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LIQUID CRYSTAL DISPLAY DEVICE

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] The present application claims priority from Japa-
nese application JP 2008-064455 filed on Mar. 13, 2008, the
content of which is hereby incorporated by reference into this
application.

BACKGROUND OF THE INVENTION

[0002] 1.Field of the Invention

[0003] The present invention relates to a liquid crystal dis-
play device. More particularly, the present invention relates to
a technique applicable to a drive circuit of a liquid crystal
display device that is used as a display part of a portable
device.

[0004] 2. Description of the Related Art

[0005] Tin film transistor (TFT) liquid crystal display
devices are widely used as a display device for personal
computers, television sets, and the like. These liquid crystal
display devices includes a liquid crystal display panel and a
drive circuit for driving the liquid crystal display panel.
[0006] Among liquid crystal display devices of this type,
small-sized ones are popular as a display device for portable
devices such as cellular phones. A liquid crystal display
device that is used as a display device of a portable device
needs to be small in size and yet high in definition.

[0007] Generally speaking, enhancing the definition of a
liquid crystal display device increases the wiring length,
reduces the wiring width, and causes other phenomena that
raise the wiring resistance value. As a result, at a location
distant from the drive circuit, the electric potential falls due to
a drop in voltage and the signal waveform is dulled.

[0008] TP 06-004046 A (hereinafter, referred to as Patent
Document 1) describes a liquid crystal display device that
varies the applied voltage depending on the position of a
relevant scanning signal line. Patent Document 1, however,
merely touches upon varying theapplied voltage and does not
mention a circuit that corrects the applied voltage depending
on the position.

[0009] Liquid crystal display devices as adisplay device for
portable devices are requested to be further enhanced in defi-
nition. Enhancing the definition of a high-definition liquid
crystal display device means even longer wiring lines of the
liquid crystal display panel, even narrower wiring width to
keep the aperture ratio high, and an even larger wiring resis-
tance value.

[0010] In conventional liquid crystal display devices,
inverse display voltages are applied to adjacent pixel elec-
trodes while the common voltage (the voltage of a counter
electrode) is kept constant. For further lower voltage driving,
conventional liquid crystal displays employ “common alter-
nate driving” (polarity inversion) in which the common volt-
age is changed as well toward a polarity reverse to that of
voltages applied to pixel electrodes.

[0011] Despite the fact that the common voltage in com-
mon alternate driving frequently switches between the posi-
tive polarity and the negative polarity, counter electrode sig-
nal lines which supply the common voltage are limited to a
narrow wiring width, and the counter electrode signal lines
having a narrow wiring width raise a problem in that the
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counter electrode voltage is not steady depending on the level
of voltages written to pixel electrodes or the length of the
signal lines.

[0012] Specifically, in common alternate driving, a single
counter electrode signal line supplies a positive polarity or
negative polarity common voltage to all pixels that constitute
arow that is being scanned for the duration of the scanning of
the row.

[0013] Inthis type of driving, when the number of pixels in
the lateral direction is high, the amount of electric charges
supplied by a single counter electrode signal line can exceed
the supply capacity of the signal line. On the other hand,
increasing the number of pixels in the longitudinal direction
while keeping the frame frequency constant shortens the
scanning time per row and there is not enough time to supply
sufficient electric charges from a single common wiring line.
This also increases the wiring resistance of counter electrode
signal lines and accordingly worsens the problem in that a
change in pixel electrode voltage changes the common volt-
age at a location distant from the drive circuit.

[0014] In addition, common alternate driving where the
polarity of the common voltage is frequently inversed puts
heavy load on the drive circuit. Another problem is that, in
data signal lines, too, an increase in wiring resistance of data
signal lines causes a drop in voltage at a location distant from
the drive circuit.

[0015] Fundamentally, pushing a high resolution to a
higher level requires supplying more current in a shorter
period of time, and it is therefore necessary to widen the
wiring width and thereby lower the wiring resistance in order
to keep a change in common voltage small enough to cause no
problems in a displayed image. On the other hand, the aper-
ture ratio has to be satisfactorily high, and obtaining a high
aperture ratio requires the contrary, i.e., narrowing the wiring
width of counter electrode signal lines and other wiring lines.

SUMMARY OF THE INVENTION

[0016] The present invention has been made to solve the
above-mentioned problems of prior art, and an object of the
present invention is therefore to provide a drive circuit and a
liquid crystal display panel that are capable of supplying data
signals in a manner that accommodates to a change in com-
mon voltage in a small-sized liquid crystal display device.
[0017] The aforementioned and other objects as well as
novel features of the present invention are clarified through
the descriptions herein and the accompanying drawings.
[0018] In order to solve the above-mentioned problems,
aspects of the present invention are as follows.

[0019] (1) A liquid crystal display device according to one
aspect of the present invention includes: a first substrate; a
second substrate; a liquid crystal composition which is held
between the first substrate and the second substrate; a plural-
ity of pixel electrodes which are provided on the first sub-
strate; a counter electrode which is placed to face correspond-
ing one of the plurality of pixel electrodes; a switching
element which supplies a data signal 1o corresponding one of
the plurality of pixel electrodes; a data signal line which
supplies the data signal to the switching element; a scanning
signal line which supplies a scanning signal for controlling
the switching element; a counter electrode signal line which
supplies a voltage to the counter electrode; and a drive circuit
which outputs the data signal and the scanning signal, in
which the drive circuit includes a gray scale voltage generat-
ing circuit, and in which the gray scale voltage generating
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circuit includes a variable resistor circuit having a resistance
value which is varied depending on a position of the scanning
signal line.

[0020] (2) In the liquid crystal display device according to
Item (1), the gray scale voltage generating circuit may include
a gamma correction circuit, and adjust a reference gray scale
voltage, which is output from the gamma correction circuit,
by using the variable resistor circuit.

[0021] (3) In the liquid crystal display device according to
Item (1), the variable resistor circuit may include a plurality of
resistors, which are connected in series, and an analog switch,
which short-circuits input terminals and output terminals of
the plurality of resistors.

[0022] (4) A liquid crystal display device according to
another aspect of the present invention includes: a first sub-
strate; a second substrate; a liquid crystal composition which
1s held between the first substrate and the second substrate; a
plurality of pixel electrodes which are provided on the first
substrate; a counter electrode which is placed to face corre-
sponding one of the plurality of pixel electrodes; a switching
element which supplies a data signal to corresponding one of
the plurality of pixel electrodes; a data signal line which
supplies the data signal to the switching element; a scanning
signal line which supplies a scanning signal for controlling
the switching element; a first counter voltage line and a sec-
ond counter voltage line which supply voltages to the counter
electrode; and a drive circuit which outputs the data signal
and the scanning signal, in which the drive circuit includes a
gray scale voltage generating circuit, and in which the gray
scale voltage generating circuit adjusts a resistance value of a
variable resistor circuit depending on a position of the scan-
ning signal line, and thereby adjusts an amplitude of a gray
scale voltage.

[0023] (5) In the liquid crystal display device according to
Item (4), the gray scale voltage generating circuit may include
a gamma correction circuit, and change a reference gray scale
voltage, which is output from the gamma correction circuit,
by using the variable resistor circuit to thereby adjust the
amplitude of the gray scale voltage.

[0024] (6) In the liquid crystal display device according to
ITtem (4), the variable resistor circuit may include a plurality of
resistors, which are connected in series, and an analog switch,
which short-circuits input terminals and output terminals of
the plurality of resistors.

[0025] (7) A liquid crystal display device according to still
another aspect of the present invention includes: a first sub-
strate; a second substrate; a liquid crystal composition which
1s held between the first substrate and the second substrate; a
plurality of pixel electrodes which are provided on the first
substrate; a counter electrode which is placed to face corre-
sponding one of the plurality of pixel electrodes; a switching
element which supplies a data signal to corresponding one of
the plurality of pixel electrodes; a data signal line which
supplies the data signal to the switching element; a scanning
signal line which supplies a scanning signal for controlling
the switching element; a first counter voltage line and a sec-
ond counter voltage line which supply counter voltages to the
counter electrode; a drive circuit which outputs the data sig-
nal, the scanning signal, and the counter voltages; and an
equalizer circuit which short-circuits the first counter voltage
line and the second counter voltage line, in which the drive
circuit includes a gray scale voltage generating circuit, and in
which the gray scale voltage generating circuit varies a resis-
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tance value of a variable resistor circuit depending on a posi-
tion of the scanning signal line, and thereby adjusts an ampli-
tude of a gray scale voltage.

[0026] (8) In the liquid crystal display device according to
Item (7), the gray scale voltage generating circuit may include
a gamma correction circuit, and adjust a reference gray scale
voltage, which is output from the gamma correction circuit,
by using the variable resistor circuit to thereby adjust the
amplitude of the gray scale voltage.

[0027] (9) In the liquid crystal display device according to
Item (7), the variable resistor circuit may include a plurality of
resistors, which are connected in series, and an analog switch,
which short-circuits input terminals and output terminals of
the plurality of resistors.

[0028] Of the above-mentioned liquid crystal display
devices according to the present invention, the representative
one is outlined as follows:

[0029] Theliquid crystal display device includes: two sub-
strates; a liquid crystal composition held between the two
substrates; a plurality of pixels provided on one of the two
substrates; a pixel electrode provided for each of the plurality
of pixels; a counter electrode which faces the pixel electrode;
a switching element which, when turned on, supplies a data
signal to the pixel electrode; a data signal line which supplies
the data signal to the switching element; a scanning signal line
which supplies a scanning signal for controlling turning
on/off of the switching element; a counter electrode signal
line which supplies a common voltage to the counter elec-
trode; and a drive circuit which outputs the data signal, the
scanning signal, and the common voltage.

[0030] Thedrive circuit corrects the data signal in a manner
that is suited to the position of the counter electrode signal
line or the scanning signal line, and outputs the corrected data
signal to the data signal line. In order to correct the data
signal, the drive circuit includes a gamma correction circuit, a
gray scale voltage amplitude adjustment circuit, and a gray
scale voltage gradient adjustment circuit.

[0031] Effects that are obtained through the representative
aspects of the invention disclosed in the present application
are as follows:

[0032] According to the present invention, a change in
common voltage can be dealt with by correcting a data signal
in a manner that is suited to the position of the counter elec-
trode signal line. Further, optimum data signal correction is
accomplished by providing the drive circuit with a gamma
correction circuit, a gray scale voltage amplitude adjustment
circuit, and a gray scale voltage gradient adjustment circuit.

BRIEF DESCRIPTION OF THE DRAWINGS

[0033] In the accompanying drawings:

[0034] FIG. 1is a block diagram illustrating a basic struc-
ture of a liquid crystal display device according to an embodi-
ment of the present invention;

[0035] FIG. 2 is a block diagram illustrating an internal
circuit structure of the liquid crystal display device according
to the embodiment of the present invention;

[0036] FIG. 3 is a schematic voltage waveform diagram
illustrating a drive voltage of the liquid crystal display device
according to the embodiment of the present invention;
[0037] FIG. 4 is a block diagram illustrating an internal
circuit structure of a liquid crystal drive voltage generating
circuit which is illustrated in FIG. 2;
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[0038] FIG. 5 is a block diagram illustrating an internal
circuit structure of a gamma correction circuit which is illus-
trated in FIG. 2;

[0039] FIG. 6 is a gray scale voltage graph illustrating
gamma correction of the liquid crystal display device accord-
ing to the embodiment of the present invention;

[0040] FIG. 7 is a gray scale voltage graph illustrating the
gamma correction of the liquid crystal display device accord-
ing to the embodiment of the present invention;

[0041] FIG. 8 is a gray scale voltage graph illustrating the
gamma correction of the liquid crystal display device accord-
ing to the embodiment of the present invention;

[0042] FIG. 9 is a gray scale voltage graph illustrating the
gamma correction of the liquid crystal display device accord-
ing to the embodiment of the present invention;

[0043] FIG. 10 is a gray scale voltage graph illustrating the
gamma correction of the liquid crystal display device accord-
ing to the embodiment of the present invention;

[0044] FIG. 11 is a circuit diagram illustrating a circuit
structure of a variable resistor circuit which is illustrated in
FIG. 5;

[0045] FIG. 12 is a circuit diagram illustrating a circuit
structure of a ladder circuit which is illustrated in FIG. 5; and
[0046] FIG. 13 is a block diagram illustrating a structure of
a modification example of the liquid crystal display device
according to the embodiment of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

[0047] An embodiment of the present invention is
described in detail below with reference to the drawings.
[0048] Throughout all diagrams illustrating the embodi-
ment, components that have the same function are denoted by
the same reference symbol to avoid repetitive description.
[0049] FIG. 1 is a block diagram illustrating a basic struc-
ture of a liquid crystal display device according to the
embodiment of the present invention. As illustrated in FIG. 1,
a liquid crystal display device 100 of this embodiment
includes a liquid crystal display panel 1, a drive circuit 5, a
flexible substrate 30, and a backlight 110.

[0050] The liquid crystal display panel 1 includes a TFT
substrate 2 and a filter substrate (not shown in the drawing),
which face each other across a given distance, and a liquid
crystal composition, which is interposed between the two
substrates. A thin film transistor 10, a pixel electrode 11, a
counter electrode (common electrode) 15, and others are
formed on the TFT substrate 2. A color filter and others are
formed on the filter substrate. The two substrates are bonded
to each other with a sealing member, which is attached near
the rims of the substrates like a frame. In bonding the sub-
strates, the liquid crystal composition is injected into the
space between the substrates, and the space is then sealed.
Polarization plates are attached to the outsides of the sub-
strates. The flexible substrate 30 is connected to the TFT
substrate 2.

[0051] This embodiment is applicable to a “lateral field
effect” liquid crystal display panel, where the counter elec-
trode 15 is placed on the TFT substrate 2, and a “vertical field
effect” liquid crystal display panel, where the counter elec-
trode 15 is placed on the filter substrate, alike.

[0052] In FIG. 1, scanning signal lines (also called gate
signal lines) 21 running in a direction x of FIG. 1 are laid side
by side in a direction y, and data signal lines (also called drain
signal lines) 22 running in the direction y are laid side by side
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in the direction x. A pixel portion 8 is formed in each of
regions enclosed by the scanning signal lines 21 and the drain
signal lines 22.

[0053] The liquid crystal display panel 1 includes many
pixel portions 8 in a matrix pattern but only one pixel portion
8 is illustrated in FIG. 1 in order to simplify the drawing. The
plurality of pixel portions 8 arranged into a matrix pattern
constitute a display area 9. In other words, the pixel portions
8 are each a pixel in a displayed image, and the pixel portions
8 emit light to thereby display an image in the display area 9.
[0054] The thin film transistor 10 in the pixel portion 8 has
a source connected to the pixel electrode 11, a drain con-
nected to one of the data signal lines 22, and a gate connected
to one of the scanning signal lines 21. The thin film transistor
10 functions as a switch for supplying a display voltage (gray
scale voltage) to the pixel electrode 11. While the terms
source and drain are reversed depending on the bias direction,
here, a terminal that is connected to the data signal line 22 is
referred to as drain. The pixel electrode 11 and the counter
electrode 15 constitute a capacitor (liquid crystal capacitor).
[0055] The drive circuit 5 is placed on a transparent insu-
lating substrate (e.g., glass substrate or resin substrate) that
constitutes the TFT substrate 2, and to the side of the display
area 9. The drive circuit 5 is connected to the scanning signal
lines 21, the data signal lines 22, and the counter electrode
signal lines 25.

[0056] The flexible substrate 30 is connected to the TFT
substrate 2. The flexible substrate 30 is provided with a con-
nector 4. The connector 4 is connected to an external signal
line through which a signal from the outside is input to the
connector 4. A wiring line 313 is provided between the con-
nector 4 and the drive circuit 5, and a signal from the outside
is input to the drive circuit 5 through the wiring line 313.
[0057] The flexible substrate 30 supplies a constant voltage
to the backlight 110. The backlight 110 is used as a light
source of the liquid crystal display device 100. The backlight
110 is placed on the rear side or front side ofthe liquid crystal
display panel 1. FIG. 1 illustrates the backlight 110 and the
liquid crystal display panel 1 side by side for the sake of
simplification.

[0058] A control signal sent from a control device (not
shown in the drawing) which is placed outside of the liquid
crystal display device 100 and a supply voltage supplied from
an external power supply circuit (not shown in the drawing)
are input to the drive circuit 5 through the connector 4 and the
wiring line 313.

[0059] Signals input to the drive circuit 5 from the outside
include control signals such as a clock signal, a display timing
signal, a horizontal synchronization signal, and a vertical
synchronization signal, display data (R, G, and B), and a
display mode control command. With these input signals, the
drive circuit 5 drives the liquid crystal display panel 1.
[0060] Thedrive circuit 5 is built from a one-chip semicon-
ductor integrated circuit (LSI). The drive circuit 5 includes an
output circuit for outputting scanning signals to the scanning
signal lines 21, an output circuit for outputting data signals to
the data signal lines 22, and an output circuit for outputting
counter electrode voltages (common voltages) to the counter
electrode signal lines 25.

[0061] The drive circuit 5 generates reference clocks based
on the above-mentioned input signals. Based on the thus
generated reference clocks, the drive circuit 5 supplies a
“High” level selecting voltage (scanning signal) to the scan-
ning signal lines 21 of the liquid crystal display panel 1 one by
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one for one cycle of horizontal scanning time. In this way, the
plurality of thin film transistors 10 respectively connected to
the scanning signal lines 21 of the liquid crystal display panel
1 keep their pixel electrodes 11 electrically connected to the
data signal lines 22 for the duration of one horizontal scan-
ning period.

[0062] The drive circuit 5 also outputs to the data signal
lines 22 gray scale voltages corresponding to luminances at
which pixels emit light. When the thin film transistors 10 are
on (in a conductive state), gray scale voltages (data signals)
are supplied from the data signal lines 22 to the pixel elec-
trodes 11. The supplied gray scale voltages are kept in the
pixel electrodes 11 when the thin film transistors 10 are sub-
sequently turned off.

[0063] A counterelectrode voltage is applied to the counter
electrode 15, and the liquid crystal display panel 1 causes a
pixel to emit light by utilizing the electric potential difference
between the pixel electrode 11 and the counter electrode 15 to
change the alignment direction of liquid crystal molecules
that are located between the pixel electrode 11 and the counter
electrode 15 and to thereby change the light transmittance or
reflectance.

[0064] In order to implement alternating driving, the drive
circuit 5 performs common inversion driving in which a
counter electrode voltage having polarity to be inverted for
every given period of time is output to the counter electrode
signal lines 25. The polarity of the counter electrode signal
line 25-2 is therefore reverse to that of the counter electrode
signal line 25-1. The counter electrode signal lines 25 are
connected to the drive circuit 5 and, at a location distant from
the drive circuit 5, the influence of the wiring resistance of the
counter electrode signal lines 25 is too large to be ignored due
to the long wiring length from the drive circuit 5.

[0065] As described above, when a scanning signal turns
one thin film transistor 10 on, a gray scale voltage is supplied
to the pixel electrode 11 from the data signal line 22. The
voltage of the pixel electrode 11 at this point changes the
voltage of the counter electrode 15, which is one of the two
electrodes that constitute the capacitor.

[0066] When the wiring resistance of the counter electrode
signal line 25 is high, the voltage change of the counter
electrode 15 cannot be remedied while the thin film transistor
10 is on, which means a failure in setting the electric potential
difference between the pixel electrode 11 and the counter
electrode 15 to a desired value, and accordingly low display
quality.

[0067] The counter electrode signal lines 25 and the scan-
ning signal lines 21 are arranged side by side with respect to
each other. The arrangement enables the drive circuit 5 to
grasp the position of the counter electrode 15 in which a
voltage change is occurring from the order of a scanning
signal to be output.

[0068] FIG. 2 is a block diagram of an interior of the drive
circuit 5. First, a signal input from the outside is input to a
system interface 71 via an input wiring line 31. In the case of
a data signal, part of the signal is input to an external display
interface 72 as well. At the other end, signals and voltages
necessary to drive the liquid crystal display panel 1 are output
from a scanning signal line terminal 41, a data signal line
terminal 42, and a voltage output terminal 43, which are
output terminals.

[0069] The drive circuit 5 includes a built-in graphic RAM
52, which stores display data. To drive the liquid crystal
display panel 1, the drive circuit 5 specifies an address in the
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graphic RAM 52 that is associated with the particular pixel 8
in the liquid crystal display panel 1, and writes display data in
the graphic RAM 52. The drive circuit 5 outputs a gray scale
voltage based on the display data within the graphic RAM 52
to the liquid crystal display panel 1.

[0070] The drive circuit 5 has various display modes, and
specifies one of the display modes from the outside via the
system interface 71. In specifying a display mode, the drive
circuit 5 controls, for example, the counter electrode voltage
(common voltage) output based on an instruction signal. The
drive circuit 5 is thus capable of handling various display
modes according to an instruction signal, and forming the
drive circuit 5 on a single IC chip makes it a multi-function
drive circuit that requires only a small mounting area.

[0071] Inrecent years, cellular phones that have a diversity
of functions in addition to various display modes have been
developed. Liquid crystal display devices used in cellular
phones have come to accommodate these functions.

[0072] In this trend, the drive circuit 5, too, has functions
for handling various display modes and needs to control these
functions. The drive circuit 5 used in the liquid crystal display
device 100 of this embodiment has registers, and implements
the respective functions by setting values to the resisters.

[0073] The drive circuit 5 may have an automatic sequence
function in order to save the trouble of setting many registers.
However, an automatic sequence function requires determin-
ing in advance what functions can be handled, which means
that a liquid crystal display device equipped with an auto-
matic sequence function ends up having an individually-cus-
tomized liquid crystal display panel. This in turn means that
drive circuits suited to the respective specifications of the
liquid crystal display panels need to be designed.

[0074] Another option is to provide an EPROM separately
from the drive circuit 5 and store register setting values that
are suited to the respective liquid crystal display panels in the
EPROM, whereby a necessary setting value is read out of the
EPROM upon input of an instruction signal from an external
control circuit to the drive circuit 5.

[0075] Instruction signals are set generally through the sys-
tem interface 71. The system interface 71 includes two types
of interfaces, one for 18-bit, 16-bit, or any other arbitrary n-bit
bus signals and the other for clock synchronization serial
signals. The system interface 71 is capable of processing both
parallel and serial signals sent from an external control circuit
such as a micro processing unit (MPU).

[0076] The drive circuit 5 includes an index resister 74 and
a control register 75, which are 16-bit registers, and a write
data register 78 and a read data register 79, which are 18-bit
registers. The registers each read and write data via the system
interface 71. Denoted by reference symbols 31 and 32 are the
input signal line and an output signal line, respectively.
Denoted by a reference symbol 33 is a verification signal
output line. Input data and output data are cross checked with
the use of verification signals.

[0077] The external display interface 72 includes an RGB
interface and a vertical synchronization interface for display-
ing videos, and data signals are input thereto from the outside
via an input signal line 34. When the RGB interface is in
operation, the external display interface 72 takes in display
data in response to vertical synchronization signals and hori-
zontal synchronization signals supplied from the outside.
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[0078] When the vertical synchronization interface is in
operation, the external display interface 72 synchronizes
frames with vertical synchronization signals and uses internal
clocks to take in display data.

[0079] The index register 74 is a register that stores access
information of the control register 75 or the graphic RAM 52.
With the index register 74, an address in the control register
75 and the graphic RAM 52 is specified.

[0080] Thecontrol register 75 specifies various functions of
the drive circuit 5. The display operation is controlled by a
value set to the control register 75. For example, how many
signal lines are to be driven through the operation of a timing
signal generating circuit 76 is specified by the control register
75.

[0081] The write data register 78 temporarily stores data to
be written in the graphic RAM 52. Display data temporarily
stored in the write data register 78 is written in the graphic
RAM 52 via the external display interface 72 according to the
setting value of the control register 75, the value of an address
counter 77 to be described later, and the values of various
control terminals.

[0082] The read data resister 79 is a register that tempo-
rarily stores read data that has been sent from the graphic
RAM 52. Data temporarily stored in the read data register 79
is output to the outside according to the setting value of the
control register 75, the value of the address counter 77 to be
described later, and the values of various control terminals.
[0083] The address counter 77 is a counter that gives an
address to the graphic RAM 52. When an instruction to set an
address is written to the index register 74, the address infor-
mation is transferred from the index register 74 to the address
counter 77.

[0084] The graphic RAM 52 includes a static RAM
(SRAM) that has an 18-bit-per-pixel structure to store bit
pattern data of 172,800 bytes, and is capable of displaying a
240 RBGx320 size image at maximum.

[0085] The timing signal generating circuit 76 generates
timing signals for putting internal circuits necessary to dis-
play an image into operation. The timing signal generating
circuit 76 also generates such interface signals as ones for
timing when to read data necessary to display an image out of
the graphic RAM 52, and ones for timing when to put an
internal circuit into operation upon access from the outside.
[0086] A latch circuit 53 temporarily keeps digital data of
240x3 lines to be output to the data signal lines 22. Once the
signals to be output are prepared in the latch circuit 53, the
latch circuit 53 outputs the display data to a first level shifter
54,

[0087] The first level shifter 54 converts the voltage levels
of the signals kept in the latch circuit 53 into voltage levels at
which a decoder circuit 55 can be controlled, and then outputs
the voltages as signals.

[0088] Based on the input signals, the decoder circuit 55
outputs gray scale voltages. The voltages output from the
decoder circuit 55 receive electric current amplification in a
first output circuit 56, and then output to the data signal output
terminal 42.

[0089] The data signal output terminal 42 is electrically
connected to the data signal lines 22 of the liquid crystal panel
1. Through the data signal output terminal 42, the above-
mentioned gray scale voltages are output to the data signal
lines 22. The number of the data signal lines 22 to which the
gray scale voltages are output, the positions of the data signal
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lines 22 where the output is started, and other similar settings
are set to the control register 75 by instruction signals.
[0090] The drive circuit 5 also includes a scanning signal
generating circuit 57 for the scanning signal lines 21. The
scanning signal generating circuit 57 outputs scanning timing
signals, which are converted into voltages by a second level
shifter 58. The voltages are output as scanning signals to the
scanning signal lines 21 by a second output circuit 59 via the
scanning signal line terminal 41.

[0091] Still another component of the drive circuit 5 is a
gray scale voltage generating circuit 62. The gray scale volt-
age generating circuit 62 generates a gray scale voltage and
supplies the gray scale voltage to the decoder circuit 55. A
gamma correction circuit 64 approximates the ratio of
increase and decrease in gray scale voltage to a gamma func-
tion to accomplish a luminance transition that is adapted to
the characteristics of the human eye. A gray scale voltage
output amplifier 63 selects signals output by the gamma cor-
rection circuit 64, amplifies the selected signals, and output
the amplified signals to the gray scale voltage generating
circuit 62. A regulator 65 outputs a supply voltage for internal
logic circuits. Details of the gamma correction circuit 64 are
described later.

[0092] Inthis embodiment, the scanning signal generating
circuit 57 identifies the positions of the scanning signal lines
21 to which scanning signals are being output. This embodi-
ment is characterized in that gray scale voltages generated by
the gray scale voltage generating circuit 62 are corrected
according to the identified positions.

[0093] Gray scale voltages optimized to a change in
counter electrode voltage are thus output to the data signal
lines 22. A gray scale voltage is corrected by adjustment
circuits inside the gamma correction circuit 64.

[0094] FIG. 3 illustrates voltages generated by a liquid
crystal driving voltage generating circuit 61 and signal wave-
forms generated from the voltages when the employed driv-
ing method is “common inversion driving” in which a counter
electrode voltage VCOM supplied to the counter electrode 15
1s inverted in regular cycles.

[0095] A scanning signal VSCN illustrated in FIG. 3 rep-
resents a scanning signal that is output to an arbitrary scan-
ning signal line 21 from the second output circuit 59. As
illustrated in FIG. 3, a period in which the scanning signal
VSCN supplied to the scanning signal line 21 is a High
voltage VGON 1is referred to as one horizontal scanning
period (1 H). VGOFF represents a Low voltage.

[0096] In common inversion driving, the counter voltage
VCOM is inverted for every horizontal scanning period and
switched between, for example, VCOMH and VCOML as
indicated by a reference symbol VCOMI1. A change in
counter voltage VCOM causes a data signal VSIG to change
in a manner reverse to the change in VCOM. By employing
common inversion driving, the electric potential difference
between the data signal VSIG and the counter voltage VCOM
can be set large even when the amplitude of the data signal
VSIG is small. Low voltage driving and a reduction in power
consumption are thus accomplished.

[0097] The reference symbol VCOMH represents a High
counter electrode voltage and VCOML represents a Low
counter electrode voltage. A reference symbol VDH repre-
sents a reference voltage that serves as the reference of the
High counter electrode voltage VCOMH, and VDW repre-
sents an amplitude reference voltage that indicates the ampli-
tude of the counter voltage. A reference symbol VSH of the
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data signal VSIG represents a positive gray scale voltage
supplied to a pixel and having a positive polarity with respect
to the counter voltage VCOM. A reference symbol VSL rep-
resents a negative gray scale voltage having a negative polar-
ity with respect to the counter voltage VCOM.

[0098] The reference symbol VCOMI represents a counter
voltage in the case where there is a single counter electrode
signal line 25 in line inversion driving in which the polarity is
inverted for every horizontal scanning period. In the case
where two counter electrode signal lines 25 are provided, the
polarity of the counter voltage VCOM can be inverted for
every several horizontal scanning periods or for every frame
period as indicated by reference symbols VCOM2-1 and
VCOM2-2.

[0099] With two counter electrode signal lines 25 provided,
the High counter electrode voltage VCOMH may be output
to, for example, the counter electrode signal line 25-1 while
the Low counter electrode voltage VCOML is output to the
counter electrode signal line 25-2, whereby the load on the
output circuit is lightened.

[0100] FIG. 4 is a block diagram of the liquid crystal driv-
ing voltage generating circuit 61, which generates the various
voltages described above. A reference symbol 181 denotes a
counter voltage output circuit; 182, a counter voltage refer-
ence voltage circuit; 183, a counter voltage High level adjust-
ment circuit; 184, a counter voltage Low level adjustment
circuit; and 185, a reference voltage generating circuit.
[0101] The counter voltage reference voltage circuit 182
outputs the reference voltage VDH, which serves as the ref-
erence of the counter voltage, based on a reference voltage
output from the reference voltage generating circuit 185. An
output from the counter voltage reference voltage circuit 182
is applied to a variable resistor 194, and the counter voltage
High level adjustment circuit 183 generates the High counter
electrode voltage VCOMH from a voltage input from the
variable resistor 194. The counter voltage Low level adjust-
ment circuit 184 generates the Low counter electrode voltage
VCOML by setting the amplitude reference voltage VDW of
the counter voltage.

[0102] Instead of using the variable resistor 194, the
counter voltage High level adjustment circuit 183 may gen-
erate the High counter electrode voltage VCOMH by multi-
plying the reference voltage VDH by an adjustment value,
which is kept in an internal non-volatile memory, fuse circuit,
or the like, and setting VCOMH to the calculated voltage
value.

[0103] An output from the counter voltage High level
adjustment circuit 183 is input to a counter voltage High level
output circuit 191a of the counter voltage output circuit 181.
An output from the counter voltage Low level adjustment
circuit 184 is input to a counter voltage Low level output
circuit 1915 of the counter voltage output circuit 181.
[0104] The counter voltage High level output circuit 191«
outputs the High counter electrode voltage VCOMH, which is
subsequently input to a switching element 1924 and a switch-
ing element 1924. Similarly, the counter voltage Low level
output circuit 1915 outputs the Low counter electrode voltage
VCOML, which is input to the switching element 1924 and
the switching element 1924.

[0105] The switching elements 192a and 1925 are capable
of outputting signals that have been output from the counter
voltage High level output circuit 191a and the counter voltage
Low level output circuit 1915 to a first counter voltage output
terminal 1934 and a second counter voltage output terminal
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1935 while switching between the output signals of the cir-
cuits 191@ and 1915 in regular cycles. With the switching
elements 1924 and 1925 designed as above, in a first period,
the High counter electrode voltage VCOMH is output from
the first counter voltage output terminal 193a while the Low
counter electrode voltage VCOML is output from the second
counter voltage output terminal 1935. In a second period, the
Low counter electrode voltage VCOML is output from the
first counter voltage output terminal 193¢ while the High
counter electrode voltage VCOMH is output from the second
counter voltage output terminal 1935. The first counter volt-
age output terminal 193¢ is connected to one of the counter
electrode signal lines 25-1 and 25-2, and the second counter
voltage output terminal 1935 is connected to the other of the
counter electrode signal lines 25-1 and 25-2.

[0106] A reference symbol 186 within the liquid crystal
driving voltage generating circuit 61 denotes a first step-up
reference voltage circuit, which outputs a reference voltage
V(I for a first step-up circuit 151 and a second step-up circuit
152. A second step-up reference voltage circuit is denoted by
a reference symbol 187 and outputs a reference voltage
VDCDC for a third step-up circuit 153.

[0107] The first step-up circuit 151 generates a supply volt-
age DDVDH for a circuit that outputs data signals to the data
signal line terminal 42 by stepping up the reference voltage
VCI. The supply voltage DDVDH is used in the latch circuit
53, the first level shifter 54, the decoder circuit 55, and the first
output circuit 56.

[0108] The second step-up circuit 152 generates a supply
voltage VCL for driving the counter voltage Low level output
circuit 1915 by stepping up the reference voltage VCIL.
[0109] The third step-up circuit 153 steps up the reference
voltage VDCDC to generate a supply voltage VGH and a
supply voltage VGL, which are used in the scanning signal
generating circuit 57 for the scanning signal lines 21, the
second level shifter 58, and the second output circuit 59.
[0110] Capacitors C11, C12, C21, C31, C32, and C33 are
step-up capacitors and used in the step-up operations of the
step-up circuits 151 to 153. Capacitors Coutl, Cout2, Cout3,
Cout4, Cout5, and Couté are storage capacitor elements con-
nected to the output terminals.

[0111] The gamma correction circuit 64 is described next
with reference to FIG. 5. A reference symbol 601 denotes a
gradient adjustment register; 602, a fine adjustment register;
603, an amplitude adjustment register; and 604, an amplitude
correction register. The drive circuit 5 is capable of adjusting
gray scale voltages by approximating the gray scale voltages
to a gamma function with the use of values set to the registers.
[0112] Described first with reference to FIG. 6 is gamma
correction. FIG. 6 illustrates a display data value D on the axis
of abscissa and a gray scale voltage value V on the axis of
ordinate. In the gamma correction, the rate of change (gradi-
ent) of the gray scale voltage V with respect to the display data
D is adjusted.

[0113] The gamma correction circuit 64 generates a refer-
ence gray scale voltage that is approximated to a gamma
function, and outputs the reference gray scale voltage to the
gray scale voltage generating circuit 62 via the gray scale
voltage output amplifier 63. The gray scale voltage generating
circuit 62 generates gray scale voltages by dividing the ref-
erence gray scale voltage. Accordingly, by having the gamma
correction circuit 64 generate a reference gray scale voltage
thatis approximated to a gamma function, gray scale voltages
can be approximated to a gamma function as well.
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[0114] As illustrated in FIG. 6, determining the value of a
reference gray scale voltage Vn which is associated with
display data Dn determines the gray scale voltage gradient of
from display data DO to the display data Dn. Gray scale
voltages generated by dividing reference gray scale voltages
V0 to Vi can thus be approximated to a gamma function as
well.

[0115] Similarly, determining the value of the reference
gray scale voltage Vn which is associated with the display
data Dn and the value of a reference gray scale voltage Vm
which is associated with display data Dm determines the gray
scale voltage gradient of from the display data Dn to the
display data Dm. Determining the value of the reference gray
scale voltage Vm which is associated with the display data
Dm and the value of a reference gray scale voltage V63 which
1s associated with display data D63 determines the gray scale
voltage gradient of from the display data Dm to the display
data D63.

[0116] The description returns to FIG. 5 to describe the
adjustment circuits within the gamma correction circuit 64.
Denoted by a reference symbol 605 are variable resistor cir-
cuits as the one illustrated in FIG. 11. The variable resistor
circuits 605 vary the resistance value depending on values set
to the gradient adjustment register 601, the amplitude adjust-
ment register 603, and the amplitude correction register 604.
[0117] Denoted by a reference symbol 606 are ladder reg-
ister circuits as the one illustrated in FIG. 12. The ladder
register circuits 606 use selector circuits 607 to obtain volt-
ages from respective contact points of ladder resistors based
on a value set to the fine adjustment register 602.

[0118] A reference voltage supplied to the gamma correc-
tion circuit 64 via a wiring line 609 is divided by serial
connection between the variable resistor circuits 605 and the
ladder resistor circuits 606. The divided voltages are output as
reference gray scale voltages to reference gray scale voltage
wiring lines 610 to 621. Gray scale voltages can therefore
adjusted by adjusting the value of a voltage that is divided
with the use of the variable resistor circuits 605 and the ladder
resistor circuits 606.

[0119] FIG. 7 illustrates a method of adjusting the gray
scale voltage gradient using the gradient adjustment register
601. First, the gradient of from the reference gray scale volt-
age V0 to the reference gray scale voltage Vi, which is a first
point of change, is described.

[0120] The gamma correction circuit 64 illustrated in FIG.
5 outputs the reference gray scale voltage V0 from the refer-
ence gray scale voltage wiring line 610, outputs a gray scale
voltage V1 from the reference gray scale voltage wiring line
611, outputs a gray scale voltage V2 from the reference gray
scale voltage wiring line 612, and outputs a gray scale voltage
V3 from the reference gray scale voltage wiring line 613.
[0121] For example, the gamma correction circuit 64 cor-
rects the value of the voltage output from the reference gray
scale voltage wiring line 611 by changing the resistance value
of the variable resistor circuit 605-3, which is connected
between the reference gray scale voltage wiring line 610 and
the reference gray scale voltage wiring line 611, with the
gradient adjustment register 601.

[0122] When the resistance value of the variable resistor
circuit 605-3 is lowered, the voltage drop amount is reduced
and therefore a voltage output from the reference gray scale
voltage wiring line 611 changes toward the voltage V0. In
FIG. 7, a point at which the gradient changes is arbitrary
display data Dn, and hence the output voltage changes from a
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reference gray scale voltage Vn-0 to Vn-1. Similarly, when
the resistance value of the variable resistor circuit 605-3 is
raised, the output voltage changes from the reference gray
scale voltage Vn-0 to Vn-2.

[0123] The same applies to the rest and, by adjusting the
values of the variable resistor circuit 605-4 and the variable
resistor circuit 605-5, the gray scale voltage V2 output from
the reference gray scale voltage wiring line 612 and the gray
scale voltage V3 output from the reference gray scale voltage
wiring line 613 can be adjusted, respectively.

[0124] The gradient of from the reference gray scale volt-
age V63 to the reference gray scale voltage Vm, which is a
second point of change, can be adjusted similarly by adjusting
the resistance values of the variable resistor circuits 605-9,
605-10, and 605-11.

[0125] FIG. 11 is a schematic circuit diagram of each vari-
able resistor circuit 605. The variable resistor circuit 605 uses
a control signal 641 from the outside to control the resistance
value between an input terminal 625 and an output terminal
626. Resistors 661 to 673 are connected in series between the
input terminal 625 and the output terminal 626. The serially
connected resistors 661 to 673 are parallel to analog switches
651, 652, 653, and 654, which are connected in series
between the input terminal 625 and the output terminal 626.
[0126] The input terminal 625 is connected to the resistor
661 and one terminal of the analog switch 651. The other
terminal of the analog switch 651 is connected to the resistor
666 via a wiring line 681. The resistors 661, 662, 663, 664,
665, and 666 are connected in series, and hence the analog
switch 651 can short-circuit the input terminals and output
terminals of the serially connected resistors. When a control
signal line 631 is at a Low voltage and a control signal line
632 is at a High voltage, the input terminals and output
terminals of the resistors 661, 662, 663, 664, 665, and 666 are
short-circuited by the analog switch 651.

[0127] Similarly, the input terminals and output terminals
of the resistors 667, 668, and 669 can be short-circuited by
turning the analog switch 652 on through control signal lines
633 and 634. The input terminals and output terminals of the
resistors 671 and 672 can be short-circuited by turning the
analog switch 653 on through control signal lines 635 and
636. The input terminal and output terminal of the resistor
673 can be short-circuited by turning the analog switch 654
on through control signal lines 637 and 638. Therefore, the
resistance value between the input terminal 625 and the out-
put terminal 626 can be made practically zero.

[0128] For example, turning the analog switch 651 on
makes a switch from a state in which twelve resistors are
connected in series between the input terminal 625 and the
output terminal 626 to a state in which six resistors are con-
nected in series therebetween, thereby changing the resis-
tance value between the input terminal 625 and the output
terminal 626.

[0129] As described above, the plurality of variable resistor
circuits 605 are connected in series within the gamma correc-
tion circuit 64 illustrated in FIG. 5. The gamma correction
circuit 64 forms a voltage divider resistor circuit by connect-
ing the variable resistor circuits 605 and the ladder resistor
circuits 606 in series. By varying the respective resistance
values of the plurality of variable resistor circuits 605, refer-
ence gray scale voltages to be output to the reference gray
scale voltage wiring lines can be adjusted.

[0130] FIG. 8 illustrates how the fine adjustment register
602 adjusts the gradient of from the display data Dm to Dn.
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The fine adjustment register 602 is capable of making a fine
adjustment of a divided voltage by selecting from among a
plurality of output terminals 645 that each ladder resistor
circuit 606 has with the use of the relevant selector circuit
607. In FIG. 8, the gradient is finely adjusted by changing the
value of the voltage that is output from the ladder resistor
circuits 606 at display data D43 and display data D20.

[0131] FIG.12isa schematic circuit diagram of each ladder
resistor circuit 606 and each selector circuit 607. In the ladder
circuit 606, resistors 674 1o 678 are connected in series, and
the wiring lines 645 are connected to the selector circuit 607
from respective contact points of the resistors. A control
signal 642 is input to the selector circuit 607 and connected to
control terminals of analog switches 655 to 658.

[0132] For example, when a High voltage is transmitted to
a control signal line 639, the analog switch 655 is turned on
and outputs a voltage that is generated at the contact point
between the resistors 674 and 675. Using the ladder resistor
circuit 606 and the selector circuit 607 in combination
enables the gamma correction circuit 64 to selectively take
out voltages generated at contact points in the ladder resistor
circuit 606.

[0133] FIG.9 illustrates how the amplitude is adjusted. The
amplitude adjustment register 603 is capable of adjusting
voltages that are output from the reference gray scale voltage
wiring lines 610 and 621 by controlling the variable resistor
circuits 605-2 and 605-12.

[0134] With the reference gray scale voltage V0 output to
the reference gray scale voltage wiring line 610, changing the
resistance value of the variable resistor circuit 605-2 changes
the reference gray scale voltage V0 to a value between refer-
ence gray scale voltages V0-1 to VO0-2.

[0135] Similarly, with the reference gray scale voltage V63
output to the reference gray scale voltage wiring line 621,
changing the resistance value of the variable resistor circuit
605-12 changes the reference gray scale voltage V63 to a
value between reference gray scale voltages V63-1to V63-2.

[0136] FIG. 10 illustrates how the amplitude is corrected.
The amplitude correction register 604 is capable of changing
the reference gray scale voltage V0 to a value between refer-
ence gray scale voltages V0-3 to V0-4 by changing the resis-
tance value of the variable resistor circuit 605-1.

[0137] Changing the reference gray scale voltage V0 shifts
the overall gray scale voltage to the high voltage side or to the
low voltage side. A luminance difference is observed in the
liquid crystal display panel 1 because, as mentioned above,
enhancing the definition varies the wiring resistance depend-
ing on the position of the relevant scanning signal line 21. The
variable resistor circuit 605-1 corrects the luminance differ-
ence in the liquid crystal display panel 1 by varying the
resistance value in fine increments or decrements.

[0138] As described above, this embodiment is character-
ized in that a gray scale voltage generated by the gray scale
voltage generating circuit 62 is corrected according to the
position of the relevant scanning signal line 21. A plurality of
pieces of data for correcting a gray scale voltage according to
the position of the relevant scanning signal line 21 are there-
fore written in advance (for example, when the liquid crystal
display device 100 is powered on) to the registers illustrated
in FIG. 5. Data that indicates the positions of the scanning
signal lines 21 is then input in association with the data set to
the registers. The resistance values of the variable resistor
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circuits 605 and the ladder resistor circuits 606 are thus varied
and gray scale voltages approximated to a gamma function
can be output.

[0139] Described next with reference to FIG. 13 is a
method of lightening the load on the drive circuit 5 through
equalization. An analog switch 659 is provided between the
counter electrode signal lines 25-1 and 25-2, and, in a retrace
period or the like, the drive circuit 5 stops outputting a counter
electrode voltage and uses the analog switch 659 to short-
circuit the counter electrode signal lines 25-1 and 25-2.
[0140] Voltages of reverse polarities are applied to the
counter electrode signal lines 25-1 and 25-2 as described
above, and short-circuiting the counter electrode signal lines
25-1 and 25-2 enables the counter electrode signal lines 25-1
and 25-2 to complement each other with electric charges kept
therein. The electric power can thus be saved.

[0141] In addition, the counter electrode signal lines 25-1
and 25-2 are set to an intermediate electric potential once
before changed to reverse electric potentials. The load on the
drive circuit 5 is therefore lightened and makes it easy for an
output of the drive circuit 5 to reach the counter electrode
voltage of the reverse polarity.

[0142] The analog switch 659 maybe disposed such that
adjacent counter electrode signal lines 25-1 and 25-2 are
short-circuited, or so as to short-circuit the counter electrode
signal lines 25-1 and 25-2 that are on the two opposing sides
of the liquid crystal display panel 1.

[0143] The analog switch 659, which can be formed on the
TFT substrate 2 by the same process as the one employed for
the thin film transistor 10, may instead be formed inside the
drive circuit 5.

[0144] While there have been described what are at present
considered to be certain embodiments of the invention, it is
understood that various modifications may be made thereto,
and it is intended that the appended claims cover all such
modifications as fall within the true spirit and scope of the
invention.

What is claimed is:

1. A liquid crystal display device comprising:

a first substrate;

a second substrate;

a liquid crystal composition which is held between the first
substrate and the second substrate;

a plurality of pixel electrodes which are provided on the
first substrate;

a counter electrode which is placed to face corresponding
one of the plurality of pixel electrodes;

a switching element which supplies a data signal to corre-
sponding one of the plurality of pixel electrodes;

a data signal line which supplies the data signal to the
switching element;

a scanning signal line which supplies a scanning signal for
controlling the switching element;

a counter electrode signal line which supplies a voltage to
the counter electrode; and

a drive circuit which outputs the data signal and the scan-
ning signal,

wherein the drive circuit includes a gray scale voltage
generating circuit, and

wherein the gray scale voltage generating circuit includes a
variable resistor circuit having a resistance value which
is varied depending on a position of the scanning signal
line.
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2. A liquid crystal display device according to claim 1,

wherein the gray scale voltage generating circuit includes a
gamma correction circuit, and adjusts a reference gray
scale voltage, which is output from the gamma correc-
tion circuit, by using the variable resistor circuit.

3. A liquid crystal display device according to claim 1,

wherein the variable resistor circuit includes a plurality of
resistors, which are connected in series, and an analog
switch, which short-circuits input terminals and output
terminals of the plurality of resistors.

4. A liquid crystal display device comprising:

a first substrate;

a second substrate;

aliquid crystal composition which is held between the first
substrate and the second substrate;

a plurality of pixel electrodes which are provided on the
first substrate;

a counter electrode which is placed to face corresponding
one of the plurality of pixel electrodes;

a switching element which supplies a data signal to corre-
sponding one of the plurality of pixel electrodes;

a data signal line which supplies the data signal to the
switching element;

a scanning signal line which supplies a scanning signal for
controlling the switching element;

a first counter voltage line and a second counter voltage
line which supply voltages to the counter electrode; and

a drive circuit which outputs the data signal and the scan-
ning signal,

wherein the drive circuit includes a gray scale voltage
generating circuit, and

wherein the gray scale voltage generating circuit adjusts a
resistance value of a variable resistor circuit depending
on a position of the scanning signal line, and thereby
adjusts an amplitude of a gray scale voltage.

5. A liquid crystal display device according to claim 4,

wherein the gray scale voltage generating circuit includes a
gamma correction circuit, and changes a reference gray
scale voltage, which is output from the gamma correc-
tion circuit, by using the variable resistor circuit to
thereby adjust the amplitude of the gray scale voltage.

6. A liquid crystal display device according to claim 4,

wherein the variable resistor circuit includes a plurality of
resistors, which are connected in series, and an analog
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switch, which short-circuits input terminals and output
terminals of the plurality of resistors.

7. A liquid crystal display device comprising:

a first substrate;

a second substrate;

a liquid crystal composition which is held between the first
substrate and the second substrate;

a plurality of pixel electrodes which are provided on the
first substrate;

a counter electrode which is placed to face corresponding
one of the plurality of pixel electrodes;

a switching element which supplies a data signal to corre-
sponding one of the plurality of pixel electrodes;

a data signal line which supplies the data signal to the
switching element;

a scanning signal line which supplies a scanning signal for
controlling the switching element;

a first counter voltage line and a second counter voltage
line which supply counter voltages to the counter elec-
trode;

a drive circuit which outputs the data signal, the scanning
signal, and the counter voltages; and

an equalizer circuit which short-circuits the first counter
voltage line and the second counter voltage line,

wherein the drive circuit includes a gray scale voltage
generating circuit, and

wherein the gray scale voltage generating circuit varies a
resistance value of a variable resistor circuit depending
on a position of the scanning signal line, and thereby
adjusts an amplitude of a gray scale voltage.

8. A liquid crystal display device according to claim 7,

wherein the gray scale voltage generating circuit includes a
gamma correction circuit, and adjusts a reference gray
scale voltage, which is output from the gamma correc-
tion circuit, by using the variable resistor circuit to
thereby adjust the amplitude of the gray scale voltage.

9. A liquid crystal display device according to claim 7,

wherein the variable resistor circuit includes a plurality of
resistors, which are connected in series, and an analog
switch, which short-circuits input terminals and output
terminals of the plurality of resistors.

* 0 ok ok ok %k
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