to the fifth transistor 1n a current mirror
conflguration, and the second transistor may be connected to
the sixth transistor in a current mirror configuration.

The control signal generation unit may have a third
transistor of a first conductivity type having a first terminal
connected to the first power source unit and a control
terminal connected to the output of the differential amplifi-
cation section as well as to the control terminal of the first
transistor; and the drive control unit may have fourth, fifth,
and sixth transistor of the second conductivity type having,
first terminals connected to the second power source unit,
and a constant current source, the second terminal of the fifth
transistor, the second terminal and control terminal of the
sixth transistor, and the control terminal of the second
transistor being connected to the first power source unit
through the constant current source, the second terminal and
control terminal of the fourth transistor and the control
terminal of the fifth transistor being connected to the second
terminal of the third transistor, to receive the control signal
from the control signal generation unit. The first transistor
may be connected to the third transistor 1n a current mirror
conflguration, the fourth transistor may be connected to the
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fifth transistor 1n a current mirror configuration, and the
second transistor may be connected to the sixth transistor in
a current mirror configuration.

The drive control unit may control the second transistor to
pass a current 1f a current flowing through the first transistor
detected by the control signal generation unit 1s larger than
a predetermined value. The control signal generation unit
may have a third terminal connected to the first conductivity
type having a first terminal connected to the first power
source unit and a control terminal connected to the output of
the differential amplification section as well as to the control
terminal of the first transistor; and the drive control unit may
have a load unit, a fourth transistor of the first conductivity
type having a first terminal connected to the control terminal
of the first transistor as well as to the control terminal of the
third transistor and a second terminal connected to the
control terminal of the second transistor as well as to the
second power source unit through the load unit, and a first
constant current source, the second terminal of the third
transistor and the control terminal of the fourth transistor
being connected to the second power source unit through the
first constant current source.

The operational amplifier may further comprise a second
constant current source arranged between the second power
source unit and a node between the second terminal of the
first transistor and the second terminal of the second tran-
sistor. The first transistor may be connected to the third
fransistor 1in a current mirror confliguration.

The differential amplification section may have third and
fourth transistor of the second conductivity type, fifth and
sixth transistors of the first conductivity type, and a constant
current source, the first terminals of the third and fourth
transistors being connected to the second power source unit
through the constant current source, the control terminals of
the third and fourth transistors receiving first and second
inputs, respectively, the first terminals of the fifth and sixth
transistors being connected to the first power source unit, the
control terminals of the fifth and sixth transistor as well as
to the second terminal of the third transistor, the output of
the differential amplification section being provided from a
node between the second terminal of the sixth transistor and
the second terminal of the fourth transistor.

In the output section, the first terminal of the first tran-
sistor may be connected to the first power source unit, the
control terminal of the first transistor may be connected to
the output of the differential amplification section, the first
terminal of the second transistor may be connected to the
second power source unit, the control terminal of the second
transistor may be connected to the output of the drive control
unit, and a node between the second terminal of the first
transistor and the second terminal of the second transistor
may provide the output of the operational amplifier.

The first conductivity type may be a P-channel type, the
second conductivity type may be an N-channel type, the
transistors may be MIS transistors, the first terminal may be
a source, the second terminal may be a drain, and the control
terminal may be a gate. The first conductivity type may be
a PNP type, the second conductivity type may be an NPN
type, the transistors may be bipolar transistors, the first
terminal may be an emitter, the second terminal may be a
collector, and the control terminal may be a base. The
operational amplifier may constitute a semiconductor inte-
orated circuit.

According to a second aspect of the present invention,
there 1s provided a current detector circuit comprising a first
detecting object; a first current detector for detecting a
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4

current flowing through the first detecting object; a second
detecting object; a second current detector for detecting a

current flowing through the second detecting object; and a
monitor including a first transistor having a control terminal
connected to an output of the first current detector and a
second transistor having a second terminal connected to a
first terminal of the first transistor and a control terminal
connected to an output of the second current detector, the
first and second transistors having identical characteristics.

The first detecting object may have a third transistor. The
first current detector may include a fourth transistor having
a control terminal connected to a control terminal of the third
transistor; and a fifth transistor having second and control
terminals connected to a second terminal of the fourth
transistor and to the control terminal of the first transistor.

The current detector circuit may further comprise a first
current source connected to a second terminal of the first
transistor; and a feedback circuit for fixing currents flowing
through the first and second detecting objects 1n response to
a signal from the second terminal of the first transistor.

The monitor may include a sixth transistor having a
second terminal connected to the second terminal of the first
transistor and a control terminal connected to the control
terminal of the second transistor; and a seventh transistor
having a control terminal connected to the control transistor
having a control terminal connected to the control terminal
of the first transistor and a second terminal connected to a
first terminal of the sixth transistor. The first, second, fifth,
sixth, and seventh transistors may be made of a first con-
ductivity type, and the third and fourth transistors are made
of a second conductivity type.

The first terminal may be a source, the second terminal
may be a drain, and the control terminal may be a gate. The
first terminal may be an emitter, the second terminal may be
a collector, and the control terminal may be a base. The
current detector circuit may constitute an operational
amplifier, or a semiconductor mtegrated circuit.

BRIEF DESCRIPITION OF THE DRAWINGS

The present invention will be more clearly understood
from the description of the preferred embodiments as set
forth below with reference to the accompanying drawings,
wherein:

FIG. 1 1s a circuit diagram showing an operational ampli-
fier according to a prior art;

FIG. 2 1s a circuit diagram showing an operational ampli-
fier according to another prior art;

FIG. 3 1s a block diagram showing a principle of an
operational amplifier according to a first aspect of the
present 1nvention;

FIG. 4 1s a circuit diagram showing an operational ampli-
fier according to the first embodiment of the first aspect of
the present invention;

FIG. 5 1s a circuit diagram showing an operational ampli-
fier according to a second embodiment of the first aspect of
the present mvention;

FIG. 6 1s a circuit diagram showing an operational ampli-
fier according to a third embodiment of the first aspect of the
present 1nvention;

FIG. 7 1s a circuit diagram showing an operational ampli-
fier according to a fourth embodiment of the first aspect of
the present mvention;

FIG. 8 15 a circuit diagram showing an AB-class amplifier
according to another prior art;

FIGS. 9A, 9B, and 9C are diagrams for explaining the
operation of the first prior art shown in FIG. 8, in which FIG.
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9A 1s a table showing the 1nput and output of a differential
amplifier section of the amplifier,

FIG. 9B shows differential inputs V+ and V- and currents
at different parts, and FIG. 9C shows differential inputs V+
and V- and currents I1 and 12 at different parts;

FIGS. 10A and 10B shows an AB-class amplifier accord-

ing to a still another prior art, in which FIG. 10A 1s a circuit
diagram generally showing the amplifier, and FIG. 10B 1s a
circuit diagram showing a feedback system (current detector
circuit) of the amplifier;

FIGS. 11A and 11B are diagrams for explaining a prin-
ciple of a current detector circuit according to a second
aspect of the present invention, 1n which FIG. 11A 1s a
ogeneral view and FIG. 11B 1s a circuit diagram showing a
modification of a monitor;

FIG. 12 1s a diagram for explaining another principle of
a current detector circuit according to the second aspect of
the present invention;

FIG. 13 1s a diagram for explaining a still another prin-
ciple of a current detector circuit according to the second
aspect of the present invention;

FIG. 14 1s a diagram for explaining a still another prin-
ciple of a current detector circuit according to the second
aspect of the present invention;

FIGS. 15A and 15B show an AB-class amplifier accord-

ing to the second aspect of the present invention, 1n which
FIG. 15A 1s a circuit diagram generally showing the
amplifier, and FIG. 15B i1s a circuit diagram showing a
current detector circuit of the amplifier;

FIG. 16 1s a diagram for explaining the operation of the
first embodiment and a relationship between input voltages
to a monitor and a through current;

FIG. 17 1s a circuit diagram showing a current detector
circuit of an AB-class amplifier according to a second
embodiment of the second aspect of the present invention;

FIG. 18 1s a circuit diagram showing a majority circuit
according to a third embodiment of the second aspect of the
present mvention; and

FIGS. 19A and 19B are diagrams for explaining the
operation of the third embodiment, 1n which FIG. 19A
shows current values at different parts under a normal
operation, and FIG. 19B shows current values at the parts
when a digital mnput signal Dk {fails.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

For a better understanding of the preferred embodiments,
the problems of an operational amplifier according to the
prior art will be explained, with reference to FIGS. 1 and 2.

FIG. 1 1s a circuit diagram showing an operational ampli-
fier according to a prior art. The operational amplifier
consists of a differential amplification section 100, a level
shift section 200, and an output section 300. The operational
amplifier includes a high-potential power source line (first
power source means) V,, and a low-potential (ground
level) power source line (second power source means) Vss.

The differential amplification section 100 has N-channel
MOS transistors T1 and T2, P-channel MOS transistors T3
and T4, and a constant current source CS1. The gate of the
transistor T1 receives a signal mnput from an 1nverting
input/IN, and the gate of the transistor T2 receives a signal
input from a non-inverting mnput IN. A node between the
transistors T2 and T4 provides the output of the differential
amplification section 100, which 1s supplied to the level shift
section 200.
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The level shift section 200 has an N-channel MOS
transistor T35 and a constant current source CS0. The output
section 300 has a P-channel MOS transistor T6 and an
N-channel MOS transistor T7. The transistors T6 and T7
form a push-pull circuit. The gate of the transistor Té6
receives the output of the differential amplification section
100. The gate of the transistor T7 receives a level-shifted
output from the level shift section 200 through a node
between the source of the transistor TS and the constant
current source CS0. The back gate (substrate) of the tran-
sistor TS receives the low-potential (ground level) source
voltage Vss.

According to the operation amplifier of FIG. 1, the level
shift section 200 shifts the level of an output signal in
response to a fluctuation in the source voltage V,,. The
amount of the shift, however, does not correctly follow the
fluctuation 1 the source voltage V,,,,. This results 1n fluc-
tuating a bias voltage (a gate-source voltage VGS minus a
threshold voltage Vth) of each of the transistors T6 and T7
of the output section 300, to thereby change currents passing
through the transistors 16 and T7 and fluctuate the power
source current and other characteristics of the operational
amplifier. Namely, the bias voltage 1s changed 1n response to
the source voltage V.

The bias voltage of the transistor 17 1s changed when the
source voltage V,, varies. This change 1s fed back to the
transistor T6 that forms the push-pull circuit with the tran-

sistor T7, to thereby shift the bias voltage of the transistor
T6.

FIG. 2 1s a circuit diagram showing an operational ampli-
fier according to another prior art. This 1s an improvement of
the operational amplifier of FIG. 1 and 1s disclosed in

Japanese Unexamined Patent Publication (Kokai) No.
1-137808.

The operational amplifier of FIG. 2 has a level shift
section 200 having an N-channel MOS transistor T3' and a
current source CS()', which changes a current 1n response to
a fluctuation 1n a source voltage. This operational amplifier
has a differential amplification section 100 and an output
section 300, which are the same as those of the operational

amplifier of FIG. 1.

The operational amplifier of FIG. 2 1s capable of main-
taining the bias voltages of transistors T6 and 17 that form
a push-pull circuit, with respect to a fluctuation of, for
example, £5% 1n a source voltage of 5 V. This operational
amplifier, however, 1s mncapable of stabilizing operation for
a wide range of source voltages, for example, from 3 V to
5 V. To deal with a fluctuation in a bias voltage, the operation
point of the output section 300 1s usually of class A or AB.
It 1s, theretfore, ditficult to reduce power consumption. If the
operation point of the output section 300 1s of class B, the
transistors 16 and T7 may be cut off due to a fluctuation 1n
a bias voltage, to thereby cause distortion.

Below, embodiments of an operational amplifier accord-
ing to a first aspect of the present invention will be explained
with reference to FIGS. 3 to 7.

FIG. 3 1s a block diagram showing the principle of an
operational amplifier according to a first aspect of the
present 1vention.

As shown in FIG. 3, the operational amplifier has a
differential amplification section 100 and an output section
300. The output section 300 has a first transistor T6 of first
conductivity type and a second ftransistor T7 of second
conductivity type that 1s opposite to the first conductivity
type. The transistors T6 and 17 are connected in series
between a first power source V,, and a second power
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source Vss. The first transistor 16 1s driven according to the
output of the differential amplification section 100.

The amplifier also has a control signal generator 1 for
detecting a current flowing through the first transistor T6 and
generating a control signal S 1n response to the detected
current, and a drive controller 2 for driving the second
transistor T7 1n response to the control signal S.

The output section 300 of the operational amplifier of the
present mvention has the first transistor T6 of first conduc-
fivity type and the second transistor T7 of second conduc-
fivity type that 1s opposite to the first conductivity type. The
transistors T6 and T7 are connected 1n series between the
first and second power sources V., and Vss. The control
signal generator 1 detects a current flowing through the first
transistor 16 and generates a control signal S 1 response to
the detected current. The drive controller 2 drives the second
transistor T7 1n response to the control signal S. The first and
second transistors 16 and 17 form a push-pull circuat.

The control signal S generated by the control signal
generator 1 1s proportional to a current flowing through the
first transistor T6. The drive controller 2 receives the control
signal S, detects a decrease 1n the control signal S, and drives
the second transistor T7. In this way, the operational ampli-
fler of the present invention detects a current flowing
through the first transistor 16, and if there 1s a decrease 1n the
current flowing through the first transistor T6, 1ncreases a
current flowing through the second transistor T7. Even if a
source voltage fluctuates, a current flowing through the
second transistor T7 will be unchanged to provide stable
operation independent of a source voltage.

In this way, the operational amplifier of the present
invention stably operates for a wide range of source volt-
ages.

FIG. 4 1s a circuit diagram showing an operational ampli-
fier according to the first embodiment of the first aspect of
the present invention. The operational amplifier consists of
a control signal generator 1, a drive controller 2, a differ-
ential amplification section 100, and an output section 300.
The differential amplification section 100 and output section
300 are the same as those of the prior arts of FIGS. 1 and 2.
The operational amplifier includes a high-potential power
source line (first power source means) V,, and a low-
potential (ground level) power source line (second power
source means) Vss.

The differential amplification section 100 has N-channel
MOS transistors T1 and T2, P-channel MOS transistors T3
and T4, and a constant current source CS1. The gate of the
transistor 11 1s connected to an inverting mput/IN, and the
gate of the transistor T2 1s connected to a non-1nverting input
(positive logic input) IN. A node between the transistors T2
and T4 provides the output of the differential amplification
section 100. An end of the constant current source CS1 1s
connected to the source of the transistor T1 and the source
of the transistor T2. The other end of the constant current
source CS1 1s connected to the low-potential power source
line Vss.

The output section 300 has two transistors 16 and 17
connected 1n series between the high-potential power source
line V., and the low-potential power source line Vss, the
form a push-pull circuit. The transistor T6 1s a P-channel
MOS ftransistor having a source connected to the power
source line V,,,, and the transistor 17 1s an N-channel MOS
transistor having a source connected to the power source line
Vss. A node between the drain of the transistor T6 and the
drain of the transistor T7 provides the output OUT of the
operational amplifier.
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The control signal generator 1 has a P-channel MOS
transistor TA having a source connected to the high-potential
power source line V.. The gate of the transistor TA 1s
connected to the gate of the transistor T6 of the output
section 300, which receives the output of the differential
amplification section 100. Namely, the transistors TA and T6
are connected to each other 1n a current mirror configuration.
A current Ia flowing through the transistor TA 1s proportional
to a current 16 flowing through the transistor 16, 1i.e.,
[a=k1*I6. Hence, k1 to k7 are constants.

The drive controller 2 has P-channel MOS transistors TB
and TC having sources connected to the high-potential
power source line V.., an N-channel MOS transistor TD
having a gate and drain connected to the drain of the

transistor TC, and a constant current source CS2. The gate
and drain of the transistor TB are connected to the low-

potential power source line Vss through the constant current
source CS2, to the gate of the transistor TC, and to the drain
of the transistor TA of the control signal generator 1, to
receive a control signal S from the control signal generator
1. The transistors TB and TC are connected to each other 1n
a current mirror configuration. A current Ib flowing through

the transistor TB 1s proportional to a current Ic flowing
through the transistor TC, 1.e., Ic=k2*Ib.

The transistor TA of the control signal generator 1 gen-
erates the control signal S proportional to a current flowing
through the transistor T6 of the output section 300. The
signal S corresponds to the current Ia flowing through the
transistor TA. The drive controller 2 receives the signal S,
detects a decrease in the signal S (current Ia), and drives the
transistor 17 of the output section 300 accordingly. The
transistor TD and the transistor 17 of the output section 300
are connected to each other 1n a current mirror configuration,

so that a current I7 flowing through the transistor T7 1is
proportional to the current Ic flowing through the transistor
1D, 1.e., I7=k3*Ic.

As explained above, the current Ia (control signal S)
flowing through the transistor TA 1s proportional to the
current 16 flowing through the transistor 16, the current Ib
flowing through the transistor TB is proportional to the
current Ic flowing through the transistor TC, and the current
Ic 1s proportional to the current I7 flowing through the
transistor T7.

Namely, Ia=k1*I6, Ic=k2*Ib, and 17=k3*Ic. la+Ib=Is2
(constant), so that 17+k3*k2*(1s2-k1*16)=k3*k2*(Is2-k1)
*k2*k3*16. Here, k1, k2, and k3 are constants determined
according to the physical sizes of the transistors, and
therefore, are independent of a source voltage. Accordingly,
the amplitude of the current I7 flowing through the transistor
17 1s independent of the source voltage.

In this way, the current 16 flowing through the transistor
T6 of the output section 300 1s indirectly detected by the
transistor TA connected to the transistor T6 1n a current
mirror conflguration, and the transistor TA generates the
control signal S accordingly. The control signal S 1s supplied
to the drive controller 2 which increases a control voltage to
the gate of the other transistor T7 of the output section 300
if the current flowing through the transistor T6 decreases, to
thereby increase a current passing through the transistor T7.

When the current passing through the transistor Té6
increases, the drive controller 2 drops the control voltage to
the gate of the transistor 17 of the output section 300, to
thereby decrease the current I7 passing through the transistor
T7. This embodiment establishes a relationship of
[7=k2*k3*Is2, to provide a current limit function on sink
current. In this way, the operational amplifier of the first
embodiment stably operates for a wide range of source
voltages.
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FIG. 5 1s a circuit diagram showing an operational ampli-
fier according to a second embodiment of the first aspect of
the present mvention. This operational amplifier has a dif-
ferential amplification section 100 having transistors T1 to
T4 and an output section 300 having transistors T6 and T7.
These sections 100 and 300 are the same as those of the first
embodiment of FIG. 4 and of the prior arts of FIGS. 1 and
2.

A control signal generator 1 has a P-channel MOS tran-
sistor TE having a source connected to a high-potential
power source line V.. A drive controller 2 has a resistor
(load means) R, a P-channel MOS transistor TF having a
drain connected to a low-potential power source line Vss
through the resistor R, and a constant current source CS3.
The output of the differential amplification section 100 is
connected to the gate of the transistor T6 of the output
section 300, the gate of the transistor TE of the control signal
ogenerator 1, and the source of the transistor TF of the drive
controller 2. The drain of the transistor TE 1s connected to
the gate of the transistor TF and to the power source line Vss
through the constant current source CS3. 10 A node between
the drain of the transistor TF and the resistor R provides the
output of the drive controller 2, which 1s connected to the
cgate of the transistor T7 of the output section 300. The
transistor TE of the control signal generator 1 1s connected
to the transistor T6 of the output section 300 1n a current
mirror conflguration, so that a current Ie passing through the

transistor TE 1s proportional to a current 16 passing through
the transistor T6, 1.e., [e=k4*16.

According to the second embodiment, the current le
(control signal S) passing through the transistor TE 1is
proportional to the current 16 passing through the transistor
16, so that Ie=k4*16. When Ie>Is3, a voltage vl at a node N1
at the drain of the transistor TE, the gate of the transistor TF,
and an end of the constant current source CS3 is as high as
the source voltage V... Accordingly, the transistor TF 1s
OFF, and a voltage V3 at a node N3 among the drain of the
transistor TF, the gate of the transistor T7, and an end of the
resistor R 1s low. Consequently, the transistor T7 of the
output section 300 1s OFF and passes no current.

When 16<Is3/kd, 1.e., when Ie<Is2 to make V1<V2-Vth
(TF), the transistor TF passes a current If to increase the
voltage V3 at the node N3, to thereby increase a voltage drop
due to the resistor R. As a result, the other transistor T7 of
the output section 300 passes a current I7. Here, the refer-
ence mark V2 1s a voltage at a node N2, 1.e., the output
voltage of the differential amplifier 100, and Vth(TF) is the

threshold voltage of the transistor TF.

The above operation 1s independent of the magnitude of
a source voltage, and therefore, the current 17 Howing
through the transistor T7 i1s independent of the source
voltage. According to the embodiment of FIG. 5, a constant
current source CS4 1s 1nserted between the output OUT of
the operational amplifier and the low-potential power source
line Vss. The constant current source CS4 passes a current
corresponding to the current 16 flowing through the transis-
tor T6 at a usual operation point (V+IN=V-IN), and draws
a current from the output OUT of the operational amplifier
when the transistor T7 1s OFF.

In this way, the second embodiment indirectly detects the
current 16 passing through the transistor T6 of the output
section 300, using the transistor TE of the control signal
generator 1 connected to the transistor 16 1n a current mirror
coniliguration, and generates the control signal S. The con-
trol signal S 1s supplied to the drive controller 2, so that,
when the current flowing through the transistor T6 decreases
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to below a predetermined value, the other transistor T7 of the
output section 300 1s turned ON to pass the current I7
through the transistor T7. When the current flowing through
the transistor T6 1s above the predetermined value, the
transistor T7 1s kept OFF and passes no current.
Accordingly, the operational amplifier of the second
embodiment stably operates for a wide range of source
voltages.

FIG. 6 1s a circuit diagram showing an operational ampli-
fier according to a third embodiment of the first aspect of the
present invention. This operational amplifier has a differen-
tial amplification section 100 including transistors T1 to T4

and an output section 300 including transistors T6 and T7.
These sections 100 and 300 arc the same as those of the

operational amplifiers mentioned above.

According to the third embodiment of FIG. 6, a control
signal generator 1 has a P-channel MOS transistor TG
having a source connected to a high-potential power source
line V,,,,. A drive controller 2 has N-channel MOS transis-
tors TH, TI, and TJ having sources connected to a low-
potential power source line Vss, and a constant current
source CS3.

The output of the differential amplification section 100 1s
supplied to the gate of the transistor T6 of the output stage
300 and the gate of the transistor TG of the control signal
generator 1. The drain of the transistor TG 1s connected to
the gate and drain of the transistor TH and the gate of the
transistor TI. An end of the constant current source CSS5 1s
connected to the power source line V.., and the other end
of the constant current source CS3 1s connected to the drain
of the transistor TI, the drain and gate of the transistor T1,
and the gate of the transistor T7.

The transistors TG and T6 are connected to each other 1n
a current mirror configuration, so that a current Ig passing
through the transistor TG 1s proportional to a current 16
passing through the transistor 16, 1.¢., Ig=k5*16. The tran-
sistors TH and TI are connected to each other in a current
mirror conflguration, so that a current I passing through the

transistor 11 1s proportional to a current Ih passing through
the transistor TH, 1.e., Ii=k6*Ih.

The transistors TJ and T7 are connected to each other 1n
a current mirror configuration, so that a current I7 passing,
through the transistor T7 1s proportional to a current I;
passing through the transistor Ty, 1.e., I7=k7*I;.

In this way, the current 16 passing through the transistor
16 1s proportional to the current Ig passing through the
transistor TG, the current Ih passing through the transistor
TH 1s proportional to the current I1 passing through the
transistor TI, and the current Iy passing through the transistor
1] 1s proportional to the current I7 passing through the
transistor 17. Namely, Ig=k5*16, l1i=k6*Ih, and I7=k7*I;.
[i+Ij=IsS (constant), and therefore, I7=k7*(Is5-k5*k6*16)=
K7*Is5-k5§*K6*k7*16. Here k5 to k7 are constants.
Accordingly, the current I7 passing through the transistor 17
1s 1ndependent of the source voltage.

The third embodiment employs the transistor TG (control
signal generator 1) connected to the transistor T6 in a current
mirror configuration, to indirectly detect the current 16
passing through the transistor T6 of the output section 300
and generate the control signal S. The control signal S 1s
supplied to the drive controller 2 so that, when the current
passing through the transistor T6é decreases, a control volt-
age supplied to the gate of the transistor T7 of the output
section 300 1s increased to increase the current I7 passing
through the transistor T7.

When the current passing through the transistor T6
increases, the control voltage applied to the gate of the other
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transistor 17 1s decreased to decrease the current 17 passing
through the transistor T7. According to the third
embodiment, I7=k7*Is5, to realize a current limit function
on a sink current. As explained above, the operational
amplifier according to the third embodiment stably operates
for a wide range of source voltages.

FIG. 7 1s a circuit diagram showing a modification of the
operational amplifier of FIG. 6. This modification employs
PNP bipolar transistors instead of the P-channel MOS tran-

sistors of FIG. 6, and NPN bipolar transistors instead of the
N-channel MOS ftransistors of FIG. 6.

The operational amplifier of FIG. 7 has a differential
amplification section 100" and an output section 300" corre-
sponding to the differential amplification section 100 and
output section 300 of FIG. 6. The bipolar transistors 110 to
T40, T60, and T70 and a constant current source CS10
correspond to the MOS transistors 11 to T4, and T7 and
constant current source CS1 of FIG. 6. The bipolar transistor
TGO of a control signal generator 1', the bipolar transistors
THO, TIO, TJO and a constant current source CS50 of a drive
controller 2' correspond to the MOS transistor TG, MOS

transistors TH, TI, and TJ, and constant current source CSS
of FIG. 6.

The operational amplifiers of the embodiments mentioned
above may be made not only of MOS (MIS) transistors but
may also be bipolar transistors or other devices. Further, the
above described operational amplifiers can be constituted as
semiconductor integrated circuits.

As explained above, an operational amplifier according to
the present invention 1s capable of securing the performance
thereof for a wide range of source voltages.

Next, a second aspect of the present invention will be
explained. First, problems of a current detector circuit of the
prior art will be explained.

FIG. 8 shows an AB-class amplifier according to a first
prior art.

The amplifier has a differential amplifier I1, constant
current sources Irll and Irl2 each for supplying a current
Iref, P-channel transistors Trl10 and Trl12, and N-channel
transistors Trll and Trl3.

FIGS. 9A, 9B, and 9C are diagrams for explaining the
operation of the first prior art shown 1 FIG. 8.

FIG. 9A 1s a table showing input and output levels V+ and
V- and converted currents I1 and 12 of the differential
amplifier 11. In the table, a reference mark G 1s the gain of
the differential amplifier, and “*” 1s a multiplication operator
used through this specification and accompanying drawings,
in the following descriptions.

FIG. 9B shows relationships between the differential
inputs V+ and V1 and currents at different parts including a
current Ip flowing through the P-channel transistor Tr10, a
current In flowing through the N-channel transistor Trll,
and a weak through current (weak flowing current) It
flowing to an output section of the amplifier. The through
current It 1s the smaller of the currents Ip and In.

FIG. 9C shows relationships between the differential
inputs V+ and V- and the currents I1 and 12.

The through current It 1s necessary to cancel a crossover
distortion. The through current must be as small as possible

The first prior art 1s advantageous because 1t 1s simple. It,
however, has a problem of large power consumption to keep
the through current It above 0 because the through current It
varies 1n response to a change 1n the characteristics of the
fransistors.

To solve this problem, an AB-class amplifier of FIGS.
10A and 10B according to a second prior art has been
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proposed. FIG. 10A 1s a circuit diagram generally showing
the amplifier and FIG. 10B 1s a circuit diagram showing a
feedback system (a current detector circuit) in the amplifier.

In FIG. 10A, the amplifier of the second prior art has a
differential amplifier 11, the current detector circuit 12,
P-channel transistors Tr10 and Trl12, and N-channel transis-

tors IrlI1 and TrI3.

In FIG. 10B, the current detector circuit 12 has a constant

current source Irl for supplying a current Iref, P-channel
transistors 1r2, Tr3, Tr8, Tr9, and T1r22, and N-channel
transistors Irl, Tr4, Tr6, Tr7, and Tr21.

The feedback system (current detector circuit) carries out
a negative feedback operation to supply a constant through
current (constant flowing current) It to an output section
(transistors Tr10 and Tr1l) in the amplifier.

The operation of the AB-class amplifier of the second
prior art will be explained. The size of a transistor 1s defined
as follows:

Tr2/Tr1=X

Namely, the ratio of the size of a transistor Trl to that of a
transistor 112 1s X.

The drain current of a transistor 1s proportional to the size
of the transistor. When the transistors 1rl and Tr2 are
connected to each other 1n a current mirror configuration, a
current flowing through the transistor Tr2 1s X times a
current flowing through the transistor Trl.

(1) Input

Relationships between ditferential mnputs V+ and V- and
currents I1 and I2 are the same as those of the first prior art
of FIG. 9A.

(i1) Current detection

The current detector circuit of FIG. 10B detects the
through current It by the transistors Trl to Tr4, Tr21, and
1122. The detecting operation will be explained.

The sizes of the transistors are as follows:

Tr10/Tr3=Tr11/Tr21=S (1)

Tr4/Tr1=T122/112=T (2)

A current Ie 1s as follows:

le=(1/S)*It (3)

Namely, the current Ie 1s proportional to the through current
It. The transistors Tr4 and Tr22 operate in a saturation
region, so that the following expressions are established:

[(Trd)=p(Vgl-Vp-Vthn)~/2 (4)

(5)
(6)

where Vp 1s a voltage at a node P, Vgl and Vg2 are the gate
voltages of the transistors Trl and Tr2, respectively, and
Vthn and Vthp are the threshold voltages of N- and
P-channel transistors, respectively.

Accordingly, the voltages Vgl, Vi2, and Vp are uniquely
determined according to the expressions (4) to (6).

At this time, the following 1s established:

[(Tr22)=R(Vp-Va2—|Vthp|)*/2

[(Tr4)=I{Tr22)

Vp=V(q
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where Vq 1s a voltage at a node Q. This i1s because the
expressions (4) to (6) are applicable to each of the transistors
Trl and Tr2 and the voltages Vel and Vg2 are common to
the transistors.

[(Tr1)=I(Tr2)=(1/T)*Ie (8)

According to the expressions (3) and (8), the following is
established:

[(Tr1)=I(Tr2)=(1/S*T)*It (9)

Namely, the transistors Trl and Tr2 detect the through
current It.
(i11) General operation

As explained in (2), a current flowing through the tran-
sistors Trl and Tr2 is (1/S*T)*It, so that the current follows
the through current (flowing current) It.

If the current It decreases due to some reason, a voltage
Vr at a node R 1ncreases. This 1s because the current flowing
through the transistors Trl and Tr2 1s kept constant by the
constant current source Irl connected 1n series.

When the voltage Vr increases, currents flowing through
the transistors Tr7 and Tr9 increase to change a voltage Va
at a node A and a voltage Vb at a node B, thereby increasing
the current Ie and through current It. Namely, a negative
feedback operation 1s carried out to keep the through current
It constant.

The through current It 1s constant as follows:

[t=S*T*Iref (10)

The through current It 1s controllable by changing the ratio
of the sizes of transistors. The AB-class amplifier of the
second prior art of FIGS. 10A and 10B always makes the
through current It constant.

The AB-class amplifier of the prior art prevents a fluc-
tuation in the through current It by negative feedback. The
transistors Tr4 and Tr22 that form the circuit for detecting
the through current It 1nvolve voltage drops corresponding
to the threshold voltages vthn and Vthp. If these threshold
voltages are each about 1 V, they will cause a voltage drop
of 2 V. Accordingly, the prior art 1s incapable of operating
with a low-voltage power source.

Below, examples of a current detector circuit according to
a second aspect of the present invention will be explained
with reference to the accompanying drawings.

FIGS. 11A, 11B, 12, 13, and 14 show the principles of a
second aspect of the present invention.

To solve the problems of the prior arts described above, a
current detector circuit according a second aspect of the
present mvention of FIG. 11A has a first detecting object
(detecting device) 21; a first current detector 22 for detecting
a current flowing through the first detecting object 21; a
second detecting object 23; a second current detector 24 for
detecting a current flowing through the second detecting
object 23; and a monitor 25. The monitor 25 includes a first
transistor Trl having a control terminal connected to the
output of the first current detector 22 and a second transistor
112 having a second terminal connected to a first terminal of
the first transistor Trl and a control terminal connected to the
output of the second current detector 24. The first and second
transistors Trl and Tr2 have identical characteristics.

The first detecting object of the current detector circuit
preferably has a third transistor Trl10 as shown in FIG. 12.

The first current detector 22 of the current detector circuit
preferably has a fourth transistor 1Trd having a control
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terminal connected to a control terminal of the third tran-
sistor Trl0; and a fifth transistor Tr4 having second and
control terminals connected to a second terminal of the
fourth transistor Tr3 and to a control terminal of the first
transistor Trl, as shown 1n FIG. 13.

The current detector circuit further preferably has a first
current source Irl connected to a second terminal of the first
transistor 1rl; and a feedback circuit 26 for fixing currents
flowing through the first and second detecting objects 21 and
23 1n response to a signal from the second terminal of the
first transistor 1rl, as shown 1n FIG. 14.

The monitor 25 of the current detector circuit preferably
has a sixth transistor Tr2' having a second terminal con-
nected to the second terminal of the first transistor 1rl and
a control terminal connected to the control terminal of the
second transistor Tr2; and a seventh transistor Trl' having a
control terminal connected to the control terminal of the first
transistor 1rl and a second terminal connected to the first
terminal of the sixth transistor Tr2', as shown 1n FIG. 11B.

The current detector circuit preferably includes the first,
second, fifth, sixth, and seventh transistors of a first con-
ductivity type, and the third and fourth transistors of a
second conductivity type.

The current detector circuit includes preferably a second
terminal as a drain or collector electrode, a control terminal
as a gate or base electrode, and a first terminal as a source
or emitter electrode.

The second aspect of the present invention can provide an
amplifier employing the above current detector circuit.

In the following explanation, the first, second, fifth, sixth,
and seventh transistors Trl, 112, Trd, Tr2', and Trl' are first
conductivity (N-channel) transistors, and the third and
fourth transistors Trl0 and Tr3 are second conductivity
(P-channel) transistors. Accordingly, the second terminal is
a drain electrode, the control terminal 1s a gate electrode, and
the first terminal 1s a source electrode.

In the current detector circuit shown in FIGS. 11A 10 to
14, the first current detector 22 detects a current flowing
through the first detecting object 21, and the second current
detector 24 detects a current flowing through the second
detecting object 23. The monitor 25 generates a current in
response to the currents detected by the first and second
current detectors 22 and 24.

The monitor 25 consists of the first and second transistors
Trl and Tr2. When these transistors Trl and Tr2 have the
same characteristics, the current flowing through the tran-
sistors 1rl and Tr2 i1s determined according to a lower one
of the mput voltages to the transistors Trl and Tr2.

When the mput voltage Vgl to the first transistor Trl is
equal to the mput voltage Vg2 to the second transistor Tr2,
the transistors are equivalent to a transistor of half driving
capacity. This will be explained.

1) When Vgl=Vg2=Vg
The first transistor Trl operates 1n a saturation region, and
therefore, the following 1s established:

Ix=p(Vg-VA-Vth)*/2 (11)

The second transistor Tr2 operates 1n a triode region, and
therefore, the following 1s established:

Ix=p{2(Vg-Vth)VA-VA2}/2 (12)
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According to the expressions (11) and (12), the following 1s
established:

[x=R(Vg-Vth)*/4 (13)

2) When Vgl>Vg2

The first transistor Trl operates 1n a triode region and the
second transistor Tr2 operates 1n a saturation region, so that
the following 1s established:

[x=p(Vg2-Vth)*/2 (14)

3) When Vgl<Vg2
The first transistor Tr1 operates 1n a saturation region and,
therefore, the following 1s established:

[x=R(Vgl-VA-Vth)*/2 (15)

Since the second transistor Tr2 operates 1n a triode region,
the following 1s established:

Ix=p{2(Vg2-Vth)VA-VA2}/2 (16)

According to the expressions (15) and (16), the following 1s
obtained:

VA=[(VE2+VED)-{(VE2+V{1)2-2V{12}15 ]2 (17)
Accordingly, the following 1s established:
[x=P[ V2,+(V2-V{1) {(V2+V{1)2-2V{12} V24 (18)

According to the expression (17), the following is
obtained:

(G)VA/(R)VR2=[1-(VE2+VI1)/(VE2+V1)>-2 V{1211 2]2 (19)

where VIi1=Vgl-Vth, and V12=Vg2-Vth When VIl 1s
about 0, the following 1s obtained:

VA~0, and SVA/SVI2~0 (20)

At this time, the gate voltage Vgl of the first transistor Trl
controls the current Ix.

According to the explanations in (i), (11), and (iii), the
current Ix 1s determined according to a lower one of the gate
voltages of the first and second transistors Trl and Tr2.

The conventional current detector circuit connects four
transistors at the maximum in series between power sources.
Among the transistors, two are gate-drain-connected tran-
sistors to cause at least a voltage drop of 2 Vth. On the other
hand, the current detector circuit of the present invention
connects two transistors at the maximum (most) in series
with no gate-drain-connected transistors. The current detec-
tor circuit of the present invention, therefore, 1s capable of
operating with a low-voltage power source and with reduced
power consumption.

According to the current detector circuit of the second
aspect of the present invention of FIG. 11B, the monitor 2§
has the first transistor Irl, second transistor Tr2, sixth
transistor Tr2', and seventh transistor Trl'. This arrangement
reduces fluctuations 1n a current flowing through the monitor

when Vgl>Veg2 and when Vgl<Vg2.
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The amplifier of the present invention employs the current
detector circuit according to the second aspect of the present
invention. This amplifier 1s capable of operating with a
low-voltage power source and with reduced power con-
sumption.

The amplifier employing the current detector circuit of the
second aspect of the present invention has the feedback
circuit 26 responding to a signal from the second terminal
(drain electrode) of the first transistor Trl. The feedback
circuit 26 carries out negative feedback on the first and
second current detecting objects 21 and 23, to control the
current flowing through the first and second detecting
objects 21 and 23 to a constant value. This amplifier 1s of
class AB and 1s capable of suppressing a fluctuation in a
through current passing through the output section of the
amplifier.

FIGS. 15A and 15B show an AB-class amplifier accord-
ing to a first embodiment of the present invention. FIG. 15A
1s a circuit diagram generally showing the amplifier, and
FIG. 15B 1s a circuit diagram showing a current detector
circuit of the amplifier. The same parts as those of the second
prior art of FIGS. 10A and 10B are represented with like
reference marks.

In FIG. 15A, the AB-class amplifier of this embodiment
has a differential amplifier 11, the current detector circuit 28,
P-channel transistors Tr10 and Tr12, and N-channel transis-
tors Trll and Tr13.

In FIG. 15B, the current detector circuit 28 has a first
constant current source Irl for supplying a current Iref,
P-channel transistors Tr3, Tr8, and TrY9, and N-channel
transistors Trl, Tr2, Trd, Tr6, and Tr7.

The current detector circuit 28 (feedback system) carries
out a negative feedback operation to let a constant through
current It flow to an output section involving the transistors
1r10 and Tr1l of the amplifier.

The operation of the amplifier 1s the same as that of the
second prior art except the current detector circuit 28 for
detecting the through current It.

The P-channel transistor Tr10 1s a first detecting object 21,
and the N-channel transistor Trll i1s a second detecting,
object 23.

The P-channel transistor Tr3 and N-channel transistor Tr4
form a first current detector 22. The N-channel transistors
Trl and Tr2 form a monitor 25. Signal lines to the gate
clectrodes of the transistors Trl and Tr2 form a second
current detector 24.

The sizes of the transistors Trl, Tr2, Tr3, and Tr4 are as
follows:

Tr11/Tr1=Tr11/Tr2=S (21)

Tr10/Tr3=Tr11/Tr4 (22)

To satisfy the relational expression (22), output currents Ip
and In and the mput voltages Vel and Vg2 of the monitor
25 are as follows:

when Ip=In, Vgl=Vg2
when Ip>In, Vgl>Vg2
when Ip<In, Vgl<Vg2

Accordingly, the through current It will be as shown 1n
FIG. 16. In this figure, Iref 1s a current value provided by the
first constant current source Irl.

The through current It changes 1n the range of S*Iref to
2*S*Iref. By properly setting the current Iref and the ratio S
of the transistor sizes, the AB-class amplifier 1s realized.
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When “Ip>In” changes to “Ip<In,” a change 1n the
through current It 1s advantageous because the through
current It 1s large.

The current detector circuit of the second prior art of FIG.
10B arranges the four transistors 113, Tr4, Tr21, and Tr22 1n
serics between a power source Vee and a ground GND. Two
of these transistors are gate-drain-connected transistors. On
the other hand, the current detector circuit 28 of the first
embodiment arranges the two transistors 1rd and Tr4 in
serics with no gate-drain-connected transistors. Accordingly,
the amplifier of this embodiment is capable of operating
with a low-voltage power source.

A current flowing through the transistors Trl and Tr2 1n
the monitor 25 of FIG. 15B fluctuates between Vgl>Vg2

and Vgl<Vg2.

Accordingly, the monitor 25 may consists of N-channel
transistors 1rl, Tr2, Tr2', and Trl' as shown i1n FIG. 11B, to
improve symmetry and {flatten fluctuations 1n a current
flowing through the monitor.

FIG. 17 shows a current detector circuit of an AB-class
amplifier according to a second embodiment of the present
invention. The general arrangement of this amplifier 1s the
same as the amplifier of FIG. 15A.

The current detector circuit of this embodiment consists
of the current detector circuit 28 of the first embodiment of
FIG. 15B plus a phase compensation circuit.

According to the current detector circuit 28 of the first
embodiment, a high-frequency signal provided to the node
A may be turned by 180 degrees (inverted) when it is passed
through the transistors Tr3, Tr4, Trl, and Tr7 to the node A
(Tr3—=Tr4—Tr1—=Tr7—A), to thereby cause positive feed-
back. This may cause oscillation.

To prevent the high-frequency oscillation, the second
embodiment employs a phase compensation circuit consist-
ing of resistors R1 and R2 and capacitors C1 and C2.

The modification of FIG. 11B of the monitor 25 1s also
applicable to the second embodiment.

FIG. 18 1s a circuit diagram showing a majority circuit
according to a third embodiment of the present invention.

The majority circuit-sends a digital signal through several
routes. Even 1f One of the routes 1nverts the signal due to a
malfunction, a majority of the routes determine the output of
the circuit. This circuit 1s highly reliable, and therefore, 1s
adopted for processing, for example railroad signals that
must be reliable.

The majority circuit has a second current source Ir2, a
third current source Ir3, N-channel transistors Til to Tin,
TrA, TrB, Trl, and Tr2.

The transistor TrB forms a first current detector 22, the
transistors T1l to Tin and TrA form a second current detector
24, and the transistors 1rl and Tr2 form a monitor 25.

Digital input signals D1 to Dn of the same signal level
(high or low) are supplied to the gate electrodes of the
transistors T1l to Tin, respectively. The transistors 111 to Tin
have the 1dentical characteristics. When a digital input signal
Dk (k is one of 1 to n) is at high level, a transistor Tik passes
a current of I1 A. The second current source Ir2 provides a
current of n*I1 A, and the third current source Ird provides
a weak current of 12 A.

When the digital input signals D1 to Dn are correct, 1.€.,
when they are each at high or low level, one of the transistors
TrA and TrB 1s cut off to supply no current to the monitor 235.
Accordingly, a current I(TrA) to the transistor TrA, a current
[(TrB) to the transistor TrB, and a current Iout to the monitor
5 are as shown 1n FIG. 19A.

If a digital input signal Dk (k is one of 1 to n) is inverted
due to a fault, a current of I1A flows to one of the transistors

10

15

20

25

30

35

40

45

50

55

60

65

138

TrA and TrB and a current of S*I1 A proportional to the
current I1A flows to the monitor 5, as shown 1n FIG. 19B.
As a result, the fault 1s detectable. Here, S 1s a transfer ratio.

In theory, the majority circuit of this embodiment 1s
capable of detecting a plurality of faults. In practice,
however, the number of detectable faults 1s not so large due
to the characteristics of the current detector circuit. The
modification of the monitor 25 shown in FIG. 11B 1s also
applicable to this embodiment. Although the first to third
embodiments employ MOS transistors, the present invention
may employ bipolar transistors constituting TTLs.

The above described current detector circuits can be
constituted as operational amplifiers, or a semiconductor
integrated circuits.

According to the current detector circuit of a second
aspect of the present invention, the first current detector
detects a current flowing through the first detecting object,
and the second current detector detects a current Hlowing,
through the second detecting object. The outputs of the first
and second current detectors are supplied to the first and
second transistors, with the identical characteristics, of the
monitor, respectively. The current flowing through the first
and second transistors 1s determined by the lower one of the
input voltages to the first and second transistors.
Accordingly, the current detector circuit 1s realized by the
two ftransistors at the maximum connected in series. This
arrangement 1s capable of operating with a lowvoltage
power source and of reducing the power consumption. When
the monitor consists of the first, second, sixth, and seventh
transistors, fluctuations in the current flowing through the
monitor are reduced.

The amplifier according to the present invention employs
any one of the current detector circuits of the second aspect
of the present mnvention. This amplifier 1s capable of oper-
ating with a low-voltage power source and reduced power
consumption. The amplifier employing the current detector
circuit of the second aspect of the present invention includes
the feedback circuit that receives an 1nput signal from the
second terminal (drain electrode) of the first transistor. The
feedback circuit carries out a feedback operation on the first
and second detectors, to control a current flowing through
the first and second detectors. This AB-class amplifier 1s
capable of suppressing fluctuations 1n a through current
flowing to the output section of the amplifier.

Many different embodiments of the present invention may
be constructed without departing from the spirit and scope of
the present invention, and 1t should be understood that the
present invention 1s not limited to the specific embodiments
described 1n this specification, except as defined in the
appended claims.

What 1s claimed 1s:

1. An operational amplifier comprising;

a differential amplification section;

an output section having a first transistor of a first con-
ductivity type and a second transistor of a second
conductivity type that 1s opposite to said first conduc-
tivity type, said first and second transistors being con-
nected 1n series between a first power source means and
a second power source means, said first transistor being,
driven according to an output of said differential ampli-
fication section;

a control signal [generation means] generator for detect-
ing a current flowing through said first transistor and
generating a control signal in response to the detected
current; and

a drive [control means] controller for controlling said
second transistor to increase or decrease a current




US RE37,217 E

19

flowing through said second transistor if the current
flowing through said first transistor detected by said
control signal [generation means] generator decreases
or increases, respectively.
2. An operational amplifier as claimed i1n claim 1,
wherein:

said control signal [generation means] generator has a
third transistor of said first conductivity type having a
first terminal connected to said first power source
means and a control terminal connected to the output of
said differential amplification section as well as to the
control terminal of said first transistor|; and

said drive control means has fourth and fifth transistors of
said first conductivity type having first terminals con-
nected to said first power source means, a sixth tran-
sistor of said second conductivity type having a first
terminal connected to said second power source means
and a control terminal and a second terminal connected
to the second terminal of said fifth transistor as well as
to the control terminal of said second transistor, and a
constant current source, the control terminal and sec-
ond terminal of said fourth transistor being connected
to said second power source means through said con-

stant current source, to the control terminal of said fifth
transistor, and to the second terminal of said third
transistor, to receive the control signal from said con-
trol signal generation means].

3. An operational amplifier as claimed in claim [2] 75,
wherein a current flowing through said first transistor 1s

[connected] proportional to a current flowing through said
[third transistor in a current mirror configuration,] control
signal generator, and said fourth transistor 1s connected to
said fifth transistor in a current mirror configuration|, and
said second transistor 1s connected to said sixth transistor in
a current mirror configurationl].

4. An operational amplifier as claimed i1n claim 1,
wherein:

[said control signal generation means has a third transistor
of a first conductivity type having a first terminal
connected to said first power source means and a
control terminal connected to the output of said ditfer-
ential amplification section as well as to the control
terminal of said first transistor; and]

a drive [control means] controller has fourth, fifth, and
sixth transistors of said second conductivity type hav-
ing first terminals connected to said second power
source means, and a constant current source, the second
terminal of said fifth transistor, the second terminal and
control terminal of said sixth transistor, and the control
terminal of said second transistor being connected to
said first power source means through said constant
current source, the second terminal and control termi-
nal of said fourth transistor and the control terminal of
said fifth transistor being connected to [the second

terminal of said third transistor] an output terminal of

said control signal generator, to receive the control
signal from said control signal [generation means}
generator.
5. An operational amplifier as claimed 1n claim 4, wherein
a current flowing through said first transistor is [connected]
proportional to a current flowing through said [third tran-
sistor in a current mirror configuration] control signal
generator, said fourth transistor 1s connected to said {fifth
fransistor 1n a current mirror configuration, and said second
transistor 1s connected to said sixth transistor 1n a current
mirror conilguration.
6. An operational amplifier as claimed in claim 1, wherein
said drive [control means] controller controls said second
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transistor to [pass] increase a current thereof if a current
flowing through said first transistor detected by said control
signal [generation means is larger than a predetermined
value] generator is decreased; and controls said second
transistor to decrease the current thereof if the current
flowing through said first transistor detected by said control
signal generator is tncreased.

7. An operational amplifier as claimed in claim [6] I,

wherein:

[said control signal generation means has a third transistor
of said first conductivity type having a first terminal
connected to said first power source means and a
control terminal connected to the output of said differ-
ential amplification section as well as to the control
terminal of said first transistor; and]

said drive [control means] controller has a first load
means, a fourth transistor of said first conductivity type
having a first terminal connected to the control terminal
of said first transistor as well as to [the control terminal
of said third transistor] an input terminal of said control
signal generator and a second terminal connected to
the control terminal of said second transistor as well as
to said second power source means through said first
load means, and a [first constant current source, the
second terminal of said third transistor] second load
means, an output terminal of said control signal gen-
erator and the control terminal of said fourth transistor
being connected to said second power source means
through said [first constant current source] second load
means.

8. An operational amplifier as claimed in claim [7] 1,
wherein said operational amplifier further comprises a sec-
ond constant current source arranged between said second
power source means and a node between the second terminal
of said first transistor and the second terminal of said second
fransistor.

9. An operational amplifier as claimed 1n claim 7, wherein
a current flowing through said first transistor is [connected]
proportional to a current flowing through said [third tran-
sistor in a current mirror configuration] control signal gen-
erator.

10. An operational amplifier as claimed in [claim 7] any
one of claims 1 to 9 or 15 to 17, wherein:

said differential amplification section has third and fourth
transistors of said second conductivity type, fifth and
sixth transistors of said first conductivity type, and a
constant current source, the first terminals of said third
and fourth transistors being connected to said second
power source means through said constant current
source, the control terminals of said third and fourth
transistors receiving first and second inputs,
respectively, the first terminals of said fifth and sixth
transistors being connected to said first power source
means, the control terminals of said fifth and sixth
transistors being connected to the second terminal of
said fifth transistor as well as to the second terminal of
said third transistor, the output of said differential
amplification section being provided from a node
between the second terminal of said sixth transistor and
the second terminal of said fourth transistor.

11. An operational amplifier as claimed in [claim 1] any
one of claims 1 to 9 or 15 to 17, wherein, 1n said output
section, the first terminal of said first transistor 1s connected
to said first power source means, the control terminal of said
first transistor 1s connected to the output of said differential
amplification section, the first terminal of said second tran-
sistor 1s connected to said second power source means, the
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control terminal of said second transistor 1s connected to the
output of said drive control means, and a node between the
second terminal of said first transistor and the second
terminal of said second transistor provides the output of said
operational amplifier. 5
12. An operational amplifier as claimed 1n any one of

claims 1 Jor 3] to [11] 9 or 15 to 17, wherein said first
conductivity type 1s a P-channel type, said second conduc-
fivity type 1s an N-channel type, said transistors are MIS
transistors, said first terminal 1s a source, said second
terminal 1s a drain, and said control terminal 1s a gate.

13. An operational amplifier as claimed 1n any one of
claims 1 Jor 3] to [11] 9 or 15 to 17, wherein said first
conductivity type 1s a PNP type, said second conductivity
type 1s an NPN type, said transistors are bipolar transistors,
said first terminal 1s an emitter, said second terminal 1s a
collector, and said control terminal 1s a base.

14. An operational amplifier as claimed 1n any one of
claims 1 Jor 3 to 11] to 9 or 15 to 17, wherein said
operational amplifier constitutes a semiconductor integrated
circuit.

15. An operational amplifier as claimed n claim 1,
wherein.

said drive controller has fourth and fifth transistors of
said first conductivity type having first terminals con-
nected to said first power source means, and a constant
current source, the control terminal and second termi-
nal of said fourth transistor being connected to said
second power source means through said constant
current source, to the conirol terminal of said fifth
ransistor, and to an output terminal of said conitrol
signal generator, in order to receive the control signal
from said control signal generaior.

16. An operational amplifier as claimed in claim 15,

wherein

said drive controller further has a sixth transistor of said
second conductivity type having a first terminal con-
nected to said second power source means and a
control terminal and a second terminal connected to
the second terminal of said fifth transistor as well as to
the control terminal of said second transistor.

17. An operational amplifier as claimed in claim 10,
wherein said second transistor is connected to said sixth
[ransistor i a current mirror configuration.

18. An operational amplifier as claimed in any one of 45
claims 1 to 9 or 15 to 17, wherein said first conductivity type
s an N-channel type, said second conductivity type is a
P-channel type, said transistors are MIS transistors, said
first terminal is a source, said second terminal is a drain,
and said control terminal is a gate.

19. An operational amplifier as claimed in any one of
claims 1 to 9 or 15 to 17, wherein said first conductivity type
is an NPN type, said second conductivity type is a PNP type,
said transistors are bipolar transistors, said first terminal is
an emitter, said second terminal is a collector, and said
control terminal 1s a base.

20. An operational amplifier comprising.

an oulput section having a first transistor of a first
conductivity type and a second transistor of a second
conductivity type that is opposite to said first condiic-
vity type, said first and second ftransistors being
connected in series between a first power source means
and a second power source means, said first transisior
being driven according to a driving signal;

a control signal generator for detecting a current flowing
through said first transistor and generating a control
signal in response to the detected current; and
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a drive controller for controlling said second transistor to
increase or decrease a current flowing through said
second transistor if the current flowing through said
first transistor detected by said conirol signal genera-
for decreases or increases, respectively.

21. An operational amplifier as claimed n claim 20,
wherein.:

said control signal generator has a third transistor of said
first conductivity type having a first terminal connected
fo said first power source means and a control terminal
which receives said driving signal and is connected to
the control terminal of said first transistor.
22. An operational amplifier as claimed in claim 20,
wherein:

satd drive controller has fourth and fifth transistors of
said first conductivity type having first terminals con-
nected to satd first power source means, and a constant
current source, the control terminal and second termi-
nal of said fourth transistor being connected to said
second power source means through said constant
current source, to the control terminal of said fifth
transistor and to an output terminal of said control
signal generator, in order to recetve the control signal
from said control signal generator.

23. An operational amplifier as claimed in claim 22,

wherein.

satd drive controller further has a sixth transistor of said
second conductivity type having a first terminal con-
nected to said second power source means and a
control terminal and a second terminal connected to
the second terminal of said fifth transistor as well as to
the control terminal of said second transisior.

24. An operational amplifier as claimed n claim 22,
wherein a current flowing through said first transisior is
proportional to a current flowing through said control signal
generator, and said fourth transistor is connected to said
fifth transistor in a current mirror COnfiguration.

25. An operational amplifier as claimed n claim 23,
wherein said second transistor is connected to said sixth
[ransistor i a current mirror configuration.

20. An amplifier comprising:

an oulput section having a first transistor of a first

conductivity type and a second transistor of a second
conductivity type that is oppostite to said first condiic-
[vity type, said first and second firansistors being
connected in series between a first power source means
and a second power source means, said first transistor
being driven according to a driving signal;

a control signal generator for detecting a current flowing
through said first transistor and generating a control
signal in response to the detected current; and

a drive controller for controlling said second transistor to
increase or decrease a current flowing through said
second transistor if the current flowing through said
first tranststor detected by said control signal genera-
for decreases or increases, respectively.

27. An amplifier as claimed in claim 26, wherein

satd control signal generator has a third transistor of said
first conductivity type having a first terminal connected
lo said first power source means and a control terminal
which recetves said driving signal as well as the control
terminal of said first transistor.

28. An amplifier as claimed in claim 27, wherein.

said drive controller has fourth and fifth transistors of
said first conductivity type having first terminals con-
nected to said first power source means, and a constant
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current source, the conitrol terminal and second termi- the second terminal of said fifth transistor as well as to
nal of said fourth transistor being connected to said the control terminal of said second transisior.
second power source means through said constant 30. An amplifier as claimed in claim 28, wherein a current
current source, to the control terminal of said fifth flowing through said first transistor is proportional fo a
fransistor, and to an output terminal of said control 5 cyprrent flowing through said control signal generator, and
signal generator, in order o receive the control signal said fourth transistor is connected to said fifth transistor in
from said control signal generator a current mirror Configuration.
29. An amplifier as claimed in claim 28, wherein: 31. An amplifier as claimed in claim 29, wherein said
said drive controller further has a sixth transistor of said second transistor is connected to said sixth transistor in a

second conductivity type having a first terminal con- 19 current mirror configuration.
nected to said second power source means and a
control terminal and a second terminal connected to ok k& %
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