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The main object of the present invention is to provide a color
filter for the IPS having little disturbance of the electric line
of force, and a liquid crystal display apparatus using the
color filter for the IPS.

In order to achieve the object, the present invention provides
a color filter for the IPS, comprising a base material, a light
shielding part formed on the base material, a semiconductor
photo catalyst containing layer formed so as to cover the
base material and light shielding part, containing at least a
semiconductor photo catalyst and an organopolysiloxane,
and a colored layer formed in an opening part of the light
shielding part on the semiconductor photo catalyst contain-
ing layer, wherein the specific resistance value of the semi-
conductor photo catalyst containing layer is 10° Q-cm or
more.
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COLOR FILTER FOR IPS AND LIQUID CRYSTAL
DISPLAY APPARATUS

BACKGROUND OF THE INVENTION
[0001]

[0002] The present invention relates to a color filter for the
IPS used for an IPS system liquid crystal display apparatus,
and an IPS system liquid crystal display apparatus using the
color filter for the IPS.

[0003] 2. Description of the Related Art

[0004] Recently, with the development of the personal
computers, in particular, the development of the portable
personal computers, demand for a liquid crystal display,
especially a color liquid crystal display tends to be
increased. As such a liquid crystal display, an active matrix
type liquid crystal display apparatus using a thin film
transistor (hereinafter it is abbreviated as a TFT) as a pixel
switching element, having a high grade image quality is used
widely as a monitor for a space saving desk top computer,
or the like. In general, as the operation modes for the liquid
crystal display apparatus, there are a Twisted Nematic (TN)
system having oriented liquid crystal molecules rotated in
the direction perpendicular to the transparent substrates, an
IPS (In-Plane Switching) system with those rotated in the
direction parallel to the transparent substrates (for example,
Japanese Patent Application Laid Open (JP-A) No.
9-311334), or the like.

[0005] Here, a color filter used for the IPS system liquid
crystal display apparatus, in general comprises a base mate-
rial, a light shielding part formed on the base material, and
a colored layer formed in an opening part of the light
shielding part. As shown in FIG. 13, in the case a liquid
crystal display apparatus is provided with such a color filter
used for the IPS system by disposing a color filter for the [PS
5 and a liquid crystal driving side substrate 11 facing each
other, in the case the specific resistance value of the light
shielding part 2 formed in the color filter for the IPS 5 is low,
the electric line of force of the voltage applied from the
liquid crystal driving side substrate 11 is attracted by the
light shielding part 2 so as to provide an inclined and
disturbed pattern. Thereby, the liquid crystals cannot be
oriented to a targeted direction so that the light transmittance
in the same pixel becomes different, and thus a problem is
involved in that the color irregularity, or the like is generated
in the liquid crystal display apparatus.

[0006] Then, in order to solve the problem, a method of
using a light shielding part having a high specific resistance
value, or the like has been proposed (JP-A No. 9-43589).
However, even in the case such a light shielding part having
a high specific resistance value is used, the electric line of
force may be disturbed, and thus it is not sufficient and
further improvement has been needed.

1. Field of the Invention

SUMMARY OF THE INVENTION

[0007] Therefore, a color filter for the IPS having little
disturbance of the electric line of force, and a liquid crystal
display apparatus using the color filter for the IPS are desired
to be provided.

[0008] The present invention provides a color filter for the
IPS, comprising a base material, a light shielding part
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formed on the base material, a semiconductor photo catalyst
containing layer formed so as to cover the base material and
light shielding part, containing at least a semiconductor
photo catalyst and an organopolysiloxane, and a colored
layer formed in an opening part of the light shielding part on
the semiconductor photo catalyst containing layer, wherein
a specific resistance value of the semiconductor photo
catalyst containing layer is 10° Q-cm or more.

[0009] According to the present invention, since the spe-
cific resistance value of the semiconductor photo catalyst
containing layer, formed so as to cover the light shielding
part, evenly on the color filter for the IPS is the value or
more, at the time the color filter for the IPS is used for a
liquid crystal display apparatus, disturbance of the electric
line of force of the voltage applied from the liquid crystal
driving side substrate can be prevented so that a high quality
apparatus without the color irregularity or the like can be
provided. Moreover, according to the present invention,
since the semiconductor photo catalyst containing layer
contains the semiconductor photo catalyst and organopol-
ysiloxane, for example, in the case an energy is directed
from the base material side to the semiconductor photo
catalyst containing layer, a wettability in the area other than
the area with the light shielding part formed, that is, of the
semiconductor photo catalyst containing layer of the open-
ing part of the light shielding part can be changed. There-
fore, utilizing the wettability difference, a colored layer
forming coating solution for forming a colored layer can be
applied easily by for example, an ink jet method. Moreover,
the surface flatness is required in general to the color filter
for the IPS. According to the present invention, since the
colored layer can be formed by the ink jet method or the like,
one having a high flatness can be provided, and thus it is
advantageous.

[0010] Moreover, it is preferable that the specific resis-
tance value of the light shielding part is 108 Q-cm or more,
and the specific resistance value of the semiconductor photo
catalyst containing layer is higher than the specific resis-
tance value of the light shielding part. Thereby, at the time
of providing a liquid crystal display apparatus, one without
the disturbance of the electric line of force or the like can
further be provided.

[0011] Furthermore, it is preferable that an over-coating
layer is formed on the colored layer, and the specific
resistance value of the over-coating layer is 10° Q-cm or
more. In this case, the disturbance of the electric line of force
can also be prevented by the over-coating layer.

[0012] Moreover, it is preferable that a transparent con-
ductive layer is formed on the base material on an opposite
side with respect to a side with the colored layer formed.
Thereby, at the time of producing a color film for the IPS or
at the time of providing a liquid crystal display apparatus,
electrification of the color filter for the IPS can be prevented
so that the disturbance of the electric line of force can be
further prevented, or the like.

[0013] Furthermore, according to the present invention, it
is preferable that the colored layer is formed by an ink jet
method. Thereby, the colored layer can be formed highly
precisely according to the pattern with the wettability of the
semiconductor photo catalyst containing layer changed as
well as the flatness of the color filter for the IPS can be
improved.
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[0014] Moreover, the present invention provides a produc-
tion method for a color filter for the IPS, in which the color
filter is the color filter mentioned above, wherein the colored
layer is bent and formed by relatively moving the substrate,
a head of an ink jet apparatus for forming the colored layer
at the time of forming the colored layer by the ink jet
method, and dropping an ink discharged from the head
linearly with respect to the bent colored layer so that the bent
colored layer is formed by wetting and spreading the
dropped ink.

[0015] According to the present invention, in addition to
the above-mentioned effects of the color filter for the IPS,
since the colored layer forming ink discharged by the ink jet
method wets and spreads on the semiconductor photo cata-
lyst containing layer, even in the case the ink for forming the
colored layer is discharged linearly with respect to the bent
colored layer for the IPS, a color filter can be produced.
Therefore, owing to the operation easiness, a highly precise
product can be produced as well as the production yield can
be improved.

[0016] Furthermore, the present invention provides a lig-
uid crystal display apparatus comprising any of the color
filters for the IPS, a liquid crystal driving side substrate
having an electrode disposed facing the color filter for the
IPS, and a liquid crystal layer sandwiched between the color
filter for the IPS and the liquid crystal driving side substrate,
wherein the specific resistance value of the liquid crystal
layer is 10° Q-cm or more.

[0017] According to the present invention, since the liquid
crystal display apparatus uses the color filter for the IPS and
the liquid crystal layer having the specific resistance value,
a high quality liquid crystal display apparatus without the
disturbance of the electric line of force form the liquid
crystal driving side substrate, the color irregularity, or the
like can be provided.

[0018] Moreover, the present invention provides a liquid
crystal display apparatus comprising any of the color filters
for the IPS, a liquid crystal driving side substrate disposed
facing the color filter for the IPS, and a liquid crystal layer
sandwiched between the color filter for the IPS and the
liquid crystal driving side substrate, wherein the liquid
crystal driving side substrate comprises a plurality of scan-
ning lines disposed as a matrix, a video signal wiring, pixel
electrodes to be paired, and an active element connected
with the pixel electrodes, the scanning lines, and the video
signal wiring, the pixel electrodes to be paired have a strip
like shape and disposed such that a longer side of one of the
pixel electrodes is substantially parallel with a longer side
direction of the other pixel electrode, and the video signal
wiring and pixel electrodes are disposed in a manner bent
with respect to a liquid crystal orientation direction by an
angle in a range of =1 degree to +30 degrees.

[0019] Moreover, the present invention provides a liquid
crystal display apparatus comprising any of the color filters
for the TIPS, a liquid crystal driving side substrate disposed
facing the color filter for the IPS, and a liquid crystal layer
sandwiched between the color filter for the IPS and the
liquid crystal driving side substrate, wherein the liquid
crystal driving side substrate comprises a plurality of scan-
ning lines disposed as a matrix, a video signal wiring, pixel
electrodes to be paired, and an active element connected
with the pixel electrodes, the scanning lines, and the video
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signal wiring, the pixel electrodes to be paired have a strip
like shape and disposed such that a longer side of one of the
pixel electrodes is substantially parallel with a longer side
direction of the other pixel electrode, and the scanning lines
and pixel electrodes are disposed in a manner bent with
respect to a liquid crystal orientation direction by an angle
in a range of =1 degree to =30 degrees.

[0020] Furthermore, the present invention provides a lig-
uid crystal display apparatus comprising any of the color
filters for the IPS, a liquid crystal driving side substrate
disposed facing the color filter for the IPS, and a liquid
crystal layer sandwiched between the color filter for the IPS
and the liquid crystal driving side substrate, wherein the
liquid crystal driving side substrate comprises a plurality of
scanning lines disposed as a matrix, a video signal wiring,
pixel electrodes to be paired, and an active element con-
nected with the pixel electrodes, the scanning lines, and the
video signal wiring, the pixel electrodes to be paired have a
strip like shape and disposed such that a longer side of one
of the pixel electrodes is substantially parallel with a longer
side direction of the other pixel electrode, and the video
signal wiring and pixel electrodes are disposed in a manner
bent with respect to a liquid crystal orientation direction by
an angle in a range of 60 degrees to 120 degrees except 90
degrees.

[0021] Moreover, the present invention provides a liquid
crystal display apparatus comprising any of the color filters
for the IPS, a liquid crystal driving side substrate disposed
facing the color filter for the IPS, and a liquid crystal layer
sandwiched between the color filter for the IPS and the
liquid crystal driving side substrate, wherein the liquid
crystal driving side substrate comprises a plurality of scan-
ning lines disposed as a matrix, a video signal wiring, pixel
electrodes to be paired, and an active element connected
with the pixel electrodes, the scanning lines, and the video
signal wiring, the pixel electrodes to be paired have a strip
like shape and disposed such that a longer side of one of the
pixel electrodes is substantially parallel with a longer side
direction of the other pixel electrode, and the scanning lines
and pixel electrodes are disposed in a manner bent with
respect to a liquid crystal orientation direction by an angle
in a range of 60 degrees to 120 degrees except 90 degrees.

[0022] 1In any of the embodiments mentioned above, since
aliquid crystal display apparatus using the color filter for the
IPS is used, one without the disturbance of the electric line
of force from the liquid crystal driving side substrate can be
provided. Moreover, since the scanning line or video signal
wiring and the pixel electrodes have a bent structure having
the angle with respect to the liquid crystal direction, at the
time of applying a voltage, the liquid crystals can be rotated
in two directions so that a liquid crystal display apparatus
having a high angle of visibility can be provided.

[0023] According to the present invention, at the time of
using a color filter for the IPS for a liquid crystal display
apparatus, a high quality product with little disturbance of
the electric line of force of the voltage applied from the
liquid crystal driving side substrate, without the color irregu-
larity, or the like can be provided. Moreover, utilizing the
wettability difference of the semiconductor photo catalyst
containing layer, a colored layer forming coating solution
for forming a colored layer can be coated easily by the ink
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jet method or the like so that the excellent color filter for the
IPS in terms of the flatness, the production efficiency, or the
like can be provided.

BRIEF DESCRIPTION OF THE DRAWINGS

[0024] FIG.1is a process diagram showing an example of
the color filter for the IPS of the present invention.

[0025] FIG. 2 is an explanatory diagram showing the
electric line of force at the time of using the color filter for
the IPS of the present invention for a liquid crystal display
apparatus.

[0026] FIGS. 3A, 3B, 3C, 3D and 3E are a process
diagrams for explaining the process for forming a colored
layer by the conventional photolithography method.

[0027] FIGS. 4A and 4B are an explanatory diagrams for
explaining the process for changing the wettability of the
semiconductor photo catalyst containing layer to be used for
the present invention.

[0028] FIGS.5A, 5B and 5C are explanatory diagrams for
explaining the colored layer pattern of the color filter for the
IPS of the present invention.

[0029] FIG. 6 is a schematic cross-sectional view showing
an example of the liquid crystal display apparatus of the
present invention.

[0030] FIG. 7 is an explanatory diagram for explaining an
example of an electrode to be formed on the liquid crystal
driving side substrate used for the liquid crystal display
apparatus of the present invention.

[0031] FIG. 8 is an explanatory diagram for explaining an
example of an electrode to be formed on the liquid crystal
driving side substrate used for a second embodiment or a
fourth embodiment of the liquid crystal display apparatus of
the present invention.

[0032] FIG. 9 is an explanatory diagram for explaining
the pixel electrodes and the video signal wiring, and the
liquid crystal orientation direction in the second embodi-
ment of the liquid crystal display apparatus of the present
invention.

[0033] FIG. 10 is an explanatory diagram for explaining
another example of an electrode to be formed on the liquid
crystal driving side substrate used for the second embodi-
ment of the liquid crystal display apparatus of the present
invention.

[0034] FIG. 11 is an explanatory diagram for explaining
an example of an electrode to be formed on the liquid crystal
driving side substrate used for a third embodiment or a fifth
embodiment of the liquid crystal display apparatus of the
present invention.

[0035] FIG. 12 is an explanatory diagram for explaining
the pixel electrodes and the video signal wiring, and the
liquid crystal orientation direction in the fourth embodiment
of the liquid crystal display apparatus of the present inven-
tion.

[0036] FIG. 13 is an explanatory diagram showing the
electric line of force at the time of using the conventional
color filter for the IPS for a liquid crystal display apparatus.
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DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0037] The present invention relates to a color filter for the
IPS used for an IPS system liquid crystal display apparatus,
aliquid crystal display apparatus using the color filter for the
IPS, and furthermore, a production method for the color
filter for the IPS. Hereinafter, each of them will be explained
in detail.

[0038]

[0039] First, a color filter for the IPS of the present
invention will be explained. The color filter for the IPS of the
present invention comprises a base material, a light shield-
ing part formed on the base material, a semiconductor photo
catalyst containing layer formed so as to cover the base
material and light shielding part, containing at least a
semiconductor photo catalyst and an organopolysiloxane,
and a colored layer formed in an opening part of the light
shielding part on the semiconductor photo catalyst contain-
ing layer, wherein the specific resistance value of the semi-
conductor photo catalyst containing layer is 10° Q-cm or
more.

[0040] For example, as shown in FIG. 1, the color filter
for the IPS of the present invention comprises a base
material 1, a light shielding part 2 formed on the base
material 1, a semiconductor photo catalyst containing layer
3 formed so as to cover the base material 1 and the light
shielding part 2, and a colored layer 4 formed on the
semiconductor photo catalyst containing layer 3 which is on
an opening part of the light shielding part 2, wherein the
specific resistance value of the semiconductor photo catalyst
containing layer 3 is a specific value of a predetermined
value or more.

[0041] Here, according to a common color filter for the
IPS, having a light shielding part, since the specific resis-
tance value of the light shielding part is lower than that of
the other members so that in the case the color filter for the
IPS is used for a liquid crystal display apparatus, the electric
line of force from the liquid crystal driving side substrate
facing the color filter for the IPS is pulled to the light
shielding part side as mentioned above so as to have an
inclined and disturbed pattern. Thereby, the liquid crystal
orientation is disturbed so that the transmittance in the same
pixel differs so as to cause the color irregularity or the like.

[0042] On the other hand, according to the present inven-
tion, a semiconductor photo catalyst containing layer having
a specific resistance value of the value or more is formed on
the light shielding part. Thereby, the specific resistance
value of the entire surface of the color filter for the IPS can
be homogeneous, moreover, since one having a specific
resistance value of the value or more cannot influence the
electric field, for example as shown in FIG. 2, at the time of
using the same for a liquid crystal display apparatus, one
with little disturbance of the electric line of force can be
provided.

[0043] Moreover, according to the present invention, since
the semiconductor photo catalyst containing layer contains a
semiconductor photo catalyst and an organopolysiloxane,
according to the function of the semiconductor photo cata-
lyst accompanied by the energy irradiation, the wettability of
the semiconductor photo catalyst containing layer can be
changed. Therefore, for example at the time of forming a

A. Color Filter for the IPS
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color filter for the IPS, by directing an energy to the
semiconductor photo catalyst containing layer from the base
material side, the wettability of only the semiconductor
photo catalyst containing layer of the area without the light
shielding part formation can be changed. Thereby, by coat-
ing a colored layer forming coating solution for forming a
colored layer onto the area with the wettability changed by
for example the ink jet method or the like, the colored layer
can be formed easily.

[0044] Moreover, in terms of the control of the liquid
crystal orientation at the time of using as a liquid crystal
display apparatus, in general, the surface flatness is required
to a color filter for the IPS. However, in the case a colored
layer is formed by a plurality of times for red (R), green (G),
blue (B), or the like, by the photolithography method, it has
been difficult to form the colored layer into a shape having
the flatness. For example as shown in FIGS. 3A, 3B, 3C, 3D
and 3E, a first color colored layer 4R is formed by such as
the photolithography method, so as to partly cover the light
shielding part 2 on the opening part of the base material 1
with the light shielding part 2 formed (FIG. 3A). Subse-
quently, a colored layer forming composition 14B for form-
ing a second color colored layer is coated on the base
material 1 with the colored layer 4R formed (FIG. 3B) and
only the targeted area is hardened so as to form a colored
layer 4B (FIG. 3C). Here, at the time of coating the colored
layer forming composition 14B, the colored layer 4R is
formed on the base material 1 so that the film thickness of
the colored layer forming composition 14B coated thereon is
thicker in the vicinity of the area with the colored layer 4R
formed. Therefore, the film thickness of the colored layer 4B
to be formed by hardening the colored layer forming com-
position 14B on the colored layer 4R side is higher than the
film thickness of the colored layer 4R. In the case a colored
layer forming composition 14G for a third color to be
formed 1n the same manner is coated (FIG. 3D), since the
colored layers 4R and 4B are formed already on the both
sides of the area for forming the colored layer, the film
thickness of the colored layer forming composition 14G in
the vicinity thereof is higher so that at the time of hardening
the same or the like so as to provide a colored layer 4G, the
film thickness of the arca laminated on the light shielding
part 2 is higher compared with the colored layers 4R and 4B
(FIG. 3E). Therefore, in the case of forming a colored layer
by the photolithography or the like, the colored layer flatness
is low so that it is flattened by forming an over-coating layer
on the colored layer.

[0045] On the other hand, according to the present inven-
tion, as mentioned above, since the colored layer can be
formed by the ink jet method or the like, one having a high
colored layer flatness can be provided without the need of
executing the process. Therefore, it is advantageous in that
the over-coating layer needs not be formed and that it can
easily be flattened by the over-coating layer.

[0046] Hereinafter, each configuration of the color filter
for the IPS of the present invention will be explained in
detail.

[0047]

[0048] First, a semiconductor photo catalyst containing
layer to be used for a color filter for the IPS of the present
invention will be explained. The semiconductor photo cata-
lyst containing layer used for a color filter for the IPS of the

1. Semiconductor Photo Catalyst Containing Layer
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present invention is not particularly limited as long as it
contains a semiconductor photo catalyst and an organopol-
ysiloxane, and it is formed so as to cover the base material
and the light shielding part to be described later, and it has
the specific resistance value of a predetermined value or
more. In general, the semiconductor photo catalyst contain-
ing layer is formed in a state of a mixture with the semi-
conductor photo catalyst fine particles covered partially or
totally with the organopolysiloxane so that the semiconduc-
tor photo catalyst fine particles are exposed partially to the
surface.

[0049] The specific resistance value of the semiconductor
photo catalyst containing layer is specifically 10° -cm or
more, and it is preferably in a range of 10’ Q-cm to 10'°
Q-cm , in particular, in a range of 10° Q  ¢m to 10*° Q-cm
. Thereby, at the time of providing a liquid crystal display
apparatus with the color filter for the IPS of the present
invention and a liquid crystal driving side substrate facing
with each other, the electric line of force from the liquid
crystal driving side substrate is not influenced, and further-
more, disturbance of the electric line of force by the influ-
ence of the specific resistance value of the light shielding
part to be described later can be prevented as well. In the
present invention, it is preferable that the specific resistance
value of the semiconductor photo catalyst containing layer is
higher than that of the light shielding part to be described
later. Thereby, the influence of the light shielding part on the
electric line of force can be further reduced.

[0050] Here, the value of the specific resistance value is
the value measured as follows. A material for forming a
semiconductor photo catalyst containing layer is coated on
a glass substrate having an ITO electrode which has a 1 cm
square measurement area and a 1 mm width, 10 mm length
electrode taking out pattern formed preliminarily, and it is
dried and baked so as to form a photo catalyst containing
layer having a 0.3 um film thickness. Onto the photo catalyst
containing layer, a 0.1 um gold electrode is formed by the
vacuum deposition method so as to be superimposed on the
ITO eclectrode measurement surface via the semiconductor
photo catalyst containing layer to form a sandwich cell. To
the gold electrode, an electrode taking out pattern is formed
in the same shape as the ITO electrode at a position not
superimposed on the ITO electrode taking out pattern.
Thereafter, the electrode arca and the thickness of the
semiconductor photo catalyst containing layer are calculated
from the obtained electric current value by applying a
constant voltage using a Model 237 High-Voltage Source-
Measure Unit produced by Keithley Instruments Inc., and it
is converted by the conductivity.

[0051] Moreover, since the organopolysiloxane is con-
tained in the semiconductor photo catalyst containing layer,
the surface wettability can be changed by the function of the
semiconductor photo catalyst at the time of the energy
irradiation so that the area with the energy irradiation can be
provided as a lyophilic area, and the area without the energy
irradiation as a liquid repellent area.

[0052] According to the present invention, in the part
without the energy irradiation, that is, in the liquid repellent
area, it is preferable that the contact angle with respect to a
liquid having 40 mN/m is 10° or more, preferably the
contact angle with respect to a liquid having a 30 mN/m
surface tension is 10° or more, and particularly preferably
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the contact angle with respect to a liquid having a 20 mN/m
surface tension is 10° or more. Since the part without the
energy irradiation is the part required to have the liquid
repellent property, in the case the contact angle with respect
to the liquid is small, due to the insufficient liquid repellent
property, for example in the case of coating and hardening
a colored layer forming coating solution for forming a
colored layer to be described later by the ink jet method or
the like, the colored layer forming coating solution may be
adhered also onto the liquid repellent area, a highly precise
pattern can hardly be formed.

[0053] Moreover, it is preferable that the semiconductor
photo catalyst containing layer in the part with the energy
irradiation, that is, in the lyophilic area, is a layer having the
contact angle with respect to a liquid having a 40 mN/m
surface tension of less than 9°, preferably the contact angle
with respect to a liquid having a 50 mN/m surface tension of
10° or less, and particularly preferably the contact angle with
respect to a liquid having a 60 mN/m surface tension of 10°
or less. In the case the contact angle with respect to a liquid
in the part with the energy irradiation, that is, in the lyophilic
area is high, for example the colored layer forming coating
solution for forming the colored layer can be repelled also in
the lyophilic area. At the time of coating the colored layer
forming coating solution by the ink jet method or the like,
formation of the colored layer may be difficult without
sufficient spreading of the colored layer forming coating
solution.

[0054] The contact angle with respect to a liquid here is
obtained from the results or a graph of the results of
measuring (30 seconds after of dropping liquid droplets
from a micro syringe) the contact angle with respect to
liquids having various surface tensions using a contact angle
measuring device (CA-Z type manufactured by Kyowa
Interface Science, Co., Ltd.). Moreover, at the time of the
measurement, as the liquids having the various surface
tensions, wetting index standard solution manufactured by
JUNSEI CHEMICAL CO., LTD. were used.

[0055] According to the semiconductor photo catalyst
containing layer used in the present invention, the semicon-
ductor photo catalyst containing layer may be formed such
that a fluorine is contained in the semiconductor photo
catalyst containing layer, and furthermore, the fluorine con-
tent of the semiconductor photo catalyst containing layer
surface is lowered at the time of directing an energy to the
semiconductor photo catalyst containing layer according to
the function of the semiconductor photo catalyst compared
with the state before the energy irradiation. Moreover, it
maybe formed including a decomposing substance to be
decomposed by the function of the semiconductor photo
catalyst by the energy irradiation, and thereby changing the
wettability on the semiconductor photo catalyst containing
layer.

[0056] Hereinafter, the semiconductor photo catalyst, the
organopolysiloxane, and the other components comprising
such a semiconductor photo catalyst containing layer will be
explained.

[0057]

[0058] First, the semiconductor photo catalyst used in the
present invention will be explained. As the semiconductor
photo catalyst used in the present invention, those known as

a. Semiconductor Photo Catalyst
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photo semiconductors, such as a titanium dioxide (TiO,), a
zine oxide (ZnO), a tin oxide (Sn0,), a strontium titanate
(SrTiO3), a tungsten oxide (WO5), a bismuth oxide (Bi,05),
and an iron oxide (Fe,0,) can be presented, and one or two
or more kinds as a mixture can be selected and used from
them.

[0059] According to the present invention, in particular, a
titanium dioxide can be used preferably since it has high
band gap energy, it is chemically stable without the toxicity,
and it can be obtained easily. There are an anatase type and
a rutile type in the titanium dioxides, and either can be used
in the present invention, however, the anatase type titanium
dioxide is preferable. The anatase type titanium dioxide has
a 380 nm or less excitation wavelength.

[0060] As the anatase type titanium dioxide, for example,
a hydrochloric acid deflocculation type anatase type titania
sol (STS-02 (average particle diameter 7 nm) manufactured
by ISHIHARA SANGYO KAISHA, LTD., ST-KO1 manu-
factured by ISHIHARA SANGYO KAISHA, LTD.), a nitric
acid deflocculation type anatase type titania sol (TA-15
(average particle diameter 12 nm) manufactured by Nissan
Chemical Industries, Ltd. ), or the like can be presented.

[0061] With a smaller particle diameter of the semicon-
ductor photo catalyst, the semiconductor photo catalyst
reaction can be generated effectively, and thus it is prefer-
able. An average particle diameter of 50 nm or less is
preferable, and use of a semiconductor photo catalyst of 20
nm or less is particularly preferable.

[0062] The semiconductor photo catalyst content in the
semiconductor photo catalyst containing layer used in the
present invention can be set in a range of 5 to 60% by
weight, preferably in a range of 20 to 40% by weight.
Thereby, the bonding property with the ITO layer to be
described later can be preferable.

[0063]

[0064] Next, the organopolysiloxane used in the present
invention will be explained. The organopolysiloxane used in
the present invention is not particularly limited as long as it
can change the wettability of the semiconductor photo
catalyst containing layer surface by the function of the
semiconductor photo catalyst accompanied by the energy
irradiation. In particular, those having a high bond energy
such that the principal skeleton is not decomposed by the
photo excitation of the semiconductor photo catalyst, and an
organic substituent to be decomposed by the function of the
semiconductor photo catalyst are preferable. Specifically,
(1) an organopolysiloxane to provide high strength by
hydrolysis or polycondensation of a chloro or alkoxy silane,
or the like by the sol gel reaction or the like, (2) an
organopolysiloxane obtained by cross-linking a reactive
silicone having the excellent water repellent property or the
oil repellent property, or the like can be presented.

[0065] In the case (1), it is preferably an organopolysilox-
ane as a hydrolyzed condensation product or a co-hydro-
lyzed condensation product of one or two or more kinds of
silicon compounds represented by the general formula:

b. Organopolysiloxane

YnSiX(4—n)
[0066] (Here, Y is an alkyl group, a fluoroalkyl group, a
vinyl group, an amino group, a phenyl group, a chloroalkyl
group, an isocyanate group, an €poxy group or an organic
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group containing them, and X is an alkoxyl group, an acetyl
group or a halogen. n is an integer from 0 to 3). Here, the
alkoxy group represented by X is preferably a methoxy
group, an ethoxy group, a propoxy group, or a butoxy group.
Moreover, the number of atoms of the entire organic group
represented by Y is preferably in a range of 1 to 20, in
particular, in a range of 5 to 10.

[0067] Thereby, at the time of forming the semiconductor
photo catalyst containing layer, the surface can be provided
with the liquid repellent property by the Y comprising the
organopolysiloxane. Moreover, according to the function of
the semiconductor photo catalyst accompanied by the
energy irradiation, the lyophilic property can be provided by
the decomposition of the Y, or the like.

[0068] Moreover, since the semiconductor photo catalyst
containing layer before the energy irradiation can have the
particularly high liquid repellent property in the case an
organopolysiloxane having the Y comprising the organop-
olysiloxane as a fluoro alkyl group, it is preferable to use an
organopolysiloxane having the fluoro alkyl group in the case
a high liquid repellent property is required, or the like. As
such an organopolysiloxane, specifically, a hydrolyzed con-
densation product or a co-hydrolyzed condensation product
of one or two or more kinds of the below-mentioned
fluoroalkylsilanes can be presented. Those known as a
fluorine based silane coupling agent can be used. For
example, those disclosed in JP-A No. 2001-074928 can be
used.

[0069] Moreover, as the reactive silicone (2), compounds
having a skeleton represented by the following general
formula can be presented.

Si—O0

R?

[0070] n is an integer of 2 or more, RY, R? each are a
substituted or non substituted alkyl, alkenyl, aryl or
cyanoalkyl group having 1 to 10 carbon atoms, and 40% or
less of the entirety based on the mole ratio is a vinyl, a
phenyl, or a halogenated phenyl. Moreover, those having R,
R? as a methyl group are preferable since the surface energy
becomes the smallest, and it is preferable that a methyl
group accounts for 60% or more based on the mole ratio.
Moreover, at least one reactive group such as a hydroxyl
group is provided in a molecular chain at the chain end or the
side chain.

[0071] Tt is preferable that the organopolysiloxane is con-
tained in the semiconductor photo catalyst containing layer
from 5% by weight to 90% by weight, in particular, about
from 30% by weight to 60% by weight.

[0072]

[0073] Moreover, to the semiconductor photo catalyst
containing layer used in the present invention, together with
the organopolysiloxane, a stable organosilicon compound
not to have the cross-linking reaction such as a dimethylpol-
ysiloxane may be mixed to a binder. Furthermore, as a

¢. Other Substances
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binder, a polysiloxane having a principal skeleton with a
high bond energy not to be decomposed by the photo
excitation of the semiconductor photo catalyst, not having
an organic substituent, or having an organic substituent can
be presented. Specifically, a hydrolysis or polycondensation
product of a tetramethoxysilane, a tetraethoxysilane, or the
like may be contained.

[0074] Furthermore, in order to aid the function of chang-
ing the wettability of the organopolysiloxane, or the like, a
decomposable substance to be decomposed by the energy
irradiation maybe contained. As such a decomposable sub-
stance, a surfactant to be decomposed by the function of the
semiconductor photo catalyst, having the function of chang-
ing the wettability of the semiconductor photo catalyst
containing layer surface according to the decomposition can
be presented. Moreover, in addition to the surfactant, as
needed, various kinds of additives maybe contained. As the
surfactants and additives, for example, those disclosed in
JP-A No. 2001-074928 can be used.

[0075]

[0076] Moreover, according to the present invention, it is
preferable that the semiconductor photo catalyst containing
layer contains a fluorine, and furthermore, the semiconduc-
tor photo catalyst containing layer is formed so as to have
the fluorine content of the semiconductor photo catalyst
containing layer surface is lowered with respect to the state
before the energy irradiation by the function of the semi-
conductor photo catalyst at the time an energy is irradiated
to the semiconductor photo catalyst containing layer.
Thereby, according to the pattern irradiation of the energy,
as it will be described later, a pattern having a part with a
small fluorine content can be formed easily. Here, since the
fluorine has an extremely low surface energy, the surface of
a substance containing a large amount of a fluorine has a
smaller critical surface tension. Therefore, the critical sur-
face tension of a part with a small fluorine content is larger
than the critical surface tension of the surface of a substance
with a large fluorine content. That is, it denotes that the part
with a small fluorine content becomes a lyophilic area
compared with the part with a large fluorine content. There-
fore, by forming a pattern comprising a part with a small
fluorine content compared with the surface of the periphery,
a pattern of a lyophilic area is formed in a liquid repellent
area.

[0077] Therefore, in the case such a semiconductor photo
catalyst containing layer is used, since a lyophilic area
pattern can be formed easily in the liquid repellent area by
the pattern irradiation of the energy, for example, in the case
of coating a colored layer forming coating solution by the
ink jet method, or the like, a highly precise colored layer can
be formed.

[0078] As to the fluorine content in the semiconductor
photo catalyst containing layer containing a fluorine as
mentioned above, the fluorine content in the lyophilic area
having a low fluorine content formed by the energy irradia-
tion 1s 10 or less based on the fluorine content in the area
without the energy irradiation as 100, it is preferably 5 or
less, and it is particularly preferably 1 or less.

[0079] According to the range, a large difference can be
generated in terms of the lyophilic property in the energy
irradiated part and the unirradiated part. Therefore, by

d. Containment of the Fluorine
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adhering for example a colored layer forming coating solu-
tion to such a semiconductor photo catalyst containing layer,
the colored layer can be formed accurately only in the
lyophilic area with the fluorine content lowered so that a
color filter for the IPS good in precision can be obtained. The
lowering ratio is based on the weight.

[0080] As to the measurement of the fluorine content in
the semiconductor photo catalyst containing layer, various
methods commonly executed can be used, and it is not
particularly limited as long as it is a method capable of
measuring the fluorine amount quantitatively on the surface
such as the X-ray Photoelectron Spectroscopy, the ESCA (it
is also referred to as the Electron Spectroscopy for Chemical
Analysis), the fluorescent X ray analysis method, and the
mass spectrometry.

[0081] Moreover, according to the present invention, a
titanium dioxide can be used preferably as the semiconduc-
tor photo catalyst as mentioned above. As the fluorine
content in the semiconductor photo catalyst containing layer
in the case of using the titanium dioxide, it is preferable that
the fluorine (F) element is contained in the semiconductor
photo catalyst containing layer surface by the ratio with the
fluorine (F) element of 500 or more, preferably 800 or more,
and particularly preferably 1,200 or more with the premise
that the titanium (Ti) element is 100 according to the
analysis and quantification by the X-ray Photoelectron Spec-
troscopy.

[0082] Since the fluorine (F) is contained in the semicon-
ductor photo catalyst containing layer to this extent, the
critical surface tension on the semiconductor photo catalyst
containing layer can be made sufficiently low so that the
liquid repellent property in the surface can be ensured.
Thereby, the wettability difference of the pattern part with
the fluorine content reduced by the energy pattern irradiation
with respect to the surface lyophilic area can be made larger
so that the precision of the color filter for the IPS to be
obtained finally can be improved.

[0083] Furthermore, according to such a color filter for the
IPS, as to the fluorine content in the Iyophilic area formed
by the energy pattern irradiation, it is preferable that the
fluorine (F) element is contained by the ratio of 50 or less,
preferably 20or less, and particularly preferably 10 or less
with the premise that the titanium (Ti) element is 100.

[0084] In the case the fluorine content in the semiconduc-
tor photo catalyst containing layer is reduced to this extent,
a lyophilic property sufficient for forming a color filter for
the IPS can be obtained so that the color filter for the IPS can
be formed precisely according to the liquid repellent prop-
erty and the wettability difference with respect to the part
with the energy not irradiated, and thus a color filter for the
IPS having the high utilization value can be obtained.

[0085] e. Method for Forming a Semiconductor Photo
Catalyst Containing Layer

[0086] As to the method for forming the semiconductor
photo catalyst containing layer mentioned above, it can be
formed by dispersing the semiconductor photo catalyst and
organopolysiloxane in a solvent as needed with the other
additives so as to prepare a coating solution, and coating the
coating solution onto a base material with the light shielding
part formed. As the solvent to be used, alcohol based organic
solvents such as an ethanol and an isopropanol are prefer-
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able. The coating operation can be carried out by a known
coating method such as spin coating, spray coating, dip
coating, roll coating and bead coating. In the case an
ultraviolet ray hardening type component is contained as a
binder, the semiconductor photo catalyst containing layer
can be formed with an execution of a hardening process by
irradiating an ultraviolet ray. At the time, the thickness of the
semiconductor photo catalyst containing layer is preferably
in a range of 0.05 um to 10 um. In the case it is thinner than
the ratio, disturbance of the electric line of force can hardly
be prevented, or the function of the wettability change, or the
like of the surface of the semiconductor photo catalyst
containing layer can be made lower, and thus it is not
preferable. Moreover in the case it is thicker than the range,
since the distance between the light shielding part to be
described later and the colored layer is long, when the color
filter for the IPS is used for a liquid crystal display apparatus,
problems such as the light leakage of the back light, or the
like can be generated, and thus it is not preferable.

[0087] f. Method for Forming a Wettability Changeable
Pattern on the Semiconductor Photo Catalyst Containing
Layer

[0088] Next, the method for forming a wettability change-
able pattern with the wettability changed by the pattern for
forming the colored layer to be described later by the energy
irradiation to the semiconductor photo catalyst containing
layer will be explained. According to the present invention,
as mentioned above, the organopolysiloxane in the semi-
conductor photo catalyst containing layer has the wettability
change by the function of the semiconductor photo catalyst
accompanied by the energy irradiation. Therefore, for
example, as shown in FIGS. 4A and 4B, by directing the
base material 1 side energy 6 to the semiconductor photo
catalyst containing layer 3 (FIG. 4A), the wettability of only
the semiconductor photo catalyst containing layer 3 in the
area without the light shielding part 2 formation can be
changed so that the wettability changeable pattern 7 with the
wettability changed can be formed on the semiconductor
photo catalyst containing layer 3 (FIG. 4B). Thereby, at the
time of coating the colored layer forming coating solution
for forming the colored layer to be described later by the ink
jet method or the like, the colored layer forming coating
solution can be adhered only on the wettability changeable
pattern 7 with the wettability changed without the ink
adhesion onto the area without the energy irradiation so that
the colored layer can be formed highly precisely.

[0089] Here, as the energy to be directed to the semicon-
ductor photo catalyst containing layer, the method is not
particularly limited as long as it is a method for directing an
energy capable of changing the wettability of the semicon-
ductor photo catalyst containing layer. The energy irradia-
tion (exposure) in the present invention is the concept
including any irradiation of the energy line capable of
changing the wettability of the semiconductor photo catalyst
containing layer surface, and thus it is not limited to the
visible light irradiation.

[0090] For the energy irradiation, in general, an ultraviolet
ray can be used, and the light wavelength can be set in a
range of 400 nm or less, preferably in a range of 150 nm to
380 nm or less because the preferable photo catalyst used for
the photo catalyst containing layer is a titanium dioxide as
mentioned above, and a light having the above-mentioned
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wavelength is preferable as the energy for activating the
semiconductor photo catalyst function by the titanium diox-
ide.

[0091] As a light source to be used for the energy irradia-
tion, a mercury lamp, a metal halide lamp, a xenon lamp, an
excimer lamp, and various other light sources can be pre-
sented. Moreover, in addition to the method of executing the
pattern irradiation via a photo mask using the light source
mentioned above, a method of drawing irradiation in a
pattern using a laser such as an excimer, a YAG, or the like
can be used as well.

[0092] The energy irradiation amount at the time of the
energy irradiation is defined to be the irradiation amount
necessary for changing the wettability of the semiconductor
photo catalyst containing layer surface by the function of the
semiconductor photo catalyst in the semiconductor photo
catalyst containing layer.

[0093] At the time, by irradiating the energy while heating
the semiconductor photo catalyst containing layer, the sen-
sitivity can be further raised so that the wettability can be
changed efficiently, and thus it is preferable in this regard.
Specifically, it is preferable to heat in a range of 30° C. to 80°
C.

[0094] 2. Light Shielding Part

[0095] Next, the light shielding part used in the present
invention will be explained. The light shielding part used in
the present invention is formed on a base material to be
described later for shielding the irradiated energy at the time
of providing a color filter for the IPS, and it is not particu-
larly limited as long as it has a high specific resistance value.

[0096] In the present invention, the specific resistance
value of the light shielding part is specifically 10° Q-cm or
more, and it is preferably in a range of 107 Q-cm to 10°Q-cm
in particular, in a range of 10° Q-cm to 10*° Q-cm. In the
case it is lower than the value, even in the case the semi-
conductor photo catalyst containing layer is formed the light
shielding part may pose the influence on the electric line of
force, and thus it is not preferable. Moreover, in the case it
is higher than the value, the insulation property of the light
shielding part is so high that the static electricity can easily
be generated so as to cause the electrostatic breakage or dust
adhesion, and thus it is not preferable. The specific resis-
tance value is the value measured by the method same as that
explained in the paragraph of the semiconductor photo
catalyst containing layer.

[0097] As the light shielding part, it may be a resin light
shielding part. As the method for forming the resin light
shielding part, for example, a method of forming a layer
containing carbon fine particles, light shielding particles of
a metal oxide, an inorganic pigment, an organic pigment, or
the like in a resin binder in to a pattern, or the like can be
used. As the resin binder to be used, one Kind or a mixture
of two or more kinds of resins such as a polyimide resin, an
acrylic resin, an epoxy resin, a polyacrylicamide, a polyvi-
nyl alcohol, a gelatin, a casein, and a cellulose, a photosen-
sitive resin, an O/W emulsion type resin composition such as
an emulsion of a reactive silicone, or the like can be used.
The thickness of the resin light shielding part can be set in
a range of 0.5 to 10 um. As the patierning method for the
resin light shielding part, a commonly used method such as
a photolithography method or a printing method can be used.
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[0098] Moreover, the light shielding part may be formed
by the thermal transfer method. According to the thermal
transfer method for forming the light shielding part in
general, a light shielding part is formed by disposing on a
base material a thermal transfer sheet with a photo thermal
conversion layer and a light shielding part transfer layer
provided on one side of a transparent film base material, and
directing an energy to the area for forming the light shielding
part so as to transfer the light shielding part transfer layer
onto the base material. The film thickness of the light
shielding part to be formed by the thermal transfer method
is in general 0.5 um to 10.0 um, and in particular about 0.8
um to 5.0 ym.

[0099] The light shielding part to be transferred by the
thermal transfer method in general comprises a light shield-
ing material and a binding agent. As the light shielding
material, inorganic particles of a carbon black, a titanium
black, or the like can be used. The particle size of the light
shielding material is preferably in a range of 0.01 um to 1.0
um, in particular, in a range of 0.03 um to 0.3 um.

[0100] Moreover, as to the binding agent, it is preferable
that it has a resin composition having the thermoplastic
property and the thermosetting property, and it is preferable
that it has a thermosetting functional group, a resin material
having a softening point in a range of 50° C. to 150° C., in
particular, 60° C. to 120° C., and a hardening agent, or the
like. As such a material, specifically, an epoxy compound
having two or more epoxy groups in one molecule, a
combination of an epoxy resin and a potential hardening
agent thereof, or the like can be presented. Moreover, as the
potential hardening agent for an epoxy resin, a hardening
agent not showing the reactivity with an epoxy resin up to
a certain temperature and having the molecular structure
change to show the reactivity with the epoxy resin at the
time it reaches at the activating temperature by heating can
be used. Specifically, a neutral salt or complex of an acidic
or basic compound having the reactivity with an epoxy resin,
a block compound, a high melting point substance, and a
micro capsule contained substance can be presented. More-
over, in the light shielding part, in addition to the materials,
a mold releasing agent, a bonding auxiliary agent, an anti-
oxidant, a dispersing agent, or the like may be contained.

[0101] Here, according to the present invention, a primer
layer may be formed between the semiconductor photo
catalyst containing layer and the light shielding part.
Although the effect and the function of the primer layer is
not always clear, it is considered that by forming the primer
layer, the primer layer provides the function of preventing
diffusion of the impurities from the opening part existing in
the light shielding part or between the light shielding parts,
in particular, impurities such as residues generated from the
light shielding part is patterned, to be the factor of inhibiting
the wettability change of the semiconductor photo catalyst
containing layer. Therefore, by forming the primer layer, the
wettability of the semiconductor photo catalyst containing
layer can be changed with a high sensitivity, and as a result,
a pattern with a high resolution can be obtained.

[0102] In the present invention, since the primer layer is
for preventing the influence on the semiconductor photo
catalyst effect by the impurities existing not only on the light
shielding part but also in the opening part formed between
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the light shielding parts, it is preferable that the primer layer
is formed on the entire surface of the light shielding part
including the opening part.

[0103] The primer layer in the present invention is not
particularly limited as long as it has a structure with the
primer layer formed without having the light shielding part
and the semiconductor photo catalyst containing layer con-
tacted.

[0104] The material for providing the primer layer is not
particularly limited, but an inorganic material to be hardly
decomposed by the function of the semiconductor photo
catalyst is preferable. Specifically, an amorphous silica can
be presented. In the case of using the amorphous silica, the
precursor of the amorphous silica is represented by the
general formula: SiX,. X is preferably a silicon compound
such as a halogen, a methoxy group, an ethoxy group, an
acetyl group, or the like, a silanol as a hydrolysis product
thereof, or a polysiloxane having a 3,000 or less average
molecular weight.

[0105] Moreover, the film thickness of the primer layer is
preferably in a range of 0.001 um to 1 um, and particularly
preferably in a range of 0.001 ym to 0.1 um.

[0106] 3. Colored Layer

[0107] Next, the colored layer used in the present inven-
tion will be explained. The colored layer used in the present
invention is formed on the semiconductor photo catalyst
containing layer formed in the opening part of the light
shielding part. As mentioned above, it can be formed along
the wettability changeable pattern with the semiconductor
photo catalyst containing layer changed.

[0108] Such a colored layer is formed in general with the
three colors of red (R), green (G) and blue (B). Morcover,
the colored layer pattern shape used in the present invention
can be selected optionally according to the shape of the pixel
electrode of the liquid crystal driving side substrate to be
disposed facing the color filter for the IPS, or the like. For
example, it may be provided as a stripe like pattern as shown
in FIG. 5A, or bent patterns as shown in FIGS. 5B and 5C,
or the like. Moreover, other known arrangements other than
those mentioned above can also be employed, and the
coloring area can be set optionally.

[0109] In the present invention, the method of coloring the
colored layer is not particularly limited. For example, a
coating method of coating a known paint by a known
method such as spray coating, dip coating, roll coating and
bead coating, a vacuum thin film formation, or the like can
be presented. In the present invention, coloring by the ink jet
method is particularly preferable. Thereby, the colored layer
can be formed highly precisely on the wettability changeable
pattern, and furthermore, the flatness of the colored layer can
be made higher. Moreover, according to the present inven-
tion, since the part of the semiconductor photo catalyst
containing layer with the energy irradiation is lyophilic,
specifically, it has the contact angle with respect to a liquid
having 40 mN/m less than 9°, at the time of dropping the
colored layer forming coating solution by the ink jet method,
the colored layer forming coating solution can be applied
without following the bent pattern for example as shown in
FIGS. 5B or 5C by the ink head. In general the width for
forming the colored layer is about 100 um, whereas the
liquid droplet of the colored layer forming coating solution
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to be discharged from the ink head is about 30 um. There-
fore, for example, by fixing the ink head, moving the
semiconductor photo catalyst containing layer with the
wettability changeable pattern formed in the longitudinal
direction of the pattern for forming the colored layer while
maintaining a constant gap with respect to the ink head, and
discharging a colored layer forming coating solution for
each colors from the ink head to the part with the bent
patterns superimposed, that is, the pattern central part, or the
like, the colored layer forming coating solution can be
wetted and spread to the entirety of the bent pattern.

[0110] Here, as the colored layer forming coating solution
to be used for the formation of the colored layer, or the like,
those used for the colored layer of a common color filter for
the IPS can be used, and thus detailed explanation is omitted.

[0111] 4. Base Material

[0112] Next, the base material used in the present inven-
tion will be explained. The base material used in the present
invention is not particularly limited as long as the light
shielding part and semiconductor photo catalyst containing
layer can be formed, and thus those conventionally used for
a color filter for the IPS can be used. Specifically, a trans-
parent rigid material without flexibility, such as a quartz
glass, a pyrex glass, and a synthetic quartz plate, and a
transparent flexible material having flexibility, such as a
transparent resin film and an optical resin plate, or the like
can be presented. Among these, since the 7059 glass manu-
factured by Corning Inc. is a material having a small thermal
expansion coefficient having the excellent dimensional sta-
bility and the operativity in a high temperature heating
process, and furthermore, it is a no-alkaline glass not con-
taining an alkaline component in the glass, it is suitable for
a color filter for the IPS. In the present invention, in general
a transparent base material is used in general, but a reflective
substrate and a substrate colored in white can be used as
well. Moreover, the base material as needed with the surface
process for preventing the alkaeline elution and providing
the gas barrier property, or the like applied can be used.

[0113] 5. Color Filter for the IPS

[0114] A color filter for the IPS of the present invention is
not particularly limited as long as it has the base material, the
light shielding part formed on the base material, the semi-
conductor photo catalyst containing layer formed so as to
cover the base material and the light shielding part, and the
colored layer formed on the semiconductor photo catalyst
containing layer, and thus for example, those having an
over-coating layer formed on the colored layer, those having
a transparent conductive layer formed on the base material
on an opposite side with respect to the side with the colored
layer formed, or the like can be used as well.

[0115] In the case an over-coating layer is formed on the
colored layer, the influence of the light shielding part to the
electric field can be made smaller, and thus it is advanta-
geous. Moreover, flattening of the color filter for the IPS,
prevention of the impurity introduction from the light shield-
ing part or the colored layer to the liquid crystal layer
provided on the color filter for the IPS, or the like can be
achieved.

[0116] As such an over-coating layer, the bonding prop-
erty with respect to the semiconductor photo catalyst con-
taining layer formed on the colored layer, the impurity
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blocking property, and various resistances such as the light
resistance, the smoothness, the heat resistance, the humidity
and heat resistance, the chemical resistance, the solvent
resistance, the transparency, and the toughness are required.
Moreover, according to the present invention, in particular,
the specific resistance value is preferably 10° Q-cm or more.
By using such an over-coating layer, at the time of using the
color filter for the IPS for a liquid erystal display apparatus,
not only by the semiconductor photo catalyst containing
layer but also by the over-coating layer, the influence of the
light shielding part to the electric field can be made smaller.

[0117] As the over-coating layer, specifically, an acrylic
resin, an epoxy resin, an acrylic-epoxy resin, a siloxane resin
precursor, a silicone polyimide resin precursor, or the like
can be used. Furthermore, in the present invention, it is
preferable that the over-coating layer has a low swelling
ratio because the over-coating layer may be directly con-
tacted with a sealing material at the time of using the color
filter for the IPS for a liquid crystal display apparatus. As a
method of lowering the swelling ratio of the over-coating
layer, a method of controlling the cross linking density or the
polarity of the over-coating layer can be presented. As the
method of improving the cross linking density, a method of
structurally increasing the cross linking points can be pre-
sented, and for example, a method of using a polyfunctional
acrylic, a polyfunctional epoxy, a trialkoxysilane, or the like
can be presented. Moreover, a method of carrying out the
coating film formation reaction by the conditions of suffi-
ciently promoting the cross linking reaction can be used as
well. For example, a method of the reaction at a high
temperature for a long time within a range without gener-
ating deterioration of the over-coating layer-such as decom-
position and coloring, or the like can be presented. More-
over, as to the structure, it is preferable to use an aliphatic
compound than an aromatic compound.

[0118] In the present invention, the over-coating layer is
formed on the colored layer and on the semiconductor photo
catalyst containing layer exposed between the adjacent
colored layers. At the time, it is also possible to form the
over-coating layer after changing the wettability of the
semiconductor photo catalyst containing layer after direct-
ing an energy to the semiconductor photo catalyst containing
layer. Thereby, the adhesion of the over-coating layer in the
color filter for the IPS can be improved.

[0119] Moreover, in this embodiment, as mentioned
above, it is preferable that a transparent conductive layer is
formed on the base material on the opposite side with respect
to the side with the colored layer formed. According to the
color filter for the IPS, unlike a color filter used for a TN
system liquid crystal display apparatus, an electrode layer is
not particularly needed in terms of the configuration. How-
ever, in this case, since the electricity charged in the color
filter for the IPS is not discharged at the time of forming the
color filter for the IPS or at the time of use for a liquid crystal
display apparatus, the electricity may influence the electric
field from the liquid crystal driving side substrate, the
foreign substances may easily be adhered, or the conveyance
failure may be generated. Therefore, by forming the trans-
parent conductive layer, electrification of the color filter for
the IPS can be prevented at the time of producing a color
filter for the IPS and at the time of use of the color filter for
the IPS for a liquid crystal display apparatus.
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[0120] The transparent conductive layer is not particularly
limited as long as it has the transparency with respect to a
visible light and it is capable of preventing electrification of
the color filter for the IPS. For example, those having the
specific resistance value of 2,000 Q-cm or less, in particular,
600 Q-cm or less, and preferably 300 Q2-cm or less can be
used.

[0121] Moreover, as the material for forming the trans-
parent conductive layer, known metals and metal oxides
such as an aluminum, a molybdenum, a chromium, a tan-
talum, a copper, a tungsten, a titanium, a gold, a silver, an
indium, a germanium, a terbium, an ITO, an In,0;, a Sn0,,
a ZnO, a ZnO—Ga and a nickel can be used. In particular,
an ITO layer can be used preferably. Moreover, such a
transparent conductive layer can be formed on the base
material by a dipping method, a CVD method or a PVD
method, a vacuum deposition method, a sputtering method,
an ion plating method, or the like. The film thickness is in
general about 10 nm to 100 nm, and in particular about 15
nm to 80 nm.

[0122] B. Liquid crystal Display Apparatus

[0123] Next, the liquid crystal display apparatus of the
present invention will be explained. There are 5 embodi-
ments of the liquid crystal display apparatus of the present
invention, and all of them are the IPS system liquid crystal
display apparatus using the color filters for the IPS men-
tioned above. Herein after, each embodiment will be
explained in detail.

1. First Embodiment

[0124] First, the first embodiment of the liquid crystal
display apparatus of the present invention comprises any of
the color filters for the IPS, a liquid crystal driving side
substrate having an electrode facing the color filter for the
IPS, and a liquid crystal layer sandwiched between the color
filter for the IPS and the liquid crystal driving side substrate,
wherein the specific resistance value of the liquid crystal
layer is a predetermined value or more.

[0125] Forexample, as shown in FIG. 6, the liquid crystal
display apparatus of this embodiment comprises a color
filter for the IPS 5, a liquid crystal driving side substrate 11
disposed so as to face the color filter for the IPS §, and a
liquid crystal layer 12 sandwiched between the color filter
for the IPS § and the liquid crystal driving side substrate 11,
wherein the specific resistance value of the liquid crystal
layer is a predetermined value or more.

[0126] According to this embodiment, since the semicon-
ductor photo catalyst containing layer having the specific
resistance value is formed in the color filter for the IPS and
the liquid crystal layer has a specific resistance value of a
predetermined value or more, disturbance of the electric line
of force by the electric field applied from the liquid crystal
driving side substrate can be prevented so that a liquid
crystal display apparatus capable of providing the high
quality liquid crystal display can be provided.

[0127] Hereinafter, each configuration of the liquid crystal
display apparatus of this embodiment will be explained.
Since the color filter for the IPS is same as that explained in
the paragraph of “A. Color filter for the IPS”, detailed
explanation is omitted here.
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[0128] (Liquid Crystal Layer)

[0129] The liquid crystal layer used in this embodiment is
to be sandwiched between the color filter for the IPS and the
liquid crystal driving side substrate to be described later, and
it has the specific resistance value of 109 Q-cm or more,
preferably 10' Q-cm or more.

[0130] Here, the value of the specific resistance value of
the liquid crystal layer is the value measured as follows. Two
glass substrates having a 1 cm square measurement area and
a 1 mm width and 10 mm length electrode taking out pattern
formed with a gold electrode are prepared so as to be
disposed facing with the gold electrodes provided on the
inner side. The glass substrates are attached with a sealing
material and a gapping agent for producing a measurement
cell having a 10 um gap between the two glass substrates. A
liquid crystal material for finding out the specific resistance
is sealed in the gap such that the gap between the electrodes
is filled with the liquid crystal material. Thereafter, the
terminals of the electrodes are taken out for applying the
alternative current voltage of a 1 kHz measurement fre-
quency and a 10 mV applied voltage between the electrodes
by type 1260 manufactured by Solartron Analytical and
finding out the conductivity from the obtained electric
current and the specific resistance.

[0131] According to such a liquid crystal layer, in the case
the voltage is not applied from the liquid crystal driving side
substrate to be described later, the liquid crystal composition
is aligned in a certain direction, and by applying a voltage
form the liquid crystal driving side substrate, the molecule
alignment direction of the liquid crystal composition is
rotated so as to change the light transmittance.

[0132] Since the liquid crystal composition comprising
such a liquid crystal layer is same as that used for a common
liquid crystal display apparatus for the IPS, detailed expla-
nation is omitted here.

[0133]

[0134] Next, the liquid crystal driving side substrate used
in this embodiment will be explained. The liquid crystal
driving side substrate used in this embodiment is not par-
ticularly limited as long as it is disposed facing the color
filter for the IPS and it is capable of applying the electric
field so as to orient the liquid crystal in the liquid crystal
layer to a predetermined direction. As such a liquid crystal
driving side substrate, the electrode group is formed so as to
mainly form an electric field parallel to the interface of the
liquid crystal layer. For example as shown in FIG. 7, it may
comprise a plurality of scanning lines 21, a video signal
wiring 22, a pixel electrode 23 (a part of a common electrode
25), a pixel electrode 24 (liquid crystal driving electrode) to
be paired with the pixel electrode 23, and an active element
(not shown) connected with the scanning lines 21, video
signal wiring 22 and pixel electrodes (23 and 24) formed, or
the like.

[0135] The electrode structure can be selected optionally
according to the shape of the color filter for the IPS, the
orienting method of the targeted liquid crystal, or the like so
that a common IPS system liquid crystal display apparatus
can be provided. Moreover, as to the active element, the
substrate with the electrodes formed, or the like, since those
used for a common IPS system liquid crystal display appa-
ratus can be used, detailed explanation is omitted here.

(Liquid Crystal Driving Side Substrate)
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[0136] (Liquid Crystal Display Apparatus)

[0137] The liquid crystal display apparatus of this embodi-
ment is not particularly limited as long as it has the color
filter for the IPS, the liquid crystal driving side substrate and
the liquid crystal layer, and in general it has an orientation
film for the predetermined orientation of the liquid crystal,
a polarizing means, or the like formed. Since the orientation
film, the polarizing means, or the like are same as those used
for the common liquid crystal display apparatus can be used,
explanation is omitted here. Moreover, as needed, other
members may be provided as well.

2. Second Embodiment

[0138] Next, the second embodiment of the liquid crystal
display apparatus of the present invention will be explained.
The liquid crystal display apparatus of this embodiment
comprises the color filter for the IPS, a liquid crystal driving
side substrate disposed facing the color filter for the IPS, and
a liquid crystal layer sandwiched between the color filter for
the IPS and the liquid crystal driving side substrate, wherein
the liquid crystal driving side substrate comprises a plurality
of scanning lines disposed as a matrix, a video signal wiring,
pixel electrodes to be paired, and an active element con-
nected with the pixel electrodes, the scanning lines, and the
video signal wiring, the pixel electrodes to be paired have a
strip like shape and disposed such that the longer side of one
of the pixel electrodes is substantially parallel with the
longer side direction of the other pixel electrode, and the
video signal wiring and pixel electrodes are disposed in a
manner bent with respect to the liquid crystal orientation
direction by an angle in a range of +1 degree to £30 degrees.
Here, “the longer side direction of one of the pixel electrodes
mentioned above is substantially parallel with the longer
side direction of the other pixel electrode” may be the state
to the degree with the electric line of force generated at the
time of applying a voltage from the liquid crystal driving
side substrate provided substantially horizontal with respect
to the color filter without disturbance of the electric line of
force.

[0139] For example as shown in FIG. 6, the liquid crystal
display apparatus of this embodiment comprises a color
filter for the IPS §, a liquid crystal driving side substrate 11
disposed so as to face the color filter for the IPS 5, and a
liquid crystal layer 12 sandwiched between the color filter
for the IPS 5 and the liquid crystal driving side substrate 11.
For example as shown in FIG. 8, the liquid crystal driving
side substrate comprises a plurality of scanning lines 21, a
video signal wiring 22, a stripe like pixel electrode 23 (a part
of a common electrode 25), a stripe like pixel electrode 24
(liquid crystal driving electrode) to be paired with the pixel
electrode 23, and an active element (not shown) connected
with the scanning lines 21, video signal wiring 22 and pixel
electrodes (23 and 24). Furthermore, at the time, for example
as shown in FIG. 9, the pixel electrodes to be paired (23 and
24) and the video signal wiring (not shown) are formed in a
bent form so as to have a predetermined angle o with respect
to the orientation direction x of the liquid crystal 31 in the
liquid crystal layer. According to this embodiment, as the
liquid crystal in the liquid crystal layer, a positive dielectric
constant anisotropic liquid crystal (p type liquid crystal) is
used. Moreover, in general two polarizing plates are used for
a liquid crystal display apparatus. These polarizing plates are
used facing with each other such that the polarization axis of
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one of the polarizing plates is in the x direction and the
polarization axis of the other polarizing plate is in the y
direction.

[0140] According to this embodiment, since the color filter
for the IPS is used, the liquid crystal can be oriented to the
targeted direction without disturbance of the electric field
applied from the liquid crystal driving side substrate so that
a high quality liquid crystal display apparatus without the
color irregularity, or the like can be provided. Moreover,
since the video signal wiring and the pixel electrodes to be
paired are formed in a bent form so as to have the angle with
the liquid crystal orientation direction, at the time of apply-
ing the electric fleld from the liquid crystal driving side
substrate, for example as shown in FIG. 9, the two direction
liquid crystal rotation motions are generated. Therefore, the
angle of visibility is improved so that the liquid crystal
response speed, or the like can be improved as well.

[0141] Here, according to this embodiment, it is preferable
that the video signal wiring and pixel electrodes are bent
with respect to the liquid crystal orientation direction in a
range of =1 degree to +30 degrees, in particular, in a range
of £10 degrees to +25 degrees. Thereby, a liquid crystal
display apparatus having a wide angle of visibility can be
provided. At the time, the number of bending of the video
signal wiring and pixel electrodes is not particularly limited.
For example as shown in FIG. 10, the pixel electrodes (23
and 24) to be paired and the video signal wiring (not shown)
bent by a plurality of times, or the like can be used.

[0142] Since the color filter for the IPS used for the liquid
crystal display apparatus of this embodiment is same as that
explained in the paragraph of “A. Color filter for the IPS”,
and furthermore, since the liquid crystal layer may be same
as that of the first embodiment, detailed explanation is
omitted here.

[0143] Moreover, the liquid crystal display apparatus of
this embodiment is not particularly limited as long as it has
the color filter for the IPS, the liquid crystal driving side
substrate and the liquid crystal layer, and in general it has an
orientation film for the predetermined orientation of the
liquid crystal, a polarizing means, or the like formed. Since
the orientation film, the polarizing means, or the like are
same as those used for the common liquid crystal display
apparatus can be used, explanation is omitted here. More-
over, as needed, other members may be provided as well.

3. Third Embodiment

[0144] Next, the third embodiment of the liquid crystal
display apparatus of the present invention will be explained.
The liquid crystal display apparatus of this embodiment
comprises the color filter for the IPS, a liquid crystal driving
side substrate disposed facing the color filter for the IPS, and
a liquid crystal layer sandwiched between the color filter for
the IPS and the liquid crystal driving side substrate, wherein
the liquid crystal driving side substrate comprises a plurality
of scanning lines disposed as a matrix, a video signal wiring,
pixel electrodes to be paired, and an active element con-
nected with the pixel electrodes, the scanning lines, and the
video signal wiring, the pixel electrodes to be paired have a
strip like shape and disposed such that the longer side of one
of the pixel electrodes is substantially parallel with the
longer side direction of the other pixel electrode, and the
scanning lines and pixel electrodes are disposed in a manner

Dec. 22, 2005

bent with respect to the liquid crystal orientation direction
by an angle in a range of =1 degree to +30 degrees. Here,
“the longer side direction of one of the pixel electrodes
mentioned above is substantially parallel with the longer
side direction of the other pixel electrode” may be the state
to the degree with the electric line of force generated at the
time of applying a voltage from the liquid crystal driving
side substrate provided substantially horizontal with respect
to the color filter without disturbance of the electric line of
force.

[0145] For example as shown in FIG. 6, the liquid crystal
display apparatus of this embodiment comprises a color
filter for the IPS 3, a liquid crystal driving side substrate 11
disposed so as to face the color filter for the IPS 5, and a
liquid crystal layer 12 sandwiched between the color filter
for the IPS 5 and the liquid crystal driving side substrate 11.
For example as shown in FIG. 11, the liquid crystal driving
side substrate comprises a plurality of scanning lines 21, a
video signal wiring 22, a stripe like pixel electrode 23 (a part
of a common electrode 25), a stripe like pixel electrode 24
(liquid crystal driving electrode) to be paired with the pixel
electrode 23, and an active element (not shown) connected
with the scanning lines 21, video signal wiring 22 and pixel
electrodes (23 and 24). Furthermore, at the time, the pixel
electrodes to be paired and the scanning line are formed in
abent form so as to have a predetermined angle with respect
to the orientation direction of the liquid crystal in the liquid
crystal layer. According to this embodiment, as the liquid
crystal in the liquid crystal layer, a positive dielectric con-
stant anisotropic liquid crystal (p type liquid crystal) is used.

[0146] According to this embodiment, since the color filter
for the IPS is used, the liquid crystal can be oriented to the
targeted direction without disturbance of the electric field
applied from the liquid crystal driving side substrate so that
a high quality liquid crystal display apparatus without the
color irregularity, or the like can be provided. Moreover,
since the scanning lines and the pixel electrodes to be paired
are formed in a bent form so as to have the angle with the
liquid crystal orientation direction, at the time of applying
the electric field from the liquid crystal driving side sub-
strate, for example as shown in FIG. 9, the two direction
liquid crystal rotation motions are generated. Therefore, the
angle of visibility is improved so that the liquid crystal
response speed, or the like can be improved as well.

[0147] Here, according to this embodiment, it is preferable
that the scanning lines and pixel electrodes are bent with
respect to the liquid crystal orientation direction in a range
of =1 degree to +30 degrees, in particular, in a range of +10
degrees to 25 degrees. Thereby, a liquid crystal display
apparatus having a wide angle of visibility can be provided.
Moreover, also according to this embodiment, the pixel
electrodes to be paired and the scanning lines may be bent
for a plurality of times.

[0148] Since the color filter for the IPS used for the liquid
crystal display apparatus of this embodiment is same as that
explained in the paragraph of “A. Color filter for the IPS”,
and furthermore, since the liquid crystal layer may be same
as that of the first embodiment, detailed explanation is
omitted here.

[0149] Moreover, the liquid crystal display apparatus of
this embodiment is not particularly limited as long as it has
the color filter for the IPS, the liquid crystal driving side
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substrate and the liquid crystal layer, and in general it has an
orientation film for the predetermined orientation of the
liquid crystal, a polarizing means, or the like formed. Since
the orientation film, the polarizing means, or the like are
same as those used for the common liquid crystal display
apparatus can be used, explanation is omitted here. More-
over, as needed, other members may be provided as well.

4. Fourth Embodiment

[0150] Next, the fourth embodiment of the liquid crystal
display apparatus of the present invention will be explained.
The fourth embodiment of the liquid crystal display appa-
ratus of the present invention comprises the color filter for
the IPS, a liquid crystal driving side substrate disposed
facing the color filter for the IPS, and a liquid crystal layer
sandwiched between the color filter for the IPS and the
liquid crystal driving side substrate, wherein the liquid
crystal driving side substrate comprises a plurality of scan-
ning lines disposed as a matrix, a video signal wiring, pixel
electrodes to be paired, and an active element connected
with the pixel electrodes, the scanning lines, and the video
signal wiring, the pixel electrodes to be paired have a strip
like shape and disposed such that the longer side of one of
the pixel electrodes is substantially parallel with the longer
side direction of the other pixel electrode, and the video
signal wiring and pixel electrodes are disposed in a manner
bent with respect to the liquid crystal orientation direction
by an angle in a range of 60 degrees to 120 degrees except
90 degrees. Here, “the longer side direction of one of the
pixel electrodes mentioned above is substantially parallel
with the longer side direction of the other pixel electrode”
may be the state to the degree with the electric line of force
generated at the time of applying a voltage from the liquid
crystal driving side substrate provided substantially horizon-
tal with respect to the color filter without disturbance of the
electric line of force.

[0151] For example as shown in FIG. 6, the liquid crystal
display apparatus of this embodiment comprises a color
filter for the IPS 3, a liquid crystal driving side substrate 11
disposed so as to face the color filter for the IPS §, and a
liquid crystal layer 12 sandwiched between the color filter
for the IPS 5 and the liquid crystal driving side substrate 11.
For example as shown in FIG. 8, the liquid crystal driving
side substrate comprises a plurality of scanning lines 21, a
video signal wiring 22, a stripe like pixel electrode 23 (a part
of a common electrode 25), a stripe like pixel electrode 24
(liquid crystal driving electrode) to be paired with the pixel
electrode 23, and an active element (not shown) connected
with the scanning lines 21, video signal wiring 22 and pixel
electrodes (23 and 24). Furthermore, at the time, for example
as shown in FIG. 12, the pixel electrodes to be paired (23
and 24) and the video signal wiring (not shown) are bent by
a predetermined angle o with respect to the orientation
direction x of the liquid crystal 31 in the liquid crystal layer.
According to this embodiment, as the liquid crystal in the
liquid crystal layer, a negative dielectric constant anisotropic
liquid crystal (n type liquid crystal) is used. Moreover, in
general two polarizing plates are used for a liquid crystal
display apparatus. These polarizing plates are used facing
with each other such that the polarization axis of one of the
polarizing plates is in the x direction and the polarization
axis of the other polarizing plate is in the y direction.

[0152] According to this embodiment, since the color filter
for the IPS is used, the liquid crystal can be oriented to the
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targeted direction without disturbance of the electric field
applied from the liquid crystal driving side substrate so that
a high quality liquid crystal display apparatus without the
color irregularity, or the like can be provided. Moreover,
since the video signal wiring and the pixel electrodes to be
paired are formed in a bent form so as to have the angle with
the liquid crystal orientation direction, at the time of apply-
ing the electric field from the liquid crystal driving side
substrate, for example as shown in FIG. 12, the two direc-
tion liquid crystal rotation motions are generated. Therefore,
the angle of visibility is improved so that the liquid crystal
response speed, or the like can be improved as well.

[0153] Here, according to this embodiment, it is preferable
that the video signal wiring and pixel electrodes are bent
with respect to the liquid crystal orientation direction in a
range of 60 degrees to 120 degrees except 90 degrees, in
particular in a range of 70 degrees to 110 degrees except 90
degrees. Thereby, a liquid crystal display apparatus having
a wide angle of visibility can be provided. At the time, for
example as shown in FIG. 10, the pixel electrodes (23 and
24) to be paired and the video signal wiring (not shown) may
be bent by a plurality of times.

[0154] Since the color filter for the IPS used for the liquid
crystal display apparatus of this embodiment is same as that
explained in the paragraph of “A. Color filter for the IPS”,
and furthermore, since the liquid crystal layer may be same
as that of the first embodiment, detailed explanation is
omitted here.

[0155] Moreover, the liquid crystal display apparatus of
this embodiment is not particularly limited as long as it has
the color filter for the IPS, the liquid crystal driving side
substrate and the liquid crystal layer, and in general it has an
orientation film for the predetermined orientation of the
liquid crystal, a polarizing means, or the like formed. Since
the orientation film, the polarizing means, or the like are
same as those used for the common liquid crystal display
apparatus can be used, explanation is omitted here. More-
over, as needed, other members may be provided as well.

5. Fifth Embodiment

[0156] Next, the fifth embodiment of the liquid crystal
display apparatus of the present invention will be explained.
The liquid crystal display apparatus of this embodiment
comprises the color filter for the IPS, a liquid crystal driving
side substrate disposed facing the color filter for the IPS, and
a liquid crystal layer sandwiched between the color filter for
the IPS and the liquid crystal driving side substrate, wherein
the liquid crystal driving side substrate comprises a plurality
of scanning lines disposed as a matrix, a video signal wiring,
pixel electrodes to be paired, and an active element con-
nected with the pixel electrodes, the scanning lines, and the
video signal wiring, the pixel electrodes to be paired have a
strip like shape and disposed such that the longer side of one
of the pixel electrodes is substantially parallel with the
longer side direction of the other pixel electrode, and the
scanning lines and pixel electrodes are disposed in a manner
bent with respect to the liquid crystal orientation direction
by an angle in a range of 60 degrees to 120 degrees except
90 degrees. Here, “the longer side direction of one of the
pixel electrodes mentioned above is substantially parallel
with the longer side direction of the other pixel electrode”
may be the state to the degree with the electric line of force



US 2005/0280753 Al

generated at the time of applying a voltage from the liquid
crystal driving side substrate provided substantially horizon-
tal with respect to the color filter without disturbance of the
electric line of force.

[0157] For example as shown in FIG. 6, the liquid crystal
display apparatus of this embodiment comprises a color
filter for the IPS 5, a liquid crystal driving side substrate 11
disposed so as to face the color filter for the IPS §, and a
liquid crystal layer 12 sandwiched between the color filter
for the IPS § and the liquid crystal driving side substrate 11.
For example as shown in FIG. 11, the liquid crystal driving
side substrate comprises a plurality of scanning lines 21, a
video signal wiring 22, a stripe like pixel electrode 23 (a part
of a common electrode 25), a stripe like pixel electrode 24
(liquid crystal driving electrode) to be paired with the pixel
electrode 23, and an active element (not shown) connected
with the scanning lines 21, video signal wiring 22 and pixel
electrodes (23 and 24). Furthermore, at the time, the pixel
electrodes to be paired and the scanning lines are bent by a
predetermined angle with respect to the orientation direction
of the liquid crystal in the liquid crystal layer. According to
this embodiment, as the liquid crystal in the liquid crystal
layer, a negative dielectric constant anisotropic liquid crystal
(n type liquid crystal) is used.

[0158] According to this embodiment, since the color filter
for the IPS is used, the liquid crystal can be oriented to the
targeted direction without disturbance of the electric field
applied from the liquid crystal driving side substrate so that
a high quality liquid crystal display apparatus without the
color irregularity, or the like can be provided. Moreover,
since the scanning lines and the pixel electrodes to be paired
are bent so as to form the angle with the liquid crystal
orientation direction, at the time of applying the electric field
from the liquid crystal driving side substrate, for example as
shown in FIG. 12, the two direction liquid crystal rotation
motions are generated. Therefore, the angle of visibility is
improved so that the liquid crystal response speed, or the
like can be improved as well.

[0159] Here, according to this embodiment, it is preferable
that the scanning lines and pixel electrodes are bent with
respect to the liquid crystal orientation direction in a range
of 60 degrees to 120 degrees except 90 degrees, in particular
in a range of 70 degrees to 110 degrees except 90 degrees.
Thereby, a liquid crystal display apparatus having a wide
angle of visibility can be provided. Also in this embodiment,
the pixel electrodes to be paired and the scanning lines may
be bent by a plurality of times.

[0160] Since the color filter for the IPS used for the liquid
crystal display apparatus of this embodiment is same as that
explained in the paragraph of “A. Color filter for the IPS”,
and furthermore, since the liquid crystal layer may be same
as that of the first embodiment, detailed explanation is
omitted here.

[0161] Moreover, the liquid crystal display apparatus of
this embodiment is not particularly limited as long as it has
the color filter for the IPS, the liquid crystal driving side
substrate and the liquid crystal layer, and in general it has an
orientation film for the predetermined orientation of the
liquid crystal, a polarizing means, or the like formed. Since
the orientation film, the polarizing means, or the like are
same as those used for the common liquid crystal display
apparatus can be used, explanation is omitted here. More-
over, as needed, other members may be provided as well.
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[0162] C. Production Method for a Color Filter for the IPS

[0163] Finally, the production method for a color filter for
the IPS of the present invention will be explained. The
production method for a color filter for the IPS of the present
invention is a production method for producing the color
filter for the IPS, in which the colored layer is the colored
layer mentioned above, wherein the colored layer is bent and
formed by relatively moving the substrate, the head of the
ink jet apparatus for forming the colored layer at the time of
forming the colored layer by the ink jet method, and
dropping an ink discharged from the head linearly with
respect to the bent colored layer so that the bent colored
layer is formed by wetting and spreading the dropped ink.

[0164] According to the present invention, in addition to
the effects of the color filter for the IPS, since the color ink
discharged by the ink jet method wets and spreads on the
semiconductor photo catalyst containing layer, even in the
case the ink for forming the colored layer is discharged
linearly with respect to the bent colored layer for the IPS, a
color filter can be produced. Therefore, owing to the opera-
tion easiness, a highly precise product can be produced as
well as the production yield can be improved.

[0165] Since each configuration of the production method
for a color filter for the IPS of the present invention is same
as that explained in the paragraph of “A. Color filter for the
IPS”, explanation is omitted here.

[0166] The present invention is not limited to the embodi-
ments. The embodiments are merely examples, and any one
having the substantially same configuration as the techno-
logical idea disclosed in the claims of the present invention
and the same effects is included in the technological scope
of the present invention.

EXAMPLES

[0167] Hereinafter, the present invention will be explained
in further details with reference to the examples. As the
semiconductor photo catalyst containing layer forming ink,
the photosetting resin composition ink, the light shielding
part ink, and the colored layer forming coating solution, the
following were used.

[0168] <Preparation of the Semiconductor Photo Catalyst
Containing Layer Forming Ink>

[0169] 30 g of an isopropyl alcohol, 0.5 g of MF-160E
containing a fluoroalkylsilane as the main component
(manufactured by Tohkem Co., [td), 3.5 g of a tn-
methoxymethylsilane (manufactured by GE Toshiba Sili-
cones, TSL 8113), and 21 g of ST-K01 (manufactured by
ISHIHARA SANGYO KAISHA, LTD.) as a semiconductor
photo catalyst as a titanium oxide aqueous dispersion were
mixed and agitated at 100° C. for 20 minutes. The same was
diluted by an isopropyl alcohol to 3.5 times so as to provide
a semiconductor photo catalyst containing layer composi-
tion.

[0170] <Preparation of the Photosetting Resin Composi-
tion Ink>

[0171]

[0172] A solution prepared by dissolving 529 g of a
dicyclohexyl fumarate (DCHF) and 171 g of an acrylic acid
(AA) in 300 g of a diethyleneglycoldimethylether (DMDG)

(Synthesis of the Copolymer Resin Solution)
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together with 14 g of perbutyl O (product name, an organic
peroxide manufactured by Nippon Oil & Fat Corporation)
was dropped into a polymerization vessel with a nitrogen
atmosphere with 1,000 g of a DMDG and the temperature
adjusted to 80° C. over 6 hours, and it was matured and
polymerized at the same temperature for 4 hours so as to
obtain a copolymer resin solution.

[0173] (Preparation of the Photosetting Resin Composi-
tion Ink)

[0174] By agitating and mixing the below-mentioned
materials of the below-mentioned amounts, a photosetting
resin composition ink was obtained.

[0175] the copolymer resin solution (solid component
35%): 69.0 parts by weight

[0176] dipentacrythritolpentaacrylate (SR399, manufac-
tured by Sartomer Company Inc.): 11.0 parts by weight

[0177] Orthocresolnovolak type epoxy resin (product
name: EPIKOTE 180S70, manufactured by Japan Epoxy
Resins Co., Ltd.): 15.0 parts by weight

[0178] 2-methyl-1-(4-methylthiophenyl)-2-morpholino-
propanone-1: 1.5 parts by weight

[0179] 22'-bis(O-chlorophenyl)-4,5,4',5'-tetraphenyl-1,2"-
biimid azole: 1.0 part by weight

[0180] DMDG: 66.0 parts by weight
[0181] <Preparation of the Light Shielding Part Ink>
[0182] First, the components of the below-mentioned

amounts were mixed and dispersed sufficiently with a sand
mill so as to prepare a black pigment dispersion.

[0183] black pigment: 23 parts

[0184] polymer dispersing agent (product name: Disper-
byk 111, manufactured by BYC-Chemie Japan KK): 2 parts
by weight

[0185] solvent (DMDG): 75 parts by weight

[0186] Next, by sufficiently mixing the components of the
below-mentioned amounts, a photosetting light shielding
part ink was obtained.

[0187] the black pigment dispersion: 61 parts by weight
[0188] the photosetting resin composition ink 1: 20 parts
by weight

[0189] solvent (DMDG): 30 parts by weight

[0190] <Preparation of the Colored Layer Forming Coat-
ing Solution>

[0191] By mixing 5 parts by weight of a pigment, 20 parts
by weight of a solvent, 70 parts by weight of an acrylic
acid/bencylacrylate copolymer, and 5 parts by weight of a
bifunctional epoxy containing monomer, thermosetting type
polyepoxyacrylate inks for each RGB colors were prepared.
For each of the red, green and blue inks, as the solvent, a
polyethyleneglycolmonomethylethylacetate, and as the pig-
ment, for the red ink, C. I. Pigment Red 177, for the green
ink, C. I. Pigment Green 36, and for the blue ink, C. I.
Pigment Blue 15 +C. 1. Pigment Violet 23 were used,
respectively.
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Example 1

[0192] <Form of the Electrodes of the IPS Liquid Crystal
Driving Side Substrate>

[0193] As shown in FIG. 8, the form of the IPS liquid
crystal driving side substrate was provided such that a unit
pixel comprises a scanning line 21, a video signal wiring 22,
a pixel electrode (apart of a common electrode), a pixel
electrode (liquid crystal driving electrode), a common elec-
trode 25, and a TFT 26. Moreover, at the time, for example
as shown in FIG. 9, the video signal wiring and the pixel
electrodes were bent so as to have a 15 degree angle with
respect to the molecules 31 (p type liquid crystal molecules)
of the positive dielectric constant anisotropic liquid crystals
at the time without the electric field of the liquid crystal layer
to be formed. Moreover, at the time, the pixel electrodes
were bent by two times in the unit pixel.

[0194]

<Production of the Color Filter>

[0195] A photosetting light shielding part layer having
about 1 um thickness was formed by applying the photo-
setting light shielding part ink onto a 1.1 mm thickness glass
substrate (AL material manufactured by ASAHI GLASS
CO., LTD.) by a spin coater, and drying the same at 100° C.
for 3 minutes. After the pattern exposure of the photosetting
light shielding part with an extra high pressure mercury
lamp using the pixel electrodes (liquid crystal driving elec-
trodes) of the IPS liquid crystal driving side substrate, and
a mask (having the opening part corresponding to the pixel
electrodes and a 30 um line width) corresponding to the
pixel electrodes (a part of the common electrodes), it was
developed with an aqueous solution of a 0.05% potassium
hydroxide. Thereafter, a light shielding part was formed by
applying a heat treatment while leaving the substrate in a
180° C. atmosphere for 30 minutes.

[0196] Next, a transparent semiconductor photo catalyst
containing layer (thickness 0.3 um) was formed by respec-
tively applying the semiconductor photo catalyst containing
ink onto the soda glass transparent substrate with the light
shielding part formed by a spin coater, and carrying out a
drying process at 150° C. for 10 minutes.

[0197] (Confirmation of Formation of a Lyophilic Area by
the Exposure)

[0198] An exposed part was formed by carrying out a
pattern exposure by a 70 mW/cm® illuminance by a mercury
lamp (wavelength 365 nm) via a mask for 50 seconds to the
semiconductor photo catalyst containing layer for measuring
the contact angles with liquids of the unexposed part and the
exposed part. As to the unexposed part, the contact angle
was measured with respect to a liquid of 30 mN/m surface
tension (manufactured by JUNSEI CHEMICAL, CO.,LTD.,
an ethyleneglycolmonoethylether) was measured (30 sec-
onds after of dropping liquid droplets from a micro syringe)
using a contact angle measuring device (CA-Z type manu-
factured by Kyowa Interface Science, Co., Ltd.), and it was
30°. Moreover, as to the exposed part, the contact angle was
measured with respect to a liquid of 50 mN/m surface
tension (manufactured by JUNSEI CHEMICAL, CO.,LTD.,
a wetting index standard solution No. 50) in the same
manner, and it was 7°. Accordingly, it was confirmed that the
exposed part has become a lyophilic area compared with the
unexposed part so that the pattern formation according to the
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difference of the wettability of the exposed part and the
unexposed part can be enabled.

[0199]

[0200] Next, using a photo mask corresponding to the
respective light shielding parts, exposure (by the same
exposure conditions as those of the confirmation of the
formation of the lyophilic area by the exposure) is carried
out on the semiconductor photo catalyst containing layer by
a 110 um line width and a 20 um interval (out of the 110 um
line width, 5 um on the both sides are formed on the light
shielding parts) so as to provide the Iyophilic property in the
colored layer exposed part. Next, using the ink jet devices
each for RGB, the colored layer forming coating solutions
were adhered linearly onto the opening part of the colored
layer exposed part provided with the lyophilic property. As
a result, the adhered inks wetted and spread on the entire
surface of the opening part so that a bent RGB stripe type
color filter for the IPS having a 100 gm line width and a 30
um light shielding part was obtained by hardening while
carrying out a heat treatment at 150° C. for 30 minutes.

(Formation of the Colored Layer)

Example 2

[0201] It was carried out in the same manner as in the
example 1 except that the form of the electrodes of the IPS
liquid crystal driving side substrate was as mentioned below
and the light shielding part pattern of the color filter was
changed to a pattern corresponding to the pixel electrodes
(liquid crystal driving electrodes) of the form of the elec-
trodes for the IPS liquid crystal driving side substrate and the
pixel electrodes (a part of the common electrodes).

[0202] <Form of the Electrodes of the IPS Liquid Crystal
Driving Side Substrate>

[0203] For example, as shown in FIG. 11, the form of the
electrodes of the IPS liquid crystal driving side substrate was
provided such that the unit pixel comprises a scanning line
21, a video signal wiring 22, a pixel electrode (a part of the
common electrodes) 23, a pixel electrode (liquid crystal
driving electrode) 24, a common electrode 25, and a TFT 26.
At the time, for example as shown in FIG. 9, the scanning
lines and the pixel electrodes were bent so as to have a 17
degree angle with respect to the molecules 31 (p type liquid
crystal molecules) of the positive dielectric constant aniso-
tropic liquid crystals at the time without the electric field of
the liquid crystal layer to be formed. Moreover, at the time,
the pixel electrodes are bent by two times in the unit pixel.

Example 3

[0204] It was carried out in the same manner as in the
example 1 except that the form of the electrodes of the IPS
liquid crystal driving side substrate was as mentioned below
and the light shielding part pattern of the color filter was
changed to a pattern corresponding to the pixel electrodes
(liquid crystal driving electrodes) of the form of the elec-
trodes for the IPS liquid crystal driving side substrate and the
pixel electrodes (a part of the common electrodes).

[0205] <Formation of the IPS Liquid Crystal Driving Side
Substrate>
[0206] The same substrate as in the example 1 was pro-

vided except that the video signal wiring and the pixel
clectrodes were formed in a bent manner so as to have a
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predetermined angle o with respect to the molecules 31 (N
type liquid crystal molecules) of the negative dielectric
constant anisotropic liquid crystals at the time without the
electric field of the liquid crystal layer to be formed for
example as shown in FIG. 12. At the time, as the bent angle
a, 70 degrees and 110 degrees were selected. Moreover, at
the time, the pixel electrodes are bent by two times in the
unit pixel.

Example 4

[0207] It was carried out in the same manner as in the
example 1 except that the form of the electrodes of the IPS
liquid crystal driving side substrate was as mentioned below
and the light shielding part pattern of the color filter was
changed to a pattern corresponding to the pixel electrodes
(liquid crystal driving electrodes) of the IPS liquid crystal
driving side substrate and the pixel electrodes (a part of the
common electrodes).

[0208] <Formation of the IPS Liquid Crystal Driving Side
Substrate>
[0209] The same substrate as in the example 2 was pro-

vided except that the scanning lines and the pixel electrodes
were formed in a bent manner so as to have a predetermined
angle o with respect to the molecules 31 (N type liquid
crystal molecules) of the negative dielectric constant aniso-
tropic liquid crystals at the time without the electric field of
the liquid crystal layer to be formed for example as shown
in FIG. 12. At the time, as the bent angle o, 60 degrees and
120 degrees were selected. Moreover, at the time, the pixel
electrodes are bent by one time in the unit pixel.

Example 5

[0210] A 1 um film thickness transparent over-coating
layer was formed by applying the photosetting resin com-
position ink onto the colored layer side surface of the color
filter for the IPS obtained in the example 1 with a spin coater
and drying the same at 100° C. for 3 minutes.

Example 6

[0211] An over-coating layer was formed on the colored
layer side surface of the color filter for the IPS obtained in
the example 2 in the same manner as in the example 5.

Example 7

[0212] An over-coating layer was formed on the colored
layer side surface of the color filter for the IPS obtained in
the example 3 in the same manner as in the example 5.

Example 8

[0213] An over-coating layer was formed on the colored
layer side surface of the color filter for the IPS obtained in
the example 4 in the same manner as in the example 5.

Example 9
[0214] <Production of the Liquid Crystal Display Appa-
ratus>
[0215] A liquid crystal driving side substrate having the

electrodes of the electrode form for the liquid crystal driving
side substrate of the example 1 was formed. Thereafter, the
color filter for the IPS of the example 1 and the liquid crystal
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driving side substrate were disposed so as to face with each
other via a 2 um gap (with the color filter formation surface
and the driving circuit side face with each other on the inner
side). By filling a liquid crystal having the positive dielectric
anisotropy (P type LC) and sealing the non pixel areas so as
to surround the colored layer with a sealing material, a liquid
crystal cell was formed.

[0216] At the time, prior thereto, a polyimide film was
provided to the color filter surface and the liquid crystal
driving circuit surface and a rubbing process was applied
thereto. As to the rubbing direction, it was carried out to the
x axis direction shown in FIG. 9.

[0217] Moreover, 2 TAC (triacetylcellulose) substrates
were used as the polarizing plates. With one of them
disposed with the polarization direction to the x axis and the
other polarizing plate disposed with the polarization axis to
the y axis so as to have the polarization directions orthogonal
with each other with respect to the obtained liquid crystal
cell, a lateral electric field system liquid crystal display
apparatus was produced. A sharp image with a wide angle of
visibility was obtained by the obtained liquid crystal display
apparatus.

Example 10

[0218] A liquid crystal driving side substrate having the
electrodes of the electrode form for the liquid crystal driving
side substrate of the example 2 was formed. Thereafter, in
the same manner as in the example 9 except that the color
filter for the IPS of the example 2 was used, a liquid crystal
display apparatus was produced. A sharp image with a wide
angle of visibility was obtained by the obtained liquid
crystal display apparatus.

Example 11

[0219] A liquid crystal driving side substrate having the
electrodes of the electrode form for the liquid crystal driving
side substrate of the example 3 was formed. Thereafter, in
the same manner as in the example 9 except that the color
filter for the IPS of the example 3 was used and the liquid
crystal having the negative dielectric anisotropy (N type LC)
was used, a liquid crystal display apparatus was produced. A
sharp image with a wide angle of visibility was obtained by
the obtained liquid crystal display apparatus.

Example 12

[0220] A liquid crystal driving side substrate having the
electrodes of the electrode form for the liquid crystal driving
side substrate of the example 4 was formed. Thereafter, in
the same manner as in the example 9 except that the color
filter for the IPS of the example 4 was used and the liquid
crystal having the negative dielectric anisotropy (N type LC)
was used, a liquid crystal display apparatus was produced. A
sharp image with a wide angle of visibility was obtained by
the obtained liquid crystal display apparatus.

Example 13

[0221] A liquid crystal driving side substrate having the
electrodes of the electrode form for the liquid crystal driving
side substrate of the example 1 was formed. Thereafter, in
the same manner as in the example 9 except that the color
filter for the IPS of the example 5 was used, a liquid crystal
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display apparatus was produced. A sharp image with a wide
angle of visibility was obtained by the obtained liquid
crystal display apparatus.

Example 14

[0222] A liquid crystal driving side substrate having the
electrodes of the electrode form for the liquid crystal driving
side substrate of the example 2 was formed. Thereafter, in
the same manner as in the example 9 except that the color
filter for the IPS of the example 6 was used, a liquid crystal
display apparatus was produced. A sharp image with a wide
angle of visibility was obtained by the obtained liquid
crystal display apparatus.

Example 15

[0223] A liquid crystal driving side substrate having the
electrodes of the electrode form for the liquid crystal driving
side substrate of the example 3 was formed. Thereafter, in
the same manner as in the example 9 except that the color
filter for the IPS of the example 7 was used and the liquid
crystal having the negative dielectric anisotropy (N type LC)
was used, a liquid crystal display apparatus was produced. A
sharp image with a wide angle of visibility was obtained by
the obtained liquid crystal display apparatus.

Example 16

[0224] A liquid crystal driving side substrate having the
electrodes of the electrode form for the liquid crystal driving
side substrate of the example 4 was formed. Thereafter, in
the same manner as in the example 9 except that the color
filter for the IPS of the example 8 was used and the liquid
crystal having the negative dielectric anisotropy (N type LC)
was used, a liquid crystal display apparatus was produced. A
sharp image with a wide angle of visibility was obtained by
the obtained liquid crystal display apparatus.

Example 17

[0225] Using the color filter of the example 1, and fur-
thermore, an [TO transparent conductive film was formed on
the surface without the color filter formation of the glass
substrate by the following conditions so as to obtain a color
filter with an ITO transparent conductive film.

[0226]

[0227] With the obtained color filter set with the surface
disposed downward in a sputtering awaiting chamber, it was
conveyed to a sputtering chamber preliminarily exhausted to
the medium vacuum (1x10~* Torr) and then to the 1x107°
Torr pressure so that the substrate was heated to 210° C. An
Ar gas containing 1.5 vol % of O*was introduced into the
sputtering chamber and the electric discharge gas pressure
was controlled to 1.8x10~* Torr. Using an ITO target includ-
ing 10 wt % of SnO,, having a 150x457 mm size and a
1.9x10  Q-cm resistivity, sputtering was carried out with a
20 mA/cm” target electric current density and a 10 € electric
discharge impedance for a 900 G target surface magnetic
field so as to form an ITO film having a 170 nm film
thickness and a 20 Q/square resistance value.

[0228] According to the obtained color filter, the rear side
electrification was not generated nor was adhesion of the
dusts, or the like by the static electricity so that the stable

<Formation of the ITO Film>
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production can be enabled in the assembly process for the
liquid crystal display apparatus and the production yield was
further improved.

Comparative Examples 1 to 4

[0229] To the color filters for the IPS formed in the
examples 5 to 8, the colored layer forming ink was dropped
to the bent area for dropping the ink with the substrate
moved non linearly, following the area. As a result, the
colored layer forming ink was dropped to the other color
area, off the area to be dropped so as to cause color mixture,
and thus a preferable color filter for the IPS was not
obtained.

[0230]

[0231] Here, the specific resistance values of the light
shielding part, semiconductor photo catalyst containing
layer and over-coating layer of the color filters for the IPS
of the examples 1 to 8 were measured. Each specific
resistance was calculated as follows.

[0232] Any layer of the light shielding part, semiconduc-
tor photo catalyst containing layer and over-coating layer
was formed on a glass substrate having an ITO electrode
with a 1 cm square measurement area and a 1 mm width, 10
mm length electrode taking out pattern formed preliminarily
in the same conditions as in the examples 1 to 8. Then, onto
any of the layers, a 0.1 um gold electrode was formed by the
vacuum deposition method so as to be superimposed on the
ITO electrode measurement surface via the layer for forming
a sandwich cell. To the gold electrode, an electrode taking
out pattern was formed in the same shape as the ITO
electrode at a position not superimposed on the ITO elec-
trode taking out pattern. Subsequently, the electrode area
and the thickness of each layer were calculated from the
obtained electric current value by applying a constant volt-
age using a Model 237 High-Voltage Source-Measure Unit
produced by Keithley Instruments Inc., and it was converted
by the conductivity ratio so as to obtain the specific resis-
tance.

[Measurement of the Specific Resistance Value]

[0233] As a result, in any example, it was 10"* Q-cm for
the semiconductor photo catalyst containing layer, 10°
Q-cm for the light shielding part and 10" Q-cm for the
over-coating layer.

[0234] [Measurement of the Specific Resistance of the
Liquid Crystal Material]

[0235] Moreover, the specific resistance value of each
liquid crystal material used for the examples 9 to 16 was
measured. Each specific resistance was calculated as fol-
lows.

[0236] Two glass substrates having a 1 cm square mea-
surement area and a 1 mm width and 10 mm length electrode
taking out pattern formed preliminarily with a gold electrode
were prepared. A measurement cell was produced by dis-
posing the same so as to face with each other on the inner
side and forming a 10 um gap there between with a sealing
agent and gap material. Subsequently, a liquid crystal mate-
rial for finding out the specific resistance was sealed in the
gap so as to fill the gap between the electrodes. The
terminals of the respective electrodes were taken out for
applying the alternative current voltage of a 1 kHz measure-
ment frequency and a 10 mV applied voltage between the
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electrodes by type 1260 of Solartron Analytical and finding
out the conductivity from the obtained electric current and
the specific resistance. The obtained specific resistance
value was 10'Q-cm .

What is claimed is:

1. A color filter for the IPS, comprising a base material, a
light shielding part formed on the base material, a semicon-
ductor photo catalyst containing layer formed so as to cover
the base material and the light shielding part, containing at
least a semiconductor photo catalyst and an organopolysi-
loxane, and a colored layer formed in an opening part of the
light shielding part on the semiconductor photo catalyst
containing layer, wherein a specific resistance value of the
semiconductor photo catalyst containing layer is 10° Q-cm
or more.

2. The color filter for the IPS according to claim 1,
wherein the specific resistance value of the light shielding
part is 10° Q-cm or more, and the specific resistance value
of the semiconductor photo catalyst containing layer is
higher than the specific resistance value of the light shield-
ing part.

3. The color filter for the IPS according to claim 1,
wherein an over-coating layer is formed on the colored layer,
and the specific resistance value of the over-coating layer is
10° Q-cm or more.

4. The color filter for the IPS according to claim 2,
wherein an over-coating layer is formed on the colored layer,
and the specific resistance value of the over-coating layer is
106 Q-cm or more.

5. The color filter for the IPS according to claim 1,
wherein a transparent conductive layer is formed on the base
material on an opposite side with respect to a side with the
colored layer formed.

6. The color filter for the IPS according to claim 2,
wherein a transparent conductive layer is formed on the base
material on an opposite side with respect to a side with the
colored layer formed.

7. The color filter for the IPS according to claim 3,
wherein a transparent conductive layer is formed on the base
material on an opposite side with respect to a side with the
colored layer formed.

8. The color filter for the IPS according to claim 4,
wherein a transparent conductive layer is formed on the base
material on an opposite side with respect to a side with the
colored layer formed.

9. The color filter for the IPS according to claim 1,
wherein the colored layer is formed by an ink jet method.

10. The color filter for the IPS according to claim 2,
wherein the colored layer is formed by an ink jet method.

11. A production method for a color filter for the IPS, in
which the color filter is the color filter according to claim 9,
wherein the colored layer is bent and formed by relatively
moving the substrate, a head of an ink jet apparatus for
forming the colored layer at the time of forming the colored
layer by the ink jet method, and dropping an ink discharged
from the head linearly with respect to the bent colored layer
so that the bent colored layer is formed by wetting and
spreading the dropped ink.

12. A production method for a color filter for the IPS, in
which the color filter is the color filter according to claim 10,
wherein the colored layer is bent and formed by relatively
moving the substrate, a head of an ink jet apparatus for
forming the colored layer at the time of forming the colored
layer by the ink jet method, and dropping an ink discharged
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from the head linearly with respect to the bent colored layer
so that the bent colored layer is formed by wetting and
spreading the dropped ink.

13. Aliquid crystal display apparatus comprising the color
filter for the IPS according to claim 1, a liquid crystal driving
side substrate having an electrode disposed facing the color
filter for the IPS, and a liquid crystal layer sandwiched
between the color filter for the IPS and the liquid crystal
driving side substrate, wherein the specific resistance value
of the liquid crystal layer is 109 Q-cm or more.

14. Aliquid crystal display apparatus comprising the color
filter for the IPS according to claim 2, a liquid crystal driving
side substrate having an electrode disposed facing the color
filter for the IPS, and a liquid crystal layer sandwiched
between the color filter for the IPS and the liquid crystal
driving side substrate, wherein the specific resistance value
of the liquid crystal layer is 109 Q-cm or more.

15. Aliquid crystal display apparatus comprising the color
filter for the IPS according to claim 1, a liquid crystal driving
side substrate disposed facing the color filter for the IPS, and
a liquid crystal layer sandwiched between the color filter for
the IPS and the liquid crystal driving side substrate, wherein
the liquid crystal driving side substrate comprises a plurality
of scanning lines disposed as a matrix, a video signal wiring,
pixel electrodes to be paired, and an active element con-
nected with the pixel electrodes, the scanning lines, and the
video signal wiring, the pixel electrodes to be paired have a
strip like shape and disposed such that a longer side of one
of the pixel electrodes is substantially parallel with a longer
side direction of the other pixel electrode, and the video
signal wiring and pixel electrodes are disposed in a manner
bent with respect to a liquid crystal orientation direction by
an angle in a range of +1 degree to +30 degrees.

16. Aliquid crystal display apparatus comprising the color
filter for the IPS according to claim 2, a liquid crystal driving
side substrate disposed facing the color filter for the IPS, and
a liquid crystal layer sandwiched between the color filter for
the IPS and the liquid crystal driving side substrate, wherein
the liquid crystal driving side substrate comprises a plurality
of scanning lines disposed as a matrix, a video signal wiring,
pixel electrodes to be paired, and an active element con-
nected with the pixel electrodes, the scanning lines, and the
video signal wiring, the pixel electrodes to be paired have a
strip like shape and disposed such that a longer side of one
of the pixel electrodes is substantially parallel with a longer
side direction of the other pixel electrode, and the video
signal wiring and pixel electrodes are disposed in a manner
bent with respect to a liquid crystal orientation direction by
an angle in a range of 1 degree to +30 degrees.

17. Aliquid crystal display apparatus comprising the color
filter for the IPS according to claim 1, a liquid crystal driving
side substrate disposed facing the color filter for the IPS, and
a liquid crystal layer sandwiched between the color filter for
the IPS and the liquid crystal driving side substrate, wherein
the liquid crystal driving side substrate comprises a plurality
of scanning lines disposed as a matrix, a video signal wiring,
pixel electrodes to be paired, and an active element con-
nected with the pixel electrodes, the scanning lines, and the
video signal wiring, the pixel electrodes to be paired have a
strip like shape and disposed such that a longer side of one
of the pixel electrodes is substantially parallel with a longer
side direction of the other pixel electrode, and the scanning
lines and pixel electrodes are disposed in a manner bent with
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respect to a liquid crystal orientation direction by an angle
in a range of £1 degree to +30 degrees.

18. Aliquid crystal display apparatus comprising the color
filter for the IPS according to claim 2, a liquid crystal driving
side substrate disposed facing the color filter for the IPS, and
a liquid crystal layer sandwiched between the color filter for
the IPS and the liquid crystal driving side substrate, wherein
the liquid crystal driving side substrate comprises a plurality
of scanning lines disposed as a matrix, a video signal wiring,
pixel electrodes to be paired, and an active element con-
nected with the pixel electrodes, the scanning lines, and the
video signal wiring, the pixel electrodes to be paired have a
strip like shape and disposed such that a longer side of one
of the pixel electrodes is substantially parallel with a longer
side direction of the other pixel electrode, and the scanning
lines and pixel electrodes are disposed in a manner bent with
respect to a liquid crystal orientation direction by an angle
in a range of =1 degree to £30 degrees.

19. Aliquid crystal display apparatus comprising the color
filter for the IPS according to claim 1, a liquid crystal driving
side substrate disposed facing the color filter for the IPS, and
a liquid crystal layer sandwiched between the color filter for
the IPS and the liquid crystal driving side substrate, wherein
the liquid crystal driving side substrate comprises a plurality
of scanning lines disposed as a matrix, a video signal wiring,
pixel electrodes to be paired, and an active element con-
nected with the pixel electrodes, the scanning lines, and the
video signal wiring, the pixel electrodes to be paired have a
strip like shape and disposed such that a longer side of one
of the pixel electrodes is substantially parallel with a longer
side direction of the other pixel electrode, and the video
signal wiring and pixel electrodes are disposed in a manner
bent with respect to a liquid crystal orientation direction by
an angle in a range of 60 degrees to 120 degrees except 90
degrees.

20. Aliquid crystal display apparatus comprising the color
filter for the IPS according to claim 2, a liquid crystal driving
side substrate disposed facing the color filter for the IPS, and
a liquid crystal layer sandwiched between the color filter for
the IPS and the liquid crystal driving side substrate, wherein
the liquid crystal driving side substrate comprises a plurality
of scanning lines disposed as a matrix, a video signal wiring,
pixel electrodes to be paired, and an active element con-
nected with the pixel electrodes, the scanning lines, and the
video signal wiring, the pixel electrodes to be paired have a
strip like shape and disposed such that a longer side of one
of the pixel electrodes is substantially parallel with a longer
side direction of the other pixel electrode, and the video
signal wiring and pixel electrodes are disposed in a manner
bent with respect to a liquid crystal orientation direction by
an angle in a range of 60 degrees to 120 degrees except 90
degrees.

21. Aliquid crystal display apparatus comprising the color
filter for the IPS according to claim 1, a liquid crystal driving
side substrate disposed facing the color filter for the IPS, and
a liquid crystal layer sandwiched between the color filter for
the IPS and the liquid crystal driving side substrate, wherein
the liquid crystal driving side substrate comprises a plurality
of scanning lines disposed as a matrix, a video signal wiring,
pixel electrodes to be paired, and an active element con-
nected with the pixel electrodes, the scanning lines, and the
video signal wiring, the pixel electrodes to be paired have a
strip like shape and disposed such that a longer side of one
of the pixel electrodes is substantially parallel with a longer
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side direction of the other pixel electrode, and the scanning
lines and pixel electrodes are disposed in a manner bent with
respect to a liquid crystal orientation direction by an angle
in a range of 60 degrees to 120 degrees except 90 degrees.

22. Aliquid crystal display apparatus comprising the color
filter for the IPS according to claim 2, a liquid crystal driving
side substrate disposed facing the color filter for the IPS, and
a liquid crystal layer sandwiched between the color filter for
the IPS and the liquid crystal driving side substrate, wherein
the liquid crystal driving side substrate comprises a plurality
of scanning lines disposed as a matrix, a video signal wiring,
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pixel electrodes to be paired, and an active element con-
nected with the pixel electrodes, the scanning lines, and the
video signal wiring, the pixel electrodes to be paired have a
strip like shape and disposed such that a longer side of one
of the pixel electrodes is substantially parallel with a longer
side direction of the other pixel electrode, and the scanning
lines and pixel electrodes are disposed in a manner bent with
respect to a liquid crystal orientation direction by an angle
in a range of 60 degrees to 120 degrees except 90 degrees.
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