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(7) ABSTRACT

Externally input voltages IN(-) and IN(+) are input to the
input terminal of a differential amplifier unit (1) not directly,
but after being shifted by voltage shift units (2, 3). The input
voltages IN(-) and IN(+) are decreased by o when they are
at high level, and by § when they are at low level. In this
case, a>p. The voltage difference of the external input
voltage IN between high and low levels is relatively
reduced, and then the external input voltage IN is input to the
differential amplifier unit (1). This widens the substantial
in-phase input voltage range in the differential amplifier
unit (1).
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DIFFERENTIAL AMPLIFIER CIRCUIT

CROSS REFERENCE TO RELATED
APPLICATION

[0001] This application claims benefit of priority under 35
USC 119 to Japanese Patent Application No. 2001-5346,
filed on Jan. 12, 2001, the entire contents of which are
incorporated by reference herein.

BACKGROUND OF THE INVENTION

[0002] The present invention relates to a differential
amplifier circuit.

[0003] A differential amplifier circuit is used to amplify a
voltage difference between two signals. The average of the
voltages of two signals is called an in-phase input voltage,
and the range of in-phase input voltages within which the
differential amplifier circuit can normally operate is called
an in-phase input voltage range. The differential amplifier
circuit is more convenient with higher performance in a
wider in-phase input voltage range.

[0004] FIG. 4 shows an example of a differential amplifier
circuit concerning the present invention. The source and
back gate of a P-channel MOS transistor MP3 are connected
as a current source to a first power supply terminal VDD,
and its gate receives a reference voltage Vrefl.

[0005] The drain of the transistor MP3 is connected to the
sources of P-channel MOS transistors MP1 and MP2; and its
back gate, to the first power supply terminal VDD. The gate
of the transistor MP1 is connected to an input terminal
IN(-); and that of the transistor MP2, to an input terminal
IN(+).

[0006] The drain and gate of an N-channel MOS transistor
MNI1 are connected to the drain of the transistor MP1; and
its source and back gate, to a second power supply terminal
VSS. The drain of an N-channel MOS transistor MN2 is
connected to that of the transistor MP2; its gate, to the gate
and drain of the transistor MN1; and its source and back
gate, to the second power supply terminal VSS.

[0007] Voltages, currents, and the like when the transistors
MP1 to MP3, MN1, and MN2 are generically called a
transistor MXK will be called as follows:

[0008] VGSXK: gate-source voltage of MXK
[0009] VDSXK: drain-source voltage of MXK
[0010] IDXK: drain current of MXK

[0011] u#SXXK: mobility of MXK

[0012] WXK: gate width of MXK

[0013] LXK: gate length of MXK

[0014] VthXK: threshold voltage of MXK

[0015] An in-phase input voltage CMVIN in this differ-
ential amplifier circuit is calculated from a “second power
supply terminal VSS—transistor MN1—transistor MP1—
input terminal IN(-)” path:

CMVIN=VSS+VGSN1+|[VDSP1]-VGSP| 1)

[0016] As the input voltage is decreased, [VDSP1|
decreases. The case wherein the operating point of the
transistor MP1 coincides with the boundary between a
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saturation range and a non-saturation range can be regarded
as a lower limit value CMVIN(L)1 of the in-phase input
voltage range.

[0017] Assuming that the drain-source voltage VDS of the
transistor MP1 at this time be an ON voltage VDS(ON)P1,
we have

[VDS(ON)P1=|VGS|-| vin| )
[0018] as shown in FIG. 5.
[0019] Substituting equation (2) into equation (1) yields
CMVIN(L)1=VSS+VGSN1+|VDS(ON)P1|-|VGSP1| 3
CMVIN(L)1=VSS+VGSN1-|VihP1| @

[0020] On the other hand, a MOS transistor which oper-
ates in the saturation range satisfies

VGS=(2IDjuS*COX*(WIL))*+Vih )

[0021] where ID: drain current, 4S: mobility, COX: gate
capacitance, W: gate width, and L: gate length.

[0022] The transistor MN1 always operates in the satura-
tion range because the gate and drain voltages are the same.
Substituting equation (5) into equation (4) yields the lower
limit value CMVIN(L)1 of the final in-phase input voltage
range:

CMVIN(L)1=VSS+(2IDN1/uSN1*COX *(WN1/

LND)*+VthN1-|VthPl1| (6)
[0023] The lower limit value CMVIN is calculated from a
“first power supply terminal VDD—transistor MP3—tran-
sistor MP1—input terminal IN(-)" path:

CMVIN=VDD-|VDSP3|-|[VGSP1| )

[0024] As the input voltage is raised, the voltage [VDSP3|
decreases. The case wherein the operating point of the
transistor MP3 coincides with the boundary between the
saturation range and the non-saturation range can be
regarded as an upper limit value CMVIN(H)1 of the in-
phase input voltage range. This value is given by

CMVIN(H)1=VDD-|VDS(ON)P3|-|VGSP1| 3)

[0025] From equations (2) and (8), the upper limit value
CMVIN(H)1 is

CMVIN(H)1=VDD-|VGSP3|+|VthP3|-|VGSP]| ©)
[0026] The operating point of the transistor MP1 is in the
saturation range. Equation (5) for the saturation range also
holds for MP3 whose operating point is at the boundary.

Thus, from equations (5) and (9), the upper limit value
CMVIN(ID1 is:

CMVIN(H)1=VDD+(2|IDP3|/(4SP3*COX*WP3)/

LP3))”-(2|IDP1|/(uSP1*COX*WP1)/LP1)"~|VthP1| (10)
[0027] The in-phase input voltage range CMVINI1 is given
by

CMVIN1=CMVIN(H)1-CMVIN(I)1 (11)

[0028] Assuming that the threshold voltages of the P- and
N-channel MOS transistors are equal and VthN1=VthP1, the
in-phase input voltage range is from CMVIN(H)1 to
CMVIN(L)1, as shown in FIG. 6. Near the second power
supply voltage VSS or the first power supply voltage VDD
out of this range, some transistor operates in the non-
saturation range and does not normally operate as a differ-
ential amplifier circuit.
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[0029] The differential amplifier circuit suffers a problem
that it cannot normally operate upon reception of a voltage
exceeding the in-phase input voltage range given by equa-
tion (11).

SUMMARY OF THE INVENTION

[0030] A differential amplifier circuit according to an
aspect of the present invention comprises a differential
amplifier unit which has first and second input terminals and
differentially amplifies first and second input signals respec-
tively input to the first and second input terminals, a first
voltage shift unit which is connected to a first external input
terminal and the first input terminal, decreases the first
external input signal by a first voltage when a first external
input signal input from the first external input terminal is at
high level or decreases the first external input signal by a
second voltage smaller than the first voltage when the first
external input signal is at low level, and supplies the
resultant first external input signal as the first input signal to
the first input terminal, and a second voltage shift unit which
is connected to a second external input terminal and the
second input terminal, decreases the second external input
signal by the first voltage when a second external input
signal input from the second external input terminal is at
high level or decreases the second external input signal by
the second voltage when the second external input signal is
at low level, and supplies the resultant second external input
signal as the second input signal to the second input termi-
nal.

[0031] A differential amplifier circuit according to another
aspect of the present invention comprises a differential
amplifier unit which has first and second input terminals and
differentially amplifies first and second input signals respec-
tively input to the first and second input terminals, a first
voltage shift unit which is connected to a first external input
terminal and the first input terminal, reduces a range of high
to low levels of a first external input signal input from the
first external input terminal, and supplies the resultant first
external input signal as the first input signal to the first input
terminal, and a second voltage shift unit which is connected
to a second external input terminal and the second input
terminal, reduces a range of high to low levels of a second
external input signal input from the second external input
terminal, and supplies the resultant second external input
signal as the second input signal to the second input termi-
nal.

BRIEF DESCRIPTION OF THE DRAWINGS

[0032] FIG. 1 is a block diagram showing the arrange-
ment of a differential amplifier circuit according to the first
embodiment of the present invention;

[0033] FIG. 2 is a circuit diagram showing the arrange-
ment of a differential amplifier circuit according to the
second embodiment of the present invention;

[0034] FIG. 3 is a circuit diagram showing the arrange-
ment of a differential amplifier circuit according to the third
embodiment of the present invention;

[0035] FIG. 4 is a circuit diagram showing the arrange-
ment of a differential amplifier circuit concerning the present
invention;

[0036] FIG. 5 is a graph showing the relationship between
the drain-source voltage and drain current of a MOSFET;
and
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[0037] FIG. 6 is a view showing the in-phase input
voltage range in the differential amplifier circuit shown in
FIG. 4.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0038] Preferred embodiments of the present invention
will be described below with reference to the accompanying
drawings.

[0039] (1) First Embodiment

[0040] FIG. 1 shows the arrangement of a differential
amplifier circuit according to the first embodiment of the
present invention.

[0041] This differential amplifier circuit comprises a dif-
ferential amplifier unit 1, and voltage shift units 2 and 3. The
voltage shift unit 2 outputs a voltage by decreasing it by
level o for a high-level voltage IN(-) externally input via an
input terminal IN(-), and outputs a voltage by decreasing it
by level B for a low-level voltage IN(-). Levels o and f
satisfy a>f. That is, the voltage shift unit 2 outputs a voltage
by reducing by a.—f3, the range of the externally input voltage
IN(-) between high and low levels.

[0042] Similarly, the voltage shift unit 3 outputs a voltage
by decreasing it by level a for a high-level voltage IN(+)
externally input via an input terminal IN(-), and outputs a
voltage by decreasing it by level p for a low-level voltage
IN(+).

[0043] The input voltages IN(-) and IN(+) shifted in this
manner are input to the differential amplifier unit 1, which
outputs from an output terminal OUT a voltage amplified in
correspondence with the difference between the input volt-
ages IN(-) and IN(+).

[0044] 1If the externally input voltages IN(-) and IN(+) are
directly input to the differential amplifier unit 1, like the
above-mentioned differential amplifier circuit concerning
the present invention, the in-phase input voltage range is
limited to the one given by equation (11), as described
above.

[0045] To the contrary, in the first embodiment, a voltage
decreased by level a is input to the differential amplifier unit
1 when the externally input voltages IN(-) and IN(+) are at
high level. Regarding high level, the differential amplifier
unit 1 can cope with a higher external input. When the
externally input voltages IN(-) and IN(+) are at low level, a
voltage decreased by level §§ is input to the differential
amplifier unit 1. This decrease is smaller than @, so that the
influence on the input width for low level in the differential
amplifier unit 1 is smaller than that for high level.

[0046] More specifically, according to the first embodi-
ment, the voltage shift units 2 and 3 reduce by a—f the
ranges of the input voltages IN(-) and IN(+) between high
and low levels, and input the resultant voltages to the
differential amplifier unit 1. This widens the in-phase input
voltage range.

[0047] The first embodiment can widen the in-phase input
voltage range in comparison with the above-mentioned
apparatus concerning the present invention.
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[0048] (2) Second Embodiment

[0049] FIG. 2 shows the arrangement of a differential
amplifier circuit according to the second embodiment of the
present invention.

[0050] The second embodiment exemplifies the arrange-
ment of the first embodiment. A differential amplifier unit 1
comprises transistors MP1 to MP3, MN1, and MN2, similar
to the circuit shown in FIG. 4.

[0051] A voltage shift unit 2 comprises N-channel MOS
transistors MN3 and MN4. The drain of the transistor MN3
is connected to a first power supply terminal VDD; its gate,
to an external input terminal IN(-); and its source, to the gate
of the transistor MP1 serving as the input terminal of the
differential amplifier unit 1. The drain of the transistor MN4
is connected to the gate of the transistor MP1, its gate
receives a reference voltage Vref2, and its source is con-
nected to a second power supply terminal VSS. The back
gates of both the transistors MN3 and MN4 are connected to
the second power supply terminal VSS.

[0052] A voltage shift unit 3 comprises N-channel MOS
transistors MNS and MN6. The drain of the transistor MNS
is connected to the first power supply terminal VDD its
gate, to an external input terminal IN(+); and its source, to
the gate of the transistor MP2 serving as the input terminal
of the differential amplifier unit 1. The drain of the transistor
MN6 is connected to the gate of the transistor MP2, its gate
receives the reference voltage Vref2, and its source is
connected to the second power supply terminal VSS. The
back gates of both the transistors MNS and MN6 are
connected to the second power supply terminal VSS.

[0053] The transistors MN4 and MN6 flow a predeter-
mined drain current and operate as a constant current source
by inputting the reference voltage Vref2 to their gates.

[0054] In the second embodiment, the in-phase input
voltage CMVIN2 is the sum of an in-phase input voltage
CMVINT1 in the circuit shown in FIG. 4 and a gate-source
voltage VGSN3 of the transistor MN3 for the external input
terminals IN(-) and IN(+). A lower limit value CMVIN(L)2
of the in-phase input voltage range and an upper limit value
CMVIN(H)2 of the in-phase input range are given by

CMVIN(IL)2=CMVIN(L)1+VGSN3 12
CMVIN(H)2=CMVIN(H)1+VGSN3 (13)

[0055] The in-phase input voltage range shifts upward by
the voltage VGSN3, compared to the above-mentioned
apparatus concerning the present invention.

[0056] The voltage VGSN3 changes between high and
low levels of the external input voltages IN(-) and IN(+).
The voltage VGSN3 for a high-level external input voltages
IN(-) will be first described.

[0057] 1If the external input voltage IN(-) rises, the gate
voltage of the transistor MN3 rises. Since the drain current
of the transistor MN4 is a constant current, the drain current
of the transistor MN3 is also a constant current. The gate-
source voltage VGSN3 of the transistor MN3 becomes
constant, and the source voltage of the transistor MN3 rises.

[0058] The back gate of the transistor MN3 is connected
to the second power supply terminal VSS. This widens the
potential difference VSBN3 between the back gate and
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source of the transistor MN3. As a result, a substrate bias
effect occurs, and the threshold voltage Vth of the transistor
MN3 rises as given:

Vih=Vith0+y((2Df+VSB)"*-(2®f)*) (14)
[0059] where VthO is the threshold voltage for VSB=0, Of
is the Fermi level, and y=1/(C0X)*(2qeNA)” (q: charge, €:
permittivity, NA: impurity concentration).

[0060] As is apparent from equation (14), the threshold
voltage VthN3 (H) for a high-level external input voltage
IN(-) rises as the (VSB)* value increases. For a low-level
external input voltage IN(-), the (VSB)™ value is small, and
the threshold voltage VthN3 (L) hardly rises because of a

small rise width of the source potential of the transistor
MN3.

[0061] From this, the threshold voltage VthN3 (H) of the
transistor MN3 for a high-level external input voltage IN(-)
(in-phase input voltage is high), and the threshold voltage
VthN3 (L) of the transistor MN3 for a low-level external
input voltage IN(-) (in-phase input voltage is low) satisfy
VIhN3 (H)>VIhN3 (L) 15)
[0062] This relation holds not only for the transistor MN3
but also for the transistor MPS.
[0063] Substituting equation (5) into equations (12) and
(13) yields the lower and upper limit values CMVIN(L)2
and CMVIN(H)2 of the in-phase input voltage:
CMVIN(L2=CMVIN(L)1+(2IND3/uSN3*COX*(WN3/

LN3)*+VihN3 (L) (16)
CMVIN(H)2=CMVIN(H)1+(2IND3/
U#SN3*COX*(WN3/LN3))*+VihN3 (H) )

[0064] Hence, the in-phase input voltage range CMVIN2
is given by

CMVIN2 = CMVIN (H)2 = CMVIN (L)2 (18)
= CMVIN (H)1 = CMVIN (L)1 + VthN3 (H) —
VIhN3 (L)

= CMVIN! + VthN3 (H) - ViIhN3 (L) > CMVIN

[0065] The second embodiment widens the in-phase input
voltage range by increases in the threshold voltages Vth of
the transistors MN3 and MPS caused by the substrate bias
effect, compared to the differential amplifier circuit shown in
FIG. 4.

[0066] (3) Third Embodiment

[0067] FIG. 3 shows the arrangement of a differential
amplifier circuit according to the third embodiment of the
present invention.

[0068] The third embodiment also exemplifies the
arrangement of the first embodiment. The second embodi-
ment uses the MOSFETs MP1 to MP3, MN1, and MN2 to
constitute the differential amplifier unit 1, whereas the third
embodiment uses bipolar transistors QP1 to QP3, QN1, and
QN2.

[0069] The emitter of the PNP bipolar transistor QP3
serving as a current source is connected to a first power
supply terminal VDD, and its base receives a reference
voltage Vrefl.

[0070] The collector of the transistor QP3 is connected to
the emitters of the PNP bipolar transistors QP1 and QP2.
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The base of the transistor QP1 is connected to an input
terminal IN(-) ; and that of the transistor QP2, to an input
terminal IN(+).

[0071] The collector and base of the NPN bipolar transis-
tor QN1 are connected to the collector of the transistor QP1;
and its emitter, to a second power supply terminal VSS. The
collector of the NPN bipolar transistor QN2 is connected to
that of the transistor QP2; its base, to the base and collector
of the transistor QN1; and its emitter, to the second power
supply terminal VSS. The collectors of the transistors QP2
and QN2 are commonly connected to an output terminal
OUT.

[0072] Also in the third embodiment, the differential
amplifier unit operates similarly to the second embodiment.
Since voltage shift units 2 and 3 are connected to the bases
of the transistors QP1 and QP1, the in-phase input voltage
range CMVIN2 is widened as given by equation (18),
similar to the second embodiment.

[0073] The differential amplifier circuit according to the
above-described embodiments becomes more convenient
with a larger in-phase input voltage width by connecting
voltage shift units to the input terminal of a differential
amplifier unit, reducing the voltage width of an externally
input voltage between high and low levels, and supplying
the resultant voltage to the input terminal of the differential
amplifier unit.

[0074] The above embodiments are merely examples and
do not limit the present invention. For example, the detailed
circuit arrangements of the differential amplifier unit and
voltage shift unit shown in FIGS. 2 and 3 are merely
examples, and can be variously modified as needed.

What is claimed is:
1. A differential amplifier circuit comprising:

a differential amplifier unit which has first and second
input terminals and differentially amplifies first and
second input signals respectively input to the first and
second input terminals;

a first voltage shift unit which is connected to a first
external input terminal and the first input terminal,
decreases the first external input signal by a first
voltage when a first external input signal input from the
first external input terminal is at high level or decreases
the first external input signal by a second voltage
smaller than the first voltage when the first external
input signal is at low level, and supplies the resultant
first external input signal as the first input signal to the
first input terminal; and

a second voltage shift unit which is connected to a second
external input terminal and the second input terminal,
decreases the second external input signal by the first
voltage when a second external input signal input from
the second external input terminal is at high level or
decreases the second external input signal by the sec-
ond voltage when the second external input signal is at
low level, and supplies the resultant second external
input signal as the second input signal to the second
input terminal.
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2. A circuit according to claim 1, wherein
said first voltage shift unit comprises

a first MOSFET having a drain connected to a first
power supply terminal, a gate connected to the first
external input terminal, and a source connected to
the first input terminal, and

a second MOSFET having a drain connected to the first
input terminal, a gate which receives a first prede-
termined potential, and a source connected to a
second power supply terminal,

said second voltage shift unit comprises

a third MOSFET having a drain connected to the first
power supply terminal, a gate connected to the
second external input terminal, and a source con-
nected to the second input terminal, and

a fourth MOSFET having a drain connected to the
second input terminal, a gate which receives the first
predetermined potential, and a source connected to
the second power supply terminal, and

back gates of the first, second, third, and fourth MOS-
FETs are connected to the second power supply
terminal.
3. Acircuit according to claim 1, wherein said differential
amplifier unit comprises

a current source having one terminal connected to the first
power supply terminal,

a fifth MOSFET having a source connected to the other
terminal of the current source, and a gate connected to
the first input terminal,

a sixth MOSFET having a source connected to the other
terminal of the current source, and a gate connected to
the second input terminal,

a seventh MOSFET having a drain and gate connected to
a drain of the fifth MOSFET, and a source connected to
the second power supply terminal, and

an eighth MOSFET having a drain connected to a drain of
the sixth MOSFET, a gate connected to the gate and
drain of the seventh MOSFET, and a source connected
to the second power supply terminal.
4. A circuit according to claim 1, wherein said differential
amplifier unit comprises

a current source having one terminal connected to the first
power supply terminal,

a first bipolar transistor having an emitter connected to the
other terminal of the current source, and a base con-
nected to the first input terminal,

a second bipolar transistor having an emitter connected to
the other terminal of the current source, and a base
connected to the second input terminal,

a third bipolar transistor having a collector and base
connected to a collector of the first bipolar transistor,
and an emitter connected to the second power supply
terminal, and

a fourth bipolar transistor having a collector connected to
a collector of the second bipolar transistor, a base
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connected to the collector and base of the third bipolar
transistor, and an emitter connected to the second
power supply terminal.
5. A circuit according to claim 2, wherein said differential
amplifier unit comprises

a current source having one terminal connected to the first
power supply terminal,

a fifth MOSFET having a source connected to the other
terminal of the current source, and a gate connected to
the first input terminal,

a sixth MOSFET having a source connected to the other
terminal of the current source, and a gate connected to
the second input terminal,

a seventh MOSFET having a drain and gate connected to
a drain of the fifth MOSFET, and a source connected to
the second power supply terminal, and

an eighth MOSFET having a drain connected to a drain of
the sixth MOSFET, a gate connected to the gate and
drain of the seventh MOSFET, and a source connected
to the second power supply terminal.
6. A circuit according to claim 2, wherein said differential
amplifier unit comprises

a current source having one terminal connected to the first
power supply terminal,

a first bipolar transistor having an emitter connected to the
other terminal of the current source, and a base con-
nected to the first input terminal,

a second bipolar transistor having an emitter connected to
the other terminal of the current source, and a base
connected to the second input terminal,

a third bipolar transistor having a collector and base
connected to a collector of the first bipolar transistor,
and an emitter connected to the second power supply
terminal, and

a fourth bipolar transistor having a collector connected to
a collector of the second bipolar transistor, a base
connected to the collector and base of the third bipolar
transistor, and an emitter connected to the second
power supply terminal.

7. A differential amplifier circuit comprising:

a differential amplifier unit which has first and second
input terminals and differentially amplifies first and
second input signals respectively input to the first and
second input terminals;

a first voltage shift unit which is connected to a first
external input terminal and the first input terminal,
reduces a range of high to low levels of a first external
input signal input from the first external input terminal,
and supplies the resultant first external input signal as
the first input signal to the first input terminal; and

a second voltage shift unit which is connected to a second
external input terminal and the second input terminal,
reduces a range of high to low levels of a second
external input signal input from the second external
input terminal, and supplies the resultant second exter-
nal input signal as the second input signal to the second
input terminal.
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8. A circuit according to claim 7, wherein
said first voltage shift unit comprises

a first MOSFET having a drain connected to a first
power supply terminal, a gate connected to the first
external input terminal, and a source connected to
the first input terminal, and

a second MOSFET having a drain connected to the first
input terminal, a gate which receives a first prede-
termined potential, and a source connected to a
second power supply terminal,

said second voltage shift unit comprises

a third MOSFET having a drain connected to the first
power supply terminal, a gate connected to the
second external input terminal, and a source con-
nected to the second input terminal, and

a fourth MOSFET having a drain connected to the
second input terminal, a gate which receives the first
predetermined potential, and a source connected to
the second power supply terminal, and

back gates of the first, second, third, and fourth MOSFETs
are connected to the second power supply terminal.
9. A circuit according to claim 7, wherein said differential
amplifier unit comprises

a current source having one terminal connected to the first
power supply terminal,

a fifth MOSFET having a source connected to the other
terminal of the current source, and a gate connected to
the first input terminal,

a sixth MOSFET having a source connected to the other
terminal of the current source, and a gate connected to
the second input terminal,

a seventh MOSFET having a drain and gate connected to
a drain of the fifth MOSFET, and a source connected to
the second power supply terminal, and

an eighth MOSFET having a drain connected to a drain of
the sixth MOSFET, a gate connected to the gate and
drain of the seventh MOSFET, and a source connected
to the second power supply terminal.
10. A circuit according to claim 7, wherein said differen-
tial amplifier unit comprises

a current source having one terminal connected to the first
power supply terminal,

a first bipolar transistor having an emitter connected to the
other terminal of the current source, and a base con-
nected to the first input terminal,

a second bipolar transistor having an emitter connected to
the other terminal of the current source, and a base
connected to the second input terminal,

a third bipolar transistor having a collector and base
connected to a collector of the first bipolar transistor,
and an emitter connected to the second power supply
terminal, and

a fourth bipolar transistor having a collector connected to
a collector of the second bipolar transistor, a base
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connected to the collector and base of the third bipolar

transistor, and an emitter connected to the second
power supply terminal.

11. A circuit according to claim 8, wherein said differen-
tial amplifier unit comprises

a current source having one terminal connected to the first
power supply terminal,

a fifth MOSFET having a source connected to the other
terminal of the current source, and a gate connected to
the first input terminal,

a sixth MOSFET having a source connected to the other
terminal of the current source, and a gate connected to
the second input terminal,

a seventh MOSFET having a drain and gate connected to
a drain of the fifth MOSFET, and a source connected to
the second power supply terminal, and

an eighth MOSFET having a drain connected to a drain of
the sixth MOSFET, a gate connected to the gate and
drain of the seventh MOSFET, and a source connected
to the second power supply terminal.
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12. A circuit according to claim 8, wherein said differen-
tial amplifier unit comprises

a current source having one terminal connected to the first
power supply terminal,

a first bipolar transistor having an emitter connected to the
other terminal of the current source, and a base con-
nected to the first input terminal,

a second bipolar transistor having an emitter connected to
the other terminal of the current source, and a base
connected to the second input terminal,

a third bipolar transistor having a collector and base
connected to a collector of the first bipolar transistor,
and an emitter connected to the second power supply
terminal, and

a fourth bipolar transistor having a collector connected to
a collector of the second bipolar transistor, a base
connected to the collector and base of the third bipolar
transistor, and an emitter connected to the second
power supply terminal.
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