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67 ABSTRACT

An integrated circuit device has a plurality of amplifier
circuits integrated within a chip, and includes current mirror
circuits constituted by a plurality of diode-connected input-
side transistors for receiving a current for setting a bias
current, and a plurality of output transistors for respectively
supplying output currents corresponding to the received
current, as bias currents, to the amplifier circuits. The
input-side transistors are distributed to the plurality of
amplifier circuits.

22 Claims, 14 Drawing Sheets
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INTEGRATED CIRCUIT DEVICE AND
LIQUID CRYSTAL DISPLAY APPARATUS
USING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATION

This application is based upon and claims the benefit of
priority from the prior Japanese Patent Application No.
11-048327, filed Feb. 25, 1999, the entire contents of which
are incorporated herein by reference.

BACKGROUND OF THE INVENTION

The present invention relates to an integrated circuit
device fabricated by integrating many electronic circuits
such as amplifier circuits, and a liquid crystal display
apparatus and, more particularly, to an integrated circuit
device designed to reduce bias current deviations between
chips, and a liquid crystal display apparatus using the
integrated circuit device as an amplifier circuit for a driver
circuit.

A display driver circuit in a conventional liquid crystal
display apparatus comprises first memory elements which
are equal in number to pixels required for one horizontal line
and used to store a digital video signal (to be referred to as
an RGB signal hereinafter), a shift register for transferring
a timing pulse for storing the RGB signal, second memory
elements for further storing the RGB signal stored in the first
memory elements in a cycle of one horizontal period, a
group of D/A converters (DACS) for converting the RGB
signal stored in the second memory elements into an analog
value, and a group of amplifier circuits for receiving the
RGB signal converted by the group of DACs into the analog
value and driving signal lines and liquid crystal cells of the
liquid crystal display panel. Each liquid crystal cell to which
the voltage of the RGB signal converted into the analog
value is applied changes in transparency in accordance with
the voltage value, thereby determining the brightness of the
corresponding pixel.

In this case, a bias current for the group of amplifier
circuits is set in accordance with a bias signal generated by
one bias circuit. More specifically, a current I,,;,, generated
in the bias circuit is supplied to a diode-connected transistor
in the bias circuit, and the gate voltage of this transistor is
applied to each amplifier circuit of the group of amplifier
circuits.

In each amplifier circuit, the gate voltage of the diode-
connected transistor is applied to a gate of a transistor and
converted into a current. This converted current is used as a
bias current in each amplifier circuit. That is, the transistors
of the bias circuit and amplifier circuit constitute a current
mirror circuit. The transistors of the bias circuit and ampli-
fier circuit respectively serve as the input- and output-side
transistors of the current mirror circuit.

Although the number of amplifier circuits included in the
group of amplifier circuits depends on the specifications of
a liquid crystal display apparatus, an apparatus using amor-
phous silicon TFTs for a liquid crystal display panel uses as
many as 3,000 amplifier circuits. It is therefore difficult to
integrate the group of amplifier circuits into one chip. For
this reason, such amplifier circuits are generally fabricated
into a plurality of chips. In this case, a bias circuit is
provided for each chip. In general, one chip incorporates
about 300 amplifier circuits.

These amplifier circuits are integrated to be arrayed in a
chip. The input-side transistor (the transistor of a bias
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circuit) of a current mirror circuit is placed on either end of
this amplifier circuit array. For example, the input-side
transistor is placed beside the amplifier circuit on the left
end.

MOS transistors are generally used as the transistors of a
bias circuit and amplifier circuit. In general, MOS transistors
deviate in threshold voltage (Vt) within a certain range
between different chips and within the same chip. Assume
that the transistors of amplifier circuits deviate in threshold
voltage. Even in this case, if the number of amplifier circuits
in one chip is as many as 300, the transistors of the amplifier
circuits generally exhibit little difference, even between
different chips, in the manner in which the threshold voltage
deviates.

If, however, the diode-connected transistors in the bias
circuits deviate in threshold voltage between chips, bias
currents flowing in the transistors in the amplifier circuits
deviate in accordance with the deviations in threshold
voltage, resulting in differences in current consumption and
characteristics between the chips. The difference in current
consumption between the chips greatly affects the power
supply design of the liquid crystal display apparatus, and
hence is undesired. In addition, the deviations in character-
istics between the chips lead to a deterioration in the image
quality of the liquid crystal display apparatus.

As described above, according to the bias circuit arrange-
ment for the amplifier circuits used for the conventional
liquid crystal display apparatus, bias currents flowing in
many transistors of the amplifier circuits in chips deviate
between the chips, resulting in differences in current con-
sumption and characteristics between the chips.

BRIEF SUMMARY OF THE INVENTION

It is an object of the present invention to provide an
integrated circuit device which reduces deviations in bias
current between chips to reduce differences in current con-
sumption and characteristics between the chips and a liquid
crystal display apparatus which realizes easy design by
using the integrated circuit device as a driver circuit and
reduces a deterioration in image quality.

According to the present invention, there is provided an
integrated circuit device comprising a plurality of electronic
circuits, and a current mirror circuit constituted by a plural-
ity of diode-connected input-side transistors which receive
an input current for setting a bias current and are distributed
to the plurality of electronic circuits, and a plurality of
output-side transistors which respectively supply output
currents corresponding to the input current, as bias currents,
to the plurality of electronic circuits, wherein the plurality of
¢lectronic circuits and the current mirror circuit are inte-
grated into one chip.

According to the present invention, the plurality of elec-
tronic circuits are arrayed and integrated within the chip, and
the input-side transistors are distributed to and arranged in
every L (L is an integer not less than one) electronic circuits
of the plurality of electronic circuits.

According to the present invention, the plurality of elec-
tronic circuits are arrayed and integrated within the chip, and
only P (P is an integer satisfying PEM) diode-connected
input-side transistors in every M diode-connected input-side
diodes are connected to each other so as to constitute current
mirror circuits.

As described above, according to the integrated circuit
device of the present invention, the plurality of diode-
connected input-side transistors are arranged, which consti-
tute the current mirror circuit, together with the output-side
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transistors for generating bias currents in the respective
electronic circuits, and these input-side transistors are dis-
tributed and arranged, thereby making the averages of
deviations in the threshold voltages of the input-side tran-
sistors of the respective chips become almost equal to each
other between the chips. This therefore improves the match-
ing between the input-side transistors and output-side
transistors, and reduces differences in current consumption
and characteristics between the chips.

According to the present invention, there is provided a
liquid crystal display apparatus comprising a liquid crystal
display constituted by a plurality of pixels, signal lines for
selectively supplying video signals to the respective pixels
and scanning lines crossing the signal lines, a driver circuit
including a group of amplifier circuits which amplify video
signals and supply the signals to the signal lines and drives
the signal lines, and a selector circuit which selects the
scanning lines, wherein the group of amplifier circuits are
integrated into a plurality of chips in units of a predeter-
mined number of amplifier circuits, each of the chips includ-
ing integrated current mirror circuits fabricated by a plural-
ity of diode-connected input-side transistors which receive
an input current for setting a bias current, and a plurality of
output-side transistors which respectively supply output
currents corresponding to the input current, as bias currents,
to the amplifier circuits, and the plurality of input-side
transistors are distributed to and arranged in the plurality of
amplifier circuits incorporated in the respective chips.

As described above, if a group of amplifier circuits in a
driver circuit for a liquid crystal display apparatus is fabri-
cated by using the integrated circuit device of the present
invention, a liquid crystal display apparatus can be realized,
which allows easy design of a power supply, in particular,
because of small differences in current consumption and
characteristics between the chips, and exhibits little deterio-
ration in image quality due to deviations in characteristics.

According to the present invention, there is provided an
integrated circuit device comprising a plurality of output
transistors which receive a setting voltage for setting a bias
current and supply output currents as bias currents to elec-
tronic circuits, a plurality of monitoring transistors which
are distributed to and arranged in the plurality of electronic
circuits and output monitoring currents upon reception of the
setting voltage, and an amplifier which amplifies a voltage
corresponding to a difference between the monitoring cur-
rent and a set input current and outputting the setting
voltage.

According to the present invention, there is provided a
liquid crystal display apparatus comprising a liquid crystal
display constituted by a plurality of pixels, signal lines for
selectively supplying video signals to the respective pixels
and scanning lines crossing the signal lines, a group of
amplifier circuits which amplify video signals and supplying
the signals to the signal lines, a driver circuit which drives
the signal lines, and a selector circuit which selects the
scanning lines, wherein the group of amplifier circuits are
integrated into a plurality of chips in units of a predeter-
mined number of amplifier circuits, and each of the chips
comprises a plurality of output transistors which receive a
setting voltage for setting a bias current and supplying
output currents as bias currents to the amplifier circuits, a
plurality of monitoring transistors which are distributed to
and arranged in the plurality of amplifier circuits and output
monitoring currents upon reception of the setting voltage,
and an amplifier which amplifies a voltage corresponding to
a difference between the monitoring current and a set input
current and outputting the setting voltage.
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Additional objects and advantages of the invention will be
set forth in the description which follows, and in part will be
obvious from the description, or may be learned by practice
of the invention. The objects and advantages of the invention
may be realized and obtained by means of the instrumen-
talities and combinations particularly pointed out hereinaf-
ter.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWING

The accompanying drawings, which are incorporated in
and constitute a part of the specification, illustrate presently
preferred embodiments of the invention, and together with
the general description given above and the detailed descrip-
tion of the preferred embodiments given below, serve to
explain the principles of the invention.

FIG. 1 is a block diagram showing the arrangement of a
liquid crystal display apparatus;

FIG. 2 is a circuit diagram showing the arrangement of a
liquid crystal display driver circuit in FIG. 1,

FIG. 3 is a block diagram showing the arrangement of an
integrated circuit device according to the first embodiment
of the present invention,

FIG. 4 is a view showing an array pattern of input- and
output-side transistors;

FIG. 5 is a transistor array pattern of the integrated circuit
device m FIG. 3;

FIG. 6 is a circuit diagram showing the arrangement of an
integrated circuit device according to the second embodi-
ment of the present invention,

FIG. 7 is a circuit diagram showing the arrangement of an
integrated circuit device according to the third embodiment
of the present invention,

FIGS. 8A, 8B, and 8C are circuit diagrams respectively
showing a basic circuit and final circuits of a bias circuit
portion to explain the third embodiment;

FIGS. 9A, 9B, and 9C are views respectively showing a
basic pattern and final patterns which respectively corre-
spond to the basic circuit and final circuits in FIGS. 8A, 8B,
and 8C;

FIG. 10 is a circuit diagram showing the arrangement of
an integrated circuit device according to the fourth embodi-
ment of the present invention,

FIG. 11 is a circuit diagram showing the arrangement of
an integrated circuit device according to the fifth embodi-
ment of the present invention;

FIG. 12 is a circuit diagram showing an example of the
arrangement of an amplifier circuit to which the present
invention is applied;

FIG. 13 is a circuit diagram showing another example of
the arrangement of the amplifier circuit to which the present
invention is applied,

FIG. 14 is a circuit diagram showing the arrangement of
an integrated circuit device according to the sixth embodi-
ment of the present invention,

FIG. 15 is a circuit diagram showing the arrangement of
an integrated circuit device according to the seventh
embodiment of the present invention;

FIG. 16 is a circuit diagram showing the arrangement of
an integrated circuit device according to the eighth embodi-
ment of the present invention,

FIG. 17 is a circuit diagram showing the arrangement of
an integrated circuit device according to the ninth embodi-
ment of the present invention,
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FIG. 18 is a circuit diagram showing the arrangement of
an integrated circuit device according to the 10th embodi-
ment of the present invention,

FIG. 19 is a circuit diagram showing the arrangement of
an integrated circuit device according to the 11th embodi-
ment of the present invention,

FIG. 20 is a circuit diagram showing the arrangement of
an integrated circuit device according to the 12th embodi-
ment of the present invention;

FIG. 21 is a circuit diagram showing the arrangement of
an integrated circuit device according to the 13th embodi-
ment of the present invention; and

FIG. 22 is a circuit diagram showing the arrangement of
an integrated circuit device according to the 14th embodi-
ment of the present invention.

DETAILED DESCRIPTION OF THE
INVENTION

FIG. 1 shows a liquid crystal display apparatus to which
the present invention is applied. This liquid crystal display
apparatus comprises a liquid crystal display panel 10, a
liquid crystal display driver circuit 12 which supplies a
video signal to signal lines, and a scanning line selector
circuit 13 which selectively drives scanning lines. The liquid
crystal display panel (LCD panel) 10 is made up of many
liquid crystal cells 11 arranged in the form of a matrix, a
plurality of signal lines 14 to which a video signal is
supplied, and a plurality of scanning lines 15 crossing these
signal lines 14.

The liquid crystal display driver circuit 12 of the liquid
crystal display apparatus comprises memory elements 22
which are equal in number to pixels required for one
horizontal line and are used to store a digital video signal (to
be referred to as an RGB signal hereinafter), a shift register
21 which transfers a timing pulse for storing the RGB signal,
memory elements 23 which further store the RGB signal
stored in the memory elements 22 in a cycle of one hori-
zontal period, a group of D/A converters (DACs) 24 which
converts the 1-horizontal-line RGB signal stored in the
memory elements 23 into an analog value, and a group of
amplifier circuits 25 which receive the RGB signal con-
verted by the group of DACs 24 into the analog value and
drive the signal lines 14 and liquid crystal cells 11 of the
liquid crystal display apparatus. Each liquid crystal cell 11
to which the voltage of the RGB signal converted into the
analog vale changes in transparency in accordance with the
voltage value, thereby determining the brightness of the
corresponding pixel.

FIG. 3 shows a 1-chip integrated circuit device according
to the first embodiment of the present invention which is
used for the above liquid crystal display apparatus. This
integrated circuit device has a plurality of (N) amplifier
circuits 31 to 3N. The amplifier circuits 31 to 3N constitute
part of the group of amplifier circuits 25 in FIG. 2, which is
included in the liquid crystal display driver circuit 12 of the
liquid crystal display apparatus shown in, for example, FIG.
1. These amplifier circuits are arranged in a line in a chip in
the lateral direction in FIG. 3.

Bias current mirror circuits are respectively arranged in
the amplifier circuits 31 to 3N. The bias current mirror
circuits respectively have diode-connected transistors MR1
to MRN as input-side transistors and transistors M1 to MN
as output-side transistors. In this case, these transistors MR1
to MRN and M1 to MN are MOS transistors.

The gates and drains of the input-side transistors MR1 to
MRN are connected to cach other, that is, these transistors
are diode-connected. The transistors MR1 to MRN are
further connected to a line to which a current I, for setting
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a bias current is supplied, i.e., a bias current setting line BL.
The sources of the input-side transistors MR1 to MRN are
connected to a driving power supply line Vss. The gates of
the output-side transistors M1 to MN are connected to the
gates and drains of the input-side transistors MR1 to MRN,
i.e., the bias current setting line BL. The sources of the
transistors M1 to MN are connected to the driving power
supply line Vss. The drains of the output-side transistors M1
to MN are connected to circuits which are formed in the
amplifier circuits 31 to 3N to receive bias currents.

According to the characteristic feature of this
embodiment, the input-side transistors MR1 to MRN of the
current mirror circuits serving parts of the bias circuits as
described above are distributed to and arranged in the
amplifier circuits 31 to 3N. In this embodiment, the current
I,,;. for setting a bias current, which is supplied through the
bias current setting line BL, is input to the transistors MR1
to MRN of the N amplifier circuits 31 to 3N. These input-
side transistors MR1 to MRN are arranged near the output-
side transistors M1 to MN for generating bias currents in the
amplifier circuits 31 to 3N. As shown in FIG. 4, the
input-side transistor MR is placed near the output-side
transistor M. In other words, the gate electrodes G of the
transistor MR are formed of a first stage layer made of
polysilicon and connected to a VGS wiring layer consisting
of a first stage layer. The source electrodes S of the transistor
MR are connected to a GND wiring layer consisting of a first
stage layer via a wiring layer consisting of a second stage
layer. The drain electrode D of the transistor MR is con-
nected to the VGS wiring layer. The gate electrodes G of the
transistor M arranged near the transistor MR are formed of
a first stage layer made of polysilicon and connected to the
VGS wiring layer. The source electrodes S of the transistor
MR are connected to the GND wiring layer via a wiring
layer consisting of a second stage layer.

When the circuit pattern in FIG. 4 is used to form the
overall circuit pattern of the amplifier circuits 31 to 3N, a
plurality of circuit patterns, each identical to the circuit
pattern in FIG. 4, are connected to each other in a line, as
shown in FIG. 5.

With this arrangement of this embodiment, the conven-
tional problem is solved in the following manner.

The gate-source voltage of each of the diode-connected
input-side transistors MR1 to MRN is close to the average
of the gate-source voltages of the transistors MR1 to MRN
when a current of [, /N flows in each of the transistors
MR1 to MRN.

Let AV, be a deviation in the threshold voltage (vt) of the
input-side transistors MR1 to MRN, and AV, be a deviation
in the threshold voltage of the output-side transistors M1 to
MN. In this case, the statistical expected value of AV is
zero, and the actual average of AV is close to the statistical
expected value, i.e., a value close to zero. For this reason,
deviations in the threshold voltage of the input-side transis-
tors MR1 to MRN, i.., deviations in gate/source voltage
between the chips, can be reduced. On the other hand, the
deviations AV, in the threshold voltage of the output-side
transistors M1 to MN do not greatly differ between the
chips. Therefore, differences in the current consumption of
the amplifier circuits 31 to 3N between the chips can be
reduced, and hence differences in the characteristics of the
amplifier circuits 31 to 3N between the chips can be reduced.

The above phenomenon will be further described below.

A drain current Id flowing in each MOS transistor is given
by

Lik(VasViY ]
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where VGS is the gate-source voltage of the MOS transistor,
Vt is a threshold voltage, and k is a coefficient.

When many transistors are used, the sum Id of drain
currents is given by

L ZKVs-VAAY)?

I ) K[(Vos = Vil? +2Vos = VOAV; + AVD)]
i

where AV, is deviations in the threshold voltage V,.
The deviations

S
i

in threshold voltage statistically become closer to zero with
an increase in the number of transistors. Also, the deviation

24

is much smaller than

D Vas - v

i

and can be ignored. Therefore, the deviation approximates to
the formula:

I Y k(Vas =V, @

Accordingly, the sum I, of drain currents becomes almost
constant. Similarly, consider a bias current I,. The bias
current [, is given by

I k(Vgs= V:"'AVR/')Z ®

When many MOS transistors are used, the bias current I,

is given by

M 6)
Ip o Y Kl(Ves = Vi + AVg?
7
M )
o Y k(Vas = Vil + ) k(Vi= Vas)AVg + ) kAVE
7

4

where Vi, indicates the deviation of the transistor MRj in

the threshold voltage.

The deviations AV, in threshold voltage statistically
become closer to zero with an increase in the number of
transistors. For this reason, the second term of the formula
(7) can be statistically regarded as zero. Also, the deviation

5
J

10

15

is very smaller than

> (Vas— Vi)

K

and can be ignored. Therefore, the bias current I, is deter-
mined by (V;~V,7* and thus V does not substantially
change. That is, if a predetermined bias current I, is supplied
to a plurality of transistors connected in parallel, no devia-
tion in V54 occurs between the chips even if the V, of each
transistor deviates.

As described above, according to this embodiment, the
differences in the current consumption and characteristics of
the amplifier circuits 31 to 3N between the chips can be
reduced. If, therefore, the liquid crystal display driver cir-
cuits 12 of the liquid crystal display apparatus in FIG. 1 are
fabricated by applying IC chips integrating these amplifier
circuits 31 to 3N to the group of amplifier circuits 25 in FIG.
2, deviations in the current consumption and characteristics
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between the chips can be reduced. This makes it easy to
design the apparatus, the power supply, in particular, and
makes it possible to reduce a deterioration in image quality
due to deviations in characteristics.

An integrated circuit device according to the second
embodiment of the present invention will be described next
with reference to FIG. 6.

In the first embodiment, as described above, the size of
each of the input-side transistors MR1 to MRN of the current
mirror circuits corresponds to the value obtained by dividing
the size of one chip by the number N of amplifier circuits 31
to 3N in the chip. Since the number N of amplifier circuits
31 to 3N often takes a large value, e.g., 300, the input-side
transistors MR1 to MRN become very small transistors. In
practice, such transistors may be impossible or difficult to
fabricate.

This embodiment shown in FIG. 6 is designed to make an
improvement in this point. Input-side transistors MR1 to
MR(N/L) are distributed to and arranged in every L (L is an
integer not less than one, in this case I.=2) amplifier circuits
of a plurality of (N) amplifier circuits 41 to 4N arranged in
a line. In other words, the division number of input-side
transistor is set to N/L), and the divided input-side transis-
tors MR1 to MR(N/L) are respectively arranged in every L
amplifier circuits, i.e., the amplifier circuits 41,43, . .., 4N.

As in the first embodiment, the gates and drains of the
input-side transistors MR1 to MR(N/L) are connected to a
bias current setting line to which a current I,,,,. is supplied,
and the sources of the transistors MR1 to MR(N/2) are
connected to a driving power supply line Vss.

With this arrangement, the size of each of the input-side
transistors MR1 to MR(N/L) becomes N/L) as compared
with the first embodiment. This leads to easier integration. In
addition, almost the same effects as those of the first
embodiment can be obtained.

FIG. 7 shows the arrangement of an integrated circuit
device according to the third embodiment of the present
invention. Of the diode-connected transistors of a plurality
of (N) amplifier circuits 51 to SN arranged in a line in a chip,
only P (P is an integer satisfying P=M) transistors of every
M (M is an integer not less than one) amplifier circuits of the
amplifier circuits 51 to 5N are connected, together with
output-side transistors, so as to form current mirror circuits.

FIG. 7 shows a case wherein M=2 and P=1. In this case,
the drains and gates of only diode-connected transistors
MR1, MR2, ..., MR(N/2) in the alternate amplifier circuits
51,53,...,5(N-1) are connected to a bias current setting
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line to which a current I, for setting a bias current is
supplied, and form current mirror circuits, together with
output-side transistors M1 to MN. The drains and gates of
diode-connected transistors MD1, . . . , MD(N/2) in the
remaining amplifier circuits 52, . . ., 5N are connected to a
driving power supply line V, but form no current mirror
circuits.

This arrangement is suitable for integration. In general,
when a plurality of identical circuits are to be integrated, one
basic circuit pattern is laid out and used repeatedly to
improve the layout efficiency in many cases. In this
embodiment, an improvement in layout efficiency is attained
by using this procedure.

More specifically, N basic patterns each shown in FIG. 9A
are prepared. Each basic pattern corresponds to a basic
circuit constituted by a diode-connected transistor and a
transistor that is not diode-connected, as shown in FIG. 8A.
These N basic patterns are arranged in a line. As shown in
FIG. 8B, the drain and gate of the diode-connected transistor
and the drain of the transistor that is not diode-connected in
the basic circuit in FIG. 8A are connected to a bias current
setting line (the upper line in FIG. 8B), and the sources of
the two transistors are connected to the power supply line
V., (the lower line in FIG. 8B). With this process, the circuit
pattern shown in FIG. 9B is formed. This circuit pattern
corresponds to, for example, the input-side transistor MR1
and output-side transistor M1 in FIG. 7.

As shown in FIG. 8C, only the drain of the transistor that
is not diode-connected in the basic pattern circuit in FIG. 8A
is connected to the bias current setting line (the upper line in
FIG. 8A), and the drain, gate, and source of the diode-
connected transistor and the source of the transistor that is
not diode-connected are connected to the power supply line
V., (the lower line in FIG. 8C). with this process, the circuit
pattern shown in FIG. 9C is formed. This circuit pattern
corresponds to the diode-connected transistor MD1 that is
not part of any current mirror circuit and the output-side
transistor M2 of the current mirror circuit in FIG. 7.

In the case of the amplifier circuit 42 in FIG. 6, the
transistor MR is set in a non-connected state and only the
transistor M is connected to the bias current setting line BL
and power supply line in FIG. 9A.

FIG. 10 shows the arrangement of an integrated circuit
device according to the fifth embodiment of the present
invention, in which diode-connected input-side transistors
MR1 and MR2 of the current mirror circuits are respectively
arranged on the two sides of an array of a plurality of (N)
amplifier circuits 61 to 6N arranged in a line within a chip.
As in the above embodiments described above, the gates and
drains of the transistors MR1 and MR2 are connected to a
bias current setting line BL to which a current I, is
supplied, and the sources of the transistors are connected to
a power supply line V..

According to this embodiment, the distances between the
input-side transistors MR1 and MR2 and output-side tran-
sistors M1 to MN in the amplifier circuits 61 to 6N are
decreased to realize better matching between the two
transistors, thereby reducing deviations in the characteristics
of the current mirror circuits.

In this embodiment, when the amplifier circuits 61 to 6N
exist as a 1-chip integrated circuit, an integrated circuit
device can be realized by only adding the transistors MR1
and MR2 to this integrated circuit.

FIG. 11 shows the arrangement of an integrated circuit
device according to the sixth embodiment of the present
invention. In this embodiment, a bias current mirror circuit
is placed midway along an array of a plurality of amplifier
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circuits in a chip. More specifically, diode-connected input-
side transistors MR2 and MR3 of a current mirror circuit are
arranged between an amplifier circuit 7i and an adjacent
amplifier circuit 7(i+1) of amplifier circuits 71, . . . , 7,
7(i+1), . . ., 7N. In addition, according to this embodiment,
as in the fourth embodiment, diode-connected input-side
transistors MR1 and MR4 of current mirror circuits are
respectively arranged outside the amplifier circuits 71 and
7N on the two ends.

As in the embodiments described above, the gates and
drains of the input-side transistors MR1, MR2, MR3, and
MR4 are connected to a bias current setting line BL to which
a current I, is supplied, and the sources of the respective
transistors are connected to a power supply line V__.

Each amplifier circuit described in the embodiments
described above will be described next.

The amplifier circuit shown in FIG. 12 is made up of an
input amplification stage, output amplification stage, and
resistor Rf. The input amplification stage comprises transis-
tors Mpl and Mp2 constituting a pair of differential
transistors, a current source using a transistor Mp4 to
supplying a tail current to the pair of differential transistors,
and a current mirror circuit constituted by transistors Mnl
and Mn2 having current input and output terminals respec-
tively connected to the drains as the output terminals of the
pair of differential transistors. The output amplification stage
is fabricated by a pair of complementary transistors consti-
tuted by transistors Mp3 and Mn3. Note that reference
symbol Mpx denotes a P-channel MOS transistor; and Mnx,
an N-channel MOS transistor.

According to this amplifier circuit, the first zero is formed
in open loop frequency characteristics by the resistor Rf and
capacitive component of a capacitive load CL inserted
between the output terminal (the drains of the transistors
Mun3 and Mp3) and a signal output terminal OUT. As a phase
lead is introduced by this zero, the phase lag caused by poles
can be compensated. More specifically, since the phase
margin as the difference between the -180° phase and the
phase at a gain of 1 can be increased, any phase compen-
sation capacitance Cf for stabilizing the operation of the
amplifier circuit is not basically required. Even if a phase
compensation capacitance Cf is required, since only a very
small capacitance is required, the chip area can be reduced.
This action of the amplifier circuit is described in detailed in
U.S. Ser. No. 09/128,414.

A diode-connected transistor Mp5 and bias current source
Ibl in FIG. 12 are constituted by output-side transistors Mi
(i=1,2,...,N)of current mirror circuits to determine a gate
bias for the transistors Mp3 and Mp4.

FIG. 13 shows another amplifier circuit. In the amplifier
circuit shown in FIG. 12, if a voltage follower arrangement
is employed, in which a signal is fed back from the output
terminal (the drains of the transistors Mn3 and Mp3) of the
output amplification stage to a signal input terminal IN- as
indicated by the dashed line in FIG. 12, the slew rate at rising
is determined by the current supplied from the transistor
Mp3 and the value of the capacitive load CL. Since the
current supplied from the transistor Mp3 is small, a sufficient
slew rate cannot be obtained.

In order to improve this point, in the amplifier circuit
shown in FIG. 13, the output current from the transistor Mp3
for supplying a bias current to the output amplification stage
is increased upon detection of a change in input signal
voltage to positive polarity, thereby increasing the slew rate
at rising. That is, a change in input signal voltage to positive
polarity is detected by transistors Mn4 and Mp6, and a
transistor Mp7 is turned on when the input signal voltage
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changes to positive polarity, thereby supplying a current
from a current source IL to the diode-connected transistor
MpS5 that determines a gate bias for the transistor Mp3. With
this arrangement, the voltage of the gate bias of the transistor
Mp3 is increased.

More specifically, a transistor Mp6 constitutes a current
source, and its gate is connected to the drain and gate of the
transistor Mp3 for determining a bias current. The gate of the
transistor Mp7 is connected to the drains of the transistors
Mn4 and Mp6. The source and drain of the transistor Mp7
are respectively connected to the drain and gate of the
transistor Mp3 for determining a bias current and the current
source IL.

For the sake of simplicity, assume that the transistor Mn4
is equal in size to the transistor Mnl of an input amplifica-
tion stage 2, i.e., equal in W/L (where W is the channel width
of a MOS transistor, and L is the channel length of the MOS
transistor), and a size (W/L) Mp6 of the transistor Mp6 is 0.6
times a size (W/L) Mp4 of the current source transistor Mp4
of the input amplification stage 2.

When the voltage applied between the signal input ter-
minals IN+ and IN- is zero or negative, i.e., the voltage at
the positive-side signal input terminal IN+ is lower than that
at the negative-side signal input terminal IN-, a current %: or
less of the current supplied from the transistor Mp4 flows in
the transistor Mnl, and the current in the transistor Mnl is
copied by the transistor Mn4. In this case, since the current
supplied from the transistor Mp6 is 0.6 times the current
supplied from the transistor Mp4 and larger than the current
flowing the transistor Mn4. For this reason, the drain voltage
of the transistor Mp6 becomes high, and the transistor Mp7
is turned off. As a comsequence, the supplied from the
current source IL is not added to the transistor Mp5.

If the input signal voltage applied between the signal
input terminals IN+ and IN- is not less than a predetermined
positive voltage, i.e., the voltage at the positive-side signal
input terminal IN+ is higher than the voltage at the signal
input terminal IN- by a predetermined level or higher, a
current larger than 0.6 times the current supplied from the
transistor Mp4 flows in the transistor Mnl, and the current
in the transistor Mn1 is copied by the transistor Mn4. At this
time, since the current supplied from the transistor Mp6 is
0.6 times the current supplied from the transistor Mp4, and
hence is smaller than the current flowing in the transistor
Mn4, the drain voltage of the transistor Mp6é decreases to
turn on the transistor Mp7. With this operation, since the
current supplied from the current source IL is added to the
bias current setting transistor Mp5 through the transistor
Mp7, the gate-source voltage of the transistor Mp$
increases, and the current supplied from the transistor Mp4
also increases.

As described above, the amplifier circuit shown in FIG.
13 can control the current supplied from the transistor Mp3
of an output amplification stage 3 to increase it as an input
signal voltage changes to the positive polarity, the slew rate
at rising can be increased.

The diode-connected transistor Mp35 and bias current
source Ibl in FIGS. 12 and 13 determine a gate bias for the
transistors Mp3 and Mp4, and the bias current source Ibl is
formed by an output-side transistor Mi (i=1, 2, . . . , N) of
a current mirror circuit described above. The current source
IL shown in FIG. 13 can be realized by the same arrange-
ment.

FIG. 14 shows an integrated circuit device according to
the sixth embodiment of the present invention. This inte-
grated circuit device has a plurality of (N) amplifier circuits
120-1 to 120-N. For example, the amplifier circuits 120-1 to
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120-N constitute some of the group of amplifier circuits 25
in FIG. 2 which are included in the liquid crystal display
driver circuit 12 of the liquid crystal display apparatus
shown in FIG. 1. For example, these amplifier circuits are
arranged in a line along the lateral direction in FIG. 14. The
amplifier circuits 120-1 to 120-N respectively include bias
current supplying transistors M1 to MN and monitoring
transistors MF1 to MEN for receiving the same gate voltage
to monitor the bias currents supplied from the bias current
supplying transistors M1 to MN. That is, each of the
amplifier circuits 120-1 to 120-N is made up of one of the
bias current supplying transistors M1 to MN and one of the
monitoring transistors MF1 to MEN, with each pair of a
current supplying transistor and monitoring transistor hav-
ing gates connected to each other and sources connected to
each other. The drain of each of the monitoring transistors
MF1 to MFN is connected to a current mirror circuit
constituted by transistors MB1 and MB2.

A current [, for setting a bias current is compared with
the sum of currents output from the monitoring transistors
MF1 to MFEN through the current mirror circuit constituted
by the transistors MB1 and MB2, and is converted into a
voltage corresponding to the current difference at the drain
terminal of the transistor MB2. This voltage is amplified by
an amplifier Al and commonly applied to the gates of the
transistors M1 to MN and transistors MF1 to MFN.

For the sake of simplicity, assume that the respective
output transistors Mi (i=1 to N) are equal in size, and so are
the respective monitoring transistors MFi (i=1 to N).
Assume also that the gate width/gate length (to be referred
to as W/L hereinafter) of each transmission MFi (i=1 to N)
is 1/N of the W/L of each transistor Mi (i=1 to N). If
matching between all the transistors Mi and all the transis-
tors MF1 is obtained, since the same voltage is applied to the
gates of the transistors Mi and transistors MFi, a current Ifi
flowing in the transistors MFiis 1/N a current Ii flowing the
transistors Mi. Since the drains of the transistors MFi are
commonly connected, the currents flowing in the transistors
MFi are added, and the sum is equal to the current Ii flowing
in the transistors Mi.

The sum of the currents flowing in the transistors MFi is
compared with the set current I, at the drain terminal of
the transistor MB2. If the current I, is larger than the sum
of the currents flowing in the transistors MFi, the drain
voltage of the transistor MB2 increases. This drain voltage
is amplified by the amplifier Al to increase the gate voltage
of the transistors Mi and transistors MFi so as to increase the
currents flowing in the transistors MFi. As a consequence,
the sum of the currents flowing in the transistors MFi
becomes equal to the current I, . In contrast to this, if the
current I, is smaller than the sum of the currents flowing
in the transistors MFi, the drain voltage of the transistor
MB2 decreases. This drain voltage is amplified by the
amplifier Al to decrease the gate voltage of the transistors
Mi and transistor MFi so as to decrease the currents flowing
in the transistors MFi. As a consequence, the sum of the
currents flowing in the transistors MFi becomes equal to the
current [,;, .

According to the characteristic feature of this
embodiment, the monitoring transistors are distributed to
and arranged in the amplifier circuits 120-1 to 120-N, as
described above. That is, this embodiment includes the N
monitoring transistors MF1 to MFN corresponding to the
number N of amplifier circuits 120-1 to 120-N unlike the
prior art in which only one monitoring transistor MF is used.
These monitoring transistors MF1 to MFN are arranged near
the output transistors M1 to MN for generating bias currents
in the amplifier circuits 120-1 to 120-N.
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With this arrangement of this embodiment, the problem
posed by deviations in the threshold voltage of each tran-
sistor in the prior art can be solved in the following manner.

The gate-source voltage commonly applied to the moni-
toring transistors becomes close to the average of the
gate-source voltages of the transistors MF1 to MFN when a
current of I, /N flows in each of the transistors MF1 to
MEN.

Let AV, be deviations in the threshold voltage (V,) of the
monitoring transistors MF1 to MEN, and AV, be deviations
in the threshold voltage of the output transistors M1 to MN.
In this case, the statistical expected value of AV, is zero,
and the actual average of deviations becomes a value close
to the statistical expected value, i.e., zero. The sum of the
current flowing in the transistors MFi is described as fol-
lows:

bias'

Id« Zk(vcs —Vi+AVR)? @)

i

I« Zk(vcs —Ve+ AV)? +2(Vis — VOAV + AVE] @

Since

Z %U(Vgs — VOAVE
1

is close to zero and
p7

is much smaller than

> (Vas = Vi,

i

the equation (9) can be approximated as follows:

Id« Zk(vcs - Vp?

This means that when the sum of the currents flowing to the
transistors MF1 to MFN is I, even if there is the deviation
AV, in the threshold voltage, the VGS becomes substan-
tially equal to a value when V,=0. Since the average of bias
currents supplied from the transistors M1 to MN becomes
closer to the current 1, , the sum of the current consumption
values of the amplifier circuits 120-1 to 120-N becomes
closer to the sum of the current consumption values of the
amplifier circuits 120-1 to 126-N when the bias current
supplied to each of the amplifier circuits 120-1 to 120-N is
the current 1, regardless of the chips. For this reason, the
differences in current consumption between the chips can be
reduced. In addition, by reducing the differences in current
consumption between the chips, the differences in charac-
teristics of the amplifier circuits 120-1 to 120-N between the
chips can be reduced. As described above, according to this
embodiment, the differences in current consumption and
characteristics of the amplifier circuits 120-1 to 120-N
between the chips can be reduced. If, therefore, the liquid
crystal display driver circuits of the liquid crystal display
apparatus in FIG. 1 are formed by applying chips obtained
by integrating these amplifier circuits 120-1 to 120-N to the

10

15

20

25

30

35

40

45

50

55

60

65

14

group of amplifier circuits 25 in FIG. 2, deviations in the
current consumption and characteristics of the integrated
liquid crystal display driver circuits 12 between the chips
can be reduced. This makes it easy to design the apparatus,
the bias circuits, in particular, and makes it possible to
reduce a deterioration in image quality due to deviations in
characteristics.

FIG. 15 shows the seventh embodiment in which the
amplifier Al of the integrated circuit device shown in FIG.
14 is realized by the source follower constituted by a
transistor MA1 and current source IB1.

FIG. 16 shows an integrated circuit device according to
the eighth embodiment. According to this embodiment, the
amplifier Al of the integrated circuit device shown in FIG.
14 comprises a transistor MA10 for generating a current
corresponding to an input voltage to the amplifier Al, a
diode-connected transistor MA11 for receiving the differ-
ence current between a current flowing in the transistor
MAI10 and a bias current IB2, a transistor MA12 that
constitutes a current mirror circuit, together with the tran-
sistor MA11, and folds/outputs the difference current
between the current flowing in the transistor MA10 and the
bias current IB2, and a diode-connected transistor MA13 for
receiving this current. This transistor MA13 constitutes
current mirror circuits, together with output transistors M1
to MN and monitoring transistors MF1 to MFN.

For the sake of simplicity, assume that the transistors
MA10 to MA12 have the same size, and the size of the
transistor MA13 is equal to that of each of the transistors M1
to MN. Assume also that IB2=2I,, .

The current generated by the transistor MA10 in accor-
dance with an input voltage to the amplifier Al is compared
with the bias current IB2, and the difference current is folded
by the current mirror circuit constituted by the transistors
MAI11 and MAI12. If this difference current is larger than
L;.s» the average of the currents flowing in the monitoring
transistors MF1 to MEN is larger than I, /N, and hence the
sum of the currents in the monitoring transistors MF1 to
MEN becomes larger than I,;,.. For this reason, the drain
voltage of the transistor MB2 decreases. As a consequence,
the gate-source voltage of the input transistor MA10 of the
amplifier Al increases, and the difference current between
this current and the bias current IB2 becomes closer to I,

If the difference current between the bias current IB2 and
the current generated by the transistor MA10 in accordance
with an input voltage to the amplifier Al is smaller than I,
the average of the currents flowing in the monitoring tran-
sistors MF1 to MFN becomes smaller than I, /N. Since the
sum of currents of the monitoring transistors MF1 to MFN
is smaller than I,,,, the drain voltage of the transistor MB2
therefore increases. As a consequence, the gate-source volt-
age of the transistor MA10 of the amplifier Al decreases,
and the difference current between the bias current I, and
the current generated in accordance with the input voltage
becomes closer to I,

In general, if the monitoring transistors MF are divided by
the number N of amplifier circuits integrated into one chip,
since the number of amplifier circuit often becomes as large
as 300, each monitoring transistor MFi (i=1 to N) becomes
a very small transistor. In practice, therefore, such small
transistors are difficult to form in some cases. In such a case,
the division number is set to N/L (L is a positive integer),
and the monitoring transistors MFi are arranged for every L
amplifier circuits, thus obtaining the same effect as that
described above.

FIG. 17 shows an integrated circuit device according to
the ninth embodiment with L=2.
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As in an integrated circuit device according to the 10th
embodiment shown in FIG. 18, a plurality of diode-
connected transistors MA13-1 to MA13-(N/2) of an ampli-
fier Al, which constitute current mirror circuits together
with output transistors Mi (i=1-N) and monitoring transis-
tors MFi (i=1 to N), and the plurality of monitoring tran-
sistors MFi may be alternately arranged in amplifier circuits
124-1 to 124-N.

In addition, as in an integrated circuit device according to
the 11th embodiment shown in FIG. 19, two monitoring
transistors MF1 and MF2 may be arranged on the two ends
of an array of a plurality of amplifier circuits to shorten the
distances between the monitoring transistors MF1 and MF2
and transistors M1 to MN in the amplifier circuits, thereby
realizing better matching and reducing deviations. In this
case, as in the 12th embodiment shown in FIG. 20, diode-
connected transistors MA12-1 to MA13-2 of an amplifier Al
may be arranged at the two ends of an array of a plurality of
amplifier circuits 126-1 to 126N.

FIG. 21 shows an integrated circuit device according to
the 13th embodiment in which a differential amplifier circuit
is used as an amplifier Al. According to this embodiment, by
connecting the negative input terminal of the differential
amplifier circuit to the drain of a transistor MB1, control can
be performed to make the drain voltage of the transistor
MBI become equal to that of a transistor MB2. This makes
it possible to increase the precision of the current mirror
constituted by the transistors MB1 and MB2.

In an integrated circuit device according to the 14th
embodiment shown in FIG. 22, a differential amplifier
circuit is used as the amplifier Al in FIG. 21. This differ-
ential amplifier circuit comprises transistors MA22 and
MA23 constituting an input differential pair, a transistor
MA21 for supplying a current to the input differential pair,
and a diode-connected transistor MA24 which receives an
output current from the transistor MA22 and constitutes a
current mirror circuit, together with transistors M1 to MN of
amplifier circuits 128-1 to 128-N and monitoring transistors
MF1 to MFEN. In this case, the drain voltage of a transistor
MBI is level-shifted by using a diode-connected transistor
MB3 such that the input voltage of the differential amplifier
circuit falls within the operation range of the differential
amplifier circuit. A diode-connected transistor MB4 is a
level-shifting transistor that is inserted to make the drain
voltage of a transistor MB2 become equal to that of the
transistor MB1.

For the sake of simplicity, assume that the W/L of the
transistor MA21 is twice the W/L of the transistor MBL. A
current twice I, . therefore flows in the transistor MA21.
Assume also that the transistors MB3, MB4, MA22, and
MA23 are equal in size. In addition, assume that the size of
the transistor MA24 is equal to that of each of the transistors
M1 to MN.

The positive input voltage of the amplifier Al which is
applied to the gate of the transistor MA23 is compared with
the negative input voltage applied to the gate of the transistor
MA22, ie., the voltage obtained by the transistor MB3
level-shifting the drain voltage of the transistor MB1 by a
gate/source voltage. If the sum of currents flowing in the
monitoring transistors MF1 to MEN is larger than the current
I, folded by the current mirror constituted by the transis-
tors MB1 and MB2, and the positive input voltage is lower
than the negative input voltage, more than half of the current
supplied from the transistor MA21 flows in the transistor
MA23, and the current flowing in the transistor MA22
becomes smaller than I,;,.. The current flowing in the
transistor MA22 is input to the diode-connected transistor
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MA24, and the gate voltage of the transistor MA24
decreases. As a consequence, the sum of currents flowing in
the monitoring transistors MF1 to MFN decreases to become
closer to I, If the sum of currents flowing in the moni-
toring transistors MF1 to MEN is smaller than the current
I, folded by the current mirror constituted by the transis-
tors MB1 and MB2, and the positive input voltage is higher
than the negative input voltage, more than half of the current
supplied from the transistor MA21 flows in the transistor
MA23. The current flowing in the transistor MA22 becomes
larger than I,,,.. The current flowing in the transistor MA22
is then input to the diode-connected transistor MA24, and
the gate voltage of the transistor MA24 increases. As a
consequence, the sum of currents flowing in the monitoring
transistors MF1 to MFN becomes closer to I, .

As has been described above, according to the integrated
circuit device of the present invention, in current mirror
circuits as part of a bias circuit for electronic circuits such as
a plurality of amplifier circuits, an output-side transistor is
provided for each electronic circuit, and input-side transis-
tors are distributed to and arranged in a plurality of elec-
tronic circuits, or arranged adjacent to the electronic circuits
on the two sides. This arrangement makes it possible to
reduce deviations in the threshold voltage of input-side
transistors between chips and decrease the differences in the
current consumption and characteristics between the chips.

According to the present invention, there is provided a
liquid crystal display apparatus which allows easy design of
a power supply, in particular, by using such an integrated
circuit device for a driver circuit, and reduces a deterioration
in image quality due to differences in characteristics
between chips.

In addition, since a plurality of monitoring transistors are
arranged near output transistors for generating bias currents
in the respective circuits, matching between the monitoring
transistors and the transistors for generating bias currents in
the respective circuits can be improved, thereby reducing the
differences in current consumption and characteristics
between chips.

Furthermore, if a group of amplifier circuits in a driver
circuit for a liquid crystal display apparatus is formed by
using an integrated circuit device according to the present
invention, since the differences in current consumption and
characteristics between chips are small, a liquid crystal
display apparatus with little deterioration in image quality
due to deviations in characteristics can be realized.

Additional advantages and modifications will readily
occur to those skilled in the art. Therefore, the invention in
its broader aspects is not limited to the specific details and
representative embodiments shown and described herein.
Accordingly, various modifications may be made without
departing from the spirit or scope of the general inventive
concept as defined by the appended claims and their equiva-
lents.

What is claimed is:

1. An integrated circuit device comprising:

a plurality of electronic circuits; and

a plurality of current mirror circuits comprising a plurality

of diode-connected input-side transistors which receive
an input current for setting a bias current and are
distributed to said plurality of electronic circuits, and a
plurality of output-side transistors which respectively
supply output currents corresponding to the input
current, as bias currents, to said plurality of electronic
circuits,

wherein said plurality of electronic circuits and said

current mirror circuit are integrated into one chip.
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2. A device according to claim 1, wherein said plurality of
electronic circuits are integrated in an array in the chip, and
said input-side transistors are distributed to every L, where
L is an integer not less than one, electronic circuits of said
plurality of electronic circuits.

3. A device according to claim 1, wherein said plurality of
electronic circuits are integrated in an array in the chip, and
only P, where P is an integer satisfying P=M, transistors in
every M diode-connected input-side transistors in said plu-
rality of electronic circuits are connected to each other so as
to comprise current mirror circuits.

4. A device according to claim 1, wherein said input-side
transistors comprise two input-side transistors arranged on
two ends of an array of said plurality of electronic circuits.

3. A liquid crystal display apparatus comprising:

a liquid crystal display including a plurality of pixels,
signal lines for selectively supplying video signals to
the respective pixels and scanning lines crossing the
signal lines;

a driver circuit including a group of amplifier circuits
configured to amplify video signals and supply the
signals to the signal lines and drives the signal lines;
and

wherein the group of amplifier circuits are integrated into
a plurality of chips in units of a predetermined number
of amplifier circuits, each of the chips including inte-
grated current mirror circuits comprising a plurality of
diode-connected input-side transistors which receive an
input current for setting a bias current, and a plurality
of output-side transistors configured to respectively
supply output currents corresponding to the input
current, as bias currents, to said amplifier circuits, and
said plurality of input-side transistors are distributed to
said plurality of amplifier circuits incorporated in each
of the chips.

6. An apparatus according to claim 5, wherein said
predetermined number of amplifier circuits are integrated in
an array in a corresponding one of the chips, and said
input-side transistors are distributed to every L, where L is
an integer not less than one, amplifier circuits of said
plurality of amplifier circuits.

7. An apparatus according to claim 35, wherein said
predetermined number of amplifier circuits are integrated
into an array in a corresponding one of the chips, and only
P, where Pis an integer satisfying P=M, transistors in every
M diode-connected input-side transistors in said predeter-
mined number of amplifier circuits are connected to each
other so as to constitute current mirror circuits.

8. An apparatus according to claim 5, wherein said
predetermined number of amplifier circuits are integrated in
an array in a corresponding one of the chips, and said
input-side transistors comprise two input-side transistors
arranged on two ends of an array of said plurality of
amplifier circuits.

9. An integrated circuit device comprising:

a plurality of electronic circuits;

a plurality of output transistors configured to receive a
setting voltage for setting a bias current and supply
output currents as bias currents to said electronic cir-
cuits;

a plurality of monitoring transistors distributed to said
plurality of electronic circuits to output monitoring
currents upon reception of the setting voltage; and

an amplifier configured to amplify a voltage correspond-
ing to a difference between the monitoring current and
a set input current and output the setting voltage.
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10. A device according to claim 9, wherein said amplifier
comprises one of a source follower and emitter follower.

11. A device according to claim 9, wherein said amplifier
includes an output stage having at least one diode-connected
transistor comprising current mirror circuits together with
said plurality of output transistors.

12. A device according to claim 11, wherein said plurality
of electronic circuits are integrated in an array in a chip, and
said at least one diode-connected transistor includes a plu-
rality of diode-connected transistors connected in parallel
and distributed to every M, where M is an integer not less
than one, electronic circuits of said plurality of electronic
circuits.

13. A device according to claim 9, wherein said plurality
of electronic circuits are integrated in an array in a chip, and
said monitoring transistors are distributed to every L, where
L is an integer not less than one, electronic circuits of said
plurality of electronic circuits.

14. A device according to claim 9, wherein said plurality
of electronic circuits are integrated in an array in a chip, and
said monitoring transistors comprise at least two monitoring
transistors which are arranged on two ends of an array of
said plurality of electronic circuits and output monitoring
currents upon reception of the setting voltage.

15. A device according to claim 9, wherein said plurality
of electronic circuits are integrated in an array in a chip, and
said diode-connected transistors comprise at least two
parallel-connected transistors and are arranged on two ends
of an array of said electronic circuits.

16. A liquid crystal display apparatus comprising:

a liquid crystal display including a plurality of pixels,
signal lines for selectively supplying video signals to
the pixels, and scanning lines crossing the signal lines;

a group of amplifier circuits configured to amplify video
signals and supply the signals to the signal lines;

a driver circuit configured to drive the signal lines; and

a selector circuit configured to select the scanning lines,

wherein said group of amplifier circuits are integrated into
a plurality of chips in units of a predetermined number
of amplifier circuits, and each of the chips comprises

a plurality of output transistors configured to receive a
sctting voltage for setting a bias current and supply
output currents as bias currents to said amplifier
circuits,

a plurality of monitoring transistors distributed to said
plurality of amplifier circuits to output monitoring
currents upon reception of the setting voltage; and

an amplifier configured to amplify a voltage correspond-
ing to a difference between the monitoring current and
a set input current and output the setting voltage.

17. An apparatus according to claim 16, wherein said
amplifier comprises one of a source follower and emitter
follower.

18. An apparatus according to claim 16, wherein said
amplifier includes an output stage having a diode-connected
transistor comprising current mirror circuits, together with
said plurality of output transistors.

19. An apparatus according to claim 18, wherein said
plurality of electronic circuits are integrated in an array in a
chip, and said diode-connected transistors comprise a plu-
rality of parallel-connected transistors and are distributed to
every M, where M is an integer not less than one, electronic
circuits of said plurality of electronic circuits.

20. An apparatus according to claim 16, wherein said
plurality of electronic circuits are integrated in an array in a
chip, and said monitoring transistors are distributed to every
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L, where L is an integer not less than one, electronic circuits
of said plurality of electronic circuits.

21. An apparatus according to claim 16, wherein said
plurality of electronic circuits are integrated in an array in a
chip, and said monitoring transistors comprise at least two
monitoring transistors which are arranged on two ends of an
array of said plurality of electronic circuits and output
monitoring currents upon reception of the setting voltage.

20

22. An apparatus according to claim 16, wherein said
plurality of electronic circuits are integrated in an array in a
chip, and said diode-connected transistors comprise at least
two parallel-connected transistors and are arranged on two
ends of an array of said electronic circuits.
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