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(57)  Aliquid crystal display device (1) of the present
invention includes: gate bus lines (2); source bus lines
(4); CS bus lines (6); gate electrodes; source electrodes;
first transistors (TFT1); second transistors (TFT2); first
pixel electrodes; second pixel electrodes; pixel regions
(8) each including a first sub pixel (8a) and a second sub
pixel (8b); pixel regions (10) each including a first sub
pixel (10a) and a second sub pixel (10b); pixel regions
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(12) each including a first sub pixel (12a and a second
sub pixel (12b)); gate electrodes; drain electrodes; third
transistors (TFT3); first buffer capacitor electrodes; sec-
ond buffer capacitor electrodes; and capacitors (Cd). Ca-
pacitances of the capacitors (Cd) in the respective pixel
regions vary depending on the colors displayed by the
respective pixel regions. This makes it possible that oc-
currence of a color shift of an image viewed from the
oblique viewing direction is reduced.
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Description
Technical Field

[0001] The present invention relates to a liquid crystal
display device having improved viewing angle character-
istic.

Background Art

[0002] Liquid crystal display devices have been in
widespread use in television receivers, monitor devices
of personal computers, or the like. In view of such wide-
spread uses, there is a demand that the liquid crystal
display devices have high viewing angle characteristic
so that display screens can be viewed from any direction.
A display screen with a decreased viewing angle char-
acteristic has a problem that, in a case where the display
screen is viewed from an oblique direction, a luminance
difference within an effective driving voltage range is de-
creased. This phenomenon is most notably noticeable in
color change. For example, in a case where the display
screen is viewed from the oblique direction, the display
screen is viewed whiter than in a case where it is viewed
from a front direction. As countermeasures to such phe-
nomenon, the following arts are available in which wide
viewing angle characteristic can be secured.

[0003] A patent literature 1 discloses a liquid crystal
display device in which voltages whose ratio is unequal
are applied to a first sub pixel electrode connected to a
thin film transistor and a second sub pixel electrode ca-
pacitively coupled to the first sub pixel electrode. The
arrangement makes it possible that a color viewed from
a side direction is almost identical with a color viewed
from a front direction. As such, the liquid crystal display
device of the patent literature 1 realizes a high transmit-
tance.

[0004] A patent literature 2 discloses a multi-domain
vertical alignment liquid crystal display device in which
(i) different voltage are applied to a large pixel electrode
and a small pixel electrode and (ii) an adjusted voltage
is applied to a coupling electrode line, so that red, green,
and blue gamma values become uniform.

[0005] A patent literature 3 discloses a liquid crystal
display device in which an applied voltage difference(s)
between sub picture elements in a blue picture element
and/or a cyan picture element is smaller than applied
voltage differences in other picture elements so that a
yellowish color shift of an image viewed at an oblique
angle is prevented.

Citation List
Patent Literature
[0006]

Patent Literature 1
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Japanese Patent Application Publication, Tokukai,
No. 2006-48055 A (Publication Date: February 16,
2006)

Patent Literature 2

Japanese Patent Application Publication, Tokukai,
No. 2009-199067 A (Publication Date: September
3, 2009)

Patent Literature 3

International Patent Application Publication No.
W02005/101817 (Publication Date: October 27,
2005)

Summary of Invention
Technical Problem

[0007] However, the arts of the patent literatures 1
through 3 have problems as described below.

[0008] According to the art of the patent literature 1,
the ratio of voltage applied to the first sub pixel electrode
and the voltage applied to the second sub pixel electrode
is unequal. This makes it possible that the image viewed
from the front direction and the image viewed from the
side direction are prevented from giving different color
senses to a viewer. However, the patent literature 1 does
not disclose that a same effect can be brought about in
a 3 TFT driving liquid crystal display device.

[0009] According to the art of the patent literature 2,
different voltages are applied to the large pixel electrode
and the small pixel electrode so that the red, green, and
blue gamma values become uniform. However, like the
patent literature 1, the patent literature 2 does not dis-
close that a 3 TFT driving liquid crystal display device
brings about an effect of preventing an image viewed
from a side direction from giving a color sense different
from a color sense given by an image viewed from a front
direction.

[0010] According to the art of the patent literature 3,
an MPD liquid crystal display device is designed so that
a color shift of an image viewed at an oblique viewing
angle is reduced so that the image gives a same color
sense, irrespectively of whether the image is viewed from
a front direction or a side direction. However, the patent
literature 3 does notdisclose thata same effectis brought
about in a 3 TFT driving liquid crystal display device.
[0011] The present invention is made in view of the
problems, and an object of the present invention is to
improve a display characteristic, such as a viewing angle
characteristic, of a3 TFT driving type liquid crystal display
device without requiring a cost increase.

Solution to Problem

[0012] In order to attain the object, a liquid crystal dis-
play device of the presentinventionincludes aliquid crys-
tal display device substrate including: a plurality of gate
bus lines provided so as to be juxtaposed to each other
on a substrate; a plurality of source bus lines provided
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so as to intersect with the plurality of gate bus lines via
aninsulating film; a plurality of storage capacitor bus lines
provided so as to be juxtaposed to the respective plurality
of gate bus lines; and each pixel region, in which a first
sub pixel having a first pixel electrode and a second sub
pixel having a second pixel electrode are provided and
which is specified by one source bus line and a corre-
sponding gate bus line, including a first transistor, having
(a) a gate electrode electrically connected to the corre-
sponding gate bus line, (b) a source electrode electrically
connected to the source busline, and (c) adrain electrode
electrically connected to the first pixel electrode, a sec-
ond ftransistor, having (a’) a gate electrode electrically
connected to the corresponding gate bus line, (b’) a
source electrode electrically connected to the source bus
line, and (c’) a drain electrode electrically connected to
the second pixel electrode which is electrically isolated
from the first pixel electrode, a third transistor, having (a")
a gate electrode electrically connected to another gate
bus line provided next to the corresponding gate bus line
and (b") a drain electrode electrically connected to the
second pixel electrode, and a capacitors, having (a") a
first buffer capacitor electrode electrically connected to
a source electrode of the third transistor and (b") a sec-
ond buffer capacitor electrode provided so as to face the
first buffer capacitor electrode via the insulating film and
electrically connected to a corresponding storage capac-
itor bus line, and the capacitor having a capacitance
which varies depending on a display color of the pixel
region.

[0013] With the arrangement, luminances in sub pixels
of the liquid crystal display device at a given gray scale
are different from each other. That is, the first sub pixel
is used to serve as a bright pixel and the second sub
pixel is used to serve as a dark pixel. This makes it pos-
sible that a display characteristic obtained at an oblique
viewing angle is improved. A luminance difference be-
tween the first and second pixels is realized by causing
a given difference between a voltage applied across the
first sub pixel and a voltage applied across the second
sub pixel. Specifically, after an 1th one of gate bus lines
2 is selected, a (1 + 1)t one of the gate bus lines 2 is
selected so that the third transistor is turned on. This
causes redistribution of electric charges so that there is
the given difference between the voltage applied across
the first sub pixel and the voltage applied across the sec-
ond sub pixel. That is, the liquid crystal display device is
driven by a 3 TFT driving method.

[0014] Intheliquid crystal display device, capacitances
of the capacitors in the respective pixels regions vary
depending on the colors displayed by the respective pix-
els. This makes it possible that a voltage difference be-
tween sub pixels of each pixel region varies depending
on a color displayed by that pixel, for example. This
makes it possible that occurrence of a color shift of an
image viewed from the oblique viewing direction is re-
duced. That is, it is possible that the occurrence of the
color shift of the image viewed from the oblique viewing
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direction is reduced by use of a simple design that the
capacitances of the capacitors vary, in other words, with-
out requiring a cost increase.

[0015] The present invention thus brings about an ef-
fect of improving a display characteristic, such as a view-
ing angle characteristic, of a 3 TFT driving liquid crystal
display device without requiring a cost increase.

[0016] For afuller understanding of the nature and ad-
vantages of the invention, reference should be made to
the ensuing detailed description taken in conjunction with
the accompanying drawings.

Advantageous Effects of Invention

[0017] The present invention brings about an effect of
realizing an improved display characteristic, such as a
viewing angle characteristic, of a 3 TFT driving type liquid
crystal display device without causing a cost increase.

Brief Description of Drawings
[0018]

Fig. 1

Fig. 1 is a view showing equivalent circuits of pixels
having multi-pixel structuresin aliquid crystal display
device of the present invention.

Fig. 2

Fig. 2is aview showing a relationship (characteristic)
between a gray scale and three stimulus values (X
value, Y value, and Z value) at a front viewing angle.
Fig. 3

Fig. 3 is a view showing a gray scale - XYZ value
characteristic at a polar angle of 60 degrees in a
liquid crystal display device of a comparative exam-
ple.

Fig. 4

Fig. 4 is a view showing a gray scale - xy value char-
acteristic at a polar angle of 60 degrees in a liquid
crystal display device of a comparative example.
Fig. 5

Fig. 5 is a view showing a gray scale - local y char-
acteristic at the polar angle of 60 degrees in the liquid
crystal display device of the comparative example.
Fig. 6

Fig. 6 is a view showing relationships between (i) a
voltage applied to a liquid crystal layer in each pixel
(horizontal axis) and (ii) an X value, a Y value, and
a Z value (longitudinal axis).

Fig. 7

Fig. 7 is a view showing a first partial gray scale re-
gion and a second partial gray scale region of an
entire gray scale region that corresponds to a gray
scale region between lowest and highest gray scales
in each elementary color pixel of the liquid crystal
display device of the present invention, where the
first gray scale region is a gray scale region within
which only a bright pixel is shined and the second
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partial gray scale region is a gray scale region within
which both of the bright pixel and a dark pixel are
shined.

Fig. 8

Fig. 8 is a view showing a gray scale - XYZ value
characteristic at the polar angle of 60 degrees in a
liquid crystal display device of the present invention.
Fig. 9

Fig. 9 is a view showing a gray scale - xy value char-
acteristic atthe polar angle of 60 degrees in the liquid
crystal display device of the present invention.

Fig. 10

Fig. 10 is a view showing a gray scale - local y char-
acteristic atthe polar angle of 60 degrees in the liquid
crystal display device of the present invention.

Fig. 11

Fig. 11 is a view showing gray scales of six (6) gray
scale colors (No. 19 through 24) of the Macbeth
chart's 24 colors in each pixel (red (R), green (G),
and blue (B)).

Fig. 12

Fig. 12 is a view showing distances between u'v’
chromaticity coordinates (Au’v’) obtained in a case
where the six gray scale colors shown in Fig. 11 are
displayed and viewed from a front direction and at a
polar angle of 60 degrees.

Fig. 13

Fig. 13 is a view showing an overview of the liquid
crystal display device of the present invention.

Description of Embodiments

[0019] An embodiment of the present invention will be
described below with reference to Figs. 1 through 13.
The following description exemplifies a vertical alignment
liquid crystal display device (VA liquid crystal display de-
vice) whose liquid crystal material has a negative dielec-
tric anisotropy which brings about a remarkable effect of
the presentembodiment. However, the presentinvention
is not limited to this. For example, the present embodi-
ment can also be applied to a TN liquid crystal display
device.

(Arrangement of Liquid Crystal Display Device 1)

[0020] Fig. 1 is a view showing equivalent circuits of
pixels having respective multi-pixel structures in a liquid
crystal display device 1 of the present embodiment which
is driven by a 3 TFT driving method. As shown in Fig. 1,
the liquid crystal display device 1 includes a plurality of
gate bus lines 2, a plurality of source bus lines 4, a plu-
rality of CS bus lines 6 (storage capacitor lines), a plurality
of switching elements TFT1, a plurality of switching ele-
ments TFT2, a plurality of switching elements TFT3, a
plurality of storage capacitors Cs1, a plurality of storage
capacitors Cs2, a plurality of liquid crystal capacitors
Clc1, a plurality of liquid crystal capacitors Clc2, and a
plurality of capacitors (electric charge redistribution ca-
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pacitors) Cd. A plurality of pixels are provided in the liquid
crystal display device 1, and each of the plurality of pixels
is driven by a multi-pixel driving method. Each of the plu-
rality of pixels includes a liquid crystal layer and elec-
trodes via which a voltage is applied across the liquid
crystal layer. The plurality of pixels are arranged in a ma-
trix manner consisting of rows and columns.

[0021] In Fig. 1, a gate bus line 21 is an 1th (where 1
is a positive integer) one of the plurality of gate bus line
2, a source bus line 4m is an mth (where m is a positive
integer) one of the plurality of source bus lines 4, and a
CS bus line 6n is an nth (where n is a positive integer)
one of the plurality of CS bus lines 6.

(Driver)

[0022] The liquid crystal display device 1 is connected
to a gate driver (not illustrated) for supplying scanning
signals to the respective plurality of gate bus lines 2, a
source driver (not illustrated) for supplying data signals
to the respective plurality of source bus lines 4, anda CS
driver (not illustrated) for supplying storage capacitor
driving signals to the respective plurality of CS bus lines
6. The gate driver, the source driver, and the CS driver
operate in response to control signals supplied from a
control circuit (not illustrated).

(Pixel Structure)

[0023] The plurality of gate bus lines 2 and the plurality
of source bus lines 4 are provided so as to intersect with
each other via an insulating film (not illustrated). In the
liquid crystal display device 1, each pixel is provided in
a region defined by a corresponding one of the plurality
of gate buslines 2 and a corresponding one of the plurality
of source bus lines 4. The each pixel displays any of two
or more different elementary colors. In Embodiment 1,
the two or more different elementary colors include a red
color, a green color, and a blue color. In view of the cir-
cumstances, an R pixel 8 for displaying the red color, a
G pixel 10 for displaying the green color, and a B pixel
12 for displaying the blue color are provided in the liquid
crystal display device 1. As such, a desired color image
is displayed by use of a combination of the R pixel 8, the
G pixel 10, and the B pixel 12.

(Bright Pixel and Dark Pixel)

[0024] Each of the R pixel 8, the green pixel 10, and
the B pixel 12 is made up of two sub pixels (bright pixel
and dark pixel). In the two sub pixels, respective different
voltages can be applied across a liquid crystal layer. The
R pixel 8 is made up of a bright pixel 8a and a dark pixel
8b, the G pixel 10 is made up of a bright pixel 10a and a
dark pixel 10b, and the B pixel 12 is made up of a bright
pixel 12a and a dark pixel 12b.
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(Liquid Crystal Capacitor and Storage Capacitor)

[0025] Each sub pixel has a liquid crystal capacitor Clc
formed by (i) a counter electrode, (ii) a sub pixel electrode
facing the counter electrode, and (iii) a liquid crystal layer
sandwiched between the counter electrode and the sub
pixel electrode. The each sub pixel further includes at
least one storage capacitor Cs formed by (i) a storage
capacitor electrode electrically connected to the sub pixel
electrode, (ii) a storage capacitor counter electrode fac-
ing the storage capacitor electrode, and (iii) an insulating
layer between the storage capacitor electrode and the
storage capacitor counter electrode.

[0026] That is, the each pixel has a liquid crystal ca-
pacitor Clc1 and a liquid crystal capacitor Clc2. The liquid
crystal capacitor Clc1 is electrically connected to a first
storage capacitor Cs1 in parallel and the liquid crystal
capacitor Clc2 is electrically connected to a second stor-
age capacitor Cs2 in parallel.

[0027] As shown in Fig. 1, a storage capacitor Cs1R
and a liquid crystal capacitor Clc1R are provided in the
bright pixel 8a of the R pixel 8, and a storage capacitor
Cs2R and a liquid crystal capacitor CIc2R are provided
in the dark pixel 8b of the R pixel 8. Similarly, a storage
capacitor Cs1G and a liquid crystal capacitor Clc1G are
provided in the bright pixel 10a of the G pixel 10, and a
storage capacitor Cs2G and a liquid crystal capacitor
Clc2G are provided in the dark pixel 10b of the G pixel
10. Similarly, a storage capacitor Cs1B and a liquid crys-
tal capacitor Clc1B are provided in the bright pixel 12a
of the B pixel 12, and a storage capacitor Cs2B and a
liquid crystal capacitor Clc2B are provided in the dark
pixel 12b of the B pixel 12.

[0028] Hereinafter, (i) the storage capacitor Cs1R and
the storage capacitor Cs2R are collectively referred to
as storage capacitors CsR, (ii) the storage capacitor
Cs1G and the storage capacitor Cs2G are collectively
referred to as storage capacitors CsG, and (iii) the stor-
age capacitor Cs1B and the storage capacitor Cs2B are
collectively referred to as storage capacitors CsB.

(Switching Elements TFT1 and TFT2)

[0029] In each of the R pixel 8, the G pixel 10, and the
B pixel 12, thin film transistors TFT1 and TFT2 are pro-
vided. A drain electrode ofthe TFT1 and a drain electrode
of the TFT2 in each of the R pixel 8, the G pixel 10, and
the B pixel 12 are connected to a storage capacitor elec-
trode of the storage capacitor Cs1R and a storage ca-
pacitor electrode of the storage capacitor Cs2R, respec-
tively. Gate electrodes of the TFT1 and TET2 are com-
monly connected to a gate bus line 21, and source elec-
trodes of the TFT1 and TFT2 are commonly connected
to a source bus line 4. Specifically, as shown in Fig. 1,
source electrodes of the TFT1R and TFT2R in the R pixel
8 are connected to a source busline 4m. Similarly, source
electrodes of TFT1G and TFT2G in the G pixel 10 are
connected to a source bus line 4(m + 1), and source
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electrodes of TFT1B and TFT2B in the B pixel 12 are
connected to a source bus line 4(m + 2).

(Switching Element TFT 3)

[0030] Further, TFT3is provided in each of the R pixel
8, the G pixel 10, and the B pixel 12. Each TFT3 has a
gate electrode electrically connected to a gate bus line
associated to a next pixel in a scanning direction, i.e., a
gate bus line 2(1 + 1). The each TFT3 has a drain elec-
trode electrically connected to a pixel electrode of a cor-
responding one of the dark pixels 8b, 10b, and 12b via
a corresponding contact hole. In the liquid crystal display
device 1 driven by the 3 TFT driving method, when the
gate bus line 21 is selected, each liquid crystal capacitor
Clc1 in the bright pixels 8a, 10a, and 12a is electrically
charged. After a given time period, when the gate bus
line 2(1 + 1) is selected, each TFT3 in the R pixel 8, the
G pixel 10, and the B pixel 12 is turned on. This gives
rise to redistribution of electric charges. This ultimately
causes a voltage difference, in each pixel, between (i)
the liquid crystal capacitor Clc1 in the bright pixel and (ii)
the liquid crystal capacitor Clc2 in the dark pixel. The
bright pixels 8a, 10a, and 12a and the dark pixels 8b,
10b, and 12b are thus provided in the R pixel 8, the G
pixel 10, and the B pixel 12, respectively.

(CS Bus Line 6)

[0031] Each CS bus line 6 extends in a direction in
which a corresponding gate bus line 2 extends so as to
get across a corresponding pixel region defined by the
corresponding gate bus line 2 and a corresponding
source line 4. The each CS bus line 6 is provided so as
to be shared by R pixels 8, G pixels 10, and B pixels 12
which belong to a same row of pixels arranged in a matrix
manner in the liquid crystal display device 1. Specifically,
the CS bus line 6n is connected to the storage capacitors
Cs1R, Cs2R, Cs1G, Cs2G, Cs1B, and Cs2B. The CS
driver applies, via the CS bus line 6n, a voltage of a same
magnitude across the storage capacitors Cs provided in
respective of the R pixel 8, the G pixel 10, and the B pixel
12.

[0032] Aslaterdescribedindetail, a conventional liquid
crystal display device causes a problem that, in a case
where a display screen is viewed from an oblique direc-
tion, a color shift occurs in a displayed image, unlike in
a case where the display screen is viewed from a front
direction. The following description will discuss why such
a problem is caused.

(XYZ Chromaticity Coordinate System)

[0033] First, a chromaticity coordinate system, which
quantitatively specifies colors, is described. An RGB
chromaticity coordinate system, using three elementary
colors of red (R), green (G), and blue (B), is a typical
chromaticity coordinate system. However, not all per-
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ceivable colors can necessarily be specified by the RGB
chromaticity coordinate system. For example, a color
having a single waveform, such as a color of a laser
beam, falls outside the RGB chromaticity coordinate sys-
tem. If an RGB value can have a negative coefficient,
then the RGB chromaticity coordinate system will be able
to specify any color. However, this gives rise to incon-
venience in handling. In view of the circumstances, an
XYZ chromaticity coordinate system is generally em-
ployed which is an improved version of the RGB chro-
maticity coordinate system.

[0034] The XYZ chromaticity coordinate system spec-
ifies a desired color by use of a combination of tristimulus
value (X, Y, and Zvalues). The X, Y, and Z values, which
are new values, are obtained by adding the original R,
B, and G values to each other. The combination of the
tristimulus values makes it possible that the XYZ chro-
maticity coordinate system can specify a color of a given
spectral, mixed light of spectral colors, and a color of a
physical object.

[0035] The Y value of the X, Y, and Z values corre-
sponds to a brightness stimulus. That is, the Y value can
be used as a typical value of brightness. The X value is
a stimulus value primarily representing a red color. How-
ever, the X value also contains a given amount of a color
stimulus of a blue wavelength range. The Z value is a
color stimulus primarily representing a blue color.

(View from Front Direction)

[0036] Generally, a liquid crystal display device is ad-
justed so that chromaticity of a display screen is uniform
in case of a front viewing angle (0-degree direction). Fig.
2 is a view showing a relationship (characteristic), be-
tween a gray scale and tristimulus value (X, Y, and Z
values), obtained in a case where the display screen is
viewed from the front direction. As is clear from Fig, 2, a
relationship between respective X, Y, and Z values and
a gray scale value is indicated by a curve whose y (gam-
ma) value is about 2.2. As such, no color shift problem
is particularly caused in a case where the display screen
of the liquid crystal display device is viewed from the front
direction.

(View from Oblique Direction)

[0037] The VA liquid crystal display device utilizes a
liquid crystal birefringence effect. Since retardation of the
liquid crystal has wavelength dispersion, transmittance
of the liquid crystal layer varies depending on a wave-
length of the incident light. Also, retardation of the liquid
crystal layer is larger in a case where the display screen
is viewed from the oblique direction than in a case where
the display screen is viewed from the front direction. As
such, the dependence of a fluctuation in the transmit-
tance of the liquid crystal layer with respect to wavelength
ofthelightisincreased in a case where the display screen
is viewed from the oblique direction, as compared with a
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case where the display screen is viewed from the front
direction. This gives rises to a problem that, when the
display screen of the liquid crystal display device is
viewed from the oblique direction, the color shift occurs
in the displayed image.

[0038] With reference to Fig. 13, the following descrip-
tion will discuss an angle at which the display screen of
the liquid crystal display device 1 is viewed from the ob-
lique direction. Fig. 13 is a view schematically illustrating
the liquid crystal display device 1 in accordance with the
present embodiment. (a) of Fig. 13 schematically illus-
trates the liquid crystal display device 1 and (b) of Fig.
13 illustrates a polar angle 6 and an azimuth ® formed
with respect to the display screen of the liquid crystal
display device 1. As shown in (b) of Fig. 13, the polar
angle 6 indicates an angle between (i) a direction, in
which a normal line which passes through a center of the
display screen, and (ii) a direction in which a visual line
extends. The azimuth @ indicates an angle between (i’)
a screen horizontal direction (which is identical with a
horizontal direction in a normal placement condition)
passing through the center of the display screen and (ii")
an orthogonal projection of the visual line with respect to
the display screen.

(XYZ Value Characteristic)

[0039] Fig.3isaviewshowingagrayscale-XYZvalue
characteristic obtained when the display screenis viewed
from the oblique direction, i.e., at a polar angle of 60
degrees, in a liquid crystal display device 1 of a compar-
ative example. The liquid crystal display device 1 of the
comparative example meets the following conditions (i)
and (ii): (i) Each of (a) an area ratio between the bright
pixel 8a and the dark pixel 8b; (b) an area ratio between
the bright pixel 10a and the dark pixel 10b; and (c) an
area ratio between the bright pixel 12a and the dark pixel
12b is 2 : 3; and (ii) capacitances of capacitors Cd are
0.153 time as large as capacitances of liquid crystal ca-
pacitors in respective pixels.

[0040] As shown in Fig. 3, a curve of a gray scale - X
value characteristic is similar to a curve of a gray scale
- Y value characteristic, at the polar angle of 60 degrees.
Note, however, that a curve of a gray scale - Z value
characteristic shows that the Z value is smaller than the
X value and the Y value particularly at an intermediate
gray scale near 100. As early described, the Z value is
the color stimulus primarily representing the blue color.
As such, in a case where a given color is displayed with
the use of an intermediate gray scale, a color which is
actually displayed at the polar angle of 60 degrees is a
blue color fainter than a blue color corresponding to an
intended intermediate gray scale. That is, since a blue
color component in a display image is decreased, the
display image appears to be yellowish. This causes a
deterioration in viewing angle characteristic with regard
to color.
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(Chromaticity Characteristic)

[0041] Fig. 4 is a view showing a gray scale - xy value
characteristic obtained at the polar angle of 60 degrees
in the liquid crystal display device 1 in accordance with
the comparative example. Note that an x value and a 'y
value are chromaticity coordinates used in an xyY chro-
maticity coordinate system newly prepared based on the
XYZ chromaticity coordinate system. According to the
xyY chromaticity coordinate system, x = X/(X + Y + Z)
andy = Y/(X + Y + Z). In each of the x value and the y
value, a degree of a change in chromaticity deviates, at
an intermediate gray scale which falls within a range from
a gray scale of 80 to a gray scale of 130, from an inter-
mediate gray scale which falls within other ranges (see
Fig. 4). It follows that it is clear even from Fig. 4 that color
shifts are caused.

(Local y Characteristic)

[0042] Fig. 5 is a view showing a gray scale - local y
characteristic obtained at the polar angle of 60 degrees
in the liquid crystal display device 1 in accordance with
the comparative example. Note that local y is a value
indicating a local inclination of luminance. A value of local
y is calculated by an equation 1 below:

where T is a maximum luminance of an optical charac-
teristic measured at a predetermined angle with respect
to a direction in which a normal line of the display screen
extends, T, is aluminance corresponding to a gray scale
value "a" and measured at the predetermined angle, and
T, is a luminance corresponding to a gray scale value
"b" which is different from the gray scale value "a."
[0043] Avalueofyisincreased as adifference between
luminances Ta and Tb corresponding to the gray scale
values "a" and "b", respectively, is increased. As such,
by relatively increasing a value of y in the oblique direc-
tion, it is possible to reduce a change in color on the
display screen which change is caused by the fact that
a difference between luminances Ta and Tb becomes
smaller. It is ideal, in the viewing angle characteristic of
the liquid crystal display device 1, that the value of y in
the oblique direction is identical with the value of y (for
example, 2.2) in the front direction over the entire gray
scale range (between the gray scale of 0 and the gray
scale of 255).

[0044] In an example shown in Fig. 5, a local y peak of
the X value and that of the Y value overlap each other.
Specifically, the local y peaks of respective of the X value
and the Y value are located near a gray scale of 90. On
the other hand, a local y peak of the Z value deviates
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from the local y peaks of the respective of the X values
and the Y value. Specifically, the local y peak of the Z
value is located near a gray scale of 125. A displayed
image having a gray scale near an intermediate gray
scale becomes yellowish, in a case where the display
screen is viewed from the oblique direction while the local
v peak of the Z value is thus deviating from the local y
peaks of the respective of the X value and the Y value.

(Cause of Deterioration)

[0045] As early described with reference to Figs. 3
through 5, the liquid crystal display device 1 of the com-
parative example causes the problem that the viewing
angle characteristic is deteriorated at the oblique viewing
angle, that is, at the polar angle of 60 degrees. A cause
of the problem is described below in detail with reference
to Fig. 6.

[0046] As early described, each of the R pixel 8, the G
pixel 10, and the B pixel 12 is made up of a bright pixel
and a dark pixel. Normally, in the liquid crystal display
device 1, the viewing angle characteristic is improved, at
the oblique viewing angle, by causing the redistribution
of the electric charges so as to cause the voltage differ-
ence between a liquid crystal capacitor Clc1 and a liquid
crystal capacitor Clc2 in each pixel. Specifically, the view-
ing angle characteristicis improved atthe oblique viewing
angle as early described, by applying voltages across
the liquid crystal layers in the respective pixels so that (i)
substantially only the bright pixels 8a, 10a, and 12a are
turned on at a low gray scale, and (ii) the dark pixels 8b,
10b, and 12b start to be turned on at a given intermediate
gray scale.

[0047] Fig. 6 is a view showing relationships between
(i) a voltage applied across the liquid crystal layer in each
pixel (horizontal axis) and (ii) the X value, the Y value,
and the Z value (longitudinal axis). As shown in Fig. 6,
in a case where an applied voltage is increased to a volt-
age oflargerthan about 6V, there is generally a decrease
only in the Z value representing the blue color.

[0048] The liquid crystal display device 1 is designed,
in advance, so that a voltage is applied across a pixel for
each gray scale over a given gray scale range (for ex-
ample, a gray scale range from a gray scale of 0 to a
gray scale of 255). In this case, a voltage range is gen-
erally set so that (i) a lower limit is a minimum voltage
that is a threshold voltage for determining whether to in-
creases transmittance of the pixel and (ii) an upper limit
is a voltage that causes the transmittances of the pixel
to increase to a maximum value (saturation value). Note
that such a voltage range is set for each of pixel colors
(red, green, and blue colors in the present embodiment).
[0049] In an example shown in Fig. 6, each of the X
value and the Y value is on a curve which gradually in-
creases so that their gamma characteristics become 2.2
within a range from a voltage of about 2 V to a voltage
of about 8 V. As such, with regard to the red and green
color pixels, the voltage of about 2 V is allocated to the
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gray scale of 0 and the voltage of about 8 V is allocated
to the gray scale of 255. With regard to voltages for re-
spective gray scales other than the gray scales of 0 and
255, voltages are allocated to respective gray scales,
within the range from the voltage of about 2 V to the
voltage of about 8V, in accordance with sizes of the re-
spective gray scales.

[0050] On the other hand, the Z value is on a curve in
which the Z value reaches a peak at a voltage of about
6 V. As such, with regard to the blue color pixel, the volt-
age of about 2 V is allocated to the gray scale of 0 and
the voltage of about 6 V is allocated to a gray scale of
255. With regard to voltages for respective gray scales
other than the gray scales of 0 and 255, voltages are
allocated to respective gray scales, within the range from
about the voltage of 2 V to the voltage of about 6 V, in
accordance with sizes of the respective corresponding
gray scales.

[0051] Avoltagerange (indicated by anarrow A), within
which the voltages are set for the gray scales in the red
and green color pixels, is therefore different from a volt-
age range (indicated by an arrow B) within which the
voltages are set for the gray scales in the blue color pixel.
Note, here, that a voltage range, within which voltages
are set only for a bright pixel, is uniform, irrespective of
display color of pixel. In other words, voltage ranges with-
in which only the bright pixels 8a, 10a, and 12a are turn
on (are luminant) are identical to each other, whereas
voltage ranges, within which both of the bright pixels 8a,
10a, and 12a and the dark pixels of 8b, 10b, and 12b,
are turned on (are luminant) vary from pixel to pixel. Spe-
cifically, only the voltage range within which the dark pixel
12b of the B pixel 12 are turned on is narrowed. This
causes the local y peak of the Z value to deviate from the
local y peak of the X value and that of the Y value. As
such, characteristics as shown in Figs. 3 through 5 are
caused. This gives rise to a color shift when the display
screen is viewed from an oblique direction.

[0052] In order to address the problem of color shift
caused when the display screen is viewed from the ob-
lique direction, the liquid crystal display device 1 of the
presentembodimentis designed as follows. Specifically,
the capacitance of the capacitor CdB in the B pixel 12 is
set to be smaller than (i) the capacitance of the capacitor
CdR in the R pixel 8 and (ii) the capacitance of the ca-
pacitor CdG in the G pixel 10. The following description
will discuss the reason why the problem can be ad-
dressed by designing the liquid crystal display device 1
like above.

(Adjustment of Gray Scale Region)

[0053] Fig. 7 is a view showing a first voltage range
and a second voltage range in an entire voltage range
from a lowest gray scale to a highest gray scale in each
elementary color pixel of the liquid crystal display device
1 of the present embodiment. Within the first voltage
range, only a bright pixel is luminant. Within the second
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voltage range, both of a bright pixel and a dark pixel are
luminant.

[0054] According to the liquid crystal display device 1
of the present embodiment, (i) an entire voltage range
within which only the bright pixel 12a of the B pixel 12 is
luminant is kept constant and (ii) a voltage range out of
the entire voltage range, within which only the bright pixel
12aofthe B pixel 12is luminant, is narrowed as compared
with (a) a voltage range within which only the bright pixel
8a of the R pixel 8 is luminant and (b) a voltage range
within which only the bright pixel 10a of the G pixel 10 is
luminant (see Fig. 7). More specifically, a ratio of the first
voltage range and the second voltage range, in the entire
voltage range from the lowest gray scale to the highest
gray scale, is made identical to each other, irrespective
of whether a pixel is the R pixel 8, the G pixel 10, or the
B pixel 12. As such, applied voltages for respective gray
scales are designed so that the ratios of the first voltage
range and the second voltage range, in the entire voltage
range from the lowest gray scale to the highest gray
scale, is made identical to each other, irrespective of
whether a pixel is the R pixel 8, the G pixel 10, or the B
pixel 12. This makes it possible that local y peak of the
Z value is located at a gray scale identical with a gray
scale of the local y peak of the X value and a gray scale
of the local y peak of the Y value. This prevents a color
shiftfrom occurring even in a case where adisplay screen
is viewed from the oblique direction.

(Adjustment of AVa)

[0055] According to the liquid crystal display device 1,
in order to allocate the voltages to the respective gray
scales as shown in Fig. 7, a difference (hereinafter, re-
ferred to as "AVa)") between voltages applied, at a given
gray scale, across liquid crystal layers in respective of
bright and dark pixels of a pixel is made different from
each other depending on a color displayed by the pixel.
Specifically, AVa can be made different from each other
depending on a color displayed by a pixel, by making a
capacitance of a capacitor Cd in the pixel different from
each other depending on the color displayed by the pixel.
Capacitances of capacitors Cd in respective entire pixels
are not necessarily different from each other. For exam-
ple, only a capacitance of a capacitor Cd in a pixel dis-
playing a given elementary color can be made different
from a capacitance of a capacitor Cd in a pixel displaying
any color other than the given color.

[0056] In the present embodiment, AVa in the B pixel
12 is set to be smaller than AVa in the R pixel 8 and AVa
inthe G pixel 10. This is achieved by setting a capacitance
of a capacitor CdB in the B pixel to be smaller than (i) a
capacitance of a capacitor CdR in the R pixel 8 and (ii)
a capacitance of a capacitor CdG in the G pixel 10. That
is, the capacitances of the respective capacitors CdR,
CdG, and CdB are set so that CdB < CdG < CdR. This
makes it possible that AVa in the B pixel 12 is smaller
than AVa in the R pixel 8 and AVa in the G pixel 10. Note
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that, a structure can be simplified by employing an ar-
rangement in which CdG = CdR.

(Viewing From Oblique Direction)

[0057] Fig.8isaviewshowingagray scale - XYZ value
characteristic obtained at the polar angle of 60 degrees
in the liquid crystal display device 1 of the present em-
bodiment. In the liquid crystal display device 1, the ca-
pacitance of the capacitor CdB in the B pixel 12 is more
than 0.4 time as large as the capacitance of the capacitor
CdGin the G pixel 10, butis smaller than the capacitance
of the capacitor CdG in the G pixel 10. This causes AVa
in the B pixel to be smaller than AVa in the R pixel 8 and
AVa. in the G pixel 10.

(XYZ Value Characteristic)

[0058] As shown in Fig. 8, the gray scale - XYZ value
characteristics obtained at the polar angle of 60 degrees
are in respective curves similar to each other. That is,
unlike the example shown in Fig. 3, the gray scale - Z
value characteristic is in a curve in which the Z value is
not decreased as compared to the X value and the Y
value, at an intermediate gray scale near a gray scale of
100 in particular.

(Chromaticity Characteristic)

[0059] Fig. 9is a view showing a gray scale - xy value
characteristic obtained at the polar angle of 60 degrees
in the liquid crystal display device 1 of the present em-
bodiment. In an example shown in Fig. 9, unlike the ex-
ample shown in Fig. 4, each of an x value and a y value
does not deviate within an intermediate gray scale range
from a gray scale of 80 to a gray scale of 130.

(Local y Characteristic)

[0060] Fig. 10 is a view showing a gray scale - local y
characteristic obtained at the polar angle of 60 degrees
in the liquid crystal display device 1 of the present em-
bodiment. In an example shown in Fig. 10, local y char-
acteristic peaks of respective of an X value, a Y value,
and a Z value overlap each other.

[0061] Asisclearfrom Figs. 8 through 10, the problem,
that the color shift occurs when the display screen is
viewed from the oblique direction, is not caused in the
liquid crystal display device 1 of the present embodiment.
That is, the liquid crystal display device 1 of the present
embodiment has an improved viewing angle character-
istic.

(Suitable Range of Capacitor CdB)
[0062] Fig. 11 is a view showing gray scales of six (6)

gray scale colors (No. 19 through 24) out of Macbeth
chart's 24 colors in the respective pixels (red (R), green
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(G), and blue (B)). Values shown in Fig. 11 are design
values obtained in a case where a C illuminant with 2
degree observes. Fig. 12 is a view showing a distance
between u’v’ chromaticity coordinates (Au’v’) obtained in
a case where the six gray scale colors shown in Fig. 11
are displayed and viewed from a front direction and from
an oblique direction (60-degree direction). A longitudinal
axis indicates Au’v’, and a horizontal axis indicates a ratio
of a capacitance Cg of the capacitor CdB in the B pixel
12 to a capacitance Cg of the capacitor CdG in the G
pixel 10. That is, in a case where the capacitance Cg is
set to a fixed value, the capacitance Cy is increased as
CB/CG (the horizontal axis) is increased.

[0063] As shown in Fig. 12, Au’v’ is smaller within a
range that 0.4 < (CB/CG) < 1.0 than within a range in
which CB/CG = 1. As such, a color shift can be improved
within the range in which 0.4 < (CB/CG) < 1.0. This dem-
onstrates that a viewing angle characteristic can be im-
proved.

(Another Arrangement)

[0064] According to the liquid crystal display device 1,
(i) a capacitance Cg of the capacitor CdR in the R pixel
8 can be substantially 0.153 time larger than a capaci-
tance of the liquid crystal capacitor in the R pixel 8 or the
capacitance Cg of the capacitor CdG in the G pixel 10
can be substantially 0.153 time larger than a capacitance
of the liquid crystal capacitor in the G pixel 10, and (ii)
the capacitance Cg of the capacitor CdB in the B pixel
12 can be substantially 0.086 time larger than a capaci-
tance of the liquid crystal capacitor in the B pixel 12. With
the capacitance Cg or Cg and the capacitance Cg being
set to such respective suitable values, the viewing angle
characteristic can be more improved.

[0065] Itis preferable that0.58 <AV12B/AV10G < 1.00
in the liquid crystal display device 1. Note, here, that
AV12B indicates a difference between (i) an effective
voltage applied across the liquid crystal layer in the bright
pixel 12a of the B pixel 12 and (ii) an effective voltage
applied across the liquid crystal layer in the dark pixel
12b of the B pixel 12. On the other hand, AV10G indicates
a difference between (i) an effective voltage applied
across the liquid crystal layer in the bright pixel 10a of
the G pixel 10 and (ii) an effective voltage applied across
the liquid crystal layer in the dark pixel 10b of the G pixel
10. It is most preferable that AV12B/AV10G = 0.69. With
AV12B/AV10G being set to such optimum value, the
viewing angle characteristic can be more improved.
[0066] Further, an artthat thicknesses of cell gaps, that
is, thicknesses of liquid crystal, in respective of R, G, and
B pixels vary can be employed so that the viewing angle
characteristic of the liquid crystal display device 1 is im-
proved. That is, the viewing angle can be improved by
applying the art, which is known to a public, to the present
invention.
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(Supplementary Note)

[0067] The invention being thus described, it will be
obvious that the same way may be varied in many ways.
Such variations are not to be regarded as a departure
from the spirit and scope of the invention, and all such
modifications as would be obvious to one skilled in the
art are intended to be included within the scope of the
following claims.

[0068] The presentinvention can also be described as
follows, for example.

1. A liquid crystal display device in which an R Cd
capacitance, a G Cd capacitance, and a B Cd ca-
pacitance are different from each other in a 3 TFT
driving method.

2. The liquid crystal display device in which particu-
larly the B Cd capacitance is smaller than the R Cd
capacitance and the G Cd capacitance (the B Cd
capacitance is 0.56 time larger than the R Cd capac-
itance and the G Cd capacitance).

3. Theliquid crystal display device in which the R Cd
capacitance and the G Cd capacitance are 0.153
time larger than a liquid crystal capacitance (during
a Von period) and the B Cd capacitance is 0.086
time larger than the liquid crystal capacitance.

4. Theliquid crystal display device in which a voltage
difference between B sub pixels during the Von pe-
riod is 0.69 time larger than a voltage difference be-
tween R sub pixels and a voltage difference between
G sub pixels (the voltage difference between the B
sub pixels is 1.1 V, whereas the voltage difference
between the R sub pixels and the voltage difference
between the G pixels are 1.6 V).

5. The liquid crystal display device in which an R cell
gap, a G cell gap, and a B cell gap can be different
from each other (note, however, that a ratio of the
R, G, and B Cd capacitances is unequal and a ratio
of the voltage differences between the R, G, and B
sub pixels is unequal).

[0069] Furthermore, itis preferable that the liquid crys-
tal display device of the present invention is arranged so
that the pixel regions independently display red, green,
or blue colors; and a capacitor in that of the pixel regions
which displays the blue color has a capacitance of smaller
than a capacitance of a capacitor in another of the pixel
regions which displays the red or green color.

[0070] With the arrangement, the pixel regions inde-
pendently display red, green, and blue colors, and the
capacitor in that of the pixel regions which displays the
blue color has the capacitance of smaller than the ca-
pacitance of the capacitor in another of the pixel regions
which displays the red or green color. This makes it pos-
sible that a voltage difference between sub pixels in the
pixel region displaying the blue color is smaller than a
voltage difference between sub pixels in the pixel region
displaying the red or green color.
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[0071] This makes it possible that a voltage region A
within an entire voltage region from a lowest gray scale
to a highest gray scale is smaller than a voltage region
B, where the voltage region A is a voltage region within
which only a bright pixel of bright and dark pixels (sub
pixels) of the pixel region displaying the blue color are
turned on and the dark pixel region is not turned on yet,
whereas the voltage region B is a voltage region within
which only a bright pixel (sub pixel) of the pixel region
displaying the red or green color is turned on. This makes
it possible that ratios between gray scale regions in each
of the pixel regions, where one of the gray scale regions
is a gray scale region within which only a bright pixel is
turned on and the other of the gray scale regions is a
gray scale region within which both of the bright pixel and
a dark pixel are turned on, are close to each other over
an entire gray scale region, irrespective of the elementary
colors of pixels. This makes it possible for a normal liquid
crystal display device to reduce occurrence of a color
shift viewable in a case where a screen is viewed from
an oblique direction.

[0072] Furthermore, itis preferable that the liquid crys-
tal display device of the present invention is arranged so
that a first difference between (i) a voltage applied to a
first sub pixel in that of the pixel regions which displays
the blue color and (ii) a voltage applied to a second sub
pixel in that pixel region is more than 0.58 time but less
than 1.00 time larger than a second difference between
(a) a voltage applied to a first sub pixel in the another of
the pixel regions which displays the red or green color
and (b) a voltage applied to a second sub pixel in the
another of the pixel regions.

[0073] The arrangement can suitably reduce a color
shift viewable at an oblique viewing angle.

[0074] Furthermore, itis preferable that the liquid crys-
tal display device of the present invention is arranged so
that the capacitance of the capacitor in that of the pixel
regions which displays the blue color is more than 0.40
time but less than 1.00 time larger than the capacitance
of the capacitor in the another of the pixel regions.
[0075] The arrangement can suitably reduce the color
shift viewable at the oblique viewing angle.

[0076] Furthermore, itis preferable that the liquid crys-
tal display device of the present invention is arranged so
that the first difference is substantially 0.69 time larger
than the second difference.

[0077] The arrangement can most suitably reduce the
color shift viewable at the oblique viewing angle.

[0078] Further, itis preferable thatthe liquid crystal dis-
play device of the present invention is arranged so that:
the capacitance of the capacitor in the another of the
pixel region is substantially 0.153 time larger than a ca-
pacitance of a liquid crystal capacitor of the first sub pixel
in the another of the pixel regions; and the capacitance
of the capacitor in that of the pixel regions which displays
the blue color is substantially 0.086 time larger than a
capacitance of a liquid crystal capacitor of the first sub
pixel in the that pixel region.
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[0079] The arrangement can most suitably reduce the
color shift viewable at the oblique viewing angle.

[0080] The embodiments and concrete examples of
implementation discussed in the foregoing detailed ex-
planation serve solely to illustrate the technical details of
the present invention, which should not be narrowly in-
terpreted within the limits of such embodiments and con-
crete examples, but rather may be applied in many var-
iations within the spirit of the present invention, provided
that such variations do not exceed the scope of the patent
claims set forth below.

Industrial Applicability
[0081] A liquid crystal display device of the present in-
vention is widely applicable as various VA liquid crystal

display devices.

Reference Signs List

[0082]

1 liquid crystal display device

2 gate bus line

4: source bus line

6 CS bus line (storage capacitor bus line)
8: R pixel (pixel region)

8a: bright pixel of R pixel (first sub pixel)
8b: dark pixel of R pixel (second sub pixel)
10: G pixel (pixel region)

10a: bright pixel of G pixel (first sub pixel)

dark pixel of G pixel (second sub pixel)
12: B pixel (pixel region)

12a: bright pixel of B pixel (first sub pixel)
12b: dark pixel of B pixel (second sub pixel)
TFT1 switching element (first transistor)
TFT2:  switching element (second transistor)
TFT3 switching element (third transistor)

Cs: storage capacitor

Clc: liquid crystal capacitor

CdR: capacitor in R pixel (a capacitor in a pixel region
for displaying a red color)

CdG: capacitor in G pixel (a capacitor in a pixel region
for displaying a green color)

CdB: capacitor in B pixel (a capacitorin a pixel region
for displaying a blue color)

Claims

1. Aliquid crystal display device, comprising:

a plurality of gate bus lines provided so as to be
juxtaposed to each other on a substrate;

a plurality of source bus lines provided so as to
intersect with the plurality of gate bus lines, via
an insulating film;

a plurality of storage capacitor bus lines provid-
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ed so as to be juxtaposed to the respective plu-
rality of gate bus lines; and

each pixel region, in which a first sub pixel having
a first pixel electrode and a second sub pixel
having a second pixel electrode are provided
and which is specified by one source bus line
and a corresponding gate bus line, including:

afirst transistor, having (a) a gate electrode
electrically connected to the corresponding
gate bus line, (b) a source electrode elec-
trically connected to the source bus line, and
(c) a drain electrode electrically connected
to the first pixel electrode,

a second transistor, having (a’) a gate elec-
trode electrically connected to the corre-
sponding gate bus line, (b’) a source elec-
trode electrically connected to the source
bus line, and (c’) a drain electrode electri-
cally connected to the second pixel elec-
trode which is electrically isolated from the
first pixel electrode;

a third transistor, having (a") a gate elec-
trode electrically connected to another gate
bus line provided next to the corresponding
gate busline and (b") adrain electrode elec-
trically connected to the second pixel elec-
trode; and

a capacitors, having (a") a first buffer ca-
pacitor electrode electrically connected to a
source electrode of the third transistor and
(b™) a second buffer capacitor electrode
provided so as to face the first buffer capac-
itorelectrode via the insulating film and elec-
trically connected to a corresponding stor-
age capacitor bus line, and,

the capacitor having a capacitance which
varies depending on a display color of the
pixel region.

2. Theliquid crystal display device as set forth in Claim
1, wherein:

the pixel regions independently display red,
green, or blue colors; and

a capacitor in that of the pixel regions which dis-
plays the blue color has a capacitance of smaller
than a capacitance of a capacitor in another of
the pixel regions which displays the red or green
color.

3. Theliquid crystal display device as set forth in Claim
2, wherein
a first difference between (i) a voltage applied to a
first sub pixel in that of the pixel regions which dis-
plays the blue color and (ii) a voltage applied to a
second sub pixel in that pixel region is more than
0.58 time butlessthan 1.00 time larger than asecond
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difference between (a) a voltage applied to a first
sub pixel in the another of the pixel regions which
displays the red or green color and (b) a voltage ap-
plied to a second sub pixel in the another of the pixel
regions.

The liquid crystal display device as set forth in Claim
2 or 3, wherein

the capacitance of the capacitor in that of the pixel
regions which displays the blue color is more than
0.40 time but less than 1.00 time larger than the ca-
pacitance of the capacitor in the another of the pixel
regions.

The liquid crystal display device as set forth in Claim
3, wherein

the first difference is substantially 0.69 time larger
than the second difference.

The liquid crystal display device as set forth in Claim
2 or 4, wherein:

the capacitance of the capacitor in the another
of the pixel region is substantially 0.153 time
larger than a capacitance of a liquid crystal ca-
pacitor of the first sub pixel in the another of the
pixel regions; and

the capacitance of the capacitor in that of the
pixel regions which displays the blue color is
substantially 0.086 time larger than a capaci-
tance of a liquid crystal capacitor of the first sub
pixel in the that pixel region.
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FIG. 4
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FIG. 6
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FIG. 9
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