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(57) ABSTRACT

A liquid crystal display device includes a planarizing layer;
a common electrode on the planarizing layer; a pixel elec-
trode on the planarizing layer; a liquid crystal layer; a data
line; and a color filter layer. An electric field is generated
between the pixel electrode and the common electrode. The
liquid crystal layer covers the common electrode and the
pixel electrode. The color filter layer includes a first filter
and a second filter in contact with the first filter. The first
filter transmits a light, of a first wavelength, that passes
through the pixel electrode. The second filter transmits a
light, of a second wavelength, that passes through the other
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IN-PLANE SWITCHING LIQUID CRYSTAL
DISPLAY DEVICE

BACKGROUND OF THE INVENTION
[0001]

[0002] The present invention relates to an in-plane switch-
ing liquid crystal display, more particularly to a liquid
crystal display device suppress the shift of display colors
due to aging and a liquid crystal display apparatus including
the liquid crystal display device.

[0003] 2) Description of the Related Art

[0004] Conventionally, an in-plane switching (hereinafter,
“IPS”) image display apparatus is proposed, and practical
application of this apparatus is progressed. The IPS image
display apparatus has a configuration of controlling the
orientation of liquid crystal molecules and displaying a
predetermined image by applying an electric field to the
liquid crystal molecules in a direction parallel to the sub-
strate where a liquid crystal layer is disposed. As compared
with a conventional image display apparatus that an electric
field is applied in a direction perpendicular to the substrate,
the IPS image display apparatus has superior voltage hold-
ing characteristic and a broader view angle due to the
electric field direction.

[0005] FIG. 12 is a schematic view of a part of the
conventional IPS image display apparatus. As shown in
FIG. 12, the conventional IPS image display apparatus
includes a transparent array substrate 101, a transparent
counter substrate 102, and a liquid crystal layer 103 that is
disposed between these substrates.

[0006] On the array substrate 101, there are disposed a
common electrode 104, a pixel electrode 105, a data line
106, and a scan line (not shown). The liquid crystal mol-
ecules having the liquid crystal layer 103 has orientation. By
controlling the electric field applied to between the pixel
electrode 105 and the common electrode 104, an image can
be displayed by utilizing the electro-optic effect of the liquid
crystal.

[0007] Further, a color filter 107 is disposed on the counter
substrate 102 to make it possible to display a color image.
The color filter 107 has a function of transmitting only lights
of wavelength corresponding to R (red), G (green), and B
(blue) out of an incandescent light that is transmitted
through the liquid crystal layer 103. FIG. 12 displays a
green color layer 110 that makes the light of the wavelength
corresponding to green pass through as an example.

[0008] Aback light unit not shown that functions as a light
source is provided beneath the array substrate 101, and
irradiates a plane beam of an incandescent light to the array
substrate 101. The liquid crystal layer 103 has a function of
generating lights and shades on the screen by controlling a
light transmittance of the irradiated incandescent light cor-
responding to the potential of the pixel electrode 105,
thereby to display the image. Specifically, a predetermined
potential is given to the pixel electrode 103 to generate an
electric field between the pixel electrode 105 and the com-
mon electrode 104. The orientation of the liquid crystal
molecules within the liquid crystal layer 103 is controlled in
the electric field. The light transmittance is controlled fol-
lowing the change in the orientation.

1) Field of the Invention

Aug. 5, 2004

[0009] The function of a light shielding layer 111 provided
within the color filter 107 is explained. The electric field
applied to the liquid crystal molecules within the liquid
crystal layer 103 is generated not only between the pixel
electrode 105 and the common electrode 104 but also
between the common electrode 104 and the data line 106.
The data line 106 has a predetermined potential irrespective
of the potential of the pixel electrode 105. Therefore, the
electric field attributable to the data line 106 is generated
irrespective to the potential variation of the pixel electrode
105. Consequently, in the case of the IPS image display
apparatus in the normally black mode, for example, the
orientation of the liquid crystal molecule near the data line
106 changes due to the electric field attributable to the data
line 106, even when a potential is not given to the pixel
electrode 105 display black. As a result, the light that passes
through the data line 106 and the common electrode 104 is
discharged to the outside, and a black color having a color
shading is displayed, which degrades the displayed image.

[0010] In order to shield the light that passes through the
data line 106 and the common electrode 104, the light
shielding layer 111 is disposed, thereby to suppress the
degrading of the image quality. Particularly, the light shield-
ing layer 111 is disposed in the area corresponding to the
area where the common electrode 104 and the data line 106
are disposed within the color filter 107. With this arrange-
ment, the leakage of the light that passes through between
the data line 106 and the common electrode 104 to the
outside is suppressed, thereby maintaining a high image
quality (refer to Japanese Patent Application Laid-open
Publication No. 9-101538, for example).

[0011] However, based on the provision of the light shield-
ing layer 111, the conventional IPS image display apparatus
has the following problems. First, the aperture ratio falls due
to the provision of the light shielding layer 111.

[0012] While the light shielding layer 111 is provided to
prevent the light not contributing to the image display from
being leaked out, the light shielding layer 111 also shields a
part of the light that passes through between the pixel
electrode 105 and the common electrode 104 that is neces-
sary for the image display. The incandescent light supplied
from, the back light unit contains a part of the component
that proceeds to an inclined direction. Therefore, in order to
shield this light as well, the light shielding layer 111 is
disposed over a wide area. When a positioning error at the
manufacturing time is considered, the area of the light
shielding layer 111 further expands. Consequently, a part of
the light that is necessary for the image display is also
shielded near the end of the light shielding layer 111, which
lowers the aperture ratio, resulting in a reduction in the
brightness of the display image.

[0013] Degradation of the image quality due to the dis-
position of the light shielding layer 111 is also pointed out.
Specifically, it is known that due to the accumulation of a
charge near the boundary between the light shielding layer
111 and the green color layer 110, a third electric field is
applied to the liquid crystal layer 103, which degrades the
image quality. This phenomenon is considered attributable
to a reduction in the specific resistance of the green color
layer 110 due to the aging and a subsequent reduction in the
light transmittance due to the accumulation of the charge, in
the configuration shown in FIG. 12. Actually, as a result of
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an acceleration test of the color filter 107 carried out in a
high temperature and high humidity condition, the inventors
of the present application confirm that the specific resistance
of 10%* Q-cm at the beginning decreases to 10*° Q-cm.

[0014] Further, as a result of an acceleration test carried
out for the IPS image display apparatus built in with the
color filter, it is confirmed that the light transmittance in the
green color layer 110 is lowered extremely more than in
other color filter due to the charge accumulation, and that the
color tone of the total image shifts. FIG. 13 is a graph
illustrating a change in a y value that indicates the intensity
of the green color component of an image displayed in the
IPS image display apparatus according to the conventional
technique as a result of the acceleration test. In the present
acceleration test, the intensity is measured for two different
IPS image display apparatuses, and lines I; and I, are
obtained. As is clear from the lines I; and I,, the y value is
lowered by about 0.02 as a result of the acceleration carried
out for 100 hours. In general, when the y value changes by
about 0.01, a color shift of the display image can be visually
confirmed. A user recognizes the color shift in the IPS image
display apparatus having the conventional configuration,
which is not preferable.

SUMMARY OF THE INVENTION

[0015] Tt is an object of the present invention to at least
solve the problems in the conventional technology.

[0016] A liquid crystal display device according to one
aspect of the present invention includes a planarizing layer;
a common electrode on the planarizing layer; a first pixel
electrode on the planarizing layer, wherein an electric field
is generated between the first pixel electrode and the com-
mon electrode; a second pixel electrode on the planarizing
layer, wherein an electric field is generated between the
second pixel electrode and the common e¢lectrode; a liquid
crystal layer that covers the common electrode, the first pixel
electrode, and the second pixel electrode; a first data line; a
first switching element that applies to the first pixel electrode
an electric potential according to display signals supplied to
the first data line; a second data line; a second switching
element that applies to the second pixel electrode an electric
potential according to display signals supplied to the second
data line; a scan line that is supplied with scan signals to
control the first switching element and the second switching
element; and a color filter layer that includes a first filter and
a second filter in contact with the first filter, wherein the first
filter transmits a light, of a first wavelength, that passes
through the first pixel electrode, and the second filter trans-
mits a light, of a second wavelength, that passes through the
second pixel electrode.

[0017] Aliquid crystal display according to another aspect
of the present invention includes the liquid crystal display
device according to the present invention; a voltage appli-
cation unit that is electrically connected to the first data line,
the second data line, and the scan line, and that applies
predetermined voltages to the first pixel electrode and the
second pixel electrode; a control unit that controls the
voltage application unit based on image information; and a
frame member that houses the liquid crystal display device,
the voltage application unit, and the control unit, and that
includes a display window which defines a display screen.

[0018] The other objects, features and advantages of the
present invention are specifically set forth in or will become
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apparent from the following detailed descriptions of the
invention when read in conjunction with the accompanying
drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019] FIG. 1 is a cross-sectional view of a liquid crystal
display device according to a first embodiment of the present
invention;

[0020] FIG. 2 is a top plan view of a circuit disposed on
an array substrate that constitutes the liquid crystal display
device;

[0021] FIG. 3 is a top plan view of a color filter that
constitutes the liquid crystal display device;

[0022] FIG. 4 is a schematic view of an electric field that
is generated when the liquid crystal display device is oper-
ated;

[0023] FIG. 5is a graph illustrating a color shift as a result
of carrying out an acceleration test in the liquid crystal
display device and a liquid crystal display device of the
conventional IPS configuration;

[0024] FIG. 6 is a top plan view of a color filter that
constitutes a liquid crystal display device according to a
modification of the first embodiment;

[0025] FIG. 7 is a top plan view of a circuit disposed on
an array substrate that constitutes the liquid crystal display
device according to a second embodiment of the present
invention;

[0026] FIG. 8A is a cross-sectional view of the circuit cut
along a line A-A in FIG. 7, and FIG. 8B is a cross-sectional
view of the circuit cut along a line B-B in FIG. 7,

[0027] FIG. 9 is a top plan view of a color filter that
constitutes the liquid crystal display device;

[0028] FIG. 10 is a cross-sectional view of an array
substrate that constitutes the liquid crystal display device
according to a modification of the first and second embodi-
ments,

[0029] FIG. 11 is a perspective view of a liquid crystal
display apparatus according 1o a third embodiment of the
present invention;

[0030] FIG. 12 is a schematic view of an electric field that
is generated during the operation in an image display
apparatus of the conventional IPS configuration; and

[0031] FIG. 13 is a graph illustrating a variation in the
color tone of a display image in the image display apparatus
of the conventional IPS configuration.

DETAILED DESCRIPTION

[0032] Exemplary embodiments of a liquid crystal display
device and a liquid crystal display apparatus according to the
present invention are explained below with reference to the
drawings. In the following embodiments, when there are a
plurality of parts of the same configuration, one of these
parts is explained as a representative when necessary. When
the same part is explained using a plurality of drawings, a
reference symbol shown in one drawing will also be used in
the rest of the drawings. Identification characters a, b, c, etc.
are assigned to reference symbols when necessary. When
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there are a plurality of the same parts like “pixel electrodes
10a, and 1067, these parts are collectively called a “pixel
electrode 10” when necessary.

[0033] Afirst embodiment of the present invention will be
explained below. A liquid crystal display device according to
the first embodiment has a wiring having an electric field
shielding function near a data line. A liquid shielding area is
not disposed between light transmission windows that con-
stitute a color filter. The light transmission windows are
directly in contact with each other. FIG. 1 is a schematic
view of a cross-sectional configuration of the liquid crystal
display device according to the first embodiment. FIG. 2 is
a top plan view of a color filter that constitutes the liquid
crystal display device. FIG. 3 is a top plan view of an array
substrate that constitutes the liquid crystal display device.
The liquid crystal display device has a configuration having
display pixels arrayed in a matrix of MxN (where M and N
represent optional positive numbers respectively). In FIG. 1
to FIG. 3, a part of the display pixels is displayed in order
to facilitate the understanding. The configuration of the
liquid crystal display device according to the first embodi-
ment is explained with reference to FIG. 1 to FIG. 3.

[0034] As shown in FIG. 1, the liquid crystal display
device according to the first embodiment has an array
substrate 1, and a counter substrate 2 that is disposed
opposite to the array substrate 1. A liquid crystal layer 3
formed with a liquid crystal material is sealed in between the
array substrate 1 and the counter substrate 2. A color filter 4
is disposed on the internal surface of the counter substrate 2.
The light components of wavelengths corresponding to R
(red), G (green), and B (blue) are transmitted through the
color filter 4 out of an incandescent light that is transmitted
through the liquid crystal layer 3, thereby to achieve a color
image display. Field shielding auxiliary layers 3a,, 5a,, 5b,,
5b,, 5c,, and 5¢, are disposed in areas corresponding to ends
of display pixels. An insulating layer 6 is disposed to cover
the array substrate 1 and the electric field shielding auxiliary
layer 5a, to 3c,. Data lines 7a to 7¢ are disposed in areas
corresponding to the ends of the display pixels on the
insulating layer 6. A planarizing layer 8 is disposed on the
data lines 7a¢ to 7c¢ and the insulating layer 6. Common
electrodes 9a to 9¢ are disposed in areas on the data lines 7a
to 7c¢ on the planarizing layer 8 respectively. A pixel elec-
trode 10a is disposed in the area between the common
electrodes 9a and 9b, and a pixel electrode 106 is disposed
in the area between the common electrodes 95 and 9c.

[0035] The array substrate 1 and the counter substrate 2
are formed with transparent and colorless nonalkali glass
respectively. The nonalkali glass refers to glass of a structure
having the content of alkaline substance such as Na,O and
K, O suppressed to not higher than 0.8 weight percent. The
array substrate 1 and the counter substrate 2 have an
excellent shape of a flat surface to avoid giving influence to
the course of a light that is incident from beneath, and have
a low coefficient of thermal expansion. The array substrate
1 and the counter substrate 2 may have a structure formed
with a transparent plastic substrate and quartz glass or the
like according to the usage. In order to prescribe an interval
between the array substrate 1 and the counter substrate 2, a
spacer not shown is disposed between the array substrate 1
and the counter substrate 2.

[0036] The liquid crystal layer 3 is formed to have a liquid
crystal molecule having orientation as a main component. A
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fluorinated pneumatic liquid crystal molecule can be used as
an example of the liquid crystal that constitutes the liquid
crystal layer 3. In addition to the fluorinated pneumatic
liquid crystal molecule, other liquid crystal molecule can
also be used that constitutes a pneumatic liquid crystal and
a cholesteric liquid crystal. In other words, in general, any
liquid crystal molecule that is used for an IPS configuration
can be used for the liquid crystal layer 3 according to the first
embodiment. There is no particular limitation to the liquid
crystal molecule. In order to prescribe the orientation of the
liquid crystal molecule included in the liquid crystal mol-
ecule layer 3, both or either one of the array substrate 1 and
the counter substrate 2 generally has a configuration of an
orientation film provided on the surface in contact with the
liquid crystal layer 3. The orientation film has the following
configuration. An organic film such as polyimide and
polyamine acid is coated on the surface of both or either one
of the array substrate 1 and the counter substrate 2. The
coated surface is sintered. The sintered surface is friction-
ized with cotton or rayon cloth in a predetermined direction,
thereby to provide the surface with anisotropy. The anisot-
ropy of the surface configuration controls the orientation of
the liquid crystal molecule. An inorganic film can also be
formed as the orientation film by deposition or sputtering.
Light or an ion beam is irradiated onto the inorganic film to
provide the surface configuration with anisotropy. Any other
configuration that can prescribe the orientation of the liquid
crystal molecule can be used, and the configuration of the
orientation film does not have to be limited to the above.

[0037] The insulating layer 6 is formed with a transparent
and insulating material such as SiN_. The planarizing layer
8 is formed with an organic material having polymer or SiN_
deposited in a large thickness. As the planarizing layer 8 has
a thick laminated configuration, a parasitic capacitance
generated between the data line 7 and the common electrode
9 decreases. While the insulating layer 6 and the planarizing
layer 8 are single layers respectively in FIG. 1, these layers
may be in a multiple configuration using a plurality of
materials.

[0038] The common electrode 9 and the pixel electrode 10
are formed with indium tin oxide (ITO), indium zinc oxide
(IZO) or the like having conductivity and excellent light
transmission characteristics respectively. The common elec-
trode 9 is maintained with substantially a constant potential.
In the first embodiment, the common electrode 9 is electri-
cally connected with the electric field shielding auxiliary
layer 5.

[0039] A plane configuration of the circuit disposed on the
array substrate 1 is explained next. As shown in FIG. 2, a
wiring corresponding to a plurality of display pixels is
provided on the array substrate 1. The wiring corresponding
to the display pixels shown by areas encircled by broken
lines in FIG. 2 is explained. As is clear from FIG. 2, it is
needless to mention that other display pixels also have
similar wiring configurations.

[0040] In the center of the display pixel, the pixel elec-
trode 10z extending in a perpendicular direction is disposed.
The common electrode 9 is disposed with a predetermined
distance from the pixel electrode 10a. There is an opening
between the pixel electrode 10a and the common electrode
9. Ascan line 13 extending in a lateral direction is disposed
near the pixel electrode 10a. A thin-film transistor 14 is
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disposed on the scan line 13. One source/drain electrode of
the thin-film transistor 14 is connected to the pixel electrode
10a via a wiring 15. The other source/drain electrode is
connected to the data line 7a. A gate electrode of the
thin-film transistor 14 is connected to the scan line 13. The
ON and OFF of the thin-film transistor 14 is controlled based
on a display signal supplied from the data line 7a and a scan
signal supplied from the scan line 13. A predetermined
charge is accumulated in the pixel electrode 10a. In the first
embodiment, an n-channel thin-film transistor is explained
as the thin-film transistor 14. It is needless to mention that
the present invention can also be applied to a p-channel
thin-film transistor.

[0041] A configuration of the color filter is explained next.
As shown in FIG. 3, the color filter 4 has a red color layer
16, a green color layer 17, and a blue color layer 18 that
transmit lights of wavelengths corresponding to red, green,
and blue respectively, arrayed in a stripe. The red color layer
16, the green color layer 17, and the blue color layer 18 are
directly adjacent to each other. Near the boundary between
the color layers, the respective color layers are superim-
posed. A liquid shielding area is not disposed between the
color layers. Aliquid shielding area 19 is disposed in the area
immediately above the scan line 13 shown in FIG. 2.

[0042] The red color layer 16, the green color layer 17, and
the blue color layer 18 function as light transmission win-
dows that transmit light components of wavelengths corre-
sponding to red, green, and blue respectively. These color
layers are formed with phthalocyanine compounds, for
example, and have high transmittance of the lights of
wavelengths corresponding to red, green, and blue respec-
tively. Therefore, the incandescent light incident from the
rear surface of the array substrate 1 passes through the liquid
crystal layer 3. Only the light components of predetermined
wavelengths pass through the color layers respectively,
thereby to display a color image.

[0043] The liquid shiclding area 19 prevents a natural light
from entering the thin-film transistor 14 from the outside.
This is because it is necessary to prevent the occurrence of
a light leak current due to the entering of a light into the
channel that constitutes the thin-film transistor 14. There-
fore, the liquid shielding area 19 has only the purpose of
shielding a light from the outside. It is not provided to
improve the contrast of the display image like the conven-
tional practice.

[0044] The operation of the liquid crystal display device
according to the first embodiment is explained next. FIG. 4
is a schematic view of an electric field that is generated when
the liquid crystal display device according to the first
embodiment is operated. The operation is explained with
reference to FIG. 4.

[0045] As described above, the liquid crystal display
device according to the first embodiment has the IPS con-
figuration having the common electrode 9 and the pixel
electrode 10 disposed on the same substrate. Therefore,
when a predetermined charge is supplied to the pixel elec-
trode 10, an electric field is generated between the pixel
electrode 10 and the common electrode 9 in a direction
parallel with the array substrate 1. Based on this electric
field, the orientation of the liquid crystal molecule in the
liquid crystal layer 3 changes.

[0046] On the other hand, as a predetermined potential
needs to be supplied to other pixels that extend in the
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longitudinal direction as well, the potential of the data line
7 always changes. Therefore, a potential difference occurs
between this potential and the potentials of other wires.
When this electric field extends to the liquid crystal layer 3,
this gives influence to the liquid crystal molecule, which
degrades the quality of the display image.

[0047] The liquid crystal display device according to the
first embodiment has the common electrode 9 disposed
immediately above the data line 7 as explained above. With
this arrangement, degradation of the image quality in the
electric field attributable to the data line 7 is suppressed.
Specifically, the common electrode 9 is maintained at a
predetermined potential, and is disposed between the data
line 7 and the liquid crystal layer 3. Therefore, the common
electrode 9 has the function of shielding the electric field
attributable to the data line 7. The common electrode 9
prevents the electric field attributable to the data line 7 from
affecting the orientation of the liquid crystal molecule that
constitutes the liquid crystal layer 3.

[0048] Therefore, the liquid crystal display device accord-
ing to the first embodiment does not generate a disturbance
in the orientation of the liquid crystal molecule that is
present on the upper area of the data line 7. Accordingly, a
light that passes through the area of the disturbed orientation
of the liquid crystal molecule does not leak out unlike in the
conventional practice. Consequently, the liquid crystal dis-
play device according to the first embodiment can display a
high-quality image.

[0049] The electric field shielding auxiliary layer 5 also
has the function of preventing the electric field attributable
to the data line 7 from affecting the liquid crystal layer 3.
Based on the provision of the electric field shielding auxil-
iary layer 5 near the data line 7, the electric field that cannot
be shiclded by the common electrode 9 is shiclded. This
suppresses the electric field from further affecting the liquid
crystal layer 3. It is preferable that the electric field shiclding
auxiliary layer 5 is disposed immediately below the common
electrode 9. This is for the following reason. A conductive
material that constitutes the electric field shielding auxiliary
layer 5 in general has light shielding characteristics. There-
fore, when the electric field shielding auxiliary layer is
disposed at a position corresponding to the opening, its
aperture ratio falls.

[0050] When only the common electrode 9 shields the
electric field attributable to the data line 7, the opening
becomes narrow, as the common electrode 9 needs to have
a large width to completely shield the electric field. Accord-
ingly, the brightness of the display image is lowered. On the
other hand, when the electric field shielding auxiliary layer
5 is disposed, a part of the electric field attributable to the
data line 7 is shielded. Therefore, even when the common
electrode 9 has a small width, the electric field attributable
to the data line 7 does not affect the liquid crystal layer 3.
Consequently, the width of the common electrode 9 can be
made small, thereby to increase the area of the open area. As
a result, the brightness of the display image can be
improved.

[0051] As explained above, the liquid crystal display
device according to the first embodiment has the common
electrode 9 that functions as an electric field shielding layer
and the electric field shielding auxiliary layer 5. With this
arrangement, it is possible to suppress the electric field
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attributable to the data line 7 from affecting the liquid crystal
layer 3. Accordingly, the disturbance of the orientation of the
liquid crystal molecule that constitutes the liquid crystal
layer 3 due to the electric field attributable to the data line
7 can be prevented. Therefore, there is no need to dispose a
liquid shielding area between the adjacent color layers in the
color filter 4 that is disposed on the counter substrate 2.
Consequently, the color filter 4 takes the configuration as
shown in FIG. 3. As the liquid shielding area between the
adjacent color layers can be omitted, the aperture ratio of the
color filter 4 can be increased from the conventional ratio,
resulting in the higher brightness of the image display. As
shown in FIG. 3, the liquid shielding area 19 is disposed
corresponding to the scan line 13 on the color filter 4. In
general, the scan line 13 is formed with a conductive
material having light shielding characteristics. Therefore,
the scan line 13 does not transmit a light. The provision of
the liquid shielding area 19 corresponding to the scan line 13
does not lower the brightness.

[0052] Further, as no liquid shielding area is disposed
between the adjacent color layers, there is an advantage that
a color shift due to the aging can be suppressed. As already
explained, near the boundary between the green color layer
and the liquid shielding area, the specific resistance of the
green color layer is lowered, a charge is accumulated, and
the light transmittance varies, resulting in a change in the
color tone of the total image displayed. However, according
to the first embodiment, no liquid shielding area is disposed
between the adjacent color layers, and the color layers are
directly in contact with each other. Therefore, it is possible
to substantially reduce the area in which the color layer and
the liquid shielding area are directly in contact with each
other. Accordingly, unlike the conventional IPS liquid crys-
tal cell, the accumulation of a carrier in a part of the area can
be suppressed, and the color shift can be reduced substan-
tially.

[0053] FIG. 5 is a graph illustrating a color shift in a
displayed image, as a result of carrying out an acceleration
test in the liquid crystal display device according to the first
embodiment. In FIG. 5, a line 11 represents a color shift in
the liquid crystal display device according to the first
embodiment, and a line 12 represents a color shift in the
liquid crystal display device according to the conventional
IPS configuration. The graph of FIG. 5 is expressed in xy
color tone coordinates, where the horizontal axis shows x
values and the vertical axis represents y values.

[0054] Tt is clear that as a result of a comparison between
the line I, and the line I, the liquid crystal display device
according to the first embodiment can obtain a very satis-
factory change value in the y value. Specifically, while the
line 12 has a reduction of about 0.02 in the y value, the line
I, has a reduction of only about 0.005 in the y value. In
general, so long as the y value does not change 0.01 or
above, a visual confirmation of the color shift is impossible.
The liquid crystal display device according to the first
embodiment can suppress the color shift to a level that can
be visually confirmed. As explained above, the liquid crystal
display device according to the first embodiment has the
liquid shielding area 19 disposed on the color filter 4 in order
to suppress the occurrence of a light leak current of the
thin-film transistor 14. Therefore, a slight accumulation of a
charge occurs near the boundary between the liquid shield-
ing area 19 and the color layer, which results in a fine color
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shift. However, as the color shift can be suppressed to a level
that cannot be visually confirmed, no practical problem
arises.

[0055] The graph of FIG. 5 indicates that the liquid crystal
display device according to the first embodiment has a slight
aggravation in the change of the x value as compared with
the liquid crystal display device of the conventional IPS
configuration. However, the liquid crystal display device
according to the first embodiment has a change in the x value
by about 0.002, which is only about one tenth of the level
that can be visually confirmed. Consequently, this change is
not problematic to the image display.

[0056] As explained above, the adjacent color layers are
directly in contact with each other, and no liquid shielding
area is disposed between the adjacent color layers. With this
arrangement, the liquid crystal display device according to
the first embodiment can suppress the color shift due to
aging to a level that cannot be visually confirmed. Therefore,
the liquid crystal display device according to the first
embodiment does not damage the quality of an image, and
can display a high-quality image, even when the liquid
crystal display device is used for a long time.

[0057] A modification of the liquid crystal display device
according to the first embodiment will be explained below.
The liquid crystal display device according to the modifi-
cation has a configuration of having a smaller area of the
liquid shielding area disposed on the color filter.

[0058] FIG. 6 is a schematic view of a configuration of the
color filter that constitutes the liquid crystal display device
according to the modification of the first embodiment. As
shown in FIG. 6, the color filter according to the modifi-
cation has a liquid shielding area 20 disposed corresponding
to the thin-film transistor 14 that is disposed on the array
substrate 1.

[0059] In the present invention, the liquid shielding area is
provided to suppress the occurrence of a light leak current of
the thin-film transistor 14. Therefore, the provision of the
liquid shielding area in the area corresponding to the thin-
film transistor 14 can achieve a necessary and sufficient
function. When this configuration is employed, the area in
which the color layer and the liquid shielding area 20 are in
contact can be made smaller. Consequently, the color shift
can be further suppressed.

[0060] A liquid crystal display device according to a
second embodiment of the present invention is explained
next. The liquid crystal display device according to the
second embodiment has an auxiliary capacitance to stabilize
the potential of the pixel electrode on the array substrate.
Another liquid shielding area is further provided on the color
filter corresponding to the auxiliary capacitance. FIG. 7 is a
top plan view of a wiring on the array substrate that
constitutes the liquid crystal display device according to the
second embodiment. FIG. 8A and FIG. 8B are cross-
sectional views of the wiring shown in FIG. 7. FIG. 9 is a
top plan view of a configuration of a color filter 25 that
constitutes the liquid crystal display device according to the
second embodiment. In the second embodiment, like parts
having configurations similar to those in the first embodi-
ment are designated with like reference numerals, and are
assumed to have the same functions as those of the first
embodiment unless specified otherwise.
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[0061] A plane configuration of the circuit disposed on the
array substrate is explained first. As shown in FIG. 7, a
wiring is provided corresponding to a plurality of pixel
electrodes on the array substrate. The wiring corresponding
to adisplay screen shown in a area encircled by a broken line
in FIG. 7 is explained, like in the first embodiment.

[0062] A pixel electrode 21 a extending in a perpendicular
direction is disposed on the array substrate from the center
of a area corresponding to the display pixel. The common
electrode 9« is disposed with a predetermined distance from
the pixel electrode 21a. The pixel electrode 21a is connected
to on source/drain electrode of the thin-film transistor 14 via
the wiring 15. The other source/drain electrode of the
thin-film transistor 14 is connected to the data line 7a that
extends in the perpendicular direction. A gate electrode of
the thin-film transistor 14 is connected to the scan line 13
that extends in the lateral direction. The thin-film transistor
14 gives a predetermined potential to the pixel electrode
214, like in the first embodiment. An electric field is gen-
erated between the pixel electrode 21a that is given the
predetermined potential and the common electrode 92, and
the orientation of the near liquid crystal molecule is changed
to display an image, like in the first embodiment.

[0063] The liquid crystal display device according to the
second embodiment has a capacitor 224 that extends in a
lateral direction from the center of a area corresponding to
the display pixel. The cross section of the area including the
capacitor 22¢ is explained with reference to FIG. 8A.

[0064] The capacitor 22a comprises a conductive layer 23
and a conductive layer 24 disposed on the conductive layer
23 via the insulating layer 6 as shown in FIG. 8A. The
conductive layer 24 and the pixel electrode 21a are electri-
cally connected to each other. The conductive layer 23 is
electrically connected to the common electrode 9a. The
common electrode 9a is maintained with substantially a
constant potential, and the conductive layer 23 is also
maintained with substantially a constant potential.

[0065] As the capacitor 224 is additionally disposed, the
liquid crystal display device according to the second
embodiment has an advantage in that the potential of the
pixel electrode is stabilized during the operation. Therefore,
the orientation of the liquid crystal molecule that constitutes
the liquid crystal layer 3 can be controlled accurately.
Further, a higher-quality image can be displayed.

[0066] The conductive layer 23 that constitutes the capaci-
tor 22a also extends along the data line 7 below the data line
7. Therefore, the conductive layer 23 also functions as an
electric field shielding auxiliary layer. Particularly, as the
conductive layer 23 extends along the total layer below the
data line 7, the ¢lectric field attributable to the data line 7 can
be shielded effectively.

[0067] The cross section of the area other than the area in
which the capacitor 22¢ is disposed is explained with
reference to FIG. 8B. The liquid crystal display device
according to the second embodiment also has a structure of
having the common electrode 9 disposed immediately above
the data line 7 in a similar manner to that of the first
embodiment. When the common electrode 9 shields the
electric field attributable to the data line 7, it is possible to
prevent the electric field from affecting the liquid crystal
layer 3 in a similar manner to that of the first embodiment.
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[0068] The configuration of the color filter 25 is explained
next. As shown in FIG. 9, the color filter 25 has a red color
layer 26, a green color layer 27, and a blue color layer 28
directly in contact with each other. These layers are super-
imposed with each other in a area near the boundary. The
liquid shielding area 19 is disposed in a area corresponding
to the scan line 13. Aliquid shielding area 29 is also disposed
in a area corresponding to the capacitor 22.

[0069] The conductive layer 23 and the conductive layer
24 that constitute the capacitor 22 are formed with light-
shielding conductive materials respectively. Therefore, the
provision of the liquid shielding area 29 does not lower the
brightness of the displayed image. The provision of the
liquid shielding area 29 slightly increases the area in which
the color layer and the liquid shielding area are in contact
with each other. However, this configuration can lower the
color shift to a level that can be visually confirmed as
compared with the conventional configuration having the
liquid shielding area disposed between the adjacent color
layers.

[0070] The color filter explained in the first embodiment
can also be used in the liquid crystal display device accord-
ing to the second embodiment. Specifically, the color filters
shown in FIG. 3 and FIG. 6 can be used to constitute the
liquid crystal display device. In this case, the color shift can
be lowered to a level that can be visually confirmed.

[0071] In the liquid crystal display device according to the
first or the second embodiment, the electric field-shielding
auxiliary layers 5a, to 5¢; may be connected to the pixel
electrodes instead of the common electrodes. As the electric
field shielding auxiliary layers 5¢, to 3¢, take predetermined
potentials, the electric field generated from the data line can
be shielded. Therefore, the common electrodes do not need
to be electrically connected.

[0072] In the liquid crystal display device according to the
first or the second embodiment, the electric field shielding
auxiliary layers may be provided immediately below the
pixel electrodes. FIG. 10 is a cross-sectional view of a
configuration of an array substrate according to a modifica-
tion of the first and the second embodiments. As shown in
FIG. 10, in this modification, pixel electrode auxiliary
layers 30z and 30b are disposed immediately below the
pixel electrodes 21a and 21b.

[0073] When predetermined potentials are given to the
pixel electrodes 21a and 215, leakage of the electric field
from the data lines 7a to 7¢ to the liquid crystal layer 3 can
be effectively suppressed. While the pixel electrode auxil-
iary layers 30z and 305 may have independent potentials, it
is preferable that the pixel electrode auxiliary layers 30a and
30b are electrically connected to the pixel electrodes 21a
and 21b respectively. This is for the following reasons. As
the pixel electrode auxiliary layers 30a and 306 are located
near the pixel electrodes 21a and 21D, these can be easily
electrically connected to each other. Further, it is necessary
to prevent the potentials of the pixel electrode auxiliary
layers 30q and 306 from affecting the orientation of the
liquid crystal molecule contained in the liquid crystal layer
3. Depending on a detailed configuration of the circuit on the
array substrate, the pixel electrode auxiliary layers 30a and
305 may be electrically connected to common electrodes 9a
to 9c respectively.

[0074] A liquid crystal display apparatus according to a
third embodiment is explained next. The liquid crystal



US 2004/0150768 Al

display apparatus according to the third embodiment has a
configuration using the liquid crystal display device accord-
ing to the first or the second embodiment. FIG. 11 is an
exploded view of the liquid crystal display apparatus accord-
ing to the third embodiment. In FIG. 11, the liquid crystal
display apparatus is broken down into members in order to
facilitate the understanding of the configuration of the liquid
crystal display. It is needless to mention that these members
are actually combined together to form the liquid crystal
display according to the third embodiment.

[0075] The liquid crystal display apparatus includes a back
light unit 32, a light shielding spacer 33, and a liquid crystal
display device 35 sequentially disposed in this order on a
lower case 31. A drain circuit substrate 36, a gate circuit
substrate 37, and an interface circuit substrate 38 are formed
on the light shielding spacer 33. These circuit substrates are
electrically connected with the liquid crystal display device
35. A shield case 40 is disposed on the liquid crystal display
device 35 via an insulation sheet 39. The shield case 40 has
a display window 41 to define a liquid crystal display area
near the center.

[0076] The back light unit 32 is used to irradiate a plane
light that proceeds in a direction perpendicular to the liquid
crystal display device 35. The back light unit 32 has the
following configuration. A reflection plate that is provided
on the bottom of the back light unit 32A reflects a light that
is emitted from a fluorescent lamp as a light source. The
reflected light is transmitted through an optical waveguide
and a spread plate to form a plane beam, and this plane beam
is incident to the liquid crystal display device 35.

[0077] The liquid crystal display device 35 explained in
the first or the second embodiment is used for the liquid
crystal display device 35 in the third embodiment. There-
fore, the common electrode exhibits the function of shield-
ing the electric field attributable to the data line, and this
common electrode is disposed on the common electrode to
form the color filter. On this color filter, the color layers are
directly in contact with each other. Accordingly, the electric
field attributable to the data line does not affect the liquid
crystal layer. The accumulation of a charge in a part of the
area of the color filter can be suppressed, thereby to suppress
the color shift.

[0078] The drain circuit substrate 36 and the gate circuit
substrate 37 are formed with electronic circuits respectively,
thereby to apply predetermined voltages to the source/drain
electrode and the gate electrode of the thin-film transistor
disposed in the liquid crystal display device 35. The inter-
face circuit substrate 38 is formed with a predetermined
electronic circuit, thereby to control the drain circuit sub-
strate 36 and the gate circuit substrate 37. These circuit
substrates are used to select a predetermined pixel electrode
and apply a voltage, thereby to change the light transmit-
tance of each pixel and obtain a desired image.

[0079] While the first to the third embodiments according
to the present invention are explained above, the present
invention is not limited to the contents described above. A
person skilled in the art could easily conceive various kinds
of embodiments and modifications. For example, in the first
embodiment, while the liquid shielding area 19 is disposed
on the color filter 4, the liquid shielding area 19 is provided
to suppress the occurrence of a light leak current in the
thin-film transistor 14. Therefore, when the occurrence of a
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light leak current can be suppressed, the liquid shielding area
19 can be omitted. In this case, the color shift due to aging
can be further reduced. Instead of the thin-film transistor, a
metal insulator metal (MIM) driving unit may be used for
the switching element.

[0080] In the first and the second embodiments, while the
color filter is explained to be disposed on the counter
substrate, the color filter may be disposed on the array
substrate. When the color filter is disposed on the array
substrate, there is an effect that the color shift can be reduced
by not disposing the liquid shielding area between the
adjacent color layers, like in the first and the second embodi-
ments.

[0081] In the first and the second embodiments, while the
common electrode is used as the electric field shielding layer
in order to shield the electric field attributable to the data line
7, other wiring may be used to shield the electric field.
However, the common electrode is essential for the liquid
crystal display device irrespective of the object of shielding
the electric field. When the common electrode has a function
of an electric field shielding layer, this is preferable from the
viewpoint of reducing the load on the manufacturing pro-
cess.

[0082] The plane shapes of the pixel electrode and the
common electrode that constitute the liquid crystal display
device and the color layers disposed corresponding to these
electrodes are not limited to those shown in the first or the
second embodiments. For example, the following configu-
ration is known as a modification of the IPS configuration.
The plane shape of the liquid crystal display device is not
linear, but is bent at least one part. The plane shape of a part
of the common electrode opposite to the pixel electrode is
also bent corresponding to the pixel electrode. With this
configuration, it is known that the color change due to the
view angle can be suppressed, and an image of high color
purity and high contrast ratio can be displayed. Using this
configuration, the liquid crystal display device and the liquid
crystal display according to the present invention can be
realized. A color filter of the configuration having the
boundary of the color layer bent corresponding to the bend
configuration can be used.

[0083] In the third embodiment, a reflection system having
an external light such as sunlight as a light source can be
employed in place of the back light unit. Alternatively, a
translucent system may be employed.

[0084] As explained above, according to the present
invention, the liquid crystal display device has the pixel
electrode and the common electrode disposed on the same
substrate. This liquid crystal display device can prevent the
electric field generated from the data line from disturbing the
orientation of the liquid crystal molecule that constitutes the
liquid crystal layer. There is an effect that the color filter can
omit a light shielding layer to improve the contrast of the
display image. The first light transmission window and the
second light transmission window that constitute the color
filter are directly in contact with each other, and no light
shielding layer is disposed between these windows. There-
fore, there are effects such as the aperture ratio rises, and a
chemical action between the light transmission layer and the
light shielding layer suppresses the variation in the light
transmittance of the light transmission window. Further, a
variation in the color tone of the display image at the visual
level can be prevented.
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[0085] Although the invention has been described with
respect to a specific embodiment for a complete and clear
disclosure, the appended claims are not to be thus limited but
are to be construed as embodying all modifications and
alternative constructions that may occur to one skilled in the
art which fairly fall within the basic teaching herein set
forth.

What is claimed is:
1. A liquid crystal display device comprising:

a planarizing layer;
a common electrode on the planarizing layer;

a first pixel electrode on the planarizing layer, wherein an
electric field is generated between the first pixel elec-
trode and the common electrode;

a second pixel electrode on the planarizing layer, wherein
an electric field is generated between the second pixel
electrode and the common electrode;

a liquid crystal layer that covers the common electrode,
the first pixel electrode, and the second pixel electrode;

a first data line;

a first switching element that applies to the first pixel
electrode an electric potential according to display
signals supplied to the first data line,

a second data line;

a second switching element that applies to the second
pixel electrode an electric potential according to dis-
play signals supplied to the second data line;

a scan line that is supplied with scan signals to control the
first switching element and the second switching ele-
ment; and

a color filter layer that includes a first filter and a second
filter in contact with the first filter, wherein the first
filter transmits a light, of a first wavelength, that passes
through the first pixel electrode, and the second filter
transmits a light, of a second wavelength, that passes
through the second pixel electrode.

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

wherein

the common electrode is supplied with substantially a
constant potential, and is disposed immediately above
any one of the first data line and the second data line.

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

wherein

the common electrode shields the liquid crystal layer from
an electric field generated from any one of the first data
line and the second data line.

4. The liquid crystal display device according to claim 1,
wherein at least a part of the first filter overlaps on at least
a part of the second filter overlap.

5. The liquid crystal display device according to claim 1,
further comprising a light shielding area immediately above
the scan line on the color filter layer.

6. The liquid crystal display device according to claim 1,
further comprising a light shielding area immediately above
each of the first switching element and the second switching
element on the color filter layer.
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7. The liquid crystal display device according to claim 1,
further comprising an electric field shielding layer near the
first data line, wherein the electric field shielding layer
shields the liquid crystal layer from an electric field gener-
ated from the first data line.

8. The liquid crystal display device according to claim 7,
wherein the electric field shielding layer is disposed in a
layer below the first data line.

9. The liquid crystal display device according to claim 7,
wherein

the electric field shielding layer is electrically connected

to the common electrode.

10. The liquid crystal display device according to claim 7,
wherein the first electric field shielding layer is electrically
connected to the first pixel electrode.

11. The liquid crystal display device according to claim 1,
further comprising a pixel electrode auxiliary layer that is
disposed immediately below the first pixel electrode on the
same layer as the first data line.

12. The liquid crystal display device according to claim 1,
further comprising:

a capacitor that includes a first conductive layer which is
electrically connected to the first pixel electrode, an
insulating layer, and a second conductive layer which is
disposed opposite to the first conductive layer via the
insulating layer, wherein the second conductive layer is
maintained with substantially a constant potential.

13. The liquid crystal display device according to claim

12, wherein

the second conductive layer is electrically connected to

the common electrode.

14. The liquid crystal display device according to claim
12, further comprising a light shielding area immediately
above the capacitor on the color filter layer.

15. A liquid crystal display apparatus comprising:

a liquid crystal display device that includes
a planarizing layer;
a common electrode on the planarizing layer

a first pixel electrode on the planarizing layer, wherein
the first pixel electrode generates an electric field
with the common electrode;

a second pixel electrode on the planarizing layer,

wherein the second pixel electrode generates an electric
field with the common electrode;

a liquid crystal layer that covers the common electrode,
first pixel electrode, and the second pixel electrode;

a first data line;

a first switching element that applies to the first pixel
electrode an electric potential according to display
signals supplied to the first data line;

a second data line;

a second switching element that applies to the second
pixel electrode an electric potential according to
display signals supplied to the second data line;

a scan line that is supplied with scan signals to control
the first switching element and the second switching
clement; and
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a color filter layer that includes a first filter and a second
filter in contact with the first filter, wherein the first
filter transmits a light of a first wavelength passing
the first pixel electrode, and the second filter trans-
mits a light of a second wavelength passing the
second pixel electrode;

a voltage application unit that is electrically connected to
the first data line, the second data line, and the scan line,
and that applies predetermined voltages to the first
pixel electrode and the second pixel electrode;
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a control unit that controls the voltage application unit
based on image information; and

a frame member that houses the liquid crystal display
device, the voltage application unit, and the control
unit, and that includes a display window which defines
a display screen.

16. The liquid crystal display apparatus according to

claim 15, further comprising a back light source that irra-
diates to the liquid crystal display device.
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