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(57) ABSTRACT

A differential amplifier circuit includes a first differential

transistor pair, a second differential transistor pair, an adder

section and an amplifying unit. The first differential transis-

tor pair receives first and second input signals and an output

signal as a third input signal, and the second differential
transistor pair receives the first and second 1nput signals and

the output signal as a fourth input signal. The adder section

adds first output signals from the first differential transistor

pair and second output signals from the second differential
transistor pair, and the amplitying unit amplifies an addition

resultant signal from the adder section to output to the first

and second differential transistor pairs.

20 Claims, 9 Drawing Sheets
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1
DIFFERENTIAL AMPLIFYING CIRCUIT

Matter enclosed in heavy brackets | ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue; a claim printed with strikethrough
indicates that the claim was canceled, disclaimed, or held
invalid by a prior post-patent action or proceeding.

This is a reissue application of U.S. Pat. No. 7,170,348,
which was filed as U.S. patent application Ser. No. 10/975,
935 0n Oct. 29, 2004 and issued on Jan. 30, 2007, and which
claims priority from Japanese Patent Application No. 2003-

373638, filed on Oct. 31, 2003 in the Japanese Intellectual
Property Office, the disclosures of all of which are incor-

porated herein by reference in their entireties.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a diflerential amplifier.
More specifically, the present invention 1s directed to a
differential amplifier used in an amplifying circuit of an
LCD driver for driving a capacitive load.

2. Description of the Related Art

Nowadays, there 1s a trend that higher gradation 1s
strongly required 1 a TFT-LCD (Thin-Film Transistor Lig-
uid Crystal Display) field. That 1s to say, conventionally,
260,000-color display (64 gradation levels in 6 bits) suili-
ciently satisfied requirements of the TFT-LCD field. How-
ever, currently, 16,780,000-color display (256 gradation
levels 1n 8 bits) 1s requested 1n the TFT-LCD field. More-
over, display of 1,024 gradation levels in 10 bits 1s requested
depending on fields. For instance, such a higher gradation
display 1s requested for X-ray image display in a medical
field and TV display field. When such a higher gradation
display 1s achieved, an LCD driver circuit becomes more
complicated. For example, such a LCD driver 1s disclosed 1n
Japanese Laid Open Patent Application (JP-P2001-
34234 A). In this LCD driver, furthermore, a chip area of the
driver circuit 1s increased, resulting in higher cost.

FIG. 1 1s a block diagram showing a partial circuit of a
conventional LCD driver in which operational amplifiers
having two non-inversion mputs are used. Referring now to
FIG. 1, the conventional LCD driver 1s composed of a latch
address selector 101, a latch circuit 102, n (n 1s an nteger
more than 1) decoders 103, and n operational amplifiers 104.
Each of these operational amplifiers 104 has two non-
inversion mmputs, and constitutes a voltage follower circuit.

Input data D0 to D8 corresponding to 8-bit display data
are supplied to the latch circuit 102. Outputs of the latch
circuit 102 are supplied to the respective decoders 103. Each
of these decoders 103 has two voltage output terminals
(Vinl and Vin2). Voltage outputs (Vinl/Vin2) from the two
voltage output terminals of each decoder 103 are supplied to
a corresponding one of the operational amplifiers 104. In this
circuit, 8-bit 256-gradation voltages are not supplied to one
decoder 103, but 129-gradation (=256/2+1) voltages are
supplied to the decoder 103. A voltage between the adjacent
two voltages 1s interpolated by the operational amplifiers
104, and 8-bit 256-gradation voltages are outputted as a final
output from the operational amplifiers 104.

FI1G. 2 1s a diagram showing a specific circuit arrangement
of one operational amplifier 104 having two non-inversion
inputs shown 1n FIG. 1. Referring to FIG. 2, in the opera-
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2

tional amplifier 104, two MOS transistors on an 1nput side
are grouped, and one output (Vout) i1s generated to the two
input voltages (Vinl, Vin2). The output voltage (Vout) 1s V,
in case where the mput voltages (Vinl and Vin2) are equal
to a same gradation voltage (for instance, Vinl=Vin2=V.,).
In case where the input voltages (Vinl and Vin2) are
adjacent gradation voltages (for instance, Vinl=V, and
Vin2=V,), the output (Vout) 1s substantially equal to an
intermediate voltage V, obtained by combining V, with V,.

In the 2-input amplifier employed 1n the conventional
driver circuit as shown 1n FIG. 2, when a diflerence between

the two mput voltages Vinl and Vin2 1s relatively small, the
output voltage (Vout) 1s obtained as follows:

Vout=(Vinl+Vin2)/2.

However, when a diflerence between the two iput voltages
becomes large, a deviation from (Vinl+Vin2)/2 becomes
larger.

Thus, a high precision driver circuit 1s desirable without
requiring a complex circuit arrangement.

In conjunction with the above description, an interpola-
tion type D-A converter 1s disclosed 1n Japanese Laid Open
Patent Application (JP-P2001-313568A, see FIG. 10 of this
conventional example). This conventional example 1s used
for a TFT LCD driver which 1s composed of a reference
voltage generation circuit which generates a plurality of
reference voltages. At least one decoding switch receives the
plurality of reference voltages from the reference voltage
generation circuit and selects two of the plurality of refer-
ence voltages based on a plurality of high bits of a digital
image signal. A routing switch 1s connected with the decod-
ing switch and generates first and second reference voltages
based a plurality of low bits of the digital image signal. An
interpolation butler 1s connected with the routing switch and
generates an interpolation analog signal based on the first
and second reference voltages.

Also, a driver circuit 1s disclosed in Japanese Laid Open
Patent Application (JP-P2001-343948A). In this conven-
tional example, a gradation voltage generating circuit gen-
crates a plurality of gradation voltages which are diflerent 1n
voltage level from each other. A decoder decodes an input
data and selects first and second gradation voltages from the
plurality of gradation voltages based on the decoding result.
An amplifier generates a drive voltage based on the first and
second gradation voltages. The amplifier 1s composed of a
first transistor for a differential pair, a second transistor
connected with the first transistor for the differential pair, a
third transistor connected 1n parallel to the second transistor,
and a switch circuit. The switch circuit carries out a switch-
ing operation 1n a predetermined period between a first state
in which the first gradation voltage 1s transferred to the first
transistor and the second gradation voltage 1s transferred to
the second transistor, and a second state 1n which the second
gradation voltage 1s transferred to the first transistor and the
first gradation voltage 1s transferred to the second transistor.

SUMMARY OF THE INVENTION

An object of the present invention 1s to provide a high-
precision LCD driver circuit with a simple circuit arrange-
ment.

Another object of the present invention 1s to provide an
operational amplifier having two 1nput terminals, and
capable of correctly outputting an averaged voltage of two
different voltages which are supplied to the two 1nput
terminals.



US RE47,4601 E

3

In an aspect of the present invention, a differential ampli-
fier circuit includes a first differential transistor pair, a
second differential transistor pair, an adder section and an
amplifying unmit. The first diflerential transistor pair receives
first and second input signals and an output signal as a third
input signal, and the second differential transistor pair
receives the first and second input signals and the output
signal as a fourth mput signal. The adder section adds first
output signals from the first differential transistor pair and
second output signals from the second diflerential transistor
pair, and the amplifying unit amplifies an addition resultant
signal from the adder section to output to the first and second
differential transistor pairs.

Here, the first diflerential transistor pair may include first
and second P-channel transistors having sources which are
commonly connected, gates which respectively receive the
first and second 1nput signals, and drains which are com-
monly connected; and third and fourth P-channel transistors
having sources which are commonly connected with the
sources of the first and second P-channel transistors, gates
which commonly receive the output signal, and drains which
are commonly connected. The second differential transistor
pair may include fifth and sixth N-channel transistors having,
source which are commonly connected, gates which respec-
tively receive the first and second input signals, and drains
which are commonly connected; and seventh and eighth
N-channel transistors having sources which are commonly
connected with the sources of the fifth and sixth N-channel
transistors, gates which commonly receive the output signal,
and drains which are commonly connected. The first output
signals are respectively outputted from the drains of the first
and second P-channel transistors and the drains of the third
and fourth P-channel transistors, and the second output
signals are respectively outputted from the drains of the fifth
and sixth N-channel transistors and the drains of the seventh
and eighth N-channel transistors.

In this case, the adder section may include first to third
current mirror circuit. The first current mirror circuit 1s
connected with the first differential transistor pair to receive
the first output signals; and the second current mirror circuit
1s connected with the second differential transistor pair and
outputs one of the second output signals to one of transistors
of the first current mirror circuit. The third current mirror
circuit 1s connected with the second differential transistor
pair and outputs the other of the second output signals to the
other of the transistors of the first current mirror circuit.

Also, the differential amplifier may further include first
and second constant current sources. In this case, the first
and second P-channel transistors are connected in parallel to
cach other and the sources of the first and second P-channel
transistors are connected with the first constant current
source, and the drains of the first and second P-channel
transistors are commonly connected with one of transistors
of the first current mirror circuit to output one of the first
output signals to the one transistor of the first current mirror
circuit. The third and fourth P-channel transistors are con-
nected 1n parallel to each other and the sources of the third
and fourth transistors are connected with the first constant
current source, and the drains of the third and fourth
transistors are commonly connected with the other of tran-
sistors of the first current mirror circuit to output the other
of the first output signals to the other transistor of the first
current mirror circuit. The fifth and sixth N-channel tran-
sistors are connected 1n parallel to each other and the source
of the fifth and sixth N-channel transistors are connected
with the second constant current source, and the drains of the
fifth and sixth N-channel transistors are commonly con-
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4

nected with one of transistors of the second current mirror
circuit. The seventh and eighth N-channel transistors are
connected 1n parallel to each other and the sources of the
seventh and eighth N-channel transistors are connected with
the second constant current source, and the drains of the
seventh and eighth N-channel transistors are commonly
connected with one of transistors of the third current mirror
circuit. One of the second output signals 1s supplied from the
other transistor of the second current mirror circuit to the
other transistor of the first current mirror circuit, and the
other of the second output signals 1s supplied from the other
transistor of the third current mirror circuit to the one
transistor of the first current mirror circuit.

Also, the adder section may include fourth and fifth
current mirror circuits and a floating constant current source
section. The fourth current mirror circuit recerves the second
output signals, and the fifth current mirror circuit receives
the first output signals. The floating constant current source
section 1s connected between the fourth and fifth current
mirror circuits. The amplifying unit 1s driven based on a
third output signal from the fourth current mirror circuit and
a Tourth output signal from the fifth current mirror circuit to
output the addition resultant signal.

In this case, each of the fourth and fifth current mirror
circuits may be of a cascode connection type.

Also, the floating constant current source section may
include a first current source section which comprises a
P-channel MOS transistor and an N-channel MOS transistor
which are connected 1n parallel and 1s connected between
one side of the fourth current mirror circuit and one side of
the fifth current mirror circuit; and a second current source
section which comprises a P-channel MOS transistor and an
N-channel MOS transistor which are connected 1n parallel
and 1s connected between the other side of the fourth current
mirror circuit and the other side of the fifth current mirror
circuit.

Also, the amplifying unit may include a P-channel MOS
transistor and an N-channel MOS ftransistor which are
connected 1n series. The P-channel MOS transistor and the
N-channel MOS transistor of the output stage circuit receive
as the addition resultant signal, the third output signal from
the fourth current mirror circuit and the fourth output signal
from the fifth current mirror circuit respectively, and the
output signal 1s outputted from a node between the P-chan-
nel MOS transistor and the N-channel MOS transistor of the
output stage circuit.

Also, the floating constant current source section may
include a first current source section which comprises a
P-channel MOS transistor and an N-channel MOS transistor
which are connected 1n parallel and 1s connected between
one side of the fourth current mirror circuit and one side of
the fifth current mirror circuit.

In this case, the amplifying umit may include a P-channel
MOS transistor and an N-channel MOS transistor which are
connected 1n series. The P-channel MOS transistor and the
N-channel MOS transistor of the output stage circuit receive
as the addition resultant signal, the third output signal from
the fourth current mirror circuit and the fourth output signal
from the fifth current mirror circuit respectively, and the
output signal 1s outputted from a node between the P-chan-
nel MOS transistor and the N-channel MOS transistor of the
output stage circuit.

Also, a mobility of each of the first to fourth P-channel
MOS ftransistors 15 U, and a mobility of each of the fifth to
eighth N-channel MOS ftransistors 1s 1., a ratio of a gate
width W of each of the first to fourth P-channel MOS

transistors to a gate length L thereof 1s:
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W
L

P

a ratio of a gate width W of each of the fifth to eighth i

N-channel MOS transistors to a gate length L thereof 1s:

W
L

N

when a gate oxide film capacitance per umt area of each of
the first to fourth P-channel MOS transistors and the fifth to
eighth N-channel MOS transistors 1s C,, p » and {3 ,,1ndicated

by the following equations satisty a relation of 3=~

W
pp = T‘P#PCG

A%
By = f‘N.‘uNCG

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a schematic block diagram showing the circuit
arrangement of a conventional LCD source driver;

FIG. 2 1s a diagram showing an example of a specific
circuit of a conventional amplifier employed 1n the LCD
source driver:

FIG. 3 1s a circuit diagram showing a two-1nput amplifier
according to a first embodiment of the present invention;

FIG. 4 1s a diagram showing an example of a specific
circuit of a differential stage employed 1n the 2-input ampli-
fier of FIG. 3;

FIG. 5 1s a diagram showing another example of a specific
circuit of the differential stage employed in the 2-mput
amplifier of FIG. 3;

FIG. 6 1s a diagram showing an input/output characteristic
of the 2-mnput amplifier shown in FIG. 4;

FI1G. 7 1s a diagram showing an input/output characteristic
of the 2-mnput amplifier shown in FIG. §;

FIG. 8 1s a diagram showing an input/output characteristic
of the 2-mnput amplifier shown in FIG. 3;

FIG. 9 1s a circuit diagram showing a two-input amplifier
according to a second embodiment of the present invention;

FIG. 10 1s a circuit diagram showing a specific circuit of
a current adder circuit employed 1n the 2-input amplifier of
FIG. 9; and

FIG. 11 1s a circuit diagram showing another specific
circuit of the current adder circuit employed 1n the 2-1mnput

amplifier of FIG. 9.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Hereinafter, a differential amplifier of the present inven-
tion will be described in detail with reference to the attached
drawings.

First Embodiment

FIG. 3 1s a diagram showing a circuit arrangement of an
equivalent circuit of an operational amplifier having two
iputs. FIG. 4 1s a circuit diagram showing a specific circuit
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arrangement of a PMOS (P-channel MOS) transistor difler-
ential amplifier contained 1n the equivalent circuit shown 1n
FIG. 3. FIG. 5 15 a circuit diagram showing another specific
circuit arrangement of an NMOS (N-channel MOS) transis-
tor differential amplifier contained 1n the equivalent circuit
shown 1 FIG. 3.

The operational amplifier shown in FIG. 3 i1s constituted
by combining the PMOS ftransistor differential amplifier
shown 1n FIG. 4 and the NMOS transistor differential
amplifier shown 1n FIG. 5. In order to easily understand the
present mvention, the circuit arrangement and operation of
cach of the PMOS transistor differential amplifier and the
NMOS transistor differential amplifier will be described.
Further, an equivalent circuit arranged by combining the
NMOS transistor differential amplifier and the PMOS tran-
sistor differential amplifier will be described.

Referring to FIG. 4, the PMOS transistor differential
amplifier 1s composed of a source type constant current
source CC2, PMOS transistors M1 to M4 and NMOS
transistors MS and M6, and an amplifying unit Al. The
PMOS transistor M1 has the gate as a {irst input terminal,
and the PMOS transistor M3 has the gate as a second 1nput
terminal. The PMOS transistor M2 has the gate as an
inversion mput terminal, and the PMOS transistor M4 has
the gate as the mversion mput terminal. The NMOS tran-
sistor M3 and the NMOS transistor M6 constitute a current
mirror circuit functioning as an active load, and an mput of
the amplifying unit A1 1s connected to an output of the active
load. Furthermore, the gates of the PMOS transistor M2 and
PMOS transistor M4 are connected with the output of the
amplifying umt Al to constitute a voltage follower connec-
tion.

More specifically, one terminal of the constant current
source CC2 1s connected to a power supply voltage V5,
and this constant current source CC2 supplies a current IR.
The other terminal of the constant current source CC2 1is
connected to the sources of the PMOS transistor M3 and
M1. A first input voltage V, and a second mput voltage V,
are applied to the gate of the PMOS transistor M3, and the
gate of the PMOS transistor M1, respectively. The drain of
the PMOS transistor M3 and the drain of the PMOS tran-
sistor M1 are connected to the drain of the NMOS transistor
MS5. The NMOS transistor M5 constitutes a current mirror in
combination with the NMOS transistor M6. The character-
istics of the NMOS ftransistor M5 are supposed to be
identical to those of the NMOS transistor M6. The source of
the NMOS ftransistor MS and the source of the NMOS
transistor M6 are connected to a ground voltage. The gate of
the NMOS transistor M5 and the gate of the NMOS tran-
sistor M6 are connected to each other, and are further
connected to the drain of the NMOS transistor M5. The drain
of the NMOS transistor M6 1s connected to the drain of the
PMOS transistor M2 and the drain of the PMOS transistor
M4. The source of the PMOS transistor M2 and the source
of the PMOS transistor M4 are connected to the constant
current source CC2. The gate of the PMOS transistor M2
and the gate of the PMOS transistor M4 are connected to the
output of the amplifying unit A1 as an output V.

Characteristics of the PMOS transistor M2 and the PMOS
transistor M4 are supposed to be substantially same to those
of the PMOS transistor M3 and the PMOS transistor M1.
The output voltage V_ of the PMOS transistor differential
amplifier having such a circuit arrangement 1s 1n a range of
the voltage V, and the voltage (V,+V,). When the constant
current source CC2 tlows the current I, the PMOS transis-
tor M1 and the PMOS transistor M3 flow a current I, » and
a current I, » corresponding to the first input voltage V, and
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the second input voltage V,, respectively. A summation of
the current I,, and the current I, 1s equivalent to a current

I./2 and flows through the NMOS transistor M3. Since the
NMOS transistor M3 and the NMOS transistor M6 have the
same characteristics and constitute the current mirror circuit,
the current 1,/2 tlows through the NMOS transistor M6. The
constant current source CC2 supplies the current 1,/2 to the
source of the PMOS transistor M2 and the source of the
PMOS ftransistor M4. If the PMOS ftransistor M2 and the
PMOS transistor M4 have the same characteristics, a current
I, » flows through the PMOS transistor M2 and the PMOS
transistor Md4. Also, 1f the summation between the current
flowing through the PMOS transistor M2 and the current
flowing through the PMOS transistor M4 1s coincident with
the summation between the current flowing through the
PMOS transistor M3 and the current flowing through the
PMOS transistor M1, the current I1 1s coincident with an

averaged current between the current 12 and the current 13.
It the characteristics of the PMOS transistor M2 and the
PMOS transistor M4 are coincident with the characteristics
of the PMOS transistor M3 and the PMOS transistor M1, the
voltage at the gates of the PMOS transistor M2 and M4 1s
substantially equal to the averaged voltage between the first
input voltage V, and the second voltage V,, namely, the
in-phase voltage ((V,+V,)/2).

Assuming now that a voltage which 1s applied to one
non-inversion mput terminal 1s equal to V, and another
voltage which 1s applied to the other non-inversion input
terminal 1s equal to V,, the in-phase voltage 1s correctly
analyzed. In this case, a voltage V, which 1s finally outputted
can be expressed as follows. That 1s, when

W (1)
16, — rjucga

where 1 1s a mobility 1n an MOS transistor, W 1s a gate width
of the MOS ftransistor, L 1s a gate length of the MOS
transistor 1s L, CO 1s a gate oxide film capacitance, the
finally outputted voltage V, 1s expressed by the following
equation (2):

(2)
— (V) = V)?

where I1 1s the current flowing through each of the PMOS
transistor M2 and the PMOS transistor M4.

Referring to FIG. 3§, similarly to the PMOS transistor
differential amplifier shown 1n FIG. 4, the NMOS transistor
differential amplifier 1s provided with a constant current
source CC1 for supplying a current I,, NMOS transistors
M7 to M10, and PMOS transistors M11 and M12.

One terminal of the constant current source CC1 1s
connected to the ground voltage, and the constant current
source CC1 supplies the current 1, to the ground terminal.
The other terminal of the constant current source CC1 1is
connected to the sources of the NMOS transistors M9 to
M10. A first input voltage V, and a second input voltage V,
are applied to the gate of the NMOS transistor M9 and the
gate ol the NMOS transistor M7, respectively. The drain of
the NMOS transistor M9 and the drain of the NMOS
transistor M7 are connected to the drain of the PMOS
transistor M11. The PMOS ftransistor M11 constitutes a

10

15

20

25

30

35

40

45

50

55

60

65

8

current mirror circuit together with the PMOS ftransistor
M12. The characteristics of the PMOS transistor M11 are

supposed to be i1dentical to those of the PMOS transistor
M12. The source of the PMOS transistor M11 and the source

of the PMOS ftransistor M12 are connected to the power
supply voltage V. The gate of the PMOS transistor M11
and the gate of the PMOS transistor M12 are connected to
each other, and are further connected to the drain of the
PMOS transistor M11. The drain of the PMOS transistor
M12 1s connected to the drain of the NMOS transistor M8
and the drain of the NMOS transistor M10. The source of the
NMOS transistor M8 and the source of the NMOS transistor

M10 are connected to the constant current source CC1. An
input of the amplitying unit Al 1s connected with the drain
of the PMOS transistor M12, and an output of the amplify-
ing umt Al i1s connected to the gate of the NMOS transistor

M8 and the gate of the NMOS transistor M10 which are held
to a same output voltage V _.

The characteristics of the NMOS ftransistor M7 to M10
are supposed to be substantially 1dentical to each other, and
the characteristics of the PMOS transistor M11 are supposed
to be substantially 1dentical to those of the PMOS transistor
M12. In this case, the output voltage V_ of the NMOS
transistor differential amplifier having such a circuit arrange-
ment 1s substantially equal to an averaged voltage between
the first input voltage V, and the second mput voltage V,,
namely an in-phase voltage ((V,+V,)/2). The NMOS tran-
sistor M9 and the NMOS transistor M7 tlow a current 1,
and a current I, ., corresponding to the first input voltage V,
and the second input voltage V,, respectively. A current 1,/2

equal to a summation of the current I, ,, and the current I, .,
flows through the PMOS transistor M11. Since the PMOS

transistor M11 and the PMOS transistor M12 constitute the
current mirror circuit, the current 1,/2 equal to that of the
current tlowing through the PMOS transistor M11 flows
through the NMOS transistor M8 and the NMOS transistor
M10. Since the NMOS transistor M8 and the NMOS tran-
sistor M10 have the same characteristics, a currents I,
flows through the NMOS transistor M8 and the NMOS
transistor M10. Since a summation between the current
flowing through the NMOS transistor M8 and the current
flowing through the NMOS ftransistor M10 1s coincident
with a summation between the current flowing through the
NMOS transistor M9 and the current flowing through the
NMOS transistor M7, the current I, »; 1s coincident with an
averaged current between the current L, ,,and the current 1 ..
Further, since the characteristics of the NMOS transistor M8
and the NMOS transistor M10 are coincident with the
characteristics of the NMOS ftransistor M9 and the NMOS
transistor M7, the voltage at the gates of the NMOS tran-
sistor M8 and M10 1s substantially equal to the averaged
voltage of the first input voltage V, and the second voltage
V,, namely, the in-phase voltage (V,+V,)/2).

In other words, assuming now that a voltage which 1s
applied to one non-inversion input terminal 1s equal to V,
and another voltage which 1s applied to the other non-
iversion input terminal 1s equal to V,, a voltage V, which
1s finally outputted from the NMOS transistor differential
amplifier shown 1n FIG. § 1s expressed by the following
equation (3):

2 (3)
— (V) =V,y)?
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where [3 1s expressed by the following equation (1), like the
PMOS transistor differential amplifier:

A4

_ (1)
;B — flucﬂ

where 11 1s a current which tlows through each of the NMOS
transistor M8 and the NMOS transistor M10.

FIG. 6 1s a diagram graphically showing an actual input/
output characteristic of the PMOS ftransistor diflerential
amplifier. Referring to FIG. 6, the output voltage V_ of the
PMOS transistor diflerential amplifier with the two nputs 1s
nearly equal to:

VG,:(V1+V2)/2

When a difference between the two inputted voltages V, and
V, 1s relatively small. However, when a difference between
the two nputted voltages V, . ., becomes large, an error
of the output voltage V_ from (V,+V,)/2 becomes large.

FIG. 7 1s a diagram graphically showing an actual input/
output characteristic of the NMOS transistor differential
amplifier. Referring to FI1G. 7, the output voltage V_ of the
NMOS transistor differential amplifier with the two mputs 1s
nearly equal to:

VGZ(V1+V2)/2

When a difference between the tow inputted voltages V, and
V, 1s relatively small. However, when a difference between
the two mputted voltages V, and V, becomes large, an error
of the output voltage V_ from (V,;+V,)/2 becomes large.

Furthermore, when the input/output characteristic of FIG.
6 1s compared with that of FIG. 7, 1t could be seen that
polarities of errors are opposite to each other, when the
difference between 1nput voltages V, and V, becomes large
in the PMOS transistor differential amplifier and the NMOS
transistor differential amplifier.

Referring now to FIG. 3, an mput stage constitutes a
differential amplifier having two non-inversion inputs. The
differential amplifying circuit shown 1 FIG. 3 1s composed
of a PMOS ftransistor differential stage having a circuit
arrangement similar to that of the above-described PMOS
transistor differential amplifier, and an N differential stage
having a circuit arrangement similar to that of the above-
explained NMOS transistor differential amplifier, between
which the amplifying umt Al 1s shared.

The PMOS transistor differential stage 1s formed from the
constant current source CC1, the four PMOS transistors M1
to M4 and the two NMOS transistors M5 and Mé6. The
sources of the four PMOS transistors M1 to M4 are com-
monly connected to each other, and the constant current
source CC1 1s mserted between the power supply voltage
V  and the drains of the four PMOS transistors. The drains
of the PMOS ftransistors M1 and M3 are commonly con-
nected to each other, and the drains of the PMOS transistors
M2 and M4 are commonly connected to each other. The
NMOS transistors M5 and M6 constitute the current mirror
circuit and functions as the active load.

The NMOS transistor diflerential stage 1s formed from the
constant current source CC2, the four NMOS transistors M7
to M10 and the first and second current mirror circuits CM1

and CM?2. Each of the first and second current mirror circuits
CM1 and CM2 1s formed trom the PMOS transistors M11

and M12. The output of the PMOS transistor M11 1n the {irst
current mirror circuit 1s connected with the NMOS transis-
tors M7 and M9, and the output of the PMOS transistor M12

1s connected with drain of the NMOS transistor M6. Also,
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the output of the PMOS transistor M11 1n the second current
mirror circuit 1s connected with the NMOS transistors M8
and M10, and the output of the PMOS transistor M12 1is
connected with drain of the NMOS transistor MS. The
sources of the four NMOS transistors M7 to M10 are
commonly connected to each other, and the constant current
source CC2 1s mserted between the ground voltage and the
drains of the four NMOS ftransistors. The sources of the
NMOS transistors M7 and M9 are commonly connected to
each other, and the sources of the NMOS transistors M8 and
M10 are commonly connected to each other. In the N
differential stage, the current mirror circuit CM1 and the
current mirror circuit CM2 are provided in place of the
current mirror circuit M11 and M12. The current mirror
circuit CM1 supplies the current 1,/2 from one output to the
NMOS transistors M7 and M9, and the other output 1s
connected to the drain of the NMOS transistor M6. Also, the
current mirror circuit CM2 supplies the current 1,/2 from
one output to the NMOS transistors M8 and M10, and the
other output 1s connected to the drain of the NMOS tran-
sistor MS.

Furthermore, the output of the amplifying unit Al 1s
connected with the gate of the NMOS transistor M8 and the
gate of the NMOS transistor M10 commonly and with the
gate of the PMOS transistor M2 and the gate of the PMOS
transistor M4 commonly, so as to constitute a voltage
follower connection. The gate of the NMOS transistor M9
and the gate of the PMOS transistor M3 as a first mput
terminal are commonly connected with the first input volt-
age V., and the gate of the NMOS transistor M7 and the gate
of the PMOS transistor M1 as a second input terminal are
commonly connected with the second 1nput voltage V..

The gate of the NMOS transistor M5 1s connected to the
gate of the NMOS transistor M6, and the gate of the NMOS
transistor M5 1s connected to the drain of the NMOS
transistor M5. The sources of the NMOS transistors MS and
M6 are connected to the ground terminal GND. The drain of
the NMOS transistor M5 1s connected to the drains of the
PMOS transistor M1 and M3 and the current mirror circuit
CM2. The drain of the NMOS transistor M6 1s connected to
the drains of the NMOS transistor M2 and M4, the mput of
the amplifying unit A1 and the current mirror circuit CM1.

Assuming now that the voltage at the common source of
the PMOS ftransistor differential stage 1s V,,,, and the
voltage at the common source of the NMOS ftransistor
differential stage 1s V, ., a calculation 1s carried out. With
reference to FIG. 3, assuming now that the current flowing
through each of the PMOS transistor M2 and the PMOS
transistor M4 1s I, », the current flowing through the PMOS
transistor M3 1s I,,, and the current flowing through the
PMOS transistor M1 1s 1,,, the current 41, ., flows through
the PMOS transistor differential stage and 1s expressed by
the following equation (4):

4IlP:2 IP+IEP+13P

(4)

Also, assuming now that the current flowing through each of

the NMOS transistor M8 and the NMOS transistor M10 1s
I, »» the current flowing through the NMOS transistor M9 1s

I,., and the current flowing through the NMOS transistor
M7 1s 1,,, the current 41, ,, flows through the NMOS tran-

sistor diflerential stage and 1s expressed by the following
equation (5):

AL =21 oyt (5)
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In this case, since the currents flowing through the active
load are equal to each other, the following equation (6) 1s

gIvVen:

Lptly pt2] pe ot st 2] o (6).

At this time, assuming that a mobility 1n a PMOS transistor
1S L, a mobility 1n an NMOS transistor 1s L,,, and a ratio of
a gate width W of the PMOS transistor to a gate length L

thereof 1s:

W
tl,

and a ratio of the gate width W of the NMOS transistor to
the gate length L thereof 1s

W
L

‘N

the tollowing calculation 1s carried out by employing [3 » and
3. which are expressed by the following equations (7) and

(8) when a gate oxide film capacitance per a unit area of each
of the PMOS and NMOS transistors 1s equal to CO;

"% (7)
Pp = f‘ upCo,
P

W (8)
By = f‘ 1y Co.
N

Based upon a relation between a gate-to-drain voltage and a
drain current, 1t 1s assumed that a common source-to-node
voltage in the PMOS transistor differential stage 1s V, ,», and
a common source-to-node voltage in the NMOS transistor
differential stage 1s V, ... Also, assuming now that a thresh-
old voltage of the PMOS transistor 1s V., and a threshold
voltage of the NMOS transistor 1s V ., currents which flow
through the respective transistors are expressed as follows:

Lip = %(VMP - Vo = Vp), ®)
Lp = %(VMP —V; = V)2, (10)
f3p = %(VMP —V, =Vp), (11)
[iv = '%M(VD — Vv = V)2, (12)
v = 2V, Vi = Vi 2 (13

P (14)

Ly = T(Vz — Vv = Vn)*.

If the above-described equations (9) to (14) are substituted
tor the above-explained equation (6), the following equation
(15) 1s given:
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15
%{(VMP V=V +(Viyp =V = Vip)*} + ()
By Vo=V —Vn)* =
'BTN{(Vl —~Vun = V)2 + (Vo =V = Vv ) +

B,(Vup =V, —Vp)°.

In this case, based upon a relation between the gate-to-
source voltage V.. and the drain currents (I, ., I,.), the
following equation can be satisfied in the PMOS channel
differential stage:

21
Vup-Vrp= [ — +V,

Br

In other words, the following equal (16) can be satisfied:

o1 (16)

Vaes =Vup—V, = A

+ VTP-

Similarly, the following equation can be satisfied in the
NMOS channel differential stage:

In other words, the following equation (17) can be satisfied:

(17)

PACRY
—Vun — Vv =_ — —V,.
Jopy

If these equations (16) and (17) are substituted for the
above-mentioned equation (15), the following equation (18)
1s obtained:

2L p Y 2Lp Y 2Ly (18)
Prl | 5 +Vo—Vi| +Pp| ] 5 +Vo—- V2| +20y—— =
Pr j Br j B
o1 . B Y o
Bn| V1 + = + pn| V2 + =r -V, +2;BP£-
Br ) Br

BN,
When this equation (18) 1s expanded, the following equation
(19) 1s obtained:

_V.-::

2 ¥ 2BPI lP(ZVﬂ_VI_VE)+I3P{(V9_Vl)2+(vﬂ_v2)2}

=2V2BNT (V1 +Vo=2V 4 Ppd (V =V )2 +(Vo-V )2}

In this equation (19), it 3= ., namely,

(19).

W W
T ‘P#PCD =7 ‘N#NCG
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-continued

W A\
f‘PﬂP = I‘N#N

then the following equation can be satisfied under the
condition that p=p=f:

V2B (2V, = Vi = V2)(VIip + VI )+

BV, = VP +(V, V)P AV - V) + (V= V)2 = 0.

When this equation 1s solved, the following equation 1is
given as follows:

In other words, V, 1s expressed by the following equation
(20):

Vl -I-Vg

(20)
Vo 5

As a consequence, 1n accordance with the diflerential ampli-
fier described 1n this first embodiment, the desirable half
voltage of the two input voltages can be outputted 1rrespec-
tive of the current flowing through the PMOS ftransistor
differential stage and the current through the NMOS tran-
sistor differential stage.

FIG. 8 1s a diagram graphically showing the input/output
characteristic of the differential amplifier shown in FIG. 3.
With reference to FIG. 8, 1t could be readily understood that
even when a difference between the first input voltage V,
and the second mput voltage V, becomes large, the voltage

of (V,;+V,)/2 1s outputted as the output voltage V, of the
differential amplifier with the two inputs of this first embodi-
ment.

Also, 1t 3 - 15 not equal to 3, the tollowing equation can

be satisfied:

2(\/Qﬁpllp — \/QﬁNIlN )(Q’VD _Vl —VZ) +
Bp{2VE — 2V (V| +V,) + V2 + Vi) -

Br2VE =2V, (Vi + V) + Vi 4+ V31 =0

When a left side of this equation i1s expanded, an equation
(21) 1s obtained:

2(Bp — BnIV3 — =D
2V {(Bp = Bv)(V1 + V) =2(V2BpLip — V2ByIiy )} +

(B = BW)(VT +V3) = 2(V2Bplip — V2ByLiy (Vi +V2) =0.

When this equation (21) 1s solved with respect to V_, the
following equation (22) 1s obtained as follows:

_Vi+Ve (V2BpLip —N2ByLy ) (22)

V,
2 (Bp—Pn)
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-continued

\/16(\/2513‘1113‘ - V2Bn1y )2 —4(Bp = Bn )y (Vi = Vy)?
4(Bp — Pn) |

In this equation, based upon the condition of V,=V,=V,
under V,=V,, symbol “plus or minus” becomes plus (+) in
the above-explained equation (22). As a consequence, this
equation (22) 1s transformed into the following equation

(23):

(V2BpLip — V2ByLiy ) (23)

= +

(Bp — Bn)

_V1+V2
° 2

\/16(\/2)3,3[1;2- — \/Qﬂwllw )2 —4(,3P — ,BN)Z(VI - VE)Z
A(Bp — Bn) |

This equation (23) expresses an equation when the NMOS
transistor differential stage and the PMOS transistor differ-
ential stage are not balanced, and the second term and the
third term constitute an error from a desirable value.

As 1ndicated in the above-described equation (23), by
using the differential amplifying circuit of this first embodi-
ment, the precision of the averaged voltage of the 2-input
amplifier can be considerably improved even when 3, 1s not
equal to P

Second Embodiment

FIG. 9 1s a diagram showing the circuit arrangement of a
differential amplifier according to the second embodiment of
the present invention. Referring now to FIG. 9, the differ-
ential amplifier of the second embodiment i1s formed from
the 2-input PMOS transistor differential stage, the 2-input
NMOS transistor differential stage, a current adder circuit
and an amplifying unit A2. The 2-input PMOS ftransistor
differential stage 1s composed of the constant current source
CC2 and the PMOS transistors M1 to M4, like the PMOS
transistor differential stage in the first embodiment. Also, the
2-input NMOS transistor differential stage 1s composed of
the constant current source CC1 and the NMOS transistors
M7 to M10, like the NMOS transistor diflerential stage 1n
the first embodiment. The current adder circuit adds the
outputs of the NMOS ftransistor diflerential stage and the
outputs of the PMOS transistor diflerential stage, and out-
puts the addition result to the amplifying unit A2. The output
of the amplifying umt A2 i1s commonly connected to the
PMOS transistors M2 and M4 and the NMOS transistors M8
and M10 so as to construct a voltage follower.

FIG. 10 1s a specific circuit diagram of the current adder
circuit. Referring now to FIG. 10, the current adder circuit
contains a fourth current mirror circuit connected to a
positive power supply voltage V ., a fifth current mirror
circuit connected to the ground terminal GND, first and
second floating constant current sources between the fourth
and fifth current mirror circuit. In this case, the power supply
voltage 1s V., but may be V.

The fourth current mirror circuit 1s a current mirror circuit
of a low-voltage cascode connection. The fourth current
mirror circuit contains PMOS transistors M21 to M24. The
sources ol the PMOS transistors M21 and M22 are con-
nected to the positive power supply V.. The gate of the

PMOS transistor M21 1s connected to the gate of the PMOS
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transistor M22, and the gate of the PMOS transistor M23 1s
connected to the gate of the PMOS transistor M24. The drain
of the PMOS transistor M21 1s connected with the source of
the PMOS transistor M23, and the drain of the PMOS
transistor M22 1s connected with the source of the PMOS
transistor M24. The drain of the PMOS transistor M23 1s
connected with the gate of the PMOS transistor M21. The
gates of the PMOS transistors M23 and M24 are connected
to a bias terminal BP2. The source of the PMOS transistor
M23 and the source of the PMOS transistor M24 are
connected to a common node of the drains of the NMOS
transistors M7 and M9 and to a common node of the drains
of the NMOS transistors M8 and M10, respectively. The bias
signal BP2 and the following bias signal BN2 are respec-
tively set to a low level and a high level during the
amplification.

The fifth current mirror circuit 1s a current mirror circuit
of a low-voltage cascode connection. The {fifth current
mirror circuit contains NMOS transistors M25 to M28. The
sources of the NMOS transistors M25 and M26 are con-
nected to the ground voltage GND. The gate of the NMOS
transistor M25 1s connected to the gate of the NMOS
transistor M26, and the gate of the PMOS transistor M27 1s
connected to the gate of the NMOS transistor M28. The
drain of the NMOS transistor M25 1s connected with the
source of the NMOS transistor M27, and the drain of the
NMOS transistor M26 1s connected with the source of the
NMOS transistor M28. The drain of the NMOS transistor
M27 1s connected with the gate of the NMOS ftransistor
M2S5. The gates of the NMOS transistors M27 and M28 are
connected to a bias terminal BN2. The source of the NMOS
transistor M27 and the source of the NMOS transistor M28
are connected to a common node of the drains of the PMOS
transistors M2 and M4 and to a common node of the drains
of the PMOS transistors M1 and M3, respectively.

The first floating constant current source contains a
PMOS transistor M30 and an NMOS transistor M29 which
are connected 1n parallel. The source of the PMOS transistor
M30 and the drain of the NMOS transistor M29 are con-
nected to the drain of the PMOS transistor M23. Also, the
drain of the PMOS transistor M30 and the source of the
NMOS transistor M29 are connected to the drain of the
NMOS transistor M27. The gate of the PMOS transistor
M30 and the gate of the NMOS transistor M29 are con-
nected to bias terminals BP3 and BN3, respectively. As a
result, a constant current flows from the fourth current
mirror circuit to the fifth current mirror circuit based on
signals on the bias terminals BP3 and BN3.

The second floating constant current source contains a
PMOS transistor M32 and an NMOS transistor M31 which
are connected 1n parallel. The source of the PMOS transistor
M32 and the drain of the NMOS transistor M31 are con-
nected to the drain of the PMOS transistor M24. Also, the
drain of the PMOS transistor M32 and the source of the
NMOS transistor M31 are connected to the drain of the
NMOS transistor M28. The gate of the PMOS transistor
M32 and the gate of the NMOS transistor M31 are con-
nected to the bias terminals BP3 and BN3, respectively. As
a result, a constant current flows from the fourth current
mirror circuit to the fifth current mirror circuit based on
signals on the bias terminals BP3 and BN3.

In this current adder circuit, a node between the drain of
the PMOS transistor M21 and the source of the PMOS
transistor M23 commonly connected to each other, and a
node between the drain of the PMOS transistor M22 and the
source of the PMOS transistor M24 function as a positive
current adding terminal. Also, a node between the drain of
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the NMOS ftransistor M25 and the source of the NMOS
transistor M27 commonly connected to each other, and a
node between the drain of the NMOS transistor M26 and the
source of the NMOS transistor M28 function as a negative
current adding terminal. A series circuit of capacitors C1 and
C2 1s connected between the drain of the PMOS transistor
M22 and the drain of the NMOS transistor M28. A node
between the capacitors C1 and C2 1s connected with an
output terminal OUT.

An output stage circuit as the amplifying unit A2 contains
a PMOS transistor M33 and an NMOS transistor M34 which
are connected 1n series. The source of the PMOS M33 is
connected to the positive power source terminal V., and
the source of the NMOS transistor M34 1s connected to the
negative power source terminal GND. The gate of the
NMOS transistor M33 1s connected to the drain of the
PMOS transistor M24 as the output of the fourth current
mirror circuit, and the gate of the NMOS transistor M34 1s
connected to the drain of the NMOS transistor M28 as the
output of the fifth current mirror circuit. A node between the
PMOS transistor M33 and the NMOS transistor M34 is
connected with the output terminal OUT. The output stage
circuit constitutes a so-called an AB class output circuit, and
an 1dling current 1s determined based upon a voltage
between the above-described bias terminals BP3 and BN3.

In this current adder circuit, signals of transistors which
are connected to respective current adding terminals are
added to each other, and an adding result 1s outputted to an
output terminal OUT. Since the differential amplifier shown
in FI1G. 9 1s provided with the current adder circuit shown 1n
FIG. 10, mput currents are not added to each other 1n the
active load, but are separately processed.

In the second embodiment, the following calculation 1s
carried out, assuming now that a voltage at the common
sources of the PMOS transistor differential stage 1s V, ., and
a voltage at the common sources of the NMOS transistor
differential stage 1s V, -

(3)

Since the current flowing through the active loads are equal
to each other, the following equations (24) and (25) can be
obtained:

AL =2+ 5N

12P+]:3P:2]:1N (24)

La+lsn=21p (25)

Even 1if the left side of the equation (25) 1s added to the nght
side of the equation (24), and the right side of the equation
(25) 1s added to the left side of the equation (24), the

following equation (26) can be satisfied:

Lptlip+2] \=oat+Isn 21 p (26)

It could be understood that this equation (26) 1s com-
pletely the same as the equation (6) of the differential
amplifier (namely, differential amplifier which adds the
N-channel output to the P-channel output 1n the active load)
in the first embodiment. Theretfore, the calculation results
become equal to each other. In other words, the differential
amplifier shown 1n FIG. 9 outputs a desirable half voltage of
the two mput voltages.

Moreover, since the circuit arrangement of the present
invention 1s employed, an input Rail-to-rail can be realized.
In FIG. 9, in order to realize the mput Rail-to-rail as the
entire characteristic of the differential amplifier, the circuit
arrangement of the current adder circuit 1s important. This
reason will now be described with reference to FIG. 9. First
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of all, 1n order to realize the input Rail-to-rail, all of the input
stage transistors M1 to M4, or all of other transistors M7 to
M10 are required to enter into a pentode region (namely,
saturation region). This 1s because of the following reason.
That 1s, 11 these transistors M1 to M4, or M7 to M10 enters
into a triode region, the output resistance of the transistor 1s
extremely lowered, and the mutual conductance gm of the
transistor 1s also lowered, so that these transistors cannot
carry out the normal differential stage transistor operation. A
condition when an MOS transistor enters mto the pentode
region (saturation region) 1s expressed by the following
equation (27), assuming now that a drain-to-source voltage
1s Vo, a gate-to-source voltage 1s V., and a threshold
voltage 1s V -

VpsoVae— VT

In this case, the condition under which the PMOS tran-
sistors M1 to M4 enters 1nto the pentode region (saturation
region) when the mput voltage becomes the minimum
voltage of GND (zero volt) 1s the gate voltage of GND (zero
volt), since the source voltages of these PMOS transistor
become equal to V .. On the other hand, assuming now that
a drain voltage 1s equal to V,, the source-to-drain voltage
Vo 18 given by the following equation (28):

(27).

Vps=Vas— Vo (23).

Based upon the conditions defined by the above-described
equation (27) and equation (28), the current adder circuit
needs to be designed 1n such a manner that the following
equation can be satisfied:

Ves—Vp"Ves—Vr
namely,

Vp<V7 (29).

The voltage V 5 15 a voltage of a node to which the drains of
the MOS transistors M1 and M3, or the drains of the MOS
transistors M2 and M4 are connected. Based upon this
condition and the above-described equation (29), the nput
voltage of the current adder circuit must be set lower than or
equal to VTI. Now, as a specific value, since a threshold
voltage V'T of a general transistor 1s approximately 0.7 V, the
input voltage of the current adder circuit needs to be lower
than or equal to approximately 0.7 V in accordance with the
equation (29).

Similarly, the condition under which the NMOS transis-
tors M7 to M10 enters into the pentode region (saturation
region) when the mput voltage 1s equal to the maximum
potential of V ,,,, 1s the gate voltages ot V. Theretore, the
source voltages of these NMOS transistors become equal to
V =V zcat this time. On the other hand, assuming now that
the drain voltage 1s equal to V 5, the source-to-drain voltage
V< 1s given by the following equation (30):

VosVo—(Vop—Vas)

Based upon the conditions defined by the above-described
equation (27) and equation (30), the current adder circuit 1s
required to be designed 1n such a manner that the following
equation can be satisfied:

(30)

Vp=-VpptVeas®Vas—Vr
namely,

Vop-Vp<Vr (31).

The drain voltage V 5 1s a terminal voltage of a node to which
the drains of the NMOS transistors M7 and M9, or the drains
of the NMOS transistors M8 and M10 are connected. Based

upon this condition and the above-described equation (31),
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the mput voltage of the current adder circuit must be set
higher than or equal to V.-V .. Now, as specific value, the
iput voltage 1s required to be set higher than or equal to
approximately (V,5,—-0.7V). The current adder circuit of
FIG. 9 1s required to be designed in such a manner that the
above-explained conditions can be satisfied. It should be
noted that one example of the current adder circuits capable
of satistying the conditions 1s the circuit arrangement of the
current adder circuit shown in FIG. 10.

Next, the reason why this current adder circuit of FIG. 10
can satisly the above-described conditions will now be
explained. The mput terminal voltage of the current adder
circuit when the mput voltage 1s equal to GND (zero volt) 1s
drain voltages V56 0 the NMOS transistors M23
and M26. Assuming now that the terminal voltage of the bias
terminal BN2 1s V.., and the gate-to-source voltage of each
of the NMOS transistors M27 and M28 18 V ;g rm7/a05), this

drain voltage V 5y 054006y 18 g1ven by the tollowing equation
(32):

Vioansnne™Yana—V easan7mans) (32).

In this case, this terminal voltage V .., of the bias terminal
BN2 is generated by the gate-to-source voltage of the MOS

transistor 1n a general design. Therefore, the above -equation
(32) 1s modified as follows:

Vioansinne ™Y as— Y asanrmansy V.7 V (33).

As a consequence, this equation (33) can satisty the above
conditions. Similarly, when the input voltage 1s the maxi-
mum potential of V ,,,, the above-described conditions can
be satisfied. Thus, 11 such a circuit arrangement 1s employed,
the mput Rail-to-rail can be realized. As a result, the use
clliciency of the power supply can be increased, and the low
voltage and the low power consumption can be realized.

FIG. 11 1s a diagram showing another specific circuit of
the current adder circuit. Referring now to FIG. 11, this
current adder circuit will be described. The current adder
circuit shown 1 FIG. 11 1s composed of a sixth current
mirror circuit connected to the positive power supply, a
seventh current mirror circuit connected to the ground
terminal GND, and a third floating constant current source.
This sixth current mirror circuit 1s composed of PMOS
transistors M41 and M42. The gate of the PMOS transistor
M41 1s connected to the gate of the PMOS transistor M42,
and the drain of the PMOS transistor M41. Also, the sources
of the PMOS transistors M41 and M42 are connected to the
positive power supply voltage V,,,. The drains of the
PMOS transistor M41 and M42 are connected to a node of
the drains of the NMOS transistors M7 and M9 and a node
of the drains of the NMOS transistors M8 and M10, respec-
tively.

This seventh current mirror circuit 1s composed of NMOS
transistors M43 and M44. The gate of the NMOS transistor
M43 1s connected to the gate of the NMOS transistor M44,
and the drain of the NMOS transistor M43. Also, the sources
of the NMOS transistors M43 and M44 are connected to the
ground voltage GND. The drains of the NMOS ftransistor
M43 and M44 are connected to a node of the drains of the
PMOS transistors M2 and M4 and a node of the drains of the
PMOS ftransistors M1 and M3, respectively.

The third floating constant current source 1s composed of
a PMOS transistor M52 and an NMOS transistor M51 which
are connected 1n parallel. The source of the PMOS transistor
M52 and the drain of the NMOS transistor M51 are com-
monly connected to the drain of the NMOS transistor M44.
Also, the source of the PMOS transistor M52 and the drain

of the NMOS transistor M51 are commonly connected to the
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drain of the PMOS transistor M42. The gate of the PMOS
transistor M52 and the gate of the NMOS transistor M31 are
connected with bias terminals BP3 and BN3, respectively.

A series circuit of a constant current source CC3, capaci-
tors C1 and C2, and a constant current source CC4 1s
provided between the positive power supply voltage V 5,
and the ground voltage GND. A node between the constant
current source CC3 and the capacitor C1 1s connected with
the drain of the PMOS transistor M42. Also, a node between

the constant current source CC4 and the capacitor C2 1s
connected with the drain of the NMOS transistor M44. A
node between the capacitors C1 and C2 1s connected with an
output terminal OUT.

An output stage circuit 1s composed of a PMOS transistor
M53 and an NMOS transistor M54 which are connected 1n
series between the power supply voltage V,,, and the
ground voltage GND. The gate of the PMOS transistor M53
1s connected to the drain of the PMOS transistor M42 and
the node between the constant current source CC3 and the
capacitor C1. Also, the gate of the NMOS transistor M54 1s
connected to the drain of the NMOS transistor M44 and the
node between the constant current source CC4 and the
capacitor C2. A node between the PMOS transistor M53 and
the NMOS transistor M54 1s connected with the output
terminal OUT. This output stage circuit constitutes a so-
called AB class output circuit, and an i1dling current 1is
determined based upon a voltage between the bias terminals
BP3 and BN3. The constant current source CC3 flows a
same current as the constant current source CC4 flows, and
may be same as a current flowing through the third floating,
constant current source.

In this current adder circuit shown in FIG. 11, current
consumption becomes small, as compared with that of the
current adder circuit of FIG. 10. The reason 1s 1n that the first
floating constant current source of MOS transistors M29 and
M30 can be omitted 1n the current adder circuit 1n FIG. 11
as well as the current flowing through the current path of the
transistors M51/M52 can be reduced to a minimum current
value 1n a design.

As described above, 1n accordance with the present inven-
tion, the NMOS ftransistor differential amplifier and the
PMOS transistor differential amplifier are combined with
cach other so as to cancel the errors in the respective
differential amplifiers. As a result, when the two different
input voltages V, and V, are supplied to the two 1nput
terminals, the averaged voltage, namely, (V,+V,)/2) can be
correctly outputted.

What 1s claimed 1s:

1. A differential amplifier circuit comprising:

a first differential transistor pair which receives a first
mput signal at a first P-channel transistor, a second
input signal at a second P-channel transistor and an
output signal as a third input signal at third and fourth
P-channel transistors;

a second differential transistor pair which receives said
first input signal at a fifth N-chanrel transistor, said
second 1nput signal at a sixth N-channel transistor and
said output signal as a fourth input signal at seventh and
cighth N-channel transistors,; and

a first amplifier circuit comprised of said first diffevential
transistor pair and said second differential transistor
pair is configured to output an averaged voltage of two
gradation voltages in an LCD driver.

2. The differential amplifier circuit according to claim 1,

turther comprising:
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an adder section which adds first output signals from said
first differential transistor pair and second output sig-
nals from said second differential transistor pair; and

an amplifying unit which amplifies an addition resultant
signal from said adder section to produce said output
signal and outputs said output signal to said first and
second differential transistor pairs.

3. The differential amplifier circuit according to claim 2,

[wherein said first differential transistor pair comprises:]
wherein said first and second P-channel transistors [hav-
ing] fave sources which are commonly connected,
gates which respectively receive said first and second
input signals, and drains which are commonly con-
nected]; and],

wherein said third and fourth P-channel transistors [hav-
ing] iave sources which are commonly connected with
said sources of said first and second P-channel transis-
tors, gates which commonly receive said output signal,
and drains which are commonly connected|; and],

[wherein said second differential transistor pair com-
prises:}

wherein said fifth and sixth N-channel transistors [having]
have sources which are commonly connected, gates
which respectively recerve said first and second input
signals, and drains which are commonly connected];
and].

wherein said seventh and eighth N-channel transistors
[having] Zave sources which are commonly connected
with said sources of said fifth and sixth N-channel
transistors, gates which commonly receive said output
signal, and drains which are commonly connected,

wherein said first output signals are respectively output
from said drains of said first and second P-channel
transistors and said drains of said third and fourth
P-channel transistors, and

wherein said second output signals are respectively output
from said drains of said fifth and sixth N-channel
transistors and said drains of said seventh and eighth
N-channel transistors.

4. The diferential amplifier circuit according to claim 3,

wherein said adder section comprises:

a first current mirror circuit connected with said first
differential transistor pair to receive said first output
signals;

a second current mirror circuit which 1s connected with
said second differential transistor pair and outputs one
of said second output signals to one of transistors of
said first current mirror circuit; and

a third current mirror circuit which 1s connected with said
second differential transistor pair and outputs [the

other] arother of said second output signals to [the
other] another of said transistors of said first current
mirror circuit.

5. The diferential amplifier circuit according to claim 4,

further comprising:

first and second constant current sources,

wherein said first and second P-channel transistors are
connected 1n parallel to each other and said sources of
said first and second P-channel transistors are con-
nected with said first constant current source, and said
drains of said first and second P-channel transistors are
commonly connected with one of transistors of said
first current mirror circuit to output one of said first
output signals to said one [transistor] of said transistors
of said first current mirror circuit,

said third and fourth P-channel transistors are connected
in parallel to each other and said sources of said third
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and fourth P-channel transistors are connected with
said first constant current source, and said drains of said
third and fourth P-channel transistors are commonly
connected with the Jother] another of said transistors of
said first current mirror circuit to output the other of 5
said first output signals to said other [transistor] of said
transistors of said first current mirror circuit,

said fifth and sixth N-channel transistors are connected 1n
parallel to each other and said [source] sources of said
fifth and sixth N-channel transistors are commonly 10
connected [with said second constant current sourcel]
and said drains of said fifth and sixth N-channel tran-
sistors are commonly connected with one of transistors
of said second current mirror circuit, and

said seventh and eighth N-channel transistors are con- 15
nected 1n parallel to each other and said sources of said
seventh and eighth N-channel transistors are commonly
connected with said [second constant current] source of
said fifth and sixth N-channel tramsistors, and said
drains of said seventh and eighth N-channel transistors 20
are commonly connected with one of transistors of said
third current mirror circuit,

wherein the one of said second output signals 1s supplied
from [the other transistor] another of said transistors of
said second current mirror circuit to said [other tran- 25
sistor] another of said transistors of said first current
mirror circuit, and

the other of said second output signals 1s supplied from
[the other transistor] another of said transistors of said
third current mirror circuit to said one [transistor] of 30
said transistors of said first current mirror circuit.

6. The differential amplifier circuit according to claim 2,

wherein said adder section comprises:

a fourth current mirror circuit which receirves said second
output signals; 35

a fifth current mirror circuit which receives said first
output signals; and

a ftloating constant current source section connected
between said fourth and fifth current mirror circuits,

wherein said amplifying unit 1s driven based on a third 40
output signal from said fourth current mirror circuit and
a fourth output signal from said fifth current mirror
circuit to output said addition resultant signal.

7. The differential amplifier circuit according to claim 6,
wherein each of said fourth and fifth current mirror circuits 45
1s of a cascode connection type.

8. The differential amplifier circuit according to claim 6,
wherein said tloating constant current source section com-
Prises:

a {irst current source section which comprises a P-channel 50
MOS ftransistor and an N-channel MOS transistor
which are connected 1n parallel and 1s connected
between one side of said fourth current mirror circuit
and one side of said fifth current mirror circuit; and

a second current source section which comprises a 55
P-channel MOS ftransistor and an N-channel MOS
transistor which are connected in parallel and 1s con-
nected between [the other] arother side of said fourth
current mirror circuit and [the other] another side of
said fifth current mirror circuit. 60

9. The differential amplifier circuit according to claim 6,
wherein said amplifying unit comprises:

a P-channel MOS ftransistor and an N-channel MOS

transistor which are connected 1n series,

said P-channel MOS transistor and said N-channel MOS 65
transistor of [said] an output stage circuit receive as
said addition resultant signal, said third output signal

22

from said fourth current mirror circuit and said fourth
output signal from said fifth current mirror circuit
respectively, and said output signal 1s outputted from a
node between said P-channel MOS transistor and said
N-channel MOS transistor of said output stage circuait.
10. The differential amplifier circuit according to claim 6,

wherein said tloating constant current source section com-
Prises:

a first current source section which comprises a P-channel
MOS transistor and an N-channel MOS transistor
which are comnected 1n parallel and 1s connected
between one side of said fourth current mirror circuit
and one side of said fifth current mirror circuit.

11. The differential amplifier circuit according to claim

10, wherein said amplifying unit comprises:

a P-channel MOS ftransistor and an N-channel MOS
transistor which are connected 1n series,

said P-channel MOS transistor and said N-channel MOS
transistor of [said] an output stage circuit receive as
said addition resultant signal, said third output signal
from said fourth current mirror circuit and said fourth
output signal from said fifth current mirror circuit
respectively, and said output signal 1s outputted from a
node between said P-channel MOS transistor and said
N-channel MOS ftransistor of said output stage circuit.

12. The differential amplifier circuit according to claim 3,

wherein a mobility of each of said first to fourth P-channel
[MOS] transistors is W, and a mobility of each of said fifth
to eighth N-channel [MOS] transistors is [L,

a ratio of a gate width W of each of said first to fourth
P-channel [MOS] transistors to a gate length L thereof
1S:

W
T,

a ratio of a gate width W of each of said fifth to eighth
N-channel [MOS] transistors to a gate length L thereof
1S:

W
Ty

when a gate oxide film capacitance per unit area of each
of said first to fourth P-channel [MOS] transistors and
said fifth to eighth N-channel [MOS] transistors is C,,
B, and [, indicated by the following equations satisty
a relation of 3 =P~

W

Pp = T P#PCD
W

Py = T P#NCG

13. A differential amplifier circuit comprising:

a first differential transistor pair which recerves first and
second mput signals and an output signal as a third
iput signal;

a second differential transistor pair which receives said
first and second 1nput signals and said output signal as
a fourth mput signal;
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an adder section which adds first output signals from said
first differential transistor pair and second output sig-
nals from said second differential transistor pair; and

an amplifying unmit which amplifies an addition resultant
signal from said adder section to output to said first and
second differential transistor pairs,

wherein said first differential transistor pair comprises:

first and second P-channel transistors having sources
which are commonly connected, gates which respec-
tively receive said first and second input signals, and
drains which are commonly connected; and

third and fourth P-channel transistors having sources
which are commonly connected with said sources of
said first and second P-channel transistors, gates which
commonly receive said output signal, and drains which

are commonly connected, and

said second differential transistor pair comprises:

fiftth and sixth N-channel transistors having [source]
sources which are commonly connected, gates which
respectively receive said first and second 1nput signals,
and drains which are commonly connected; and

seventh and eighth N-channel transistors having sources
which are commonly connected with said sources of
said fifth and sixth N-channel transistors, gates which
commonly receive said output signal, and drains which
are commonly connected,

said first output signals are respectively outputted from
said drains of said first and second P-channel transistors
and said drains of said third and fourth P-channel
transistors, and

said second output signals are respectively outputted from
said drains of said fifth and sixth N-channel transistors
and said drains of said seventh and eighth N-channel
transistors,

said adder section comprises:

a fourth current mirror circuit which receives said second
output signals;

a fifth current mirror circuit which receives said first
output signals; and

a floating constant current source section connected
between said fourth and fifth current mirror circuaits,
and

said amplifying unit 1s driven based on a third output
signal from said fourth current mirror circuit and a
fourth output signal from said fifth current mirror
circuit to output said addition resultant signal; and

a first amplifier circuit comprised of said first diffevential
transistor pair and said second differential transistor
pair is configured to output an averaged voltage of two
gradation voltages in an LCD driver.

14. The differential amplifier circuit according to claim

13, wherein said adder section further comprises:

a first current mirror circuit connected with said first
differential transistor pair to receive said first output
signals;

a second current mirror circuit which 1s connected with
said second differential transistor pair and outputs one
of said second output signals to one of transistors of
said first current mirror circuit; and

a third current mirror circuit which 1s connected with said
second differential transistor pair and outputs [the
other] arother of said second output signals to [the
other] another of said transistors of said first current
mirror circuit.

15. The differential amplifier circuit according to claim

14, further comprising:
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first and second constant current sources,

wherein said first and second P-channel transistors are
connected 1n parallel to each other and said sources of
said first and second P-channel transistors are con-
nected with said first constant current source, and said
drains of said first and second P-channel transistors are
commonly connected with one of transistors of said
first current mirror circuit to output one of said first
output signals to said one [transistor] of said transistors
of said first current mirror circuit,

said third and fourth P-channel transistors are connected
in parallel to each other and said sources of said third
and fourth P-channel transistors are connected with
said first constant current source, and said drains of said
third and fourth P-chanrnel transistors are commonly
connected with the Jother] arother of said transistors of
said first current mirror circuit to output the other of
said first output signals to said other [transistor] of said
transistors of said first current mirror circuit,

said fifth and sixth N-channel transistors are connected in
parallel to each other and said [source] sources of said
fifth and sixth N-channel transistors are commonly
connected [with said second constant current sourcel],
and said drains of said fifth and sixth N-channel tran-
sistors are commonly connected with one of transistors
of said second current mirror circuit, and

said seventh and eighth N-channel transistors are con-
nected 1n parallel to each other and said sources of said
seventh and eighth N-channel transistors are commonly
connected with said [second constant current] source of
said fifth and sixth N-channel transistors, and said
drains of said seventh and eighth N-channel transistors
are commonly connected with one of transistors of said
third current mirror circuit,

wherein one of said second output signals 1s supplied
from [the other transistor] arother of said transistors of
said second current mirror circuit to said other [tran-
sistor] of said tramsistors of said first current mirror
circuit, and

the other of said second output signals 1s supplied from
[the other transistor] another of said transistors of said
third current mirror circuit to said one [transistor] of
said transistors of said first current mirror circuit.

16. A diflerential amplifier circuit comprising:

a first diflerential circuit of a first type which 1s responsive
to first and second 1nput signals and an output signal to
convey a first node and a second [nodes] node,

wherein said first and second mput signals are received by
first and second transistors, respectively, and said out-
put signal 1s received by third and fourth transistors;

a second diflerential circuit of a second type complemen-
tary to said first type which 1s responsive to said first
and second mput signals and said output signal to
convey a third node and a fourth [nodes] node,

wherein said first and second mnput signals are received by
fifth and sixth transistors, respectively, and said output
signal 1s received by seventh and eighth transistors; and

wherein a first amplifier civcuit comprised of said first
differential circuit and said second differential civcuit is
configured to output an averaged voltage of two gra-
dation voltages in an LCD driver.

17. The differential amplifier circuit according to claim

16, further comprising:

a first current mirror circuit having a first terminal coupled
to said second node;

a second current mirror circuit having a first terminal
coupled to said third node and having a second terminal
coupled to said second node;
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a third current mirror circuit having a first terminal
coupled to said fourth node and having a second
terminal coupled to said first node; and

an amplifier coupled to said second node to output said
output signal. 5

18. The differential amplifier circuit according to claim 1,

Jurther comprising:

a plurality of amplifier circuits each comprised of a same
structure as that of the first amplifier circuit.

19. The differential amplifier circuit according to claim 10

13, further comprising:

a plurality of amplifier circuits each comprised of a same
structure as that of the first amplifier circuit.

20. The differential amplifier circuit according to claim
16, further comprising: 15
a plurality of amplifier circuits each comprised of a same

structure as that of the first amplifier circuit.
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