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(57) ABSTRACT

The present invention provides a liquid crystal display device
which hardly causes image sticking in a panel in which Cgd
gradation is performed, even when the pixel capacitances of
the picture elements are different from one another. The liquid
crystal display device of the present invention is a liquid
crystal display device which includes a pair of substrates and
a liquid crystal layer sandwiched between the pair of sub-
strates, and is configured such that a pixel is formed by picture
elements of a plurality of colors, wherein one of the pair of
substrates includes scanning lines, signal lines, storage
capacitor lines, thin film transistors connected to both of the
scanning lines and the signal lines, and pixel electrodes con-
nected to the thin film transistors; the other of the pair of
substrates includes a counter electrode; the pixel electrodes
are arranged for the picture elements; a scanning line and a
pixel electrode form a gate-drain capacitance; the gate-drain
capacitance formed by a pixel electrode with a larger pixel
capacitance among the pixel electrodes arranged in one pixel
is larger than the gate-drain capacitance formed by a pixel
electrode with a smaller pixel capacitance among the pixel
electrodes arranged in the one pixel; an overlapping area of
each of the pixel electrodes overlapped with the scanning line
initially increases in a travelling direction of a scanning line
signal but a rate of the increase subsequently decreases, in
each of the pixel electrodes respectively arranged for the
picture elements of single colors; and rates of increase are
different among the pixel electrodes with different pixel
capacitances.
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LIQUID CRYSTAL DISPLAY DEVICE

TECHNICAL FIELD

[0001] The present invention relates to a liquid crystal dis-
play device. More specifically, the present invention relates to
a liquid crystal display device that adopts a driving method
using a thin film transistor.

BACKGROUND ART

[0002] A liquid crystal display (LCD) device is a device
which performs display in such a manner that the optical
property of light emitted from a light source is controlled by
using a liquid crystal layer, and the like, filled between a pair
of substrates, and is used in various fields by taking advantage
ofits features, such as thin profile, light weight and low power
consumption.

[0003] In the liquid crystal display device, an alignment
state of liquid crystal molecules is changed by applying a
voltage to the liquid crystal layer by using a pair of electrodes
formed on the substrates, and thereby a polarization state of
the light passing through the liquid crystal layer is changed. In
the liquid crystal display device, color filters of a plurality of
colors are arranged to perform color display. The pair of
substrates sandwiching the liquid crystal layer are held by
spacers so as to have a uniform gap (cell gap) therebetween
and are bonded to each other by a sealing material.

[0004] In the liquid crystal display device, sub-pixels of
three colors of red (R), green (G) and blue (B) are usually
formed. A color filter of each color is arranged for each of the
sub-pixels, and color control is performed for each pixel by
adjusting light passing through the color filter of each color.
[0005] Inrecent years, there has been made such a contriv-
ance that, in addition to the RGB sub-pixels, a white (W)
sub-pixel is arranged in order to increase luminance (see, for
example, Patent Literature 1). Further, a method has also been
investigated in which the areas of the RGBW sub-pixels are
made different for each color so as to suitably adjust color
balance (see, for example, Patent Literature 2).

[0006] In the liquid crystal display device, pixel electrodes
are usually arranged in a matrix form, and each of the pixel
electrodes is driven through a switch formed by a thin film
transistor (TFT). The TFT is a three terminal field-effect
transistor, and a drain electrode of each of the TFTs is con-
nected to the pixel electrode corresponding to the TFT. A gate
electrode of each of the TFTs is connected to a gate bus line
of each row of the matrix. A source electrode of each of the
TFTs is connected to a source bus line of each column of the
matrix. A desired image can be obtained by applying an
image signal to the source bus line and by sequentially scan-
ning the gate bus line.

[0007] Some of the liquid crystal display devices have a
multi-gap configuration in which a thickness (cell gap) of the
liquid crystal layer is made different for the sub-pixel of each
color. However, in the case where a size of the cell gap is made
different, a value of capacitance associated with the pixel
electrode is changed. Therefore, in order to eliminate the
difference in the pixel capacitance between the sub-pixels, it
is necessary to make contrivances such as (a) equalizing pixel
electrode areas between the sub-pixels and making storage
capacitance different for each of the sub-pixels or (b) making
the pixel electrode areas different for each of the sub-pixels
and equalizing the storage capacitance between the sub-pix-
els (see, for example, Patent Literature 3).
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[0008] Further, in the liquid crystal display device, in order
to solve a viewing angle dependency problem due to a differ-
ence in y characteristics between the time when the display is
viewed in a front direction and the time when the display is
viewed in an oblique direction, there is a case where a pixel is
divided into a plurality of sub-pixels, and where the y char-
acteristics are made close to each other (see, for example,
Patent Literature 4). The y characteristics mean gradation
dependency of display luminance. That the y characteristics
are different between the time when the display is viewed in
the front direction and the time when the display is viewed in
the oblique direction means that a gradation display state is
changed according to the observation direction. The viewing
angle dependency problem due to the y characteristics can be
eliminated in such a manner that a state having different y
characteristics is formed by applying a different voltage to the
liquid crystal layer corresponding to each of the sub-pixels.
[0009] Further, as a method for forming a spacer, a method
has also been tried in which, when color filters are formed in
correspondence with RGB sub-pixels, the color filters are
also similarly formed at a place where the spacer is to be
formed, and are laminated to form the spacer (see, for
example, Patent Literature 5). In Patent Literature 5, in order
to compensate a change in the capacitance of each pixel due
to the spacer formed in the sub-pixel, a method has been
investigated which equalizes a capacitance ratio of each of the
respective pixels by changing a size of storage capacitor line.
[0010] Moreover, an active matrix substrate is disclosed in
which a common electrode line is formed parallel to a scan-
ning signal line, and each pixel circuit is formed so that the
capacity Cgd between the scanning signal line and the pixel
electrode becomes greater as electrically going farther from
the scanning signal line drive circuit, in order to eliminate
non-uniformity of the level shift of pixel potential generated
at the scan signal fall (for example, Patent Literature 6).

CITATION LIST

Patent Literature
[0011] Patent Literature 1: JP 2001-296523 A
[0012] Patent Literature 2: JP 2007-25697 A
[0013] Patent Literature 3: JP 6-11733 A
[0014] Patent Literature 4: JP 2004-62146 A
[0015] Patent Literature 5: WO 2008/081624
[0016] Patent Literature 6: WO 2006/006376

SUMMARY OF INVENTION
Technical Problem

[0017] During the investigation of a liquid crystal display

device including sub-pixels (hereinafter also referred to as
picture elements) of a plurality of colors, the present inventors
paid attention to a phenomenon in which, when a pitch is
different between picture elements (for example, length
between picture elements in a direction along scanning lines),
and when a white window screen is displayed on a halftone
background for a long time and then a halftone solid screen is
displayed, only the color in the portion corresponding to the
white window is seen to be different from the color of the
background portion.

[0018] FIG. 68 is a schematic view showing a state when a
white window is displayed on the halftone background, and
FIG. 69 is a schematic view showing a state of the halftone
solid display when the white window is eliminated. As shown
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in FIG. 68 and FIG. 69, in the state of the halftone solid
display, image sticking due to the display before the elimina-
tion of the white window occurs in the region in which the
white window was displayed.

[0019] The present inventors made various investigations
about the cause of occurrence of such phenomenon and found
out that the image sticking occurs in the display because, for
example, the pixel electrode area or the thickness of the liquid
crystal layer is different among picture elements, so that the
pixel capacitance is made different for each of the picture
elements.

[0020] When, for example, the area of the picture element
or the thickness of the liquid crystal layer is different for each
color, the value of the electrostatic capacitance formed by the
pixel electrode is also different for each of the picture ele-
ments. FIG. 70 is a schematic view showing signal wave-
forms of the drain voltages of two pixel electrodes arranged
adjacently to each other.

[0021] The signal waveforms shown on a left side of FIG.
70 are waveforms associated with a picture element having a
larger pixel capacitance in the case of a fixed gate drain
capacitance, and the signal waveforms shown on a right side
of FIG. 70 are waveforms associated with a picture element
having a smaller pixel capacitance in the case of a fixed gate
drain capacitance. As shown in FIG. 70, an effective value of
the drain voltage (Vd) is different for each picture element.
This is because the magnitude of the through-feed voltage
(AVa) is different among the picture elements, and because
the polarity of drain voltages (Vd(+), Vd(-)) is changed at
each timing when the AC driving of the pixel electrode is
performed. Since a counter electrode is not formed for each of
the pixels, a counter voltage is setto a value common to all the
pixels. Therefore, a value of the optimum counter voltage
determined by the value of the drain voltage (Vd(+), Vd(-))
after through-feed is set to a value different for each of the
picture elements, and hence it is difficult that all the picture
elements are suitably driven by a counter voltage common to
all the picture elements.

[0022] The following will explain an in-plane counter volt-
age and in-plane correction (Cgd gradation) caused by para-
sitic capacitance between a gate and a drain. FIG. 71 is a
graph showing an in-plane counter voltage distribution 121
(distribution of optimum counter voltage in a direction along
a scanning line (gate bus line) in a panel plane) in the case of
not providing Cgd gradation in a liquid crystal display device.
Ata position x=0, the optimum counter voltage is determined
by AVd, and as progressed in a scanning line direction, an
approach of gating waveform delays and an apparent AVd
decreases, and an optimum counter voltage increases. Since
the counter voltage is only one value in plane, an optimum
counter voltage deviation occurs depending on positions.
Normally, as shown in FIG. 71, counter voltage adjustment is
made at the center of a screen. Thus, an optimum counter
voltage deviation 120 is maximized at end portions. In this
case, flicker, degradation of image, or image sticking may
occur in displayed images. FIG. 72 is a graph showing a Cgd
gradation 122 provided in a liquid crystal display device. FIG.
73 is a graph showing an in-plane counter voltage distribution
123 in a conventional liquid crystal display device in the case
of performing Cgd gradation. In a panel having pixel elec-
trodes with the same pixel capacitance among the picture
elements, the above-described adjustment achieves favorable
in-plane counter voltage distribution.
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[0023] The following describes a case of performing in-
plane correction (Cgd gradation) by parasitic capacitance
(Cgd) between a gate and a drain in a panel having a pixel
electrode in which the pixel capacitances of the picture ele-
ments are different from one another. Correction by Cgd
gradation is determined by a correction amount of 1 Step
(amount of correction from an initial gate-drain capacitance
formed by a scanning line and a pixel electrode to which a
scanning signal is initially applied before correction to a gate
drain capacitance after correction of a next Step, determined
by an overlapping area of the pixel electrode with the scan-
ning line, herein also referred to as Cgd correction amount),
and determination for how many pixels the correction is
maintained. The fewer the pixels in which the correction is
maintained is, the larger the rate of increase of the correction
is. In contrast, the more the pixels in which the correction is
maintained is, the smaller the rate of increase of the correction
is. The Cgd correction amount may be a negative value. In the
case where the Cgd correction amount and the number of
pixels for which the correction is maintained are determined
without considering the difference in the pixel capacitances,
the AVd differences among the picture elements increase due
to the difference in the pixel capacitance in parts where the
correction amount in the panel plane is to some extent large.
As a result, the optimum counter voltage may vary among the
picture elements.

[0024] Further, according to the investigation of the present
inventors, it was found that such variation in the optimum
counter voltages causes image sticking so as to affect the
display.

[0025] The present invention has been made in view of the
above described circumstances. An object of the present
invention is to provide a liquid crystal display device which
hardly causes image sticking in a panel in which Cgd grada-
tion is performed, even when the pixel capacitances of the
picture elements are different from one another.

Solution to Problem

[0026] In order to suppress the image sticking, the present
inventors have investigated various methods for making the
optimum counter voltage equal among the picture elements,
and paid attention to the fact that one of factors required to
adjust the optimum counter voltage is AVd described above.
When the values of AVd of the picture elements are made
close to each other, the optimum counter voltages are also
made equal to each other among the picture elements. The
value of AVd can be expressed as AVd=axvg??. As shown in
FIG. 70 described above, the value of Vg#* represents a gate
voltage change at the time when the TFT is turned off. It is
necessary to keep the value of Vg## at a fixed value to some
extent, and hence it is necessary to adjust the value of a in
order to change the value of AVd. The value of . is expressed
as 0=Cgd/(Cgd+Csd+Ccs+Clc). Reference character Csd
denotes parasitic capacitance between the source and the
drain, reference character Ccs denotes parasitic capacitance
between the Cs and the drain, and reference character Clc
denotes liquid crystal capacitance. A total value of Cgd+Csd+
Ccs+Clc, which is hereinafter also referred to as Cpix, repre-
sents the total capacitance (that is, pixel capacitance) con-
nected to the drain of the TFT.

[0027] As a result of an extensive investigation on means
for effectively adjusting the value of o, the present inventors
found out that the value of o can be effectively adjusted when
the gate drain capacitance formed by a pixel electrode with a
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larger pixel capacitance is larger than the gate drain capaci-
tance formed by a pixel electrode with a smaller pixel capaci-
tance among a plurality of pixel electrodes disposed in a
single pixel.

[0028] Regarding a problem of a panel in which Cgd gra-
dation is performed that the difference of the value of AVd
between picture elements is larger when a correction amount
is determined without considering the difference in the pixel
capacitance, the present inventors paid their attention on the
overlapping area of the pixel electrode. The present inventors
found that the in-plane counter voltage distribution can be
effectively adjusted by forming Cgd gradation while the rate
ofthe increase in the overlapping area of the pixel electrode is
made different from one another. Meanwhile, in a design of
Cgd gradation, normally the correction amount of Cgd
(ACgd) initially increases in a travelling direction of a scan-
ning line signal but a rate of increase of the amount subse-
quently decreases due to the characteristic of signal delay in
the gate lines.

[0029] The present inventors found out that a counter volt-
age closer to an optimum value for each picture element can
be achieved in the following configuration. The gate-drain
capacitance formed by a pixel electrode with a larger pixel
capacitance among pixel electrodes arranged in one pixel is
larger than the gate-drain capacitance formed by a pixel elec-
trode with a smaller pixel capacitance among the pixel elec-
trodes arranged in the one pixel. By taking into consideration
of the AVd difference based on the difference between the
pixel capacitances, a Cdg () is appropriately adjusted. Fur-
ther, an overlapping area of the pixel electrode which is over-
lapped with the scanning line initially increases in a travelling
direction of a signal of the scanning line but a rate of increase
subsequently decreases, in each of the pixel electrodes
arranged corresponding to single color picture elements, and
the rate of increase is different among the pixel electrodes
with different pixel capacitances. The Cdg correction amount
in each of the pixel electrodes can be appropriately set
depending on the areas of the pixel electrodes. Thereby, a
counter voltage closer to an optimum value can be provided.
This configuration can prevent image sticking from occur-
ring, and thus can solve the above problem. Accordingly, the
inventors completed the present invention.

[0030] Namely, the present invention relates to a liquid
crystal display device which includes a pair of substrates and
a liquid crystal layer sandwiched between the pair of sub-
strates, and is configured such that a pixel is formed by picture
elements of a plurality of colors, wherein one of the pair of
substrates includes scanning lines, signal lines, storage
capacitor lines, thin film transistors connected to both of the
scanning lines and the signal lines, and pixel electrodes con-
nected to the thin film transistors; the other of the pair of
substrates includes a counter electrode; the pixel electrodes
are arranged for the picture elements; a scanning line and a
pixel electrode form a gate-drain capacitance; the gate-drain
capacitance formed by a pixel electrode with a larger pixel
capacitance among the pixel electrodes arranged in one pixel
is larger than the gate-drain capacitance formed by a pixel
electrode with a smaller pixel capacitance among the pixel
electrodes arranged in the one pixel; an overlapping area of
each of the pixel electrodes overlapped with the scanning line
initially increases in a travelling direction of a scanning line
signal but a rate of the increase subsequently decreases, in
each of the pixel electrodes respectively arranged for the
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picture elements of single colors; and the rates of the increase
are different among the pixel electrodes with different pixel
capacitances.

[0031] The liquid crystal display device of the present
invention includes a pair of substrates, a liquid crystal layer
sandwiched between the pair of substrates, and is configured
such that a pixel is formed by picture elements of a plurality
of colors. The pair of substrates may be formed of an array
substrate as one of the substrates and a color filter substrate as
the other. The picture elements of a plurality of colors are
achieved by color filters respectively arranged in the picture
elements. Various colors can be displayed by adjusting the
balance of the colors.

[0032] The one of the pair of substrates includes scanning
lines (hereinafter, also referred to as gate bus lines), signal
lines (hereinafter, also referred to as source bus lines), storage
capacitor lines (hereinafter, also referred to as Cs bus lines),
thin film transistors connected to both of the scanning lines
and the signal lines, and pixel electrodes respectively con-
nected to the thin film transistors. A drain electrode of each of
the TFTs is connected to the pixel electrode corresponding to
the TFT. Agate electrode of each of the TFTs is connected to
a gate bus line of each row. A source electrode of each of the
TFTs is connected to a source bus line of each column. A
desired image can be generated by supplying an image signal
to the source bus lines while applying a voltage to the gate bus
lines at a predetermined timing.

[0033] Intheabove-described configuration, it is necessary
that the scanning lines, the signal lines, the storage capacitor
lines, the thin film transistors, and the pixel electrode are
arranged via insulating films, or the like, at certain intervals so
as to be electrically isolated from one another. Further, the
pixel electrode and the counter electrode are arranged to be
separated from each other via the liquid crystal layer. There-
fore, a certain amount of electrostatic capacitance is formed
between each of the lines and each of the electrodes, and
between the electrodes. Specifically, the scanning line and the
pixel electrode form a gate-drain capacitance (Cgd), the sig-
nal line and the pixel electrode form a source-drain capaci-
tance (Csd), the storage capacitor line and the pixel electrode
form a storage capacitance (Ccs), and the pixel electrode and
the counter electrode form a liquid crystal capacitance (Clc).
[0034] The other of the pair of substrates includes the
counter electrode. Since an electric field is formed between
the pixel electrode and the counter electrode, and since each
of the pixel electrodes is individually controlled by the thin
film transistor, the orientation of the liquid crystal can be
controlled for each of the picture elements, and thereby the
whole screen can be precisely controlled.

[0035] The pixel electrodes are arranged for the picture
elements, and the gate-drain capacitance formed by a pixel
electrode with a larger pixel capacitance among the pixel
electrodes arranged in one pixel is larger than the gate-drain
capacitance formed by a pixel electrode with a smaller pixel
capacitance among the pixel electrodes arranged in the one
pixel. This arrangement makes it possible to effectively con-
trol the value of o before setting a Cgd gradation. A rate of
increase of the overlapping area of the pixel electrode over-
lapped with the scanning line, which increases from the pixel
electrode to which a scanning line signal is initially applied
along travel of the scanning line signal, is different among the
pixel electrodes with different pixel capacitances. The over-
lapping area, namely, the correction amount of Cgd correlates
with the size of the pixel capacitance. When a pixel electrode
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with a larger pixel capacitance is allowed to have a larger
overlapping area, and a pixel electrode with a smaller pixel
capacitance is allowed to have a smaller overlapping area, the
gate-drain capacitances (Cgd) formed by the scanning lines
and the pixel electrodes are favorably adjusted based on the
electric characteristics specific to circuit substrates. Thereby,
variation in the optimum counter voltages among the picture
elements can be suppressed.

[0036] The above statement “an overlapping area of each of
the pixel electrodes overlapped with the scanning line ini-
tially increases in a travelling direction of a scanning line
signal but a rate of the increase subsequently decreases, in
each of the pixel electrodes respectively arranged for the
picture elements of single colors” means as follows: In the
case of a liquid crystal display device using the three primary
colors of RGB, for example, an overlapping area of the pic-
ture electrode overlapped with the scanning line initially
increases in a travelling direction of a scanning line signal but
a rate of increase subsequently decreases in the pixel elec-
trode corresponding to the red picture element, initially
increases in a travelling direction of a scanning line signal but
a rate of increase subsequently decreases in the pixel elec-
trode corresponding to the green picture element, and initially
increases in a travelling direction of a scanning line signal but
a rate of increase subsequently decreases in the pixel elec-
trode corresponding to the blue picture element. The above
statement “initially increases in a travelling direction of a
scanning line signal” means that the rate of increase is ini-
tially (for example, at the time when a signal travels from the
position x=0 on a horizontal axis, where the signal is input to
the scanning line, on a panel plane surface to a travelling
direction of the signal) a positive value. The above statement
“a rate of increase subsequently decreases” means that the
rate of increase decreases to, in some cases, a negative value.
For example, in the case of a liquid crystal display device with
single-sided scanning signal lines, the overlapping area nor-
mally decreases (rate of increase turns to a negative value)
near a non-input end of the panel, and in the case of a liquid
crystal display device with two-sided scanning signal lines,
the overlapping area normally decreases (rate of increase
turns to a negative value near the center of the panel) near the
center of the panel. Meanwhile, the gate drain capacitance can
be controlled by adjustment of the width of the TFT channel,
adjustment of the overlapping area of the gate bus line and the
drain electrode, adjustment of the overlapping area of the
pixel electrode and the gate bus line, and the like.

[0037] The configuration of the liquid crystal display
device of the present invention is not especially limited as
long as it essentially includes such components. The follow-
ing will describe preferable embodiments of the liquid crystal
display device of the present invention in detail.

[0038] Preferably, a pixel electrode with a larger pixel
capacitance among the pixel electrodes arranged in one pixel
is connected to a thin film transistor with a larger channel
width among the pixel electrodes arranged in the one pixel. In
other words, a pixel electrode with a smaller pixel capacitance
among the pixel electrodes arranged in one pixel is connected
to a thin film transistor with a smaller channel width among
the thin film transistors arranged in the one pixel.

[0039] A channel region of TFT is a part not overlapped
with a source electrode and a drain electrode in a plan view of
the semiconductor layer electrically that is disposed between
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the source electrode and the drain electrode. In other words,
the channel region of TFT is a region that is not impurity
doped.

[0040] The size of the channel region of TFT has a large
influence on the characteristics of the TFT. The larger the
width of the channel region is, the better the current charac-
teristics becomes. Change in the size of the channel region
has an influence on the value of the Cgd which is a component
of Cpix.

[0041] The channel width does not refer to a distance (here-
inafter, also referred to as channel length) between the source
electrode and the drain electrode, but refers to a width of a part
where the source electrode and the drain electrode face each
other in a plan view. The channel width correlates with the
size of the pixel capacitance, and the size of the pixel capaci-
tance correlates with the area of the pixel electrode. variation
in the values of o among the picture elements before setting
Cgd gradation can be favorably suppressed by allowing a TFT
with a larger channel width to connect to a pixel electrode
with a larger area, and allowing a TFT with a smaller channel
width to connect to a pixel electrode with a smaller area,
based on the characteristics of TFT.

[0042] A pixel electrode with a larger pixel capacitance
among the plurality of pixel electrodes arranged in one pixel
preferably has a larger overlapping area with the scanning
line of the picture electrode among the plurality of pixel
electrodes arranged in the one pixel. In other words, a pixel
electrode with a smaller pixel capacitance among the plural-
ity of pixel electrodes arranged in one pixel has a smaller
overlapping area with the scanning line of the pixel electrode
among a plurality of thin film transistors arranged in the one
pixel. The above configuration can also preferably suppress
variation in the values of o among the picture elements before
setting Cgd gradation. Moreover, in terms of appropriately
control the value of ., an overlapping area of the pixel elec-
trode with a larger pixel capacitance overlapped with the
scanning line is preferably different from an overlapping area
of the pixel electrode with a smaller pixel capacitance over-
lapped with the scanning area. Furthermore, in terms of
appropriately control the value of a, an overlapping area of
the pixel electrode with a larger pixel capacitance overlapped
with the storage capacitor line is preferably different from an
overlapping area of the pixel electrode with a smaller pixel
capacitance overlapped with the storage capacitor line.
[0043] The area of the pixel electrode with a larger pixel
capacitance is, for example, different in size from the area of
the pixel electrode having a smaller pixel capacitance. Appli-
cation of the structure of the present invention in the above
embodiment makes it possible to sufficiently exert the effects
ofthe present invention. In the above embodiment, the area of
the pixel electrode with a larger pixel capacitance is normally
larger than the area of the pixel electrode with a smaller pixel
capacitance.

[0044] For example, the liquid crystal layer overlapped
with the pixel electrode with a larger pixel capacitance differs
in thickness from the liquid crystal layer overlapped with the
pixel electrode with a smaller pixel capacitance. Application
of'the structure of the present invention in the above embodi-
ment makes it possible to sufficiently exert the effects of the
present invention. Inthe above embodiment, the liquid crystal
layer overlapped with the pixel electrode with a larger pixel
capacitance normally has a smaller thickness than the liquid
crystal layer overlapped with the pixel electrode with a
smaller pixel capacitance.
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[0045] Itis preferred that the signal line and the pixel elec-
trode form a source-drain capacitance (Csd), that the storage
capacitor line and the pixel electrode form a storage capaci-
tance (Ccs), that the pixel electrode and the counter electrode
form a liquid crystal capacitance (Clc), that ratios of the
gate-drain capacitance to the total of the gate-drain capaci-
tance, the source-drain capacitance, the storage capacitance,
and the liquid crystal capacitance (the value of this ratio of the
gate-drain capacitance is hereinafter set as o) are different
among the picture elements of the plurality of colors, and that,
the difference between the largest ratio of the gate-drain
capacitance and the smallest ratio of the gate-drain capaci-
tance, among the ratios of the gate-drain capacitances for
each picture element with different colors, is 10% or less of
the smallest ratio of the gate-drain capacitance, and is more
preferably 5% or less.

[0046] It is preferred that the values of a of the picture
elements in this case are close to each other. Further, when the
values of a are set in the above-described range, the differ-
ence between the optimum counter voltages of the respective
picture elements can be eliminated so that the image sticking
can be sufficiently suppressed.

[0047] TItis preferred that the signal line and the pixel elec-
trode form a source drain capacitance, that the storage capaci-
tor line and the pixel electrode form a storage capacitance,
that the pixel electrode and the counter electrode form a liquid
crystal capacitance, and that a response coefficients (“Cpix
(min)/Cpix(max)”) calculated, in the one picture element,
from ratios of the minimum value of the total of the gate-drain
capacitance, the source-drain capacitance, the storage capaci-
tance, and the liquid crystal capacitance, with respect to the
maximum value of the total of the gate-drain capacitance, the
source-drain capacitance, the storage capacitance, and the
liquid crystal capacitance are different among the picture
elements of the plurality of colors, and that, the difference
between the largest response coefficient and the smallest
response coefficient is preferably 5% or less of the smallest
response coefficient, among the response coefficients respec-
tively obtained for each picture elements with different col-
ors.

[0048] It is preferred that each of the pixel electrode is
divided into two or more pieces in one picture element, that
the thin film transistors are connected to the divided pieces of
the pixel electrodes, that the storage capacitor lines are over-
lapped with each of the pixel electrodes, and that a polarity of
avoltage is inverted at a regular time interval. Hereinafter, the
method in which one picture element is controlled by using a
plurality of divided pieces (called also sub-pixel electrodes)
of'the pixel electrode as described above is also referred to as
a multi-driving method. When a plurality of sub-pixel elec-
trodes are arranged in the same picture element and are
respectively driven by different effective voltages, a state
where different y characteristics are mixed is formed, so that
the visual angle dependency based on the y characteristics can
be eliminated. Further, an increase in the number of extra
lines can be prevented by driving the sub-pixel electrodes by
the multi-driving method using the change in the voltage of
the storage capacitor line.

[0049] Itis preferred that the signal line and the pixel elec-
trode form a source-drain capacitance (Csd), that the storage
capacitor line and the pixel electrode form a storage capaci-
tance (Ccs), that the pixel electrode and the counter electrode
form a liquid crystal capacitance (Clc), that ratios of the
storage capacitance to a total of the gate-drain capacitance,
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the source-drain capacitance, the storage capacitance, and the
liquid crystal capacitance (the value of this ratio of the storage
capacitance is hereinafter set as K) are different among the
picture elements of the plurality of colors, and that, the dif-
ference between the largest ratio of the storage capacitance
and the smallest ratio of the storage capacitance, among the
ratios of the storage capacitance for each picture element with
different colors, is preferably 1.0% or less of the smallest ratio
of the storage capacitance.

[0050] The above-described preferable embodiment is
favorably applicable to liquid crystal display devices of RGB
(red (R), green (G), blue (B)) three-primary-color type, and
liquid crystal display panels of RGBY (yellow (Y) picture
element is added to RGB three-primary-color) four-primary-
color type, of RGBC (cyan (C) picture element is added to
RGB three-primary-color) four-primary-color type, of
RGBW ((W) picture element is added to RGB three-primary-
color) four-primary-color type, and of multiple-color type of
more than four colors essentially including RGBY, RGBC,
RGBW, or the like.

[0051] Preferable examples of the embodiment of four-or-
more-primary-color type include a display device having a
display surface formed of a pixel including sub-pixels of red,
green, blue and yellow, in which the sub-pixel(s) of red and/or
blue have/has a larger aperture area than other sub-pixels
(embodiment in which the aperture area of the red sub-pixel
is the largest, embodiment in which the aperture area of the
blue sub-pixel is the largest, or embodiment in which both the
aperture areas of the red sub-pixel and the blue sub-pixel are
the largest, among all the sub-pixels) or in which the sub-pixel
(s) of green and/or yellow have-has a smaller aperture area
than other sub-pixels (embodiment in which the aperture area
of the green sub-pixel is the smallest, embodiment in which
the aperture area of the yellow sub-pixel is the smallest, or
embodiment in which both the aperture areas of the green
sub-pixel and the yellow sub-pixel are the smallest, among all
the sub-pixels). Yellow may be substituted with cyan, or both
yellow and cyan may be included in the above example.
Moreover, the above pixel may include sub-pixels of red
and/or blue having different color characteristics from one
another.

[0052] In four or more-primary-color liquid crystal display
devices, in the case where the number of primary colors used
for display is increased, the visibility is deteriorated espe-
cially due to reduced brightness of red color. Also, in the case
where a high color temperature light is used to control the
color tone of white display, the brightness of red color is
further reduced, thereby further deteriorating the visibility.
The above preferable embodiment can display bright red
color, and thus the visibility can be improved. The above
advantage and the structure of the present invention together
synergically enhance the effects of the present invention.
[0053] The above embodiments may be employed in
appropriate combination as long as the combination is not
beyond the spirit of the present invention.

Advantageous Effects of Invention

[0054] With the liquid crystal display device of the present
invention, the variation in the optimum counter voltages is
controlled among the picture elements in a panel in which
in-plane correction (Cgd gradation) caused by parasitic
capacitance between a gate and a drain is performed, and
hence the generation of image sticking can be suppressed.
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BRIEF DESCRIPTION OF DRAWINGS

[0055] FIG. 1 is a graph showing in-plane counter voltage
distributions of RGB three primary colors in a liquid crystal
display device of Embodiment 1 in the case of not performing
Cgd gradation.

[0056] FIG.2isaschematic plan view showing an arrange-
ment configuration of pixel electrodes, TFTs and various
lines of a liquid crystal display device of Embodiment 1.
[0057] FIG. 3 is a schematic plan view when color filters in
Embodiment 1 are arranged in a stripe shape.

[0058] FIG. 4isaschematic plan view when the color filters
in Embodiment 1 are arranged in a two-by-two matrix shape.
[0059] FIG. 5 is an equivalent circuit diagram in the liquid
crystal display device of Embodiment 1.

[0060] FIG. 6is aschematic plan view of the color filters for
each pixel of Example 1.

[0061] FIG. 7 is a schematic plan view showing a first
example of TFT in which a size of channel width is adjusted.
[0062] FIG. 8 is a schematic plan view showing a second
example of TFT in which the size of channel width is
adjusted.

[0063] FIG. 9 is a schematic plan view (enlarged view)
showing the second example of TFT in which the size of
channel width is adjusted.

[0064] FIG. 10 is a schematic plan view showing a third
example of TFT in which the size of channel width is
adjusted.

[0065] FIG. 11 is a schematic plan view (enlarged view)
showing the third example of TFT in which the size of chan-
nel width is adjusted.

[0066] FIG. 12 is a schematic plan view of color filters for
each pixel of Example 2.

[0067] FIG. 13 is a schematic plan view of color filters for
each pixel of Example 3.

[0068] FIG. 14 is a schematic plan view of color filters for
each pixel of Example 4.

[0069] FIG. 15 is a schematic plan view of color filters for
each pixel of Example 5.

[0070] FIG. 16 is a schematic plan view of color filters for
each pixel of Example 5.

[0071] FIG. 17 is a schematic plan view of color filters for
each pixel of Example 6.

[0072] FIG. 18 is a schematic plan view of color filters for
each pixel of Example 6.

[0073] FIG. 19 is a schematic plan view of color filters for
each pixel of Example 6.

[0074] FIG. 20 is a schematic plan view of color filters for
each pixel of Example 6.

[0075] FIG. 21 is a schematic plan view of color filters for
each pixel of Example 7.

[0076] FIG. 22 is a schematic plan view of color filters for
each pixel of Example 7.

[0077] FIG. 23 is a schematic plan view showing an
example of TFT in which the size of the overlapping area of
the pixel electrode is actually adjusted in Example 5.

[0078] FIG.24 is a graph showing a mosaic region between
Step (n) and Step(n+1) in a liquid crystal display device of
Embodiment 1.

[0079] FIG. 25 is a graph showing the AVd correction
amount (mV) at relative positions from a gate input terminal
in a liquid crystal display device of Example 8.

[0080] FIG. 26 is a graph showing a Cgd gradation per-
formed in a liquid crystal display device of amodified version
of Example 8.
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[0081] FIG. 27 is a graph showing in-plane counter voltage
distributions of each of RGB three primary colors in the case
of performing Cgd gradation in a liquid crystal display device
of'a modified version of Example 8.

[0082] FIG. 28 is a graph showing a Cgd gradation per-
formed in a liquid crystal display device of another modified
version of Example 8.

[0083] FIG. 29 is a graph showing in-plane counter voltage
distributions of RGB three primary colors in the liquid crystal
display device of the another modified version of Example 8
in the case of performing Cgd gradation.

[0084] FIG. 30 is a graph showing the AVd correction
amount (mV) at relative positions from a gate input terminal
in a liquid crystal display device of Example 9.

[0085] FIG. 31 is a graph showing a Cgd gradation per-
formed in aliquid crystal display device of a modified version
of Example 9.

[0086] FIG. 32 is a graph showing in-plane counter voltage
distributions of RGB three primary colors in the case of
performing Cgd gradation in the liquid crystal display device
of the modified version of Example 9.

[0087] FIG. 33 is a graph showing the AVd correction
amount (mV) at relative positions from a gate input terminal
in a liquid crystal display device of Comparative Example 1.
[0088] FIG. 34 is a graph showing a Cgd gradation per-
formed in aliquid crystal display device of a modified version
of Comparative Example 1.

[0089] FIG. 35 is a graph showing in-plane counter voltage
distributions of RGB three primary colors in the case of
performing Cgd gradation in the liquid crystal display device
of the modified version of Comparative Example 1.

[0090] FIG. 36 is a graph showing a relationship between
the channel size ratio and the pixel electrode area ratio.
[0091] FIG. 37 isaschematic plan view showing a region in
which the gate bus line and the drain electrode overlap each
other.

[0092] FIG. 38 isaschematic plan view showing a region in
which the gate bus line and the drain electrode overlap each
other.

[0093] FIG. 39 isaschematic plan view showing a region in
which the gate bus line and the drain electrode overlap each
other.

[0094] FIG. 40 shows an example of TFT in which the size
of the overlapping area of the gate bus line and the drain
electrode is adjusted in the example of TFT shown in FIG. 37,
and shows a form in which the dimension d1 of the TFT
shown in FIG. 37 is changed.

[0095] FIG. 41 shows an example of TFT in which the size
of the overlapping area of the gate bus line and the drain
electrode is adjusted in the example of TFT shown in FIG. 37,
and shows a form in which the dimension d1 of the TFT
shown in FIG. 37 is changed.

[0096] FIG. 42 shows an example of TFT in which the size
of the overlapping area of the gate bus line and the drain
electrode is adjusted in the example of TFT shown in FIG. 37,
and shows a form in which the dimension d2 of the TFT
shown in FIG. 37 is changed.

[0097] FIG. 43 shows an example of TFT in which the size
of the overlapping area of the gate bus line and the drain
electrode is adjusted in the example of TFT shown in FIG. 37,
and shows a form in which the dimension d2 of the TFT
shown in FIG. 37 is changed.

[0098] FIG. 44 shows an example of TFT in which the size
of the overlapping area of the gate bus line and the drain
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electrode is adjusted in the example of TFT shown in FIG. 38,
and shows a form in which the dimension d3 of the TFT
shown in FIG. 38 is changed.

[0099] FIG. 45 shows an example of TFT in which the size
of the overlapping area of the gate bus line and the drain
electrode is adjusted in the example of TFT shown in FIG. 38,
and shows a form in which the dimension d4 of the TFT
shown in FIG. 38 is changed.

[0100] FIG. 46 shows an example of TFT in which the size
of the overlapping area of the gate bus line and the drain
electrode is adjusted in the example of TFT shown in FIG. 38,
and shows a form in which the dimension d4 of the TFT
shown in FIG. 38 is changed.

[0101] FIG. 47isaschematic plan view showing aregion in
which the gate bus line and the pixel electrode overlap each
other, and showing a form in which a normal gate bus line and
a normal pixel electrode overlap each other.

[0102] FIG. 48isaschematic plan view showing aregion in
which the gate bus line and the pixel electrode overlap each
other, and showing an example in which the size of the over-
lapping area of the gate bus line and the drain electrode is
adjusted.

[0103] FIG.49isaschematic plan view showing aregion in
which the gate bus line and the pixel electrode overlap each
other, and showing an example in which the size of the over-
lapping area of the gate bus line and the drain electrode is
adjusted.

[0104] FIG. 50 is a graph showing a relationship between
the gate-drain overlapping area ratio and the pixel electrode
area ratio.

[0105] FIG. 51 is a graph showing a relationship between
the frame period and the applied voltage arrival rate.

[0106] FIG. 52 is a schematic view showing a display state
when the influence of the difference in the response coeffi-
cient on the display was investigated.

[0107] FIG. 53 is a graph showing a suitable range of the
response coefficient expressed by “Cpix(min)/Cpix(max).”
[0108] FIG. 54 is a schematic plan view showing an
arrangement configuration of pixel electrodes, TFT's and vari-
ous lines of a liquid crystal display device of Embodiment 2.
[0109] FIG. 55 is an equivalent circuit diagram in the liquid
crystal display device of Embodiment 2.

[0110] FIG.56 shows signal waveforms when a multi-pixel
drive is performed.

[0111] FIG. 57 is a schematic plan view showing a range in
which an expanded part of the Cs bus line and an expanded
part of the drain electrode overlap each other in Embodiment
2.

[0112] FIG. 58 is a schematic plan view showing an
example when the Cs capacitance is adjusted by the overlap-
ping area of the pixel electrode and the Cs bus line.

[0113] FIG. 59 is a schematic plan view showing an
example when the Cs capacitance is adjusted by the overlap-
ping area of the pixel electrode and the Cs bus line.

[0114] FIG. 60 is a schematic plan view showing an
example when the Cs capacitance is adjusted by the overlap-
ping area of the pixel electrode and the Cs bus line.

[0115] FIG. 61 is a schematic plan view showing an
example when the Cs capacitance is adjusted by the overlap-
ping area of the pixel electrode and the Cs bus line.

[0116] FIG. 62 is a waveform chart showing the Cs ampli-
tude when a multi-drive is performed.
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[0117] FIG. 63 is a schematic plan view showing an
arrangement configuration of pixel electrodes and lines in
Embodiment 3.

[0118] FIG. 64 is a schematic plan view showing an
arrangement configuration of pixel electrodes and lines in
Embodiment 4.

[0119] FIG. 65 is a schematic plan view showing an
arrangement configuration of pixel electrodes and lines in
Embodiment 5.

[0120] FIG. 66 is a schematic cross-sectional view showing
a form in which picture elements of three colors are used in
Embodiment 6.

[0121] FIG. 67 is a schematic cross-sectional view showing
a form in which picture elements of four colors are used in
Embodiment 6.

[0122] FIG. 68 is a schematic view showing a state in which
a white window is displayed on a halftone background.
[0123] FIG. 69 is a schematic view showing a state of a
halftone solid display after the white window is eliminated.
[0124] FIG. 70 is a schematic view showing signal wave-
forms of the drain voltages of two pixel electrodes arranged
adjacently to each other.

[0125] FIG. 71 is a graph showing an in-plane counter
voltage distribution in a liquid crystal display device in the
case of not performing Cgd gradation.

[0126] FIG. 72 is a graph showing a Cgd gradation per-
formed in a liquid crystal display device.

[0127] FIG. 73 is a graph showing an in-plane counter
voltage distribution in a conventional liquid crystal display
device in the case of performing Cgd gradation.

DESCRIPTION OF EMBODIMENTS

[0128] Herein, the overlapping area of the pixel electrode
with lines includes an overlapping area of the drain electrode
overlapped with lines. The overlapping area of the pixel elec-
trode with scanning lines includes an overlapping area of the
pixel electrode overlapped with the gate electrode. The over-
lapping area of the pixel electrode with signal lines includes
an overlapping area of the pixel electrode overlapped with the
source electrode.

[0129] The present invention will be mentioned in more
detail referring to the drawings in the following embodi-
ments, but is not limited to these embodiments.

Embodiment 1

[0130] FIG. 1 is a graph showing in-plane counter voltage
distributions of RGB three primary colors in a liquid crystal
display device of Embodiment 1 in the case of not performing
Cgd gradation.

[0131] In FIG. 1, a dashed-dotted line shows an in-plane
counter voltage distribution 101 of G (green), a dotted line
shows an in-plane counter voltage distribution 101 of B
(Blue), and a dashed line shows an in-plane counter voltage
distribution 101 of R (red). The position x shows a position on
a scanning signal side when the position of a horizontal axis
on a panel plane surface where the signal is input to the
scanning line is set to 0.

[0132] As shown in FIG. 1, in the case where there is a
difference A in AVd among the picture elements, and Cgd
gradation is not performed, the in-plane counter voltage dis-
tributions 101 of the RGB primary colors are different from
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one another. In contrast, Figures (FIG. 26 to FIG. 29, FIG. 31,
and FIG. 32) in the case of performing Cgd gradation are
described below.

[0133] FIG. 2isaschematic plan view showing an arrange-
ment configuration of pixel electrodes, TFTs and various
lines of the liquid crystal display device of Embodiment 1. As
shown in FIG. 2, one pixel electrode is arranged for one
picture element in Embodiment 1. Also, one pixel is config-
ured by a plurality of picture elements, and hence each of the
picture elements is individually controlled to control each
pixel, and to further control the whole display of the liquid
crystal display device.

[0134] The liquid crystal display device of Embodiment 1
includes gate bus lines 11 extending in a row direction (lateral
direction), and source bus lines 12 extending in a column
direction (longitudinal direction). Further, the liquid crystal
display device includes a TF'T 14 connected to both of the gate
bus line 11 and the source bus line 12. The TFT 14 is also
connected to a pixel electrode 15. Further, the liquid crystal
display device includes a Cs bus line 13 which overlaps at
least apart of the pixel electrode 15. For example, as shown in
FIG. 2, the Cs bus line 13 is formed to extend in the row
direction so as to cross the center portion of the pixel elec-
trode 15.

[0135] In Embodiment 1, a kind of color filter is arranged
for one picture element. Examples of the kinds, the number,
and the arrangement order of colors of the picture elements
configuring a pixel include, but are not limited in particular to,
combinations such as RGB, RGBY, RGBC, and RGBW. The
color of a picture element is determined by a color filter.
Examples of arrangement configurations of color filters
include a stripe arrangement, as shown in FIG. 3, in which
color filters are formed to extend in the longitudinal direction
regardless of the boundary of the pixel electrode, and a two-
by-two matrix arrangement having four colors, as shown in
FIG. 4, in which two color filters are arranged in each of the
row direction and the column direction.

[0136] FIG. 5 is an equivalent circuit diagram in the liquid
crystal display device of Embodiment 1. In Embodiment 1, a
circuit pattern is formed for each picture element (sub-pixel),
and hence circuit patterns for two picture elements are illus-
trated in FIG. 5.

[0137] A liquid crystal capacitance Clc is formed by the
pixel electrode and the counter electrode which are arranged
to face each other via the liquid crystal layer. The value of Clc
is dependent on an effective voltage (V) applied to the liquid
crystal layer by the pair of electrodes. A storage capacitance
Ccs is formed by the pixel electrode and the Cs bus line
(storage capacitor line) which are arranged to face each other
via an insulating layer. A gate-drain capacitance Cgd is
formed by the pixel electrode and the gate bus line (scanning
line) which are arranged to face each other via an insulating
layer. A source-drain capacitance Csd is formed by the pixel
electrode and the source bus line (signal line) which are
arranged to face each other via an insulating layer.

[0138] The TFT (thin film transistor) includes a semicon-
ductor layer made of silicon, and the like, and three electrodes
of a gate electrode, a source electrode, and a drain electrode.
The pixel electrode is connected to the drain electrode of the
TFT. The gate electrode of the TFT is connected to the gate
bus line, and the source electrode of the TFT is connected to
the source bus line.

[0139] A scanning signal supplied to the gate bus line in a
pulse-like manner at a predetermined timing is applied to
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each of the TFTs at a predetermined timing (by line-sequen-
tial writing, every other line writing, two-line simultaneous
writing, or the like). Then, an image signal supplied from the
source bus line is applied to the pixel electrode connected to
the TFT which is turned on for a predetermined time period
by the input of the scanning signal.

[0140] The image signal having a predetermined level,
which is written in the liquid crystal layer for each of the
picture elements, is held, for a predetermined time period,
between the pixel electrode with the image signal applied
thereto and the counter electrode facing the pixel electrode.
After the image signal is applied, the image signal held
between the pixel electrode and the counter electrode may
leak. In order to prevent this leakage, the storage capacitance
Cecs is formed in parallel with the liquid crystal capacitance
Clc formed between the pixel electrode and the counter elec-
trode.

[0141] In Embodiment 1, as shown in FIG. 2, the lateral
lengths of the pixel electrodes 15 are different from each
other, and the longitudinal lengths of the pixel electrodes 15
are the same. Therefore, the areas of the pixel electrodes 15
are different from each other.

[0142] Inthe following, examples of arrangement configu-
rations (Examples 1 to 6) of three color filters of red, green
and blue, and of four color filters of red, green, blue and
yellow are specifically described.

Example 1

[0143] FIG. 6 is a schematic plan view of color filters for a
pixel of Example 1. As shown in FIG. 6, three color filters of
red (R), green (G) and blue (B) are arranged in Example 1.
The color filters in Example 1 are arranged in a stripe shape,
and picture elements of the same colors are arranged in the
longitudinal direction of the panel.

[0144] The pixel electrodes of the respective three colors of
red, green and blue are formed to have the same longitudinal
length but to have different lateral lengths (picture element
pitches). Generally, the pixel electrode having a larger picture
element pitch has a larger picture element area.

[0145] Specifically, the pitch width of the green picture
element is larger than the pitch width of the red picture ele-
ment, and is larger than the pitch width of the blue picture
element. The pitch width of the red picture element is the
same as the pitch width of the blue picture element. The area
of the green picture element is larger than the area of the red
picture element, and is larger than the area of the blue picture
element.

[0146] In the case where all the picture elements of red,
green and blue are not formed to have the same pitch width,
and the ratio of the green picture element is increased, higher
transmissivity is obtained as compared with the case where
the ratios of these picture elements are the same. Meanwhile,
when the area of the pixel electrode is different among the
picture elements, the color balance may be deteriorated, but
the color balance can be adjusted by controlling the backlight.
Specifically, the color balance can be adjusted, such as by
controlling the backlight signal, and by changing the phos-
phor ratio of the light source used for the backlight.

[0147] In Example 1, the balance between the values of
a=Cgd/(Cgd+Csd+Ccs+Clc) of the picture elements is
adjusted by using the channel width of the TFT. Specifically,
a TFT having a larger channel width is arranged for the pixel
electrode having a larger area. Therefore, the channel width of
the TFT arranged for the green picture element is larger than
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the channel width of the TFT arranged for the red picture
element, and is larger the channel width of the TFT arranged
for the blue picture element.

[0148] Thereby,itis possibleto easily adjust, for each of the
picture elements, the balance of the gate-drain capacitance
(Cgd) formed between the gate bus line and the pixel elec-
trode, the source-drain capacitance (Csd) formed between the
source bus line and the pixel electrode, the storage capaci-
tance (Ccs) formed between the Cs bus line and the pixel
electrode, and the liquid crystal capacitance (Clc) formed
between the pixel electrode and the counter electrode.
[0149] FIG. 7 to FIG. 11 are schematic plan views respec-
tively showing an example of means for making the channel
width d (d1 to d5) of the TFT different among the picture
elements in Example 1. As shown in FIG. 7 to FIG. 11, a TFT
14 is connected to each of a gate bus line 11 and a source bus
line 12. The TFT 14 includes, as components, a semiconduc-
tor layer formed of silicon, and the like, a source electrode 22
extended from a part of the source bus line 12, a drain elec-
trode 23 that supplies an image signal from the source bus line
12 to the pixel electrode via the semiconductor layer, and a
gate electrode that is a region of the gate bus line 11, which
region overlaps the semiconductor layer.

[0150] The drain electrode 23 is extended toward the center
ofthe picture element, and is formed to have a certain spread.
A contact hole 24 is formed through the insulating layer
formed on a portion 23a having the certain spread, and the
drain electrode 23 and the pixel electrode are electrically
connected to each other via the contact hole 24.

[0151] The portion 23a of the drain electrode 23, which
portion has the certain spread, can form a storage capacitance
together with the Cs bus line arranged under the portion 23a
via the insulating layer. The Cs bus line is extended in parallel
with the gate bus line 11.

[0152] The semiconductor layer provided in the TFT 14
overlaps both of the source electrode 22 and the drain elec-
trode 23. The region of the semiconductor layer, which region
overlaps the source electrode 22, is a source region, and the
region of the semiconductor layer, which region overlaps the
drain electrode 23, is a drain region. Further, the region of the
semiconductor layer, which region does not overlap both of
the source electrode 22 and the drain electrode 23, and which
region is located between the source electrode 22 and the
drain electrode 23 in a plan view, is a channel region 21.
Therefore, the semiconductor layer has three regions of the
source region, the channel region 21, and the drain region.
[0153] The channel region 21, which overlaps the gate bus
line 11, enables an image signal to be supplied from the
source electrode 22 to the drain electrode 23 only when a
scanning signal is inputted into the gate bus line 11. Since the
length (distance between the source electrode 22 and the
drain electrode 23) of the channel region 21 is determined to
be an appropriate value to some extent, it is not preferred to
change the length of the channel region 21 for each of the
picture elements, but the width d of the channel region 21 can
be adjusted. When the width d of the channel region 21 with
respect to the length of the channel region 21 is expanded, the
conductivity of the TFT 14 can be further improved. There-
fore, in Example 1, the channel width d in the green picture
element is formed to be larger than the channel width d in the
red and blue picture elements.

[0154] Thereby, the value of the gate-drain capacitance
(Cgd) formed between the gate bus line and the pixel elec-
trode is changed, and hence, by the use of this change, the
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values of the optimum counter voltages in the picture ele-
ments are respectively adjusted so as to become close to each
other.

[0155] FIG. 7 is a schematic plan view showing a first
example of TFT in which the size of channel width is
adjusted. The channel region 21 of the TFT in FIG. 7 is
formed between the drain electrode 23 and the source elec-
trode 22, and has the channel width of d1. The value of o can
be adjusted among the picture elements by changing the size
of'd1 for each of the picture elements.

[0156] FIG.8andFIG. 9 are schematic plan views showing
a second example of TFT in which the size of channel width
is adjusted. The channel width d2 of the TFT 14 in FIG. 8 is
formed not only between the drain electrode 23 and the source
electrode 22 but also between the drain electrode 23 and a part
of the source bus line 12. In this case, as shown in FIG. 9, the
channel width d2 ofthe TFT 14 becomes the length of the sum
of the length d3 of the portion facing the source bus line 12
and the length d4 of the portion facing the source electrode 22.
The value of a can be adjusted among the picture elements by
changing the size of d2 for each of the picture elements.
[0157] FIG.10and FIG. 11 are schematic plan views show-
ing a third example of TFT in which the size of channel width
is adjusted. In the TFT 14 shown in FIG. 10, the source
electrode 22 extended from a part of the source bus line 12 is
branched in the middle so as to have a shape surrounding the
distal end of the drain electrode 23. In this case, as shown in
FIG. 11, the channel width d5 of the TFT 14 becomes the
length of the sum of the lengths d6 and d8 of the portions in
parallel with the gate bus line 11, and the length d7 of the
portion in parallel with the source bus line 12. The value of .
can be adjusted among the picture elements by changing the
size of d5 for each of the picture elements.

[0158] In Example 1, it is preferred that the values of o of
the picture elements are close to each other. Specifically, it is
preferred that the ratio expressed as: “(maximum value of
o—minimum value of o)/(minimum of value of a)” of the
values of o of the picture elements is 10% or less. When the
values of o of the picture elements are set close to each other,
the variation in AVd which is the through-feed voltage is
suppressed, and thereby the optimum counter voltages among
the picture elements are made close to each other. Thereby,
the possibility of occurrence of image sticking can be greatly
reduced. The value of o is obtained by the expression:
a=Cgd/Cpix (Cpix=Cgd+Csd+Ccs+Clc). For this reason, the
parameters included in the expression need to be adjusted, in
order to adjust the balance between the values of o of the
picture elements. The balance between the values of o of the
picture elements can be effectively adjusted by adjusting the
channel width.

Example 2

[0159] FIG. 12 is a schematic plan view of color filters for
apixel of Example 2. As shown in FIG. 12, the color filters in
Example 2 are arranged in a stripe shape, and picture ele-
ments of the same color are arranged in the longitudinal
direction of the panel. Further, three color filters of red (R),
green (G) and blue (B) are used in Example 2. The arrange-
ment order of the colors is not limited in particular. In
Example 2, the pitch width of the red (R) picture element is
smaller than the pitch widths of the green (G) picture element
and of the blue (B) picture element. The pitch width of the
green (G) picture element is the same as the pitch width of the
blue (B) picture element.
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[0160] In the case where all the picture elements of red,
green and blue are not formed to have the same pitch width,
and the ratio of the red picture element is reduced, higher
transmissivity is obtained as compared with the case where
the ratios of these picture elements are the same. Note that,
when the area of the pixel electrode is different among the
picture elements, the color balance may be deteriorated, but
the color balance can be adjusted by controlling the backlight.
Specifically, the color balance can be adjusted, such as by
controlling the backlight signal, and by changing the phos-
phor ratio of the light source used for the backlight.

Example 3

[0161] FIG. 13 is a schematic plan view of color filters for
a pixel of Example 3. As shown in FIG. 13, the color filters in
Example 3 are arranged in a stripe shape, and picture ele-
ments of the same color are arranged in the longitudinal
direction of the panel. Further, three color filters of red (R),
green (G) and blue (B) are used in Example 3. The arrange-
ment order of the colors is not limited in particular. In
Example 3, the pitch width of the red (R) picture element is
smaller than the pitch width of the blue (B) picture element,
and the pitch width of the blue (B) picture element is smaller
than the pitch width of the green (G) picture element.
[0162] In the case where all the picture elements of red,
green and blue are not formed to have the same pitch width,
and the ratio of the red picture element is reduced, and also the
ratio of the green picture element is increased, higher trans-
missivity is obtained as compared with the case where the
ratios of these picture elements are the same. Note that, when
the area of the pixel electrode is different among the picture
elements, the color balance may be deteriorated, but the color
balance can be adjusted by controlling the backlight. Specifi-
cally, the color balance can be adjusted, such as by controlling
the backlight signal, and by changing the phosphor ratio of
the light source used for the backlight.

Example 4

[0163] FIG. 14 is a schematic plan view of color filters for
a pixel of Example 4. As shown in FIG. 14, the color filters in
Example 4 are arranged in a stripe shape, and picture ele-
ments of the same color are arranged in the longitudinal
direction of the panel. Further, four color filters of red (R),
green (G), blue (B) and yellow (Y ) are used in Example 4. The
arrangement order of the colors is not limited in particular. In
Example 4, the pitch width of the green (G) picture element is
the same as the pitch width of the yellow (Y) picture element,
and the pitch width of the red (R) picture element is the same
as the pitch width of the blue (B) picture element. The pitch
width of the green (G) and yellow (Y) picture elements is
smaller than the pitch width ofthe red (R) and blue (B) picture
elements.

[0164] In the case where all the picture elements of red,
green, blue and yellow are not formed to have the same pitch
width, and the ratios of the red and blue picture elements are
set higher, and also the ratios of the green picture element and
the yellow picture element are set lower, wider color repro-
ducibility is obtained as compared with the case where the
ratios of these picture elements are the same. Note that, when
the area of the pixel electrode is different among the picture
elements, the color balance may be deteriorated, but the color
balance can be adjusted by controlling the backlight. Specifi-
cally, the color balance can be adjusted by controlling the
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backlight signal, by changing the phosphor ratio of the light
source used for the backlight, or the like.

Example 5

[0165] Each of FIG. 15 and FIG. 16 is a schematic plan
view of color filters for a pixel of Example 5. As shown in
FIG. 15, the color filters in Example 5 are arranged in a stripe
shape, and picture elements of the same color are arranged in
the longitudinal direction of the panel. Further, four color
filters of red (R), green (G), blue (B) and yellow (Y) are used
in Example 5. The arrangement order of the colors is not
limited in particular. In Example 5, the pitch width of the
green (G) picture element is the same as the pitch width of the
yellow (Y) picture element. The pitch width of the red (R)
picture element is larger than any of the pitch width of the
green (G) picture element and the pitch width of the yellow
(Y) picture element. Further, the pitch width of the blue (B)
picture element is larger than any of the pitch width of the
green (G) picture element and the pitch width of the yellow
(Y) picture element.

[0166] In the case where all the picture elements of red,
green, blue and yellow are not formed to have the same pitch
width, and the ratios of the red and blue picture elements are
set higher, and also the ratios of the green and yellow picture
elements are set lower, wider color reproducibility is obtained
as compared with the case where the ratios of these picture
elements are the same. Note that, when the area of the pixel
electrode is different among the picture elements, the color
balance may be deteriorated, but the color balance can be
adjusted by controlling the backlight. Specifically, the color
balance can be adjusted, such as by controlling the backlight
signal, and by changing the phosphor ratio of the light source
used for the backlight.

[0167] In the relationship between the pitch widths of the
red and blue picture elements, a form is assumed in which one
of the pitch widths of the red and blue picture elements is
larger than the other. When the pitch width of the blue picture
element is larger than the pitch width of the red picture ele-
ment, the color filters are configured as shown in FIG. 15,
while when the pitch width of the red picture element is larger
than the pitch width of the blue picture element, the color
filters are configured as shown in FIG. 16.

[0168] Inthese cases, it is preferred that the pitch widths of
the red and blue picture elements are suitably set according to
the arrangement places of the spacers for holding the cell gap,
the formation place of the Cs line in the display region, and
the like. Specifically, when a multilayer spacer formed by
laminating color filters of a plurality of colors is used as the
spacer, the multilayer spacer may be formed in the red picture
element in order to obtain a sufficient height of the spacer. In
this case, itis preferred that the ratio of the red picture element
is made smaller than the ratio of the blue picture element.
Further, for example, when copper (Cu) is used for the metal
line such as the gate bus line and the source bus line, the light
reflected by the copper (Cu) layer may become reddish, and
hence the multilayer spacer may be formed in the blue picture
element. In this case, it is preferred that the ratio of the blue
picture element is made smaller than the ratio of the red
picture element.

Example 6

[0169] Each of FIG. 17 to FIG. 20 is a schematic plan view
of color filters for a pixel of Example 6. As shown in FIG. 17
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to FIG. 20, the color filters in Example 6 are arranged in a
stripe shape, and picture elements of the same color are
arranged in the longitudinal direction of the panel. Further,
four color filters of red (R), green (G), blue (B) and yellow (Y)
are used in Example 6. The arrangement order of the colors is
not limited in particular. In Example 6, the pitch width of the
red (R) picture element is larger than any of the pitch width of
the green (G) picture element and the pitch width of the
yellow (Y) picture element. Also, the pitch width of the blue
(B) picture element is larger than any of the pitch width of the
green (Q) picture element and the pitch width of the yellow
(Y) picture element. In the relationship between the pitch
widths of the green picture element and the yellow picture
element, an embodiment is assumed in which one of the pitch
widths of the green picture element and the yellow picture
element is larger than the other. Also, in the relationship
between the pitch widths of the red and blue picture elements,
anembodiment is assumed in which one of'the pitch widths of
the red and blue picture elements is larger than the other. FIG.
17 shows an embodiment in which the pitch widths of the
picture elements are set as yellow<green<blue<red, and FIG.
18 shows an embodiment in which the pitch widths of the
picture elements are set as green<yellow<blue<red. FIG. 19
shows an embodiment in which the pitch widths of the picture
elements are set as yellow<green<red<blue, and FIG. 20
shows an embodiment in which the pitch widths of the picture
elements are set as green<yellow<red<blue.

[0170] In the case where all the picture elements of red,
green, blue and yellow are not formed to have the same pitch
width, and the ratios of the red and blue picture elements are
set higher, and also the ratios of the green picture element and
the yellow picture element are set lower, wider color repro-
ducibility is obtained as compared with the case where the
ratios of these picture elements are the same. Meanwhile,
when the area of the pixel electrode is different among the
picture elements, the color balance may be deteriorated, but
the color balance can be adjusted by controlling the backlight.
Specifically, the color balance can be adjusted, such as by
controlling the backlight signal, and by changing the phos-
phor ratio of the light source used for the backlight.

[0171] In the relationships between the pitch widths of the
red and blue picture elements and between the pitch widths of
the green picture element and the yellow picture element, it is
preferred that, similarly to Example 5, the pitch widths of the
picture elements are suitably set according to the arrangement
places of the spacers for holding the cell gap, the formation
place of the Cs line in the display region, and the like. Spe-
cifically, the pitch widths of the picture elements are set as
described above.

Example 7

[0172] Each of FIG. 21 and FIG. 22 is a schematic plan
view of color filters for a pixel of Example 7. As shown in
FIG. 21 and FIG. 22, the color filters in Example 7 are
arranged in a two-by-two matrix shape corresponding to four
picture elements of red, green, blue and yellow. One picture
element is configured by a total of four squares arranged in a
matrix shape in which two squares are formed in each of the
longitudinal direction and the lateral direction. The arrange-
ment order of the colors is not limited in particular. Any of the
patterns of the areas of the picture elements in Examples 4 to
6 can be applied to the areas of the respective picture elements
in Example 7. That is, Example 7 is the same as Examples 4
to 6 except that the stripe arrangement of the color filters is
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changed to the two-by-two matrix arrangement. Note that, in
the case of the two-by-two matrix arrangement, a pixel is
configured not only by picture elements arranged in the lat-
eral direction but also by picture elements arranged in the
longitudinal direction, unlike the case of the stripe arrange-
ment. Therefore, the case where the pitch widths are different
in the longitudinal direction as shown in FIG. 21 is assumed,
and also the case where the pitch widths are different in the
lateral direction as shown in FIG. 22 is assumed.

[0173] In the case where all the picture elements of red,
green, blue, and yellow are not formed to have the same pitch
width, and the ratio of the red picture element is set lower,
higher transmissivity is obtained as compared with the case
where the ratios of these picture elements are the same. Mean-
while, when the area of the pixel electrode is different among
the picture elements, the color balance may be deteriorated,
but the color balance can be adjusted by controlling the back-
light. Specifically, the color balance can be adjusted by con-
trolling the backlight signal, by changing the phosphor ratio
of'the light source used for the backlight, and the like.

[0174] An example follows in which the overlapping area
of the pixel electrode overlapped with the gate electrode is
controlled so that Cgd gradation is set, and also the values of
a among the picture elements are adjusted in a liquid crystal
display device of Example 5. FIG. 23 is a schematic plan view
showing an example of TFT in which the size of the overlap-
ping area of the pixel electrode is adjusted in Example 5.

[0175] AsshowninFIG. 23, the TFT 14 includes the source
electrode 22 extended from a part of the source bus line 12, a
gate electrode 25 extended from a part of the gate bus line 11,
and the drain electrode 23 connected to the pixel electrode.
The TFT 14 includes a semiconductor layer at a position at
which the TFT 14 overlaps the gate electrode 25. A part of the
semiconductor layer overlaps a part of each of the source
electrodes 22 and the drain electrodes 23. Further, the other
part of the semiconductor layer overlaps neither the source
electrode 22 nor the drain electrode 23. In the other part of the
semiconductor layer, a part sandwiched between the source
electrode 22 and the drain electrode 23 in a plan view is the
channel region 21. Here, the width of the channel region 21 of
the semiconductor layer is set to be different for each of the
picture elements, but the interval between the source elec-
trode 22 and the drain electrode 23 is set to be the same for
each of the picture elements.

[0176] Intheexample shownin FIG. 23, the drain electrode
23 has a linear shape extended in the direction in parallel with
the source bus line 12. Further, the source electrode 22 has, in
aplan view, an opening opened toward the side opposite to the
side of the gate bus line 11, and has a shape configured to
surround the distal end of the drain electrode 23.

[0177] The width of the drain electrode 23 is denoted by
reference character ¢, and the interval between the drain elec-
trode 23 and the source electrode 22 in the direction in parallel
with the gate bus line 11 is denoted by reference character d.
The distance between the drain electrode 23 and the source
electrode 22 in the direction in parallel with the gate bus line
12 is denoted by reference character e. The length of the
portion of the source electrode 22, which portion faces the
drain electrode 23 and which portion is in parallel with the
source bus line 12, is denoted by reference character a. The
length obtained by subtracting the length of the portion of the
source electrode 22 which portion is in parallel with the
source bus line 12 from the length of the portion of the gate
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electrode 25, which portion is in parallel with the source bus
line 12, is denoted by reference character b.

[0178] Table 1 shows data of the picture elements before
setting Cgd gradation (the values are set so that the AVd
differences are reduced among the picture elements before
setting the gradation).

[0179] Inthe liquid crystal display device of Example 5, in
the case where, in four color picture elements having different
picture element pitches, the pitch widths of the picture ele-
ments were set as “blue”>“red”>“green=yellow,” the devia-
tion of the values of o (max-min) of the picture elements
could be suppressed to 3.88% by adjusting the values of o to
e among the picture elements as shown in Table 1 described
below. Further, AVd in the red picture element was 1.838 V,
AVd in the green picture element and the yellow picture
element was 1.901 V, and AVd in the blue picture element was
1.910V. The difference between the maximum and minimum
values of AVd was 72 mV. In Example 8 and Example 9
below, the value of a is adjusted among the picture elements,
and additionally the Cgd gradation is set. In the case of not
setting the gradation, in-plane counter voltage distribution
occurs, and thus flicker or degradation of image may occur in
displayed images. The ratio of the pitch width of the red,
green, yellow, and blue picture elements was set as “red”:
“green”:“yellow”:*“blue”=1.4:1:1:1.7.

TABLE 1
Picture element Picture elements Picture element
R GandY B
a (um) 28.0 19.0 40.5
b (um) 6.0 6.0 6.0
¢ (um) 5.0 5.0 5.0
d (um) 4.5 4.5 4.5
e (um) 4.5 4.5 4.5
AVd (V) 1.838 1.901 1.910
Example 8

[0180] The following Table 2 shows information of the
picture elements in the case of setting gradation so that the
same ACgd/Cpix was applied to the picture elements in a
liquid crystal display device including the picture elements
shown in Table 1. For setting the Cdg gradation, an overlap-
ping area of the gate electrode and the drain electrode was
changed by changing the length of the gate electrode along a
signal travelling direction of the scanning line. The length of
the gate electrode 26 to be changed is denoted by reference
character g. The length in the direction parallel to the gate bus
line 11 of the gate electrode 25 extended from a part of the
gate bus line 11 is denoted by reference character f. The
amount of 1 Step correction (Cgd correction amount) refers to
an amount of increase or decrease in the g per 1 Step. Total
number of Steps refers to the number of times of Step per-
formed to increase the g in the correction. The maximum
correction amount refers to the maximum value of the g. A
AVd correction amount (mV) per 1 Step refers to an amount
of increase or decrease in the AVd caused accompanying the
increase or decrease in the g per 1 Step. The maximum cor-
rection amount (mV) refers to a AVd correction amount when
the g is the maximum value, and is the maximum value of the
AVd correction amount. An optimum counter voltage devia-
tion (mV) is a difference between the maximum value and
minimum value of in-plane counter voltage distribution
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before setting gradation. A AVd (V) at a position where the
maximum correction amount is applied refers to the value of
AVd when the g is the maximum value (position in a panel
plane where g is the maximum value).

[0181] FIG. 24 is a graph showing a mosaic region between
Step (n) and Step (n+1) in the liquid crystal display device of
Embodiment 1. A mosaic region 133 is a region where a pixel
131 of Step (n) and a pixel 132 of Step (n+1) are mixed. The
mosaic region 133 may be provided or not provided ina liquid
crystal display. The number of the pixels in the scanning line
direction of the mosaic region 133 is any as long as a visually
uneven portion is prevented from occurring so that smooth
displays are achieved. The number is normally constant (for
example, 24). The number of pixels (number of pixels to be
maintained) in a portion not including the above described
mixture may be, for example, four or more. Similarly, a
mosaic region is provided in Example 9 and Comparative
Example 1. Correction by Cgd gradation is basically deter-
mined by the correction amount per 1 Step and the number of
pixels in a portion not including the mixture as described
above. A smaller number of pixels to be maintained leads to
steep correction, and thus a larger correction amount can be
achieved. In contrast, a larger number of pixels to be main-
tained leads to mild correction, and thus a smaller correction
amount can be achieved.

TABLE 2

Picture Picture Picture
element elements element
R GandY B

f (um) 20.0 20.0 20.0
g  Correction amount per 1 Step (um) 0.5 0.25 0.75
Total number of Steps (unit: times) 11 16 10
Maximum correction amount (jum) 5.5 4 7.5
AVd correction amount per 1 Step 14.0 9.9 16.4
(mv)
Maximum correction amount (mV) 154.1 157.8 163.5

OptiMum counter voltage deviation 324.0 324.0 324.0
(mV)

AVd (V) at a position where the 1.668 1.735 1.750
maximum correction amount is
applied

[0182] FIG. 25 is a graph showing the AVd correction

amount (mV) at relative positions from a gate input terminal
in a liquid crystal display device of Example 8.

[0183] Inthe liquid crystal display device of Example 8, by
controlling the value of g in each picture element according to
the values shown in Table 2, difference in the AVd correction
amount at the maximum correction amount was controlled to
154.1 mV in the red picture element, 157.8 mV in the green
picture element and the yellow picture element, and 163.5
mV in the blue picture element. Thus, the difference between
the maximum value and the minimum value of the difference
in the AVd correction amount at the maximum correction
amount among the picture elements was 9.4 mV. The opti-
mum counter voltage deviation was 324 mV. At the maximum
correction amount, the value of AVd was 1.668 V in the red
picture element, 1.735V in the green picture element and the
yellow picture element, and 1.750 V in the blue picture ele-
ment, and hence the difference between the maximum and
minimum values of AVd was 82 mV at the maximum correc-
tion amount. The o deviation (ratio of a difference between
the maximum and minimum values of o to the minimum
value of o) was 4.19%. With the above-described design, the
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optimum counter voltage is sufficiently controlled in the pic-
ture elements. Hence, a liquid crystal display device capable
of suppressing generation of image sticking was obtained.
[0184] EachofFIG. 26 and FIG. 27 shows a graph obtained
in the case where gradation was set so that the same ACgd/
Cpix was applied to each of the picture elements when there
was a difference in AVd among the picture elements as shown
in Example 8. In each of FIG. 26 and FIG. 27, a graph
obtained in the case where three color picture elements were
used, and a signal of the scanning line was input only from the
position x=0 on the horizontal axis is shown.

[0185] FIG. 26 is a graph showing a Cgd gradation 102
provided in a liquid crystal display device of a modified
version of Example 8. In FIG. 26, a solid line shows a Cgd
correction amount (Cgd gradation) provided in R(red),
G(green), and B(blue).

[0186] FIG. 27 is a graph showing in-plane counter voltage
distributions of each of RGB three primary colors in the case
of performing Cgd gradation in the liquid crystal display
device of a modified version of Example 8. As shown in FIG.
27, in the case where the Cgd gradation was provided to the
extent that the in-plane counter voltage distribution 103 was
sufficiently reduced, the in-plane counter voltage distribution
103 in the picture elements each were almost constant.
Accordingly, the AVd difference among the picture elements
was approximately the same as that in the case of not provid-
ing Cgd gradation. In FIG. 27, a dashed-dotted line shows an
in-plane counter voltage distribution 103 of G (green), a
dotted line shows an in-plane counter voltage distribution 103
of B (blue), and a dashed line shows an in-plane counter
voltage distribution 103 of R (red). In the modified version of
Example 8, as shown in FIG. 27, in the case where the values
of AVd were set to be uniform but were deviated by the
amount A, the in-plane counter voltage distributions 103
appear as if they are parallel lines of translation in each pixel.
In contrast, in the case where Cgd gradation is set so as to
achieve the same Cgd/Cpix by considering the difference in
the pixel capacitances, and also substantially the amount fully
compensates the optimum counter voltage deviation, the in-
plane counter voltage distribution 103 is constant with the
AVd difference A.

[0187] EachofFIG. 28 and FIG. 29 shows a graph obtained
in the case where gradation was set so that the same ACgd/
Cpix was applied to the picture elements when there was a
difference in AVd among the picture elements as shown in
Example 8. In each of FIG. 28 and FIG. 29, a graph obtained
in the case where three color picture elements were used, and
a signal of the scanning line was input only from the position
x=0 on the horizontal axis is shown.

[0188] FIG. 28 is a graph showing a Cgd gradation per-
formed in a liquid crystal display device of another modified
version of Example 8. In FIG. 28, a solid line shows a Cgd
correction amount set for R(red), G(green), and B(blue).
[0189] FIG. 29 is a graph showing in-plane counter voltage
distributions of RGB three primary colors in the case of
performing Cgd gradation in the liquid crystal display device
of the another modified version of Example 8. As shown in
FIG. 29, in the case where the Cgd gradation was provided to
the extent that the in-plane counter voltage distributions were
sufficiently reduced, variation in the in-plane counter voltage
distributions in the picture elements decreases but remains.
Thus, the in-plane counter voltage distributions are not con-
stant. The AVd difference among the picture elements was
approximately the same as that in the case of not providing
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Cgd gradation. In FIG. 29, a dashed-dotted line shows an
in-plane counter voltage distribution of G (green), a dotted
line shows an in-plane counter voltage distribution of B
(blue), and a dashed line shows an in-plane counter voltage
distribution of R (red). In another modified Example 8, as
shown in FIG. 29, in the case where the values of AVd were
set to be uniform but were deviated by the amount A, the
in-plane counter voltage distributions appear as if they are
parallel lines of translation in each pixel. For example, the
AVd difference A at the position x=0 and the AVd difference
A at the position of the maximum correction amount are
approximately the same. In terms of achieving a constant
in-plane counter voltage distribution, the amount of Cgd gra-
dation is preferably an amount that substantially compensates
the optimum counter voltage deviation, as in the modified
version of Example 8 described above.

Example 9

[0190] The following Table 3 shows information of the
picture elements in the case where gradation was set such that
a Cgd/Cpix leading to uniform in-plane counter voltages of
the picture elements was achieved, in a liquid crystal display
device including the picture elements shown in above Table 1.
Evenin the case where the gradation is set in the same manner
as Example 8, the difference in the values of AVd is approxi-
mately several tens mV (82 mV in Example 8) in Example 9.
Therefore, the Cgd gradation was set while considering the
AVd difference. Meanwhile, the items in Table 3 are the same
as those shown in above Table 2.

TABLE 3

Picture  Picture  Picture
element elements element
R GandY B

f(um) 20.0 20.0 20.0

g Correction amount per 1 Step (um) 0.5 0.25 0.75
Total number of Steps (unit: times) 11 16 9
Maximum correction amount (jum) 5.5 4 6.75
AVd correction amount per 1 Step 14.0 9.9 16.4
(mV)

Maximum correction amount (mV)  154.1 157.8 147.2
Optinum counter voltage deviation  324.0 324.0 324.0

mv)
AVd (V) at a position where the 1.668 1.735 1.733
maximum correction amount is
applied

[0191] FIG. 30 is a graph showing AVd correction amounts

(mV) at relative positions from a gate input terminal in a
liquid crystal display device of Example 9.

[0192] Inthe liquid crystal display device of Example 9, by
controlling the value of g in each picture element according to
the values shown in Table 3 and FIG. 30, difference in the
AVd correction amount at the maximum correction amount
was controlled to 154.1 mV in the red picture element, 157.8
mV in the green picture element and the yellow picture ele-
ment, and 147.2 mV in the blue picture element. Thus, the
difference between the maximum value and the minimum
value of the difference in the AVd correction amount at the
maximum correction amount among the picture elements was
23 mV. At the maximum correction amount, the value of AVd
was 1.668 V in the red picture element, 1.735V in the green
picture element and the yellow picture element, and 1.733 V
in the blue picture element. Hence, the difference between the
maximum and minimum values of AVd was 67.0 mV at the
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maximum correction amount. The o deviation (ratio of a
difference between the maximum and minimum values of a
to the minimum value of o) was 3.40%. With the above-
described design, by lowering the controlling level of the
optimum counter voltage in the picture elements, the devia-
tion of the value of a can be remedied. Thereby, a liquid
crystal display device capable of suppressing generation of
image sticking was obtained.

[0193] EachofFIG. 31 and FIG. 32 shows a graph obtained
in a modified version of Example 9 in which a gradation was
set such that a Cgd/Cpix leading to uniform in-plane counter
voltages of the picture elements was achieved when there is a
difference in AVd among the picture elements as in Example
9. A graph using the picture elements of three colors (RGB)
was shown in the modified version of Example 9.

[0194] FIG. 31 is a graph showing a Cgd gradation per-
formed in a liquid crystal display device of amodified version
of Example 9. In FIG. 31, a lower level of Cgd gradation is set
for the pixel element (R) with a larger AVd. In FIG. 31, asolid
line shows Cgd correction amount set for G(green) and
B(blue), and a dashed line shows Cgd correction amount set
for R (red).

[0195] FIG. 32 is a graph showing in-plane counter voltage
distributions of RGB three primary colors in the case of
performing Cgd gradation in the liquid crystal display device
of the modified version of Example 9. In FIG. 32, a dashed-
dotted line shows an in-plane counter voltage distribution of
G (green), a dotted line shows an in-plane counter voltage
distribution of B (blue), and a dashed line shows an in-plane
counter voltage distribution of R (red).

[0196] AsshowninFIG. 31 and FIG. 32, the Cgd gradation
was set so that the values of c of the picture elements are made
as close to each other as possible, while considering the AVd
difference, at the time of the maximum correction amount in
Example 9 and the modified version of Example 9.

[0197] When a lower level of Cgd gradation is set for the
pixel element (R) with a larger AVd and a higher level of Cgd
gradation is set for the pixel elements (G, B) with a smaller
AVd as described above, the variation in the in-plane counter
voltage distributions is reduced, and the AVd difference can
be made smaller, though not the same, than that in Example 8.
For example, although the AVd difference at the position x=0
remains to be A, the AVd difference B at the position corre-
sponding to the maximum correction amount is smaller than
A.

[0198] As described in Example 8 and Example 9, the
overlapping area of the pixel electrode overlapped with the
scanning line initially increases in a travelling direction of a
scanning line signal but a rate of the increase subsequently
decreases, in each of the pixel electrodes respectively
arranged for the picture elements of single colors. The rates of
increase are different among the pixel electrodes with differ-
ent pixel capacitances. Moreover, as in the case of the liquid
crystal display devices shown in Example 8 and Example 9,
among the plurality of pixel electrodes arranged in one pixel,
the rate of increase of a gate drain correction amount (rate of
increase of the gate drain capacitance increased by changing
an overlapping area of the pixel electrode with the scanning
line) in a direction of the scanning signal in a pixel electrode
with a larger gate drain capacitance (pixel electrode with a
larger gate drain capacitance before correction) when an over-
lapping area of the pixel electrode with the scanning line is
not changed is preferably the same or more than the rate of
increase in a pixel electrode with a smaller gate drain capaci-
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tance (pixel electrode with a smaller gate drain capacitance
before correction) when the overlapping area of the pixel
electrode with the scanning line is not changed. With the
above-described design, the variation in the in-plane counter
voltage distributions can be more favorably suppressed, and
the AVd difference can be made further smaller.

[0199] Example 8 is particularly preferable in terms of
prevention of variation in the in-plane counter voltage distri-
butions. Example 9 is particularly preferable in terms of
achieving a smaller o deviation. Preferable gradation (Cgd
correction) may be either one of that shown in Example 8 and
that shown in Example 9.

Comparative Example 1

[0200] The following Table 4 shows information of the
picture elements in the case where the gradation arrangement
is not controlled in a liquid crystal display device including
the picture elements shown in above Table 1. Meanwhile, the
items in Table 4 are the same as those shown in above Tables
2 and 3.

TABLE 4

Picture  Picture  Picture
element elements element
R GandY B

f(pm) 20.0 20.0 20.0

g Correction amount per 1 Step (um) 0.25 0.25 0.25
Total number of Steps (unit: times) 16 16 16
Maximum correction amount (jum) 4 4 4
AVd correction amount per 1 Step 7.0 9.9 5.5
(mv)
Maximum correction amount (mV)  112.0 157.8 87.2
Optinum counter volTage deviation  324.0 324.0 324.0
mv)
AVd (V) at a position where the 1.626 1.735 1.673
maximum correction amount is
applied

[0201] FIG. 33 is a graph showing the AVd correction

amount (mV) at relative positions from a gate input terminal
in a liquid crystal display device of Comparative Example 1.
[0202] In the liquid crystal display device of Comparative
Example 1, by controlling the value of gin each picture ele-
ment according to the values shown in Table 4 and FIG. 33,
difference in the AVd correction amount at the maximum
correction amount was adjusted to 112.0 mV in the red pic-
ture element, 157.8 mV in the green picture element and the
yellow picture element, and 87.2 mV in the blue picture
element. Thus, the difference between the maximum value
and the minimum value of the difference in the AVd correc-
tion amount at the maximum correction amount among the
picture elements was 70.6 mV. At the maximum correction
amount, the value of AVd was 1.626 V in the red picture
element, 1.735V in the green picture element and the yellow
picture element, and 1.673 V in the blue picture element, and
hence the difference between the maximum and minimum
values of AVd was 109 mV at the maximum correction
amount. The o deviation (ratio of a difference between the
maximum and minimum values of o to the minimum value of
a) was 6.53%. Therefore, image sticking may occur in a
liquid crystal display device with the above-described design.
[0203] EachofFIG. 34 and FIG. 35 shows a graph obtained
in a modified version of Comparative Example 1 in which
gradation was set under the same condition on the rate of
increase of the overlapping area of the pixel electrode with the
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scanning line among the pixel elements, when there is a
difference in AVd among the picture elements as shown in
Comparative Example 1. Since the pixel capacitances of the
pixel electrodes are different from one another, the gradation
is different from one another. Meanwhile, the graphs shown
inFIG. 34 and FIG. 35 are obtained when the picture elements
of three colors (RGB) were used.

[0204] FIG. 34 is a graph showing a Cgd gradation per-
formed in a liquid crystal display device of amodified version
of Comparative Example 1. In FIG. 34, a dashed-dotted line
shows Cgd correction amount set for G(green), a dotted line
shows Cgd correction amount set for B (blue), and a dashed
line shows Cgd correction amount set for R (red).

[0205] FIG. 35 is a graph showing in-plane counter voltage
distributions of RGB three primary colors in the case of
performing Cgd gradation in the liquid crystal display device
of the modified version of Comparative Example 1. In FIG.
35, a dashed-dotted line shows an in-plane counter voltage
distribution of G (green), a dotted line shows an in-plane
counter voltage distribution of B (blue), and a dashed line
shows an in-plane counter voltage distribution of R (red).

[0206] As shown in FIG. 34 and FIG. 35, in Comparative
Example 1 and the modified version of Comparative Example
1, the Cgd gradation may be set too high (G) ortoo low (R) for
an amount of compensation required in the case where the
Cgd gradation is set in the same shape (same Cgd correction
amount and the number of steps) without considering the
difference in the pixel capacitances. Therefore, it is not pos-
sible to control both of the in-plane counter voltage distribu-
tion and the AVd within the ranges which allow sufficient
exertion of the effects of the present invention. For example,
the AVd difference C at the position corresponding to the
maximum correction amount is larger than the AVd differ-
ence A at the position x=0.

[0207] The following Table 5 is atable showing permissible
ranges of the deviation of the value of o when the difference
ofthe values of AVd s assumed to be less than 100 mV in the
liquid crystal display device of the present invention. It is seen
that, when the difference between the values of AVd is 100
mV or less, the image sticking can be easily suppressed, and
that, when the difference between the values of AVd is S0 mV
or less, the image sticking can be more surely suppressed.

TABLE 5
AVd (V) Vepp (V) a Deviation of a (%)
1 41 0.02439 10.0
1.1 41 0.02683
1.5 41 0.03659 6.7
1.6 41 0.03902
2 41 0.04878 5.0
2.1 41 0.05122
3 41 0.07317 33
3.1 41 0.07561

[0208] As shown in Table 5 described above, the deviation
of'the value of a. was 10.0% at the time when the value of AVd
was setto 1.0V, and when the difference between the values of
AVd was set to 100 mV. The deviation of the value of o. was
6.7% at the time when the value of AVd was set to 1.5V, and
when the difference between the values of AVd was set to 100
mV. The deviation of the value of o. was 5.0% at the time when
the value of AVd was set to 2.0 V, and when the difference
between the values of AVd was set to 100 mV. The deviation
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of the value of o was 3.3% at the time when the value of AVd
was set to 3.0V, and when the difference between the values
of AVd was set to 100 mV.

[0209] It was found to be preferred that, in a normal liquid
crystal display device, the value of AVd is set in the range of
1.5t0 3.0V, and that, under this condition, the deviation of the
value of a is set in the range of 7.0% or less. Further, it is
conceivable that the value of AVd may be set as in the range
of AVd=1V in future, and it was found to be preferred that, in
this case, the deviation of the value of o is set in the range of
10.0% or less.

[0210] A relationship between the channel size and the
pixel electrode area in the liquid crystal display device of the
present invention was investigated. As a result, data as shown
in Table 6 and FIG. 36 were obtained. FIG. 36 is a graph
showing a relationship between the channel size ratio and the
pixel electrode area ratio.

TABLE 6

Channel size ratio Pixel electrode area ratio

0.491 0.6
0.618 0.7
0.745 0.8
0.873 0.9
1.000 1

1.127 1.1
1.255 1.2
1.382 1.3
1.509 14

[0211] The variation in the values of o among the picture
elements before performing Cgd gradation can be suppressed
by changing the values of c to e of the TFT channel according
to Table 6 and along the straight line shown in FIG. 36.
[0212] Further, the difference in the lengths of the source
electrode and the drain electrode between the TFTs shown in
FIG. 7 to FIG. 9 actually also influences the overlapping area
of the gate bus line and the drain electrode as shown in FIG.
3710 FIG. 39. Each of FIG. 37 to FIG. 39 is a schematic plan
view showing a region in which the gate bus line and the drain
electrode overlap each other in Embodiment 1. Since, as the
overlapping area of the gate bus line 11 and the drain elec-
trode 23 is increased, the value of the gate-drain capacitance
(Cgd) is more changed, the balance among all the values of o
of the picture elements can be adjusted also by adjusting the
overlapping area of the gate bus line 11 and the drain elec-
trode 23 in addition to the adjustment of the channel length.
[0213] As described above, in Embodiment 1, the balance
between the values of a=Cgd/(Cgd+Csd+Ccs+Clc) of the
picture elements is adjusted. As can be seen from the above-
described expression, it is effective to adjust the Cgd in order
to adjust the balance between the values of a of the picture
elements.

[0214] Actually, the difference in the overlapping area of
the drain electrode and the gate bus line in the TFT also
influences the gate-drain capacitance (Cgd) formed between
the gate bus line and the drain electrode. As the overlapping
area of the gate bus line and the drain electrode increases, the
value of the gate-drain capacitance (Cgd) increases. Thus, the
balance between the values of o of the picture elements can be
adjusted also by adjusting the overlapping area of the gate bus
line and the drain electrode.

[0215] Each of FIG. 40 to FIG. 43 shows an example of
TFT in which the size of the overlapping area of the gate bus
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line and the drain electrode is adjusted in the example of TFT
shown in FIG. 37. Each of FIG. 40 and FIG. 41 shows a form
in which the channel width d1 of the TFT shown in FIG. 37 is
changed. In FIG. 40, a projecting section is provided in a
planar shape in a part of the overlapping region of the drain
electrode 23 and the gate bus line 11. In FIG. 41, the channel
width d1 as a whole is increased. Each of FIG. 42 and FIG. 43
shows a form in which the dimension d2 of the TFT shown in
FIG. 37 is changed. In FIG. 42, the length of d2 is increased.
In FIG. 43, the shape of the drain electrode 23 is maintained
as it is, but a projecting section is provided in a planar shape
in a part of the gate bus line 11, so that the overlapping region
ofthe drain electrode 23 and the gate bus line 11 is increased.
[0216] Each of FIG. 44 to FIG. 46 shows an example of
TFT in which the size of the overlapping area of the gate bus
line and the drain electrode is adjusted in the example of TFT
shown in FIG. 38. FIG. 44 shows a form in which the dimen-
sion d3 of the TFT shown in FIG. 38 is changed. In FIG. 44,
the width d3 as a whole is increased. Each of FIG. 45 and FIG.
46 shows a form in which the dimension d4 of the TFT shown
in FIG. 38 is changed. In FIG. 45, the length of d4 is
increased. In FIG. 46, the shape of the drain electrode 23 is
maintained as it is, but a projecting section is provided in a
planar shape in a part of the gate bus line 11, so that the
overlapping region of the drain electrode 23 and the gate bus
line 11 is increased.

[0217] The gate-drain capacitance (Cgd) formed between
the gate bus line and the drain electrode is also formed in the
region in which the gate bus line and the pixel electrode
directly overlap each other. Since, as the overlapping area of
the gate bus line and the pixel electrode is increased, the value
of the gate-drain capacitance (Cgd) is increased, the balance
between the values of a of the picture elements can be
adjusted also by adjusting the overlapping area of the gate bus
line and the pixel electrode.

[0218] Each of FIG. 47 to FIG. 49 is a schematic plan view
showing a region in which the gate bus line and the pixel
electrode overlap each other in Embodiment 1. FIG. 47 shows
a form in which a normal gate bus line and a normal pixel
electrode overlap each other, and in which the end portion of
the pixel electrode 15 is linearly formed, and the gate bus line
11 is extended in parallel with the end portion of the pixel
electrode 15. Each of FIG. 48 and FIG. 49 shows an example
in which the size of the overlapping area of the gate bus line
and the drain electrode is adjusted. In FIG. 48, a projecting
section is provided in a planar shape in a part of the pixel
electrode 15 in the overlapping region of the pixel electrode
15 and the gate bus line 11. Therefore, as a result, the over-
lapping region of the pixel electrode 15 and the gate bus line
11 is expanded. In FIG. 49, a recessed section (cut-out sec-
tion) is provided in a planar shape in a part of the pixel
electrode 15 in the overlapping region of the pixel electrode
15 and the gate bus line 11. Therefore, as a result, the over-
lapping region of the pixel electrode 15 and the gate bus line
11 is narrowed.

[0219] As described above, when the overlapping area of
the drain electrode and the gate bus line and the overlapping
area of the pixel electrode and the gate bus line are controlled
so that, for example, an overlapping area of the pixel electrode
with a larger area is larger than an overlapping area of the
pixel electrode with a smaller area, among the plurality of the
pixel electrodes arranged in one pixel, the gate drain capaci-
tance formed by the pixel electrode with a larger pixel capaci-
tance can be made larger than the gate drain capacitance
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formed by the pixel electrode with a smaller pixel capaci-
tance. As a result, the variation in the values of o among the
picture elements before performing Cgd gradation can be
suppressed. Moreover, when the overlapping area is formed
such that it initially increases in a travelling direction of the
scanning line but a rate of the increase subsequently
decreases, and the rates of the increase are different among
the pixel electrodes with different areas, the Cdg correction
amount in each of the pixel electrode can be appropriately set
depending on the area size of the pixel electrode. Hence, the
counter voltage can be made closer to the optimum value for
each picture element, and thus a liquid crystal display device
capable of suppressing generation of image sticking can be
obtained.

[0220] The following shows an example in which an over-
lapping area of the gate bus line and the drain electrode was
made different among the picture elements, as a means to
allow the gate-drain capacitance formed by the pixel elec-
trode with a larger pixel capacitance to be larger than the
gate-drain capacitance formed by the pixel electrode with a
smaller pixel capacitance. In the example, a relationship of
the overlapping area of the gate bus line and the drain elec-
trode, with the deviation between the values of a of three
color picture elements having different picture element
pitches, was actually investigated. The results are shown
below. Note that, in the investigation described below, the
adjustment based on the difference in the channel width is not
included, and only the adjustment based on the gate-drain
area is included.

[0221] In the case where the pitch widths of the three pic-
ture elements were set as “red”>“green=blue”, the deviation
among the values of a of the three color picture elements
could be reduced to 2.92% by adjusting the values of a to e
among the respective picture elements as shown in Table 7
described below. Further, the value of AVd of the red picture
element was 1.194 V, and the value of AVd of the green and
blue picture elements was 1.230 V, and hence the difference
between the maximum and minimum values of AVd was 36
mV. Therefore, with the above-described design, the variation
in the values of o among the picture elements before perform-
ing Cgd gradation can be suppressed. Note that the ratio of the
pitch width ofthe red, green and blue picture elements was set
as “red”: “green”: “blue”=1:1:0.86.

TABLE 7
Picture element Picture elements
R (um) G and B (um)
a 14.25 14.25
b 14.0 9.5
c 4.5 4.5
d 4.0 4.0
e 4.0 4.0
[0222] The relationship between the gate-drain overlap-

ping area and the pixel electrode area before performing Cgd
gradation was further investigated. Data as shown in Table 8
and FIG. 50 were obtained. FIG. 50 is a graph showing a
relationship between the gate-drain overlapping area ratio
and the pixel electrode area ratio.
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TABLE 8

Cgd area ratio Pixel electrode area ratio

0.878 0.9
0.902 0.92
0.927 0.94
0.951 0.96
0.976 0.98
1.000 1
1.024 1.02
1.049 1.04
1.073 1.06
1.098 1.08
1.122 1.1

[0223] The variation in the values of o among the picture
elements before performing Cgd gradation depending on the
ratio of the areas of the pixel electrodes is reduced by chang-
ing the values of a to e of the TFT channel according to Table
8 and along the straight line shown FIG. 50.

[0224] The variation in the values of a among the picture
elements before performing Cgd gradation can be more
appropriately reduced in such a manner that the relationship
between the channel size ratio and the pixel electrode area
ratio is roughly adjusted and the relationship between the Cgd
area ratio and the pixel electrode area ratio is further adjusted.
[0225] In Embodiment 1, it is preferred that the value of
“Cpix(min)/Cpix(max)” (hereinafter also referred to as
response coefficient) is set to be the same among the picture
elements. The Cpix(min) denotes pixel capacitance at the
time of black display, and the Cpix(max) denotes pixel
capacitance at the time of white display. The response coef-
ficient shown as “Cpix(min)/Cpix(max)” is one of the indi-
cators of the response characteristics of liquid crystal. When
the values of the response coefficient are different among the
picture elements, the response characteristic becomes differ-
ent for each of the colors, and hence desired chromaticness
may not be obtained.

[0226] The response coeflicient “Cpix(min)/Cpix(max)”
can be adjusted by performing, as described above, the adjust-
ment of the channel width of the TFT, the adjustment of the
overlapping area of the gate bus line and the drain electrode,
the adjustment of the overlapping area of the pixel electrode
and the gate bus line, the adjustment of the overlapping area
of the pixel electrode and the Cs bus line, and the like.
[0227] FIG. 51 is a graph showing a relationship between
the frame period and the applied voltage arrival rate. FIG. 52
is a schematic view showing a display state when the influ-
ence of the difference in the response coefficient on the dis-
play was investigated. As shown in FIG. 51, in a liquid crystal
display device currently in use, the liquid crystal cannot
respond within one frame, and hence the liquid crystal display
device is designed to obtain desired transmissivity through
two stages. For example, as shown in FIG. 52, when a display
is performed such that a white quadrangle is displayed on the
black background and then the white quadrangle is moved
from the right to the left, the picture elements located at the
left end of the quadrangle are made to newly respond in each
frame. As a result, only the picture element having a small
response coefficient is slow in response, and thereby the
intensity of the colors of the other picture elements becomes
large so that the chromaticness is changed.

[0228] To cope with this, the change in the chromaticness
can be suppressed by making the values of response coeffi-
cients of the picture elements close to each other. FIG.53 is a
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graph showing a suitable range of the response coefficient
expressed by “Cpix(min)/Cpix(max).” The response coeffi-
cient at the time when the arrival rate is 0.9 is 0.78, and the
preferred range of the response coefficient is in a range of
0.78+0.04 in which the arrival rate difference is within 5%.

Embodiment 2

[0229] FIG. 54 is a schematic plan view showing an
arrangement configuration of pixel electrodes, TFTs, and
various lines of a liquid crystal display device of Embodiment
2. As shown in FIG. 54, in Embodiment 2, two pixel elec-
trodes (hereinafter also referred to as sub-pixel electrodes) are
arranged for one picture element. Further, one pixel is con-
figured by a plurality of picture elements, and each of the
picture elements is individually controlled to control each
pixel and to further control the whole display of the liquid
crystal display device.

[0230] The liquid crystal display device of Embodiment 2
includes the gate bus line 11 extended in the row direction
(lateral direction), and the source bus line 12 extended in the
column direction (longitudinal direction). Further, the liquid
crystal display device includes a first TF'T 14a and a second
TFT 14b each of which are connected to both the gate bus line
11 and the source bus line 12. The first TFT 144 is connected
to a first sub-pixel electrode 154, and the second TFT 144 is
connected to a second sub-pixel electrode 155. Further, the
liquid crystal display device of Embodiment 2 includes a first
Cs bus line 134 which overlaps at least a part of the first
sub-pixel electrode 154, and a second Cs bus line 135 which
overlaps at least a part of the second sub-pixel electrode 155.
As shown in FIG. 54, each of the first Cs bus line 13a and the
second Cs bus line 134 is extended in the row direction so as
to cross the center of each of the sub-pixel electrodes 15a and
15b.

[0231] In Embodiment 2, a kind of color filter is arranged
for one picture element. Examples of the kinds, the number
and the arrangement order of colors of the picture elements
configuring a pixel include, but are not limited in particular to,
combinations, such as RGB, RGBY, RGBC, and RGBW. The
color of a picture element is determined by a color filter.
Examples of arrangement configurations of color filters
include a stripe arrangement, as shown in FIG. 3, in which
color filters are formed to be extended in the longitudinal
direction regardless of the boundary of the pixel electrode,
and a two-by-two matrix arrangement, as shown in FIG. 4, in
which two of four color filters are arranged in each of the row
direction and the column direction.

[0232] In Embodiment 2, each of the two sub-pixel elec-
trodes forms sub-pixel capacitance having a different capaci-
tance value. Examples of the method for making the sub-pixel
capacitance different for each of the sub-pixel electrodes
include (1) a method of supplying a signal voltage from each
of different source bus lines, and (2) a method of adjusting the
signal voltage by changing the voltage of the Cs bus line. The
TFTs are respectively connected to the sub-pixel electrodes.
Each of the TFTs is connected to the same gate bus line, and
hence the two sub-pixels are simultaneously controlled at the
timing at which a scanning signal is supplied to the gate bus
line.

[0233] FIG. 55 is an equivalent circuit diagram in the liquid
crystal display device of Embodiment 2. In Embodiment 2, a
circuit pattern is formed for each of the sub-pixels, and the
circuit patterns of the two sub-pixels are shown in FIG. 55.
The sub-pixel electrodes respectively form Clcl and Clc2
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between themselves and the counter electrode via the liquid
crystal layer. The sub-pixel electrodes respectively form Ccs1
and Ccs2b between themselves and the Cs bus line. Further,
each of the sub-pixel electrodes is connected to the drain
electrode of each of the TFTs, and the driving of each of the
sub-pixels is controlled by each of the TFTs.

[0234] The liquid crystal capacitance Clc is formed by the
pixel electrode and the counter electrode which are arranged
to face each other via the liquid crystal layer. The value of Clc
is dependent on the effective voltage (V) applied to the liquid
crystal layer by the pair of electrodes. The storage capaci-
tance Ccs is formed by the pixel electrode and the Cs bus line
(storage capacitor line) which are arranged to face each other
via an insulating layer. The gate-drain capacitance Cgd is
formed by the pixel electrode and the gate bus line (scanning
line) which are arranged to face each other via an insulating
layer. The source-drain capacitance Csd is formed by the
pixel electrode and the source bus line (signal line) which are
arranged to face each other via an insulating layer.

[0235] The method for driving each of the sub-pixel elec-
trodes by using the TFTs, and the basic configuration in
Embodiment 2 are the same as those in Embodiment 1.

[0236] Inthe following, a method for performing the multi-
pixel drive by changing the voltage of the Cs bus line will be
described in detail. FIG. 56 shows signal waveforms when the
multi-pixel drive is performed.

[0237] When a voltage Vg is changed from VgL to VgH at
the time of T1, the first TFT 144a and the second TFT 145 are
simultaneously switched to conductive state (on-state), so
that a voltage Vs is transmitted to each of the first and second
sub-pixel electrodes 154 and 155 from the source bus line 12,
and is charged to the first and second sub-pixel electrodes 15a
and 15b. Similarly, the first and second Cs bus lines 134 and
135 respectively overlapping the first and second sub-pixel
electrodes 154 and 155 are also charged by the voltage sup-
plied from the source bus line 12.

[0238] Next, when the voltage Vg of the gate bus line 11 is
changed from VgH to VgL at the time of T2, the first TFT 14a
and the second TFT 145 are simultaneously switched to non-
conductive state (off-state), the first and second sub-pixel
electrodes 15a and 155, and the first and second Cs bus lines
13a and 135 are all electrically insulated from the source bus
line 12. Note that, immediately after this change, each of the
voltages Vicl and Vic2 of the first and second sub-pixel
electrodes 154 and 156 is reduced by substantially a same
voltage AVd as follows, due to the through-feed phenomenon
caused by the influence of the parasitic capacitance, and the
like, associated with the first TFT 14a and the second TFT
14b.

Viel=Vs-AVd

Vic2=Vs-AVd
Further, at this time, the voltage Vcs1 and Ves2 of the first and
second Cs bus lines 13a and 135 become as follows.

Vesl=Vcom-Vad

Ves2=Veom+Vad

[0239] Atthetimeof T3, the voltage Vcs1 of the first Cs bus
line 13a is changed from Vcom-Vad to Vcom+Vad, and the
voltage Ves2 of the second Cs bus line 135 is changed from
Veom+Vad to Vecom-Vad. According to these voltage
changes in the first Cs bus line 13a and the second Cs bus line
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135, the voltages Vicl and VIc2 of the first and second sub-
pixel electrodes 15a and 155 are changed as follows.

Viel=Vs-AVd+2xVadxCes1/(Clel+Cesl)
Vic2=Vs-AVd-2xVadxCes2/(Clc2+Ccs2)

[0240] At the time of T4, Vsl is changed from Veom+Vad
to Vecom-Vad, and Vcs2 is changed from Vcom-Vad to
Vcom+Vad. Before the time T4, the voltages Vic1 and V1c2
are respectively expressed as follows.

Vicel=Vs-AVd+2xVadxCes1/(Clcl+Cesl)
Vic2=Vs-AVd-2xVadxCcs2/(Clc2+Ccs2)

[0241] At the time of T4, also, the voltages Vicl and Vic2
are respectively changed to the voltages expressed as follows.

Vicl=Vs-AVd
Vic2=Vs-AVd

[0242] At the time of T5, Vsl is changed from Veom—Vad
to Vecom+Vad, and Ves2 is changed from Vcom+Vad to
Vcom-Vad. Before the time of T5, the voltages Vic1 and V1c2
expressed as follows.

Vicl=Vs-AVd
Vic2=Vs-AVd

Atthe time of T5, also, the voltages Viol and Vl1c2 are respec-
tively changed to the voltages expressed as follows.

Vicl=Vs-AVd+2xVadxCesl/(Clcl+Cesl)
Vic2=Vs-AVd-2xVadxCcs2/(Clc2+Ccs2)

[0243] Foreach interval of an integer multiple of horizontal
writing time 1H, the voltages Vesl, Ves2, Vicl, and Vic2
repeat the changes caused at the time of T4 and T5 alternately.
Whether the repeating interval of the changes caused at the
time of T4 and T5 is set to be equal to the horizontal writing
time 1H, or set to twice, 3 times, or more of the horizontal
writing time 1H, may be suitably determined in view of the
driving method (for example, polarity inversion drive) and
displaying conditions (flickering, roughness of display, and
the like) of the liquid crystal display device. This repetition is
continued until the time equivalent to T1 is subsequently
reached. Therefore, the effective values of voltages Vica and
Vlcb of the sub-pixel electrodes become as follows, respec-
tively.

Vica=Vs-AVd+VadxCecs1/(Clcl+Cesl)
Vich=Vs-AVd-VadxCcs2/(Clc2+Ccs2)

[0244] Therefore, the effective voltages V1 and V2, which
are respectively applied to the liquid crystal layer by the first
and second sub-pixel electrodes 15a and 15, are set to values
different from each other and expressed as follows.

V1=Vicl-Vcom
V2=Vic2-Vcom

[0245] That is, the effective voltages V1 and V2 are
expressed as follows.

V1=Vs-AVd+VadxCes1/(Clc1+Cesl)-Veom

V2=Vs-AVd-VadxCcs2/(Clc2+Ccs2)-Veom
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[0246] Under the above-described premises, the adjust-
ment of the optimum counter voltages between the respective
picture elements in Embodiment 2 will be described in detail
below.

[0247] The plurality of sub-pixel electrodes of the red,
green and blue picture elements are formed to have the same
total longitudinal length, while the lateral lengths of the sub-
pixel electrodes are different from one another. For this rea-
son, the difference in the picture element pitch is reflected, as
it is, in the difference in the total area of the sub-pixel elec-
trode among the picture elements.

[0248] In Embodiment 2, similarly to Embodiment 1, the
balance between the values of a=Cgd/(Cgd+Csd+Ccs+Clc)
of the picture elements before performing Cgd gradation is
adjusted by using the channel width of TFT. Further, the
balance between the values of o=Cgd/(Cgd+Csd+Ccs+Clc)
ofthe picture elements is also adjusted by using the gate-drain
overlapping area. As the methods for adjusting the balance
between the values of o in Embodiment 2, methods similar to
the methods described in Embodiment 1 can be used.

[0249] In Embodiment 2, it is preferred that K-values are
set to be equal to each other between the sub-pixels. When the
K-values are set to be equal to each other, the values of the
electrostatic capacitance formed by the respective sub-pixel
electrodes are made uniform, and the adjustment between the
sub-pixels is more suitably performed. Thereby, it is possible
to further reduce the possibility that the value of o is varied
among the picture elements. The K-value is expressed as
K=Ccs/Cpix(Cgd+Csd+Ccs+Clc). Therefore, the adjustment
of Ccs is effective to adjust the balance between the K-values
of the picture elements.

[0250] FIG. 57 is a schematic plan view showing a range in
which the expanded portions of the Cs bus line and of the
drain electrode overlap each other in Embodiment 2. As
shown in FIG. 57, the Cs bus line 13 has an expanded region
in apart thereof, and the drain electrode 23 also has an
expanded region in apart thereof. These expanded regions are
isolated from each other via an insulating layer, but overlap
each other in a plan view so as to form the storage capacitance
Ccs. The value of storage capacitance Ccs depends on the
overlapping area of these expanded regions, and hence the
storage capacitance Ccs having a suitable capacitance value
can be formed by adjusting the size of the expanded region for
each of the sub-pixels and by adjusting the overlapping
degree between the expanded regions. Note that, in FIG. 57,
the expanded portion 23a of the Cs bus line 13 is larger than
the expanded portion of the drain electrode 23 on both longi-
tudinal and lateral sides.

[0251] The longitudinal length and the lateral length of the
expanded portion 234 of the drain electrode 23 are denoted by
reference characters of d and f, respectively. Further, the
longitudinal length and the lateral length of the expanded
portion of the Cs bus line 13 are denoted by reference char-
acters of e and g, respectively.

[0252] For one side of the expanded portions, the distance
between the longitudinal side of the expanded portion of the
Cs bus line 13 and the longitudinal side of the expanded
portion 23a of the drain electrode 23 is set to a. That is, the
expanded portion 23a of the drain electrode 23 is formed on
the laterally inner side of the expanded portion of the Cs bus
line 13 by the distance a from each of the longitudinal sides of
the expanded portion of the Cs bus line 13. Therefore, the
equation g=f+2a is established.
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[0253] For one side of the expanded portions, the distance
between the lateral side of the expanded portion of the Cs bus
line 13 and the lateral side of the expanded portion 23a of the
drain electrode 23 is setto b. That is, the expanded portion 23a
of'the drain electrode 23 is formed on the longitudinally inner
side of the expanded portion of the Cs bus line 13 by the
distance b from each of the lateral sides of the expanded
portion of the Cs bus line 13. Therefore, the equation e=d+2a
is established.

[0254] In such case, when, in the four color picture ele-
ments having different pitch widths, the pitch widths were set
as “red=blue”>“green=yellow,” the deviation between the
K-values (maximum value-minimum value) of the picture
elements could be suppressed to 0.10% by respectively
adjusting the values of a to g among the picture elements as
shown in Table 9 described below. Note that the ratio of the
pitch widths of the respective picture elements was set as
“red”:“blue”:“green”:“yellow”=1:1:1.4:1.4.

TABLE 9
Picture elements R Picture elements G
and B (um) andY (um)
a 17.0 14.0
b 3.0 2.0
c 226.0 154.25
d 29.0 36.0
e 35.0 40.0
f 157.0 91.25
g 191.0 119.25

[0255] Each of FIG. 58 to FIG. 61 is a schematic plan view
showing an example when the storage capacitance Cs is
adjusted by the overlapping area of the pixel electrode and the
Cs bus line. FIG. 58 shows a form in which the upper side of
the pixel electrode 15 overlaps a part of the Cs bus line 13. The
value of the storage capacitance Ccs can be adjusted by
adjusting the values of a and b in FIG. 58. FIG. 59 shows a
form in which the Cs bus line 13 crosses the center of the pixel
electrode 15, and in which the whole in the width direction of
the Cs bus line 13 overlaps the pixel electrode 15. The value
of the storage capacitance Ccs can be adjusted by adjusting
the values of ¢ and d in FIG. 59. FIG. 60 shows a form in
which the upper side of the pixel electrode 15 overlaps the Cs
bus line 13, and in which an extending section of the Cs bus
line 13 is added along with the left side of the pixel electrode
15. The value of the storage capacitance Ccs can be adjusted
by adjusting the values of a to d in FIG. 60. FIG. 61 shows a
form in which the upper side of the pixel electrode 15 overlaps
the Cs bus line 13, and in which an extending section of the Cs
bus line 13 is added so as to run the center of the pixel
electrode 15 longitudinally. The value of the storage capaci-
tance Ccs can be adjusted by adjusting the values of e to f'in
FIG. 61.

[0256] The values of the storage capacitance Ccs between
the sub-pixels are made close to each other by performing
these adjustments between the sub-pixels, so that the K-val-
ues within a suitable range can be obtained.

[0257] FIG. 62 is a waveform chart showing the amplitude
of the voltage of the CS bus line 13 when the multi-drive is
performed. The voltage value AVcs in FIG. 62 is expressed as
AVes=KxVes??. It is preferred that the magnitude of the
through-feed voltage of AVcs is uniform between the sub-
pixels and specifically is 10 mV or less. Thereby, the optimum
counter voltages of the sub-pixels can be made close to each
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other. Since the value of Ves?? is substantially fixed, it is
preferred that the value of AVcs is adjusted by adjusting the
value of K.

[0258] Table 10 described below is a table showing a per-
missible range of deviation of the value of K when the value
of AVcs is assumed to be 10 mV or less. In the conventional
liquid crystal display device in which the areas of the picture
elements are not made different from each other, the value of
K is set in the range of 0.43 to 0.54, and hence the investiga-
tion was performed on the basis of this range.

TABLE 10

K Deviation of K (%) Ves  AVes Deviation of AVes (mV)

0.54 0.74 1.92 1.04 7.7
0.544 1.92 1.04
0.43 0.93 2.41 1.04 9.6
0.434 2.41 1.04

[0259] As shown in Table 10 described above, when the
value of K was set to 0.54 and when the deviation of the value
of K was set to 0.74%, the deviation of the value of AVcs
could be suppressed to 7.7 mV. Further, when the value of K
was set to 0.43 and when the deviation of the value of K was
set to 0.93%, the deviation of the value of AVcs could be
suppressed to 9.6 mV. Therefore, the target range of the value
of K is 1.0% or less.

Embodiment 3

[0260] In Embodiment 3, three color picture elements of
red, green and blue, or four color picture elements of red,
green, blue and yellow are used, and one pixel is configured
by a combination of these picture elements. Note that, in
Embodiment 3, the kinds, the number, and the arrangement
order of colors of the picture elements are not limited in
particular.

[0261] FIG. 63 is a schematic plan view showing an
arrangement configuration of pixel electrodes and lines in
Embodiment 3. In the liquid crystal display device of
Embodiment 3, both two source bus lines extended in the
longitudinal direction respectively overlap end portions of
one of'a plurality of pixel electrodes arranged in one pixel. On
the other hand, as shown in FIG. 63, only one of the two
source bus lines 12 extended in the longitudinal direction
overlaps the end portion of each of the other pixel electrodes
15, and the other source bus line 12 does not overlap the end
portion of each of the other pixel electrodes 15.

[0262] For example, this configuration is adopted in such a
case where a columnar spacer is arranged in the picture ele-
ment or where the source-drain capacitance Csd is reduced,
and where it is necessary that the area of the pixel electrode is
reduced and that the source line is made to overlap only one
end portion of the pixel electrode. When the area of the pixel
electrode is reduced only in one picture element, or when the
overlapping state of the source line and the pixel electrode is
different for each of the picture elements, the optimum
counter voltage is different for each of the picture elements,
and hence the image sticking easily occurs.

[0263] To cope with this, in Embodiment 3, the pixel
capacitance among the picture elements or between the sub-
pixels is adjusted by means similar to the means shown in
Embodiment 1 and Embodiment 2. Note that, in Embodiment
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3, the pitch widths of the picture elements are not limited in
particular, and may be different from each other or may be the
same.

Embodiment 4

[0264] In Embodiment 4, three color picture elements of
red, green and blue, or four color picture elements of red,
green, blue and yellow are used, and one pixel is configured
by a combination of these picture elements. Note that, in
Embodiment 4, the kinds, the number, and the arrangement
order of colors of the picture elements are not limited in
particular.

[0265] FIG. 64 is a schematic plan view showing an
arrangement configuration of a pixel electrode and lines in
Embodiment 4. In the liquid crystal display device of
Embodiment 4, both two source lines extended in the longi-
tudinal direction respectively overlap end portions of one of a
plurality of pixel electrodes arranged in one pixel. On the
other hand, as shown in FIG. 64, only one of the two source
bus lines 12 extended in the longitudinal direction overlaps
the end portion of each of the other pixel electrodes 15, and
the other source bus line 12 does not overlap the end portion
of each of the pixel electrode 15. Further, next to the source
bus line 12 not overlapping the pixel electrode 15, the Cs bus
line 13 is extended in the longitudinal direction and overlaps
the other end portion of the pixel electrode 15.

[0266] Forexample, this configuration is adopted in such a
case where a columnar spacer is arranged in the picture ele-
ment or the source-drain capacitance Csd is reduced, and
where it is necessary that the area of the pixel electrode is
reduced and also the source line is made to overlap only one
end portion of the pixel electrode, and that not the source line
but only the Cs line is made to overlap the other end portion of
the picture element. When the area of the pixel electrode is
reduced only in one picture element, or when the overlapping
state of the source and Cs lines and the pixel electrode is
different for each of the picture elements, the optimum
counter voltage is different for each of the picture elements,
and hence the image sticking easily occurs.

[0267] To cope with this, in Embodiment 4, the pixel
capacitance among the picture elements or between the sub-
pixels is adjusted by means similar to the means shown in
Embodiment 1 and Embodiment 2. Note that, in Embodiment
4, the pitch widths of the picture elements are not limited in
particular, and may be different from each other or may be the
same.

Embodiment 5

[0268] In Embodiment 5, three color picture elements of
red, green and blue, or four color picture elements of red,
green, blue and yellow are used, and one pixel is configured
by a combination of these picture elements. Note that, in
Embodiment 5, the kinds, the number, and the arrangement
order of colors of the picture elements are not limited in
particular.

[0269] FIG. 65 is a schematic plan view showing an
arrangement configuration of a pixel electrode and a line in
Embodiment 5. In the liquid crystal display device of
Embodiment 5, the Cs line is extended in the lateral direction
so as to overlap the upper end portion of one of a plurality of
pixel electrodes arranged in one pixel, and the Cs line is not
formed in a linear shape but is formed to have an expanded
region in a part thereof. On the other hand, as shown in FIG.
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65, the Cs bus line 13 is extended in the lateral direction so as
to overlap the upper portion of each of the other pixel elec-
trodes 15. The Cs bus line 13 is not formed in a linear shape
but is formed to have an expanded region in a part thereof,
while the upper side of the pixel electrode 15 is not formed in
a linear shape but is formed to have an inwardly recessed
shape. Thereby, the overlapping area of the pixel electrode 15
and the Cs bus line 13 is different for each of the picture
elements, and the area of the pixel electrode 15 is also differ-
ent for each of the picture elements.

[0270] For example, in such a case where a columnar
spacer is arranged in the picture element or where the storage
capacitance Ccs is reduced, when the area of the pixel elec-
trode is reduced and also the arrangement configuration of the
pixel electrode and the Cs line is made different for each of the
picture elements or when the pixel electrode area is made
different for each of the picture elements, the optimum
counter voltage becomes different for each of the picture
elements, and hence the image sticking easily occurs.
[0271] To cope with this, in Embodiment 5, the pixel
capacitance among the picture elements or between the sub-
pixels is adjusted by means similar to the means shown in
Embodiment 1 and Embodiment 2. Note that, in Embodiment
5, the pitch widths of the picture elements are not limited in
particular, and may be different from each other or may be the
same.

Embodiment 6

[0272] Each of FIG. 66 and FIG. 67 is a schematic cross-
sectional view showing a liquid crystal layer in Embodiment
6.In Embodiment 6, three color picture elements of red, green
and blue, or four color picture elements ofred, green, blue and
yellow are used, and one pixel is configured by a combination
of these picture elements. FIG. 66 is a schematic cross-sec-
tional view showing a form in which three color picture
elements are used in Embodiment 6, and FIG. 67 is a sche-
matic cross-sectional view showing a form in which four
color picture elements are used in Embodiment 6.

[0273] As shown in FIG. 66 and FIG. 67, a liquid crystal
layer 1 provided in the liquid crystal display device of
Embodiment 6 is arranged between a pair of substrates com-
posed of an active matrix substrate 2 and a color filter sub-
strate 3. The active matrix substrate 2 includes pixel elec-
trodes 41, and the color filter substrate 3 includes a counter
electrode 42. Further, the color filter substrate 3 includes a
color filter 31 of a plurality of colors, and one pixel is formed
of three or four colors. FIG. 66 shows a form in which three
color filters of a red color filter 31R, a green color filter 31G,
and a blue color filter 31B are used, and FIG. 67 shows a form
in which four color filters of a red color filter 31R, a green
color filter 31G, a blue color filter 31B, and a yellow color
filter 31Y are used.

[0274] In Embodiment 6, the thickness (cell gap) of the
liquid crystal layer 1 corresponding to the blue picture ele-
ment is formed to be smaller than the thickness (cell gap) of
the liquid crystal layer 1 corresponding to other picture ele-
ments. Thereby, more excellent view angle characteristics
can be obtained as compared with the case where the thick-
ness of the liquid crystal layer 1 is the same for each of the
picture elements.

[0275] In Embodiment 6, the voltage applied to the liquid
crystal layer 1 by the electrodes 41 and 42 respectively pro-
vided on the pair of substrates is made different for each of the
picture elements. This is because, in Embodiment 6, the
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thickness of the liquid crystal layer 1 of the blue picture
element is set smaller than the thickness of the liquid crystal
layer 1 of the other picture elements, and thereby the liquid
crystal capacitance formed in the blue picture element
becomes larger than the liquid crystal capacitance formed in
the other picture elements. For this reason, the optimum
counter voltage is made different among the picture elements
when a multi gap structure is provided.

[0276] In Embodiment 6, the optimum counter voltage is
adjusted among the picture elements by using the channel
width of the TFT, and the optimum counter voltage is further
adjusted by adjusting the cell gap among the picture elements.
Thereby, before performing Cgd gradation, it is possible to
further suppress the variation in the values of o. among the
picture elements.

[0277] The above-mentioned modes may be employed in
appropriate combination as long as the combination is not
beyond the spirit of the present invention.

[0278] The present application claims priority to Patent
Application No. 2010-043425 filed in Japan on Feb. 26,2010
under the Paris Convention and provisions of national law in
a designated State, the entire contents of which are hereby
incorporated by reference.

REFERENCE SIGNS LIST
[0279] 1: Liquid crystal layer
[0280] 2: Active matrix substrate
[0281] 3: Color filter substrate
[0282] 11: Gate bus line (scanning line)
[0283] 12: Source bus line (signal line)
[0284] 13: Cs bus line (storage capacitor line)
[0285] 13a: First Cs bus line
[0286] 134: Second Cs bus line
[0287] 14: TFT (Thin film transistor)
[0288] 14a: First TFT
[0289] 14b: Second TFT
[0290] 15: Pixel electrode
[0291] 15a: First sub-pixel electrode
[0292] 154: Second sub-pixel electrode
[0293] 21: Channel region
[0294] 22: Source electrode
[0295] 23: Drain electrode
[0296] 23a: Expanded section of drain electrode
[0297] 24: Contact hole
[0298] 25: Gate electrode
[0299] 26: Variable portion of gate electrode
[0300] 31: Color filter
[0301] 31R: Color filter (red)
[0302] 31G: Color filter (green)
[0303] 31B: Color filter (blue)
[0304] 31Y: Color filter (yellow)
[0305] 41: Pixel electrode
[0306] d42: Counter electrode
[0307] 101, 103, 113, 121, 123: In-plane counter voltage

distribution

[0308] 102,112, 122: Cgd gradation
[0309] 131: Pixel of Step (n)

[0310] 132: Pixel of Step (n+1)
[0311] 133: Mosaic region

1. A liquid crystal display device which comprises a pair of
substrates and a liquid crystal layer sandwiched between the
pair of substrates, and is configured such that a pixel is formed
by picture elements of a plurality of colors,
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wherein one of the pair of substrates includes scanning
lines, signal lines, storage capacitor lines, thin film tran-
sistors connected to both of the scanning lines and the
signal lines, and pixel electrodes connected to the thin
film transistors;

the other of the pair of substrates includes a counter elec-
trode;

the pixel electrodes are arranged for the picture elements;

a scanning line and a pixel electrode form a gate-drain
capacitance;

the gate-drain capacitance formed by a pixel electrode with
a larger pixel capacitance among the pixel electrodes
arranged in one pixel is larger than the gate-drain capaci-
tance formed by a pixel electrode with a smaller pixel
capacitance among the pixel electrodes arranged in the
one pixel;

an overlapping area of each of the pixel electrodes over-
lapped with the scanning line initially increases in a
travelling direction of a scanning line signal but a rate of
the increase subsequently decreases, in each of the pixel
electrodes respectively arranged for the picture elements
of single colors; and

the rates of the increase are different among the pixel
electrodes with different pixel capacitances.

2. The liquid crystal display device according to claim 1,

wherein the pixel electrode with a larger pixel capacitance
among the pixel electrodes arranged in one pixel is con-
nected to a thin film transistor with a larger channel
width.

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

wherein the pixel electrode with a larger pixel capacitance
among the pixel electrodes arranged in one pixel has a
larger overlapping area with the scanning line.

4. The liquid crystal display device according to claim 1,

wherein the area of the pixel electrode with a larger pixel
capacitance is different in size from the area of the pixel
electrode with a smaller pixel capacitance.

5. The liquid crystal display device according to claim 1,

wherein the liquid crystal layer overlapped with the pixel
electrode with a larger pixel capacitance differs in thick-
ness from the liquid crystal layer overlapped with the
pixel electrode with a smaller pixel capacitance.

6. The liquid crystal display device according to claim 1,

wherein a signal line and a pixel electrode form a source-
drain capacitance;

astorage capacitor line and a pixel electrode form a storage
capacitance;

a pixel electrode and a counter electrode form a liquid
crystal capacitance;

ratios of the gate-drain capacitance to the total of the gate-
drain capacitance, the source-drain capacitance, the
storage capacitance, and the liquid crystal capacitance
are different among the picture elements of the plurality
of colors; and
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the difference between the largest ratio of the gate-drain
capacitance and the smallest ratio of the gate-drain
capacitance, among the ratios of the gate-drain capaci-
tances for each picture element with different colors, is
10% or less of the smallest ratio of the gate-drain capaci-
tance.

7. The liquid crystal display device according to claim 1,

wherein a signal line and a pixel electrode form a source-
drain capacitance;

a storage capacitor line and a pixel electrode form a storage
capacitance;

a pixel electrode and a counter electrode form a liquid
crystal capacitance;

a response coefficient calculated, in the one picture ele-
ment, from ratios of the minimum value of the total of
the gate-drain capacitance, the source-drain capaci-
tance, the storage capacitance, and the liquid crystal
capacitance, with respect to the maximum value of the
total of the gate-drain capacitance, the source-drain
capacitance, the storage capacitance, and the liquid crys-
tal capacitance are different among the picture elements
of the plurality of colors; and

the difference between the largest response coefficient and
the smallest response coefficient is 5% or less of the
smallest response coefficient, among the response coef-
ficients respectively obtained for each picture element
with different colors.

8. The liquid crystal display device according to claim 1,

wherein each of the pixel electrodes is divided into two or
more pieces in one picture element;

the thin film transistors are connected to the divided pieces
of the pixel electrode; and

the storage capacitor lines are overlapped with the pixel
electrodes, and a polarity of a voltage is inverted at a
regular time interval.

9. The liquid crystal display device according to claim 8,

wherein a signal line and a pixel electrode form a source-
drain capacitance;

a storage capacitor line and a pixel electrode form a storage
capacitance;

a pixel electrode and a counter electrode form a liquid
crystal capacitance;

ratios of the storage capacitance to a total of the gate-drain
capacitance, the source-drain capacitance, the storage
capacitance, and the liquid crystal capacitance are dif-
ferent among the picture elements of the plurality of
colors; and

the difference between the largest ratio of the storage
capacitance and the smallest ratio of the storage capaci-
tance, among the ratios of the storage capacitance for
each picture element with different colors, is 1.0% or
less of the smallest ratio of the storage capacitance.
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