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(57) ABSTRACT

Aspects of the invention include a differential amplifier cir-
cuit with a differential amplifier operated with a first power
supply voltage applied thereto to amplify a differential volt-
age between paired input voltages, an inverting amplifier
operated with a second power supply voltage applied thereto
to carry out inverting amplification of the output of the dif-
ferential amplifier and output the amplified output to the
outside, and a voltage step-up circuit producing the first
power supply voltage higher than the second power supply
voltage from the second power supply voltage and applying
the produced first power supply voltage to the differential
amplifier. This satisfies at one time the requirement for pro-
ducing the high power supply voltage necessary for the dif-
ferential amplifier and the requirement for securing the power
supply current necessary for the inverting amplifier on the
basis of the externally supplied second power supply voltage.
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DIFFERENTIAL AMPLIFIER CIRCUIT

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application is based on, and claims priority to,
Japanese Patent Application No. 2013-129081, filed on Jun.
20, 2013. The disclosure of the priority application, in its
entirety, including the drawings, claims, and the specification
thereof, is incorporated herein by reference.

BACKGROUND OF INVENTION

[0002] 1. Field of the Invention

[0003] Embodiments of the invention relates to differential
amplifier circuits stably operated by low power supply volt-
ages.

[0004] 2. Related Art

[0005] A differential amplifier circuit is widely used as an
element forming each of principal parts in various kinds of
electronic circuits such as comparators and operational
amplifiers, for example. Moreover, various kinds of low
power supply voltage and low power consumption type dif-
ferential amplifier circuits have been recently developed
which are mounted in electronic devices in vehicles or ships
for being used for detecting various kinds of information from
sensors. As is shown in FIG. 4, a diagram schematically
showing an example of the configuration of a related differ-
ential amplifier circuit, a differential amplifier circuit 1 of this
kind is formed with a differential amplifier 2 and an inverting
amplifier 3 provided. The differential amplifier 2 amplifies
the differential voltage of paired input voltages and the invert-
ing amplifier 3 carries out inverting amplification of the out-
put of the differential amplifier 2 and externally outputs the
output subjected to the inverting amplification.

[0006] The differential amplifier 2, as is shown in, for
example, FIG. 5, a diagram showing an example of the con-
figuration of the differential amplifier 2 in the differential
amplifier circuit 1 shown in FIG. 4, is provided with MOS-
FETs 2a and 25 as a first and second transistors, respectively,
forming a differential pair and MOS-FETs 2¢ and 2d as a third
and fourth transistors forming the loads ofthe MOS-FETs 2a
and 2b, respectively. The differential amplifier 2 is further
formed with a MOS-FET 2e as a fifth transistor provided
which forms the current source of the differential pair. See
Japanese Patent Application Publication No. JP-A-2007-
109034).

[0007] Specifically, the MOS-FETs 2a and 24 are formed
of n-channel enhancement mode MOS-FETs to the drains of
which the MOS-FETs 2¢ and 24 are connected, respectively.
Along with this, the sources of the MOS-FETs 2a and 25 are
connected to each other, by which a differential pair is formed
in which the MOS-FETs 2a and 25 have their gates provided
as a pair of signal input terminals IN1 and IN2, respectively.
Moreover, the MOS-FETs 2¢ and 2d forming the loads of the
MOS-FETs 2a and 25, respectively, are formed of n-channel
depletion mode MOS-FETs and are provided with the
sources thereof connected to their respective gates and, along
with this, with each of the drains thereof connected to a power
supply terminal +V on the positive side. In addition, the
MOS-FET 2e is formed of an n-channel enhancement mode
MOS-FET having the drain thereof connected to the sources
of'the MOS-FETs 2a and 25 and, along with this, having the
source thereof connected to a power supply terminal -V on
the negative side and being operated as a constant current
source with a specified bias voltage VG applied to the gate
thereof.
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[0008] The bias voltage VG applied to the gate of the MOS-
FET 2e is established so that a saturation current flowing
between the drain and the source of the MOS-FET 2e
becomes a little larger than a current flowing between the
drain and the source of each of the MOS-FETSs 2¢ and 2d, on
the order of 1.5 times, for example.

[0009] The inverting amplifier 3, as is shown in FIG. 6, a
diagram showing an example of the configuration of the
inverting amplifier 3 in the differential amplifier circuit 1
shown in FIG. 4, for example, is formed with a MOS-FET 34
as a seventh transistor with a MOS-FET 3aq as a sixth transis-
tor provided as a load. The MOS-FET 3a forming the load is
formed of an n-channel depletion mode MOS-FET and is
provided with the source thereof connected to the gate thereof
and, along with this, with the drain thereof connected to a
power supply terminal +V on the positive side. The MOS-
FET 354 is formed of an n-channel enhancement mode MOS-
FET, for example, and is provided with the drain thereof
having the source and the gate of the MOS-FET 3a connected
thereto and, along with this, with the source connected to the
power supply terminal -V on the negative side. In addition,
the MOS-FET 3b carries out an inverting operation with the
gate thereof receiving an output signal from the differential
amplifier 2 and outputs the drain voltage thereofto the outside
as an output voltage approximately equal to the power supply
voltage Vdd or equal to zero level.

[0010] Here, the case will be considered in which the dif-
ferential amplifier circuit 1 is used as a comparator with a
reference voltage Vrefis set at the signal input terminal IN2 of
the differential amplifier circuit 1 and an input voltage Vin
given to the signal input terminal IN1 of the differential
amplifier circuit 1. When the relationship between the input
voltage Vin and the reference voltage Vref is given as
Vin>Vref, it is required for turning-off the MOS-FET 25 in
the differential amplifier 2 shown in FIG. 5 that the drain-
source voltage Vds(e) of the MOS-FET 2e and the operating
threshold voltage Vth(b) of the MOS-FET 2b satisfy the
condition with respect to the reference voltage Vref as

Vds(e)>Vref-Vth(p). (6]

[0011] The condition that an output voltage Vout outputted
from an output terminal OUT?2 of the differential amplifier 2
becomes the closest to a voltage V(-) applied to the power
supply terminal —V on the negative side is that the drain-
source voltage Vds(c) of the MOS-FET 2c¢ is equal to or more
than the pinch-off voltage to cause the region between the
drain and the source of the MOS-FET 2¢ to be in a pinched-off
state. The pinch-off condition is shown as the relationship
between the drain-source voltage of Vds(c) of the MOS-FET
2¢ and the operating threshold voltage Vth(c) of the MOS-
FET 2c as

Vds(c)>-Vth(e). @

[0012] Therefore, the power supply voltage Vce of the dif-
ferential amplifier circuit 1 (i.e. the differential amplifier 2)
satisfying the conditions given by the expressions (1) and (2)
is required to satisfy the following condition when letting a
voltage applied to the power supply terminal +V on the posi-
tive side be V(+) and a voltage applied to the power supply
terminal -V on the negative side be V(-):

Voo=F(+)-F(-)>Vds(ey{-Vds(c)},

that is,
Vee>Vref-Vth(h)-Vth(c). 3)
[0013] Specifically, when the operating threshold voltage

Vth(b) of the MOS-FET 25 is 1V, the operating threshold
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voltage Vth(c) of the MOS-FET 2¢ is -2V, and the reference
voltage Vref is set at 1.5V, the power supply voltage Vcc
required for driving the differential amplifier 2 is obtained
from the expression (3) as being 2.5V or more as a necessary
condition.

[0014] While, in the inverting amplifier 3, when the voltage
applied to the gate of the MOS-FET 35 (the output voltage
Vout of the differential amplifier 2) shown in FIG. 6 is larger
than the operating threshold voltage Vth(b) of the MOS-FET
35, it is desirable that the drain-source voltage Vds(a) of the
MOS-FET 3a is that in a pinched-off state. The pinched-off
condition is shown as the relationship between the drain-
source voltage Vds(a) of the MOS-FET 3a and the operating
threshold voltage Vth(a) of the MOS-FET 3a as

Vds(a)>-Vth(a). (©)]

[0015] The power supply voltage Vdd of the inverting
amplifier 3 is required to satisfy the following condition when
letting a voltage applied to the power supply terminal +V on
the positive side be V(+) and a voltage applied to the power
supply terminal -V on the negative side be V(-):

Vdd=F(+)-F(=)>Vds(a),

that is,
Vdd>-Vth(a). 3)
[0016] Thus, when the operating voltages Vth(c), Vth(d)

and Vth(a) of the MOS-FETs 2¢, 2d and 3a, respectively, are
assumed to be equal to one another, the power supply voltage
Vec of the differential amplifier 2 is required to be higher than
the power supply voltage Vdd required for the inverting
amplifier 3 by Vref-Vth(b) or more.

[0017] In the differential amplifier 2 in the differential
amplifier circuit 1, currents flowing therein are only drain-
source currents of the MOS-FETs 2¢ and 2d each being in the
order of microamperes with very small current consumption.
In the inverting amplifier 3, however, a current flows also in
the load (not shown) connected to the out put terminal OUT
thereof. Therefore, when the power supply voltage Vdd of the
inverting amplifier 3 is 3V and the value of the load thereof'is
10k, for example, a current as much as 300 pA flows in the
inverting amplifier 3.

[0018] Thus, for reducing the current consumption with the
conditions for the power supply voltages for the differential
amplifier 2 and the inverting amplifier 3 explained in the
foregoing satisfied and with the condition for the output cur-
rent for the inverting amplifier 3 satisfied, it becomes neces-
sary to provide an independent power supply system for each
of'the differential amplifier 2 and the inverting amplifier 3. To
provide two power supply systems for the differential ampli-
fier circuit 1 of this kind, however, not only impairs the
general versatility thereof but also becomes a cause of wors-
ening the ease of operation thereof.

SUMMARY OF THE INVENTION

[0019] Embodiments of the invention provide a differential
amplifier circuit with a simple configuration which circuit is
able to secure a power supply voltage necessary for the dif-
ferential amplifier and a power supply current necessary for
the inverting amplifier simultaneously and easily and to be
operated stably with a low power supply voltage.

[0020] Some embodiments can include a differential
amplifier circuit including:

[0021] a differential amplifier operated with a first power
supply voltage matched with the voltage levels of paired input
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voltages applied thereto to amplify the differential voltage
between the paired input voltages;

[0022] an inverting amplifier operated with an externally
supplied second power supply voltage applied thereto to carry
out inverting amplification of the output of the differential
amplifier and output the amplified output to the outside with
a specified output current margin; and

[0023] further, a voltage step-up circuit producing the first
power supply voltage higher than the second power supply
voltage from the second power supply voltage and applying
the produced first power supply voltage to the differential
amplifier.

[0024] The voltage step-up circuit is preferably formed by
including an oscillator receiving the second power supply
voltage to carry out an oscillating operation, and a charge-
pumping circuit receiving the output of the oscillator to pro-
duce the first power supply voltage from the second power
supply voltage.

[0025] Here, the oscillator is actualized as a ring oscillator
formed of, for example, odd numbers of three or more logical
inverter circuits connected in series in a loop and carrying out
an oscillation operation with the use of the signal transfer
characteristic accompanied by the delay in the operation
response of each of the logical inverter circuits.

[0026] Moreover, the charge-pumping circuit is formed so
as to include, for example, a logical inverter circuit having the
second power supply voltage applied thereto and carrying out
repetitive inverting operations which invert the output of the
oscillator to repeatedly output voltages each being approxi-
mately equal to the second power supply voltage, a first
capacitor the one end of which is connected to the output end
of the logical inverter circuit, a first diode the cathode of
which is connected to the other end of the first capacitor to
apply the second power supply voltage thereto to make the
first capacitor charged to have the voltage across the first
capacitor approximately equal to the second power supply
voltage, a second diode the anode of which is connected to the
connection point of the other end of the first capacitor and the
first diode, and a second capacitor the one end of which is
connected to the cathode of the second diode and the other
end of which is connected to the ground.

[0027] In the charge-pumping circuit with the foregoing
configuration, with the repetitive inverting operations of the
logical inverter circuit, the first capacitor, the one end of
which is connected to the output end of the logical inverter
circuit, repeatedly transmits a voltage, approximately two
times the second power supply voltage with the output volt-
ages of the logical inverter circuit repeatedly added to the
voltage across the charged first capacitor, from the other end
thereof to the second capacitor through the second diode, and
the second capacitor has the voltage approximately two times
the second power supply voltage applied to the one end
thereof to be repeatedly charged and produces the voltage
approximately two times the second power supply voltage
across the second capacitor based on the charging as the first
power supply voltage.

[0028] The differential amplifier is preferably formed by
including, for example, a first transistor forming one of a
differential pair to which one of the paired input voltages is
inputted, a second transistor forming the other one of the
differential pair to which the other one of the paired input
voltages is inputted, a third transistor forming the load of the
first transistor, a fourth transistor forming the load of the
second transistor, and a fifth transistor forming the current
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source of the differential pair. Specifically, itis preferable that
each of the first and second transistors forming the differential
pair and the fifth transistor is actualized as an n-channel
enhancement mode MOS-FET and each of the third and
fourth transistors is actualized as an n-channel depletion
mode MOSFET.

[0029] According to the differential amplifier circuit with
the foregoing configuration, the inverting amplifier is oper-
ated with the externally supplied second power supply volt-
age applied thereto and the differential amplifier is operated
with the first power supply voltage applied thereto to which
the second power supply voltage is multiplied in the voltage
step-up circuit. Therefore, the differential amplifier is to be
operated by receiving a power supply voltage (first power
supply voltage) higher than the power supply voltage applied
to the inverting amplifier to make it possible to carry out the
differential amplification of an input signal under the voltage
condition explained in the foregoing. Moreover, the inverting
amplifier, operated with the externally supplied second power
supply voltage applied thereto, makes it possible to suffi-
ciently secure the output current thereof.

[0030] In addition, by forming the voltage step-up circuit
with, for example, the oscillator formed of the ring oscillator
and the charge-pumping circuit receiving the output of the
oscillator to multiply the second power supply voltage, the
first power supply voltage necessary for driving the differen-
tial amplifier can be produced simply and efficiently. In par-
ticular, the oscillator and the charge-pumping circuit can be
formed by using the logical inverter circuits having the same
configurations as those of the inverting amplifiers, for
example. Therefore, this is suited to make up an integrated
circuit of the differential amplifier circuit into which the
differential amplifier and the inverting amplifier are inte-
grated with the oscillator and the charge-pumping circuit
included, by which a big practical advantage is provided.

BRIEF DESCRIPTION OF THE DRAWINGS

[0031] FIG.1 is a diagram schematically showing the con-
figuration of a differential amplifier circuit 10 according to an
embodiment of the invention;

[0032] FIG. 2 is a diagram showing an example of the
configuration of the oscillator in the differential amplifier
circuit shown in FIG. 1;

[0033] FIG. 3 is a diagram showing an example of the
configuration of the charge-pumping circuit in the differential
amplifier circuit shown in FIG. 1;

[0034] FIG. 4 is a diagram schematically showing an
example ofthe configuration of a related differential amplifier
circuit;

[0035] FIG. 5 is a diagram showing an example of the
configuration of the differential amplifier in the differential
amplifier circuit shown in FIG. 4; and

[0036] FIG. 6 is a diagram showing an example of the
configuration of the inverting amplifier in the differential
amplifier circuit shown in FIG. 4.

DETAILED DESCRIPTION

[0037] Embodiments of the invention are explained with
reference to attached drawings.

[0038] FIG.1 is a diagram schematically showing the con-
figuration of a differential amplifier circuit 10 according to an
embodiment of the invention, in which diagram the same
parts as those in the related differential amplifier 1 shown in
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FIG. 4 are shown while being denoted with the same refer-
ence numerals and signs. Therefore, repetition of explana-
tions on the same parts will be omitted. The differential
amplifier circuit 10 is characterized by the provision of an
oscillator 4 and a charge-pumping circuit 5 in addition to the
differential amplifier 2 and the inverting amplifier 3. The
oscillator 4 and the charge-pumping circuit 5 form a voltage
step-up circuit 6 which multiplies a power supply voltage
applied between the power supply terminal +V on the positive
side and the power supply terminal -V on the negative side of
the differential amplifier circuit 10 to produce the power
supply voltage required for the differential amplifier 2.

[0039] Namely, the power supply voltage Vdd fed between
the power supply terminal +V on the positive side and the
power supply terminal -V on the negative side is applied to
the inverting amplifier 3 as a second power supply voltage
driving the inverting amplifier 3. The power supply voltage
Vdd is further applied to the oscillator 4 and the charge-
pumping circuit 5 as a voltage for driving each of the oscil-
lator 4 and the charge-pumping circuit 5. The voltage step-up
circuit 6 formed of the oscillator 4 and the charge-pumping
circuit 5 is formed so as to produce a power supply voltage
Vee (Vee>Vdd) to which the power supply voltage Vdd is
multiplied and is provided so that the power supply voltage
Ve is applied to the differential amplifier 2 as a first power
supply voltage driving the differential amplifier 2.

[0040] Here, the oscillator 4 is formed of a ring oscillator
formed with odd numbers of three or more, for example, five
logical inverter circuits 4a to 4e connected in series in a loop
as is shown in FIG. 2 as a diagram showing an example of the
configuration of the oscillator 4 in the differential amplifier
circuit 10 shown in FIG. 1. The oscillator (ring oscillator) 4 is
one which carries out an oscillation operation with the use of
the signal transfer characteristic accompanied by its own
delay in operation response of each of the logical inverter
circuits 4a to 4e. Each of the logical inverter circuits 4a to 4e
is actualized as a circuit formed substantially in the same way
as that of forming the circuit of the inverting amplifier 3
shown in FIG. 6. Therefore, the oscillator 4, with the second
power supply voltage Vdd applied thereto, carries out an
oscillation operation with a frequency specified by the delay
in operation response of each of the logical inverter circuits 4a
to 4e. As an output Pout of the oscillation operation, pulse
signals are obtained which are inverted at a specified period.
[0041] Compared with this, the charge-pumping circuit 5,
as is shown in, for example, FIG. 3 as a diagram showing an
example of the configuration of the charge-pumping circuit 5
in the differential amplifier circuit 10 shown in FIG. 1,
includes a logical inverter circuit 5a, a first capacitor 5 and a
first diode 5¢. The logical inverter circuit 5a has the second
power supply voltage Vdd applied thereto and carries out
repetitive inverting operations which invert the pulse signals
outputted from the oscillator 4 and repeatedly output inverted
pulse signals with the voltage thereof approximately equal to
the second power supply voltage Vdd. The first capacitor 5bis
connected to the output end of the logical inverter circuit 5a
with the one end thereof and the first diode Sc is connected to
the other end of the first capacitor 55 with the cathode thereof
for applying the second power supply voltage Vdd to the first
capacitor 5b. The charge-pumping circuit 5 is formed by
further including a second diode 54 and a second capacitor Se.
The second diode 5d is connected to the connection point of
the other end of the first capacitor 54 and the first diode 5¢
with the anode thereof. The second capacitor 5e is connected
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to the cathode of the second diode 5d to be charged by the
voltage at the other end of the first capacitor 55 transmitted
therefrom through the second diode 5d. Incidentally, the logi-
cal inverter circuit 54, similarly to each of the logical inverter
circuits 4a to 4e, is actualized as a circuit formed substantially
in the same way as that of the inverting amplifier 3 shown in
FIG. 6, for example.

[0042] In the charge-pumping circuit 5 formed in this way,
when the level of the pulse signal inputted to the logical
inverter circuit 5a is a high H level, the level of the output
voltage of the logical inverter circuit 5a becomes an L level at
approximately zero level. This allows a voltage approxi-
mately equal to the second power supply voltage Vdd to be
applied across the first capacitor 56 to the other end of which
the second power supply voltage Vdd is applied through the
first diode 5¢, by which the first capacitor 55 is charged. Then,
when the level of the pulse signal is inverted to the L. level, the
level of the output of the logical inverter circuit 5a becomes
the H level which is approximately equal to the second power
supply voltage Vdd. This brings the voltage at the other end of
the first capacitor 55 to be a voltage which is provided with the
voltage across the charged first capacitor 56 added to the
output voltage of the logical inverter circuit Sa at the H level,
i.e. a voltage approximately two times the second power
supply voltage Vdd.

[0043] Although the voltage at the other end of the first
capacitor 554 is higher than the second power supply voltage
Vdd, a current flowing from the other end of'the first capacitor
5b toward the power supply of the second power supply
voltage Vdd is blocked by the first diode 5¢. Hence, the
voltage at the other end of the first capacitor 55 is transmitted
to the second capacitor 5e through the second diode 54 as a
voltage two times the second power supply voltage Vdd to be
applied to the second capacitor 5e to charge it. When the level
of the pulse signal inputted to the logical inverter circuit 5a
becomes the H level again, the level of the output voltage of
the logical inverter circuit 5a becomes the L level, by which
the voltage at the other end of the first capacitor 55 returns to
the previous state of being at the second power supply voltage
Vdd. At this time, a current flowing from the second capacitor
5e toward the other end of the first capacitor 55 is blocked by
the second diode 5d4. With such repetitive inverting opera-
tions, the second capacitor 5e is repeatedly charged by the
repetitive applications of the voltage approximately two
times the second power supply voltage Vdd. The voltage
across the second capacitor Se due to the charging of the
second capacitor 5e is outputted as the first power supply
voltage Vee which is produced by multiplying the second
power supply voltage Vdd and applied to the differential
amplifier 2.

[0044] Specifically, assuming that the output voltage of the
logical inverter circuit 5a¢ becomes zero when the output
voltage is at the L level and becomes the second power supply
voltage Vdd when the output voltage is at the H level and
letting the forward drop voltage of each of the first diode 5¢
and the second diode 5d be VT, the first power supply voltage
Vee as the output voltage of the charge-pumping circuit 5
becomes

Vee=2Vdd-2VT.
[0045] Letting the second power supply voltage Vdd be 2V

and the forward drop voltage VIbe 0.6V, for example, the first
power supply voltage Vce as the output voltage of the charge-
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pumping circuit 5 becomes as Vce=2x2V-2x0.6V=2.8V,
which becomes higher than the second power supply voltage
Vdd by 0.8V.

[0046] Therefore, as is explained in the foregoing, letting
the operating threshold voltage Vth(b) of the enhancement
mode MOS-FET 24 be 1V and the operating threshold volt-
age Vth(c) of the depletion mode MOS-FET 2¢ be -2V inthe
differential amplifier 2 shown in FIG. 5, for example, a rela-
tionship can be derived from the expression (3) explained in
the foregoing as

2.8V>Vref-1V+2V.

[0047] Hence, inthis case, the reference voltage Vrefin this
case becomes as

1.8V>Vref.

[0048] This shows that the reference voltage Vref becomes
capable of being set higher up to a voltage close to 1.8V.

[0049] Moreover, when the power supply voltage applied
to the differential amplifier circuit 10 is the second power
supply voltage Vdd, which is set as 2V, for example, the
differential amplifier circuit 10 used as a comparator is to
compare an input voltage Vin varying within the range from
0V to 2V with the reference voltage Vref. Therefore, the
reference voltage Vref is desirably set at 1V as the interme-
diate voltage of the input voltage Vin or more. Therefore,
when the condition of setting the reference voltage Vref
explained in the foregoing (upper limit) is taken into consid-
eration, the reference voltage Vref set within the range as

1.8V>Vref>1V

makes it possible to assure the operation of the differential
amplifier 2.

[0050] Thus, according to the differential amplifier circuit
10 formed as was explained in the foregoing, the power
supply voltage Vdd applied to the difterential amplifier circuit
10 is used as the second power supply voltage operating the
inverting amplifier 3, the oscillator 4 and the charge-pumping
circuit 5. Moreover, the power supply voltage Vcc produced
by multiplying the second power supply voltage Vdd in the
charge-pumping circuit 5 is used as the first power supply
voltage.

[0051] Accordingly, the first power supply voltage Vce for
the differential amplifier 2 can be set higher than the second
power supply voltage Vdd for the inverting amplifier 3, by
which a stable operation of the differential amplifier 2
becomes possible even when the second power supply volt-
age Vdd supplied to the differential amplifier circuit 10 is low.
In addition, the first power supply voltage Vcc can be easily
produced in the voltage step-up circuit 6 provided in the
differential amplifier circuit 10 so as to include the oscillator
4 and the charge-pumping circuit 5.

[0052] Inparticular, the inverting amplifier 3, using directly
the externally supplied second power supply voltage Vdd as
the power supply voltage for the inverting amplifier 3, easily
secures the sufficient output current thereof. In addition, the
differential amplifier 2 in itself which is operated by the
voltage multiplied by the voltage step-up circuit 6, having a
small current consumption with a current in the order of
microamperes, easily has the required operating current pro-
vided by the output current of the voltage step-up circuit 6.
Therefore, it becomes possible to satisfy the requirements for
the power supply at one time with a simple configuration
which requirements are for driving the differential amplifier 2
with a voltage higher than the voltage of driving the inverting
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amplifier 3 and, along with this, for sufficiently securing the
output current necessary for the inverting amplifier 3.
[0053] The oscillator 4 and the charge-pumping circuit 5
can be formed by using the logical inverter circuits 4a to 4e
and the logical inverter circuit 5a, respectively, each being
formed substantially in the same way as that of forming the
inverting amplifier 3. Therefore, the differential amplifier
circuit 10, although it is provided with the voltage step-up
circuit 6 formed of the oscillator 4 and the charge-pumping
circuit 5 in addition to the differential amplifier 2 and the
inverting amplifier 3, is less burdensome in being formed as
an integrated circuit including them, by which the integrated
circuit can be brought into realization at a low cost. Therefore,
the differential amplifier circuit 10 has great practical advan-
tages.

[0054] The invention is not limited to the embodiment
explained in the foregoing. For the voltage step-up circuit 6,
for example, it is also possible to use a step-up chopper circuit
provided with switching devices. Moreover, it is needless to
say that also the configurations of the differential amplifier 2
and the inverting amplifier 3 may be modified as required
from the basic configurations shown in FIG. 5 and FIG. 6,
respectively. Furthermore, it is also possible that the power
supply voltage Vdd can be established as being further lower
within the range satisfying the operation condition of each of
the differential amplifier 2 and the inverting amplifier 3
although this depends on the characteristics of the devices
such as the MOS-FETs forming the differential amplifier 2
and the inverting amplifier 3. In addition, the invention can be
variously modified to be carried out within the range without
departing from the spirit and scope of the invention.

What is claimed is:

1. A differential amplifier circuit comprising:

a differential amplifier operated with a first power supply
voltage applied thereto to amplify a differential voltage
between paired input voltages;

an inverting amplifier operated with an externally supplied
second power supply voltage applied thereto to carry out
inverting amplification of the output of the differential
amplifier and output the amplified output to the outside;
and

a voltage step-up circuit producing the first power supply
voltage higher than the second power supply voltage
from the second power supply voltage and applying the
produced first power supply voltage to the differential
amplifier.

2. The differential amplifier circuit as claimed in claim 1

wherein the voltage step-up circuit includes:

an oscillator receiving the second power supply voltage to
carry out an oscillating operation; and

a charge-pumping circuit receiving the output of the oscil-
lator to produce the first power supply voltage from the
second power supply voltage.

3. The differential amplifier circuit as claimed in claim 2
wherein the oscillator is a ring oscillator formed of odd num-
bers of three or more logical inverter circuits connected in
series in a loop and carries out an oscillation operation with
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the use of the signal transfer characteristic accompanied by
the delay in the operation response of each of the logical
inverter circuits.

4. The differential amplifier circuit as claimed in claim 2
wherein the charge-pumping circuit comprises:

a logical inverter circuit having the second power supply
voltage applied thereto and carrying out repetitive
inverting operations which invert the output of the oscil-
lator to repeatedly output voltages each being approxi-
mately equal to the second power supply voltage;

a first capacitor the one end of which is connected to the
output end of the logical inverter circuit;

a first diode the cathode of which is connected to the other
end of the first capacitor to apply the second power
supply voltage thereto to make the first capacitor
charged to have the voltage across the first capacitor
approximately equal to the second power supply volt-
age;

a second diode the anode of which is connected to the
connection point of the other end of the first capacitor
and the first diode; and

a second capacitor the one end of which is connected to the
cathode of the second diode and the other end of which
is connected to the ground,

with the repetitive inverting operations of the logical
inverter circuit, the first capacitor the one end of which is
connected to the output end of the logical inverter circuit
repeatedly transmitting a voltage from the other end
thereof to the second capacitor through the second
diode, the voltage being approximately two times the
second power supply voltage with the output voltages of
the logical inverter circuit repeatedly added to the volt-
age across the charged first capacitor, and

the second capacitor having the voltage approximately two
times the second power supply voltage applied to the one
end thereof to be repeatedly charged and producing the
voltage approximately two times the second power sup-
ply voltage across the second capacitor based on the
charging as the first power supply voltage.

5. The differential amplifier circuit as claimed in claim 1

wherein the differential amplifier includes:

a first transistor forming one of a differential pair to which
one of the paired input voltages is inputted;

a second transistor forming the other one of the differential
pair to which the other one of the paired input voltages is
inputted;

a third transistor forming the load of the first transistor;

a fourth transistor forming the load of the second transistor;
and

a fifth transistor forming the current source of the differ-
ential pair.

6. The differential amplifier circuit as claimed in claim 5
wherein each of the first and second transistors forming the
differential pair and the fifth transistor is an n-channel
enhancement mode MOS-FET and each of the third and
fourth transistors is an n-channel depletion mode MOSFET.
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