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(57) ABSTRACT

There 1s provided a color filter without a shading part, which
comprises a fransparent substrate, a picture element part
provided on the transparent substrate by the predetermined
pattern of a plurality of colors with an ink jet system, and a
wettability-variable layer, in which the wettability can be
changed, provided for forming the picture element part.
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COLOR FILTER AND PROCESS FOR PRODUCING
THE SAME

BACKGROUND OF THE INVENTION

[0001] The present invention relates to a color filter which
1s obtained by coloring a picture element part with an ink jet
system and which 1s suitable for a color liquid crystal display
and a process for producing the same.

10002] Recently, there has been a tendency that a demand
for a liquid crystal display, particularly a color liquid crystal
display 1s increasing with the development of a personal
computer, particularly a portable personal computer. How-
ever, since this color liquid crystal display 1s expensive, a
demand for the cost-cut i1s getting higher and, 1n particular,
a demand for the cost-cut of a color filter weighing 1n a
respect of cost 1s high.

[0003] In such a color filter, a liquid crystal usually
operates as a shutter by equipping with three primary colors
of red (R), green (G) and blue (B) and switching ON and
OFF of an electrode corresponding to each picture element
part of R, G and B and the color display 1s performed by
transmission of the light through each picture element part
of R, G and B.

[0004] As a process for producing a color filter which has
hitherto been carried out, there 1s, for example, a dyeing
process. In this dyeing process, a water-soluble polymer
material which 1s a material for dyeing is first formed on a
glass substrate, which 1s patterned 1nto the desired shape by
a photolithography step and the resulting pattern 1s dipped
into a dyeing bath to obtain a colored pattern. This 1s
repeated three times to form a color filter layer consisting of
picture element parts of R, G and B.

[0005] Alternatively, as an another method, there is a
pigment dispersing method (color resist method). In this
method, a photosensitive resin layer in which a pigment 1s
dispersed 1s first formed on a substrate and this 1s subjected
to patterning to obtain a monocolor pattern. Further, this step
1s repeated three times to form a color filter layer consist of
picture element parts of R, G and B.

[0006] As a still another method, there are an electrode
position method and a method of dispersing a pigment 1n a
thermosetting resin and performing three times printing of
R, G and B and, thereafter, thermally curing the resin.
However, 1n any method, the same step needs to be repeated
three times for coloring three colors of R, G and B, and there
1s a problem that the cost 1s high and a yield 1s decreased
because of repetition of a step.

[0007] As a process for producing a color filter which has
solved these problems, there 1s proposed a method of
blowing a coloring ink with an ink jet system to form a
colored layer (picture element part) (JP-A-59-75205). In the
publication, there are disclosed a method 1n which a convex
part which 1s a border 1s printed in advance with a material
having the worse wettability on an ink when an 1nk having
the better wettability on a glass substrate 1s used, and a
method 1 which a pattern 1s formed 1n advance with a
material having the better wettability on an 1nk to help the
ink fixation when an ink having the worse wettability on a
glass 1s used. However, there 1s no description regarding
how to specifically coat a material having the better wetta-
bility and a material having the worse wettability.
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[0008] On the other hand, as another process for produc-
ing a color {filter by blowing a coloring ink by an ink jet
system to form a colored layer (picture element part), there
1s disclosed a method of treating a concave part with an
inkphilic treating agent in JP-A-9-203803. In this method, a
convex part 1s formed 1n advance on a substrate and this
convex part 1s made to be ink-repellent and, thereafter, the
whole substrate 1s surface-treated with the inkphilic treating,
agent. However, 1n this method, since a convex part needs to
be ink-repellent 1n advance upon the inkphilic treatment,
there 1s a problem that two times treatments of the ink-
repulsion treatment and the inkphilic treatment need to be
performed.

[0009] In addition, as a method for producing a color filter
by forming a colored layer with an 1nk jet system, there 1s
described a method of forming a colored layer (picture
element part) by providing an ink absorbing layer on a
substrate and making a difference in the 1nk absorbability of
this absorbing layer between an exposed part and an unex-
posed part in JP-A-8-230314 and JP-A-8-227012. However,
in this method, since a colored layer 1s formed by forming
an absorbing layer and absorbing an ink in this absorbing
layer, there 1s a problem that a difference 1n the coloration
between a central part of an 1nk dot and a surrounding part
of that 1s present which results in the color nonuniformity. In
addition, there 1s also a problem that this absorbing layer
needs the predetermined thickness resulted from its function
of absorbing an 1ink.

[0010] On the other hand, in a color filter, a shading part
called as a black matrix 1s generally provided on a boundary
portion of a picture element part. The shading part generally
formed on the side of color filter. However, 1n case of using
as a liquid crystal panel, there are some cases that the
shading part 1s formed on the side of a substrate opposite to
the color filter. When the shading part 1s formed on the side
of a substrate opposite to the color filter, a color filter in
which a shading part 1s not provided, 1s formed. The
above-described problems also occur in the color filter
which do not has a shading part.

[0011] The present invention was done in view of the
above problems and a main object thereof 1s to provide a
color filter which do not have a shading part, in which a part
having the better wettability and a part having the worse
wettability can be formed on a single layer regarding the
wettability of a substrate which becomes problematic upon
formation of a picture element part with an ink jet system,
and a pattern formed of the part having the better wettability
and the part having the worse wettability can be formed 1n
a few steps and, further, an ink absorbing layer i1s not
necessary, and which has the better quality and which can be
produced with the low cost, and a process for producing the
same.

SUMMARY OF THE INVENTION

[0012] In order to attain the aforementioned object, the
present mvention provides a color filter which comprises a
fransparent substrate, a picture element part in which a
plurality of colors are provided 1n the predetermined pattern
with an 1nk jet system on the transparent substrate, and a
wefttability-variable layer being capable of varying the wet-
tability which 1s provided for forming the picture element
part.
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[0013] As described above, the present invention is char-
acterized 1n that 1t has a wettability-variable layer 1n order to
form a picture element part. Therefore, by utilizing the
change 1n the wettability of a wettability-variable layer, a
picture element part can be formed with the better precision,
and a high quality color filter having no problem such as
color missing and color nonuniformity can be provided.

[0014] In this case, the construction may be such that the
wefttability-variable layer 1s provided on the transparent
substrate, and the picture element part 1s provided on the
wefttability-variable layer. By forming such a construction, a
wefttability-variable layer of a part on which a picture
clement part 1s formed can be made to be an inkphilic region
having a small contact angle with a liquid in advance, and
the other part of the wettability-varable layer can be made
to be an ink-repellent region having a large contact angle
with a liquid. By coloring the inkphilic region where the
picture element part 1s formed, with an 1nk jet system, an 1nk
1s adhered to only the 1nkphilic region having a small contact
angle with a liquid. Accordingly, the ink 1s applied uni-
formly within the whole surface of the picture element part.
Therefore, a color filter having no disadvantage such as
color nonuniformity and color missing can be provided.

[0015] Inthe present invention, it is preferable that a space
(distance) between the picture element parts is not more than
2 um. Since a color filter of the present invention does not
have a black matrix (shading part), when actually using for
a liquid crystal panel, 1t 1s necessary to use together with a
back light side substrate having a black-matrix. In this case,
when a space between picture element parts 1s wide, 1t 1s
necessary to have a high precision concerning positioning
with the back light side substrate which has a black matrix.
If 1t 1s not so, a back light penetrates the space between the
picture element parts, as a result, the so-called color missing,
may occur. Accordingly, 1t 1s preferable that the space
between the picture element parts 1s as small as possible,
concretely, 1t 1s preferable that the space between the picture
clement parts 1s not more than 2 um. Further, a colored layer
consisting of the picture element parts can obtain surface
smoothness 1f the space between the picture element parts 1s

small like that.

[0016] In the present mvention, an ink-repellent convex
part may be formed on a surface of a wettability-variable
layer at a boundary portion of the picture element part. Since
an ink-repellent convex part 1s formed on a boundary portion
between the picture element parts forming portions when the
picture element part 1s formed by adhering an ink with an ink
jet system, the disadvantages such as mixing of inks during
coloring, do not occur, being preferable.

[0017] On the other hand, in the present invention, the
construction may be such that the picture element part is
provided on the transparent substrate, and the wettability-
variable layer 1s provided on a border portion between the
picture element parts.

[0018] In this case, by making the wettability of a wetta-
bility-variable layer on a border part of a picture element
part, an 1nk-repellent region having the larger contact angle
with a liquid than that of a part on a transparent substrate, on
which a picture element part 1s to be formed, since it 1s
difficult for an ink to migrate over a border part of a picture
clement part having ink-repellent properties upon coloring a
part on which a picture element part 1s to be provided
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(picture element part forming portion) with an ink jet
system, a color filter having no disadvantages such as ink
mixing and the like can be provided. In addition, by making
a wettability-variable layer of a border part of a picture
clement part an 1nkphilic region having the small contact
angle with a liquid thereafter, covering the whole with a
protecting layer can be easily carried out and, thus, a color
filter having the high quality can be obtained.

[0019] In this case, it is preferable that the wettability on
the transparent substrate 1s less than 10 degrees 1n terms of
the contact angle with a liquid having the surface tension of
40 mN/m. This 1s because, when an 1nk 1s adhered to the
picture element part forming portion on the transparent
substrate with an ink jet system, the ink for the picture
clement part 1s uniformly spread with a picture element part
forming portion, the better-quality color filter having no
disadvantages such as color nonuniformity and the like can
be provided.

0020] In the present invention, it is preferable that the
wefttability-variable layer 1s a photocatalyst-containing layer

comprising at least a photocatalyst and a binder, and having
the wettability which varies so that the contact angle with a
liquid 1s decreased by irradiation with the energy.

10021] Like this, by forming a photocatalyst-containing
layer having the wettability which varies so that the contact
angle with a liquid 1s decreased by irradiation with the
energy, the wettability of this layer can be varied by per-
forming the pattern irradiation of the energy and the like and
an 1mkphilic region having the small contact angle with a
liquid can be formed easily and, for example, it becomes
possible to easily make only a part on which a picture
clement part 1s formed into an inkphilic region. Accordingly,
when a shading part 1s not provided between the picture
clement parts, the picture element part can be easily formed,
and a color filter without a shading port can be manufactured
ciiectively.

[10022] Ina color filter described above, it is preferable that
the photocatalyst-containing layer contains fluorine and the
photocatalyst-containing layer 1s formed so that the content
of fluorine on the surface of the photocatalyst-containing
layer 1s decreased by the action of the photocatalyst as
compared with before the irradiation of the energy upon
irradiating the photocatalyst-containing layer with the
energy.

[0023] As mentioned above, since a color filter of the
present 1nvention 1s constructed such that the fluorine con-
tent of the energy 1rradiated part on a photocatalyst-contain-
ing layer formed on a transparent substrate 1s decreased, a
pattern comprising a part in which the fluorine content 1s
decreased can be formed by the pattern-irradiation of the
energy. Since when the fluorine content 1s decreased, the part
becomes a region having the high inkphilicity as compared
with other parts, it becomes possible to easily make only a
part on which a picture element part and the like 1s formed
an 1nkphilic region, and a color filter can be easily manu-
factured.

10024] Further, in a color filter described above, it is
preferable that the fluorine content of a part in which the
fluorine content 1s decreased by irradiating the photocata-
lyst-containing layer with the energy, 1s 10 or less relative to
100 of the fluorine content of a part which was not irradiated
with the energy.
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[0025] When, like this, the fluorine content of a part
having the lower fluorine content which was formed by
irradiating the photocatalyst-containing layer with the
energy, 1s 10 or less based on the weight relative to 100 of
the tfluorine content of a part which is not rradiated with the
energy, a great difference 1n the inkphilicity between a part
irradiated with the energy and a part not irradiated with the
energy can be produced. Therefore, by forming a picture
clement part and the like on a photocatalyst-containing layer
on which such the pattern 1s formed, 1t becomes possible to
precisely form a picture element part and the like on only an
inkphilic region having the reduced fluorine content and a
color filter can be manufactured with the better precision.

[0026] The photocatalyst comprised in the photocatalyst-
containing layer, 1s preferably one or more selected from the
group consisting of titanium oxide (T10,), zinc oxide (ZnO),
tin oxide (Sn0O,), strontium titanate (SrT10,), tungsten oxide
(WO,), bismuth oxide (Bi,05), and iron oxide (Fe,0;). Inter
alia, titanium oxide ('Ti0O,) is preferable. This is because
since titanium oxide has the high band gap energy, 1t 1s
cfiective as a photocatalyst, 1s chemically stable, has no
toxicity and 1s easily available.

[0027] In the case of a color filter in which a photocatalyst
1s titanium oxide, it 1s preferable that 1t has a photocatalyst-
containing layer 1n which fluorine element 1s contained in
the surface of the photocatalyst-containing layer at an
amount of 500 or more relative to 100 of titanium element
as quanfified by a X-ray photoelectron spectroscopic
method.

[0028] This is because, when such the degree of fluorine
(F) element 1s contained, the ink-repellent properties of a
part not irradiated with the energy are sufficient and, when
a pattern of a part having the reduced fluorine (F) element
content by the energy irradiation i1s formed and a picture
clement part and the like are formed thereon, an 1ink and the
like do not drop out 1nto a part other than a part on which a
picture element part 1s formed and a color filter can be
manufactured more precisely.

[10029] On the other hand, in a color filter described above,
a binder which 1s the other component constituting a pho-
tocatalyst-containing layer 1s preferably organopolysiloxane
having a fluoroalkyl group.

[0030] The reasons are as follows. In a color filter of the
present 1nvention, as a method of inclusion of fluorine
clement 1n a photocatalyst-containing layer, mention may be
made of various methods. However, by using organopolysi-
loxane having a fluoroalkyl group as a binder, fluorine
clement can be easily contained in a photocatalyst-contain-
ing layer and the content thereof can be easily reduced by the
energy irradiation.

[0031] In addition, in a color filter described above, it is
preferable that a binder which 1s the other component
constituting a photocatalyst-containing layer, 1s formed of
organopolysiloxane which 1s one or more of a hydrolyzed
condensed compound or a co-hydrolyzed condensed com-
pound of a silicon compound represented by Y_SiX(, )
(wherein Y represents alkyl group, fluoroalkyl group, vinyl
group, amino group, phenyl group or epoxy group, X
represents alkoxy group or halogen, and n 1s an integer of 0
to 3).

[0032] Ina color filter described above, it is preferable that
a silicon compound having a fluoroalkyl group among the
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aforementioned silicon compounds constituting the afore-
mentioned organopolysiloxane 1s contained at an amount of
not less than 0.01 mol %.

[0033] The reasons are as follows. When a silicon com-
pound having a fluoroalkyl group 1s contained at an amount
of not less than 0.01 mol %, fluorine element 1s suiliciently
contained in the surface of a photocatalyst-containing layer
and 1t 1s possible to make larger the difference in the
wettability between an inkphilic region on a photocatalyst-
containing layer having the reduced fluorine element content
resulted from the energy 1rradiation and an ink-repellent
region on the surface of a photocatalyst-containing layer not
irradiated with the energy. Accordingly, an 1nk and the like
can be precisely attached into an ink-repellent region with-
out dropping out upon formation of a picture element part
and the like on an inkphilic region, and a color filter having,
the better quality can be manufactured.

[0034] In the present invention, it is preferable that the
contact angle with a liquid having the surface tension of 40
mN/m on the photocatalyst-containing layer 1s 10 degrees or
more 1n a part not irradiated with the energy and the angle
1s less than 10 degrees 1n a part irradiated with the energy.
Since a part not 1rradiated with the energy 1s a part requiring
the 1nk-repellent properties, when the contact angle with a
liquid having the surface tension of 40 mN/m 1s less than 10
degrees, the mk-repellent properties are not sufficient and
there 1s a possibility that an 1ink and a coating material for a
shading part and the like remain, being not preferable. On
the other hand, when the contact angle of a part irradiated
with the energy with a liquid having the surface tension of
40 mN/m 1s 10 degrees or more, there 1s a possibility that the
spread of an ink and a coating material for a shading part 1s
inferior, color missing and the like may occur 1n a picture
clement part.

[0035] Further, in the present invention, it is preferable
that a picture element part colored with the aforementioned
ink jet system 1s a picture element part colored with an ink
jet system using an UV-curing ink. This 1s because, after a
picture element part 1s colored with an ink jet system by
using an-UV curing ink, UV 1s irradiated and, thereby, an 1ink
can be rapidly cured, which can be sent to a next step, being
preferable 1n a respect of the efficiency.

[0036] A liquid crystal panel having the aforementioned
color filter and a opposite substrate having a shading part,
and which 1s obtained by encapsulating a liquid crystal
compound between both substrates, has the advantages of
the aforementioned color filter, that 1s, the advantages that
color missing and color nonuniformity of a picture element
part are not present and it 1s advantageous 1n a respect of
COSt.

[0037] In order to attain the aforementioned object, the
present 1nvention provides a process for production of a
color filter, which comprises steps: (1) a step of providing a
photocatalyst-containing layer having the wettability of the
energy-irradiated part which changes in a direction of reduc-
fion of the contact angle with a liquid, on a transparent
substrate, (2) a step of forming an exposed part for a picture
clement part by pattern-irradiating with the energy on a
picture element part forming portion on which the picture
clement part, on the photocatalyst-containing layer formed
on the transparent substrate, is to be formed, and (3) a step
of coloring the exposed part for a picture element part with
an 1nk jet system, to form a picture element part.
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[0038] In a process for producing a color filter in the
present invention, by providing a photocatalyst-containing,
layer on a transparent substrate and 1rradiating this photo-
catalyst-containing layer with the energy, an exposed part
for a picture element part, on which the contact angle with
a liquid of the energy-irradiated part 1s reduced, can be
formed. By coloring the exposed part for a picture element
part with an 1nk jet system, the picture element part can be
casily formed. Accordingly, 1t 1s possible to form the picture
clement part with the ik jet system with advantageous 1n a

respect of cost even if there 1s no shading part on the
transparent substrate.

[0039] Further, in the present invention, the step of form-
ing an exposed part for a picture element part, then coloring
the part with an i1nk jet system to form the picture element
part, may comprise steps; (a) a step of forming a exposed
part for a first picture element part by pattern-irradiating
with the energy on a part of a picture element part forming,
portion on which the picture element part, on the photocata-
lyst-containing layer, is to be formed, (b) a step of forming
a {irst picture element part by coloring the exposed part for
a first picture element part with the ink jet system, (c) a step
of forming a exposed part for a second picture element part
by 1rradiating with the energy on a remaining part of a
picture element part forming portion on which the picture
clement part, on the photocatalyst-containing layer, 1s to be
formed, and (d) a step of forming a second picture element
part by coloring the exposed part for a second picture
clement part with the ink jet system.

[0040] When a picture element part is formed on a trans-
parent substrate without a shading part, it 1s not possible to
use the shading part as a partition during coloring a picture
clement part. Therefore, in case of forming a picture element
part through coloring a exposed part for a picture element
part converted to inkphilic region by irradiating with the
energy, and when a space between the exposed parts for a
picture element part 1s narrow, that 1s, when a width of an
ink-repellent region not exposed 1s narrow, there are some
possibilities of mixing some sorts of 1nk for adjacent picture
clement parts through migration over an ink-repellent region
during forming a picture element part. Accordingly, 1t 1s
desirable to form adjacent picture element parts as apart as
possible during formation of the picture element part. As
described above, when the method such that the second
picture element part 1s formed after the first picture element
part 1s formed, 1s employed, the adjacent picture element
parts can be formed on apart positions each other during
formation of the first picture element part because the energy
can be pattern-irradiated such that the picture element part 1s
formed alternately during formation of the first picture
clement part. Since the exposed part for a first picture
clement part 1s formed the condition such that relatively
wide 1ink-repellent region exist between the colored regions,
like that, and 1s colored with an ik jet system, there 1s no
possibility of mixing some sorts of ink for adjacent picture
clement parts. Then, the exposed part for a second picture
clement part 1s formed though exposing again between the
first picture element parts formed like that; and then is
colored with the ink jet system, as a result a color filter
which do not have deficiency such as ink mixing, can be
obtained. Further, concerning a color filter which do not
have a shading part, there are some demands such that no
space exist between picture element parts. In this case, it 1s
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necessary to employ the method such that the formation of
picture element parts divides into two times, described
above.

[0041] In the present invention, an exposed part for an
ink-repellent convex part where an ink-repellent convex part
1s to be formed, may be formed before formation of the
exposed part for a picture element part, and then an ink-
repellent convex part may be formed on the exposed part for
an 1nk-repellent convex part through using resin composi-
tion. By forming an ink-repellent convex part like this, for
example, when the ink-repellent convex part 1s formed
around the region where a picture element part 1s to be
formed, 1t 1s possible to prevent the problem such that a
picture element part can not be formed precisely because ink
flows out at the portion around a color filter. In this 1nven-
tion, particularly, 1t 1s preferable to form the ink-repellent
convex part between the picture element parts. It 1s the
reason to do so that the above mentioned problem, that is,
mixing some sorts of 1nk for adjacent picture element parts,
become hardly to occur.

[0042] Further, the present invention provides a process
for production of a color filter, which comprises steps: (1) a
step of providing a photocatalyst-containing layer having the
wefttability of the energy-1rradiated part which changes 1n a
direction of reduction of the contact angle with a liquid, at
a boundary portion of a picture element part forming portion
on which the picture element part 1s to be formed, on a
transparent substrate, (2) a step of forming the picture
clement part on the picture element part forming portion on
the transparent substrate.

[0043] According to this method, first, a photocatalyst-
containing layer 1s provided at the boundary portion of the
picture element part on the transparent substrate. When the
material which has larger contact angle with a liquid before
irradiating the energy than that of a surface of the transparent
substrate, 1s employed to the photocatalyst-containing layer,
the picture element part forming portion 1s an inkphilic
region which has smaller contact angle with a liquid than
that of the boundary portion on which the photocatalyst-
contaming layer 1s formed. Accordingly, the boundary por-
tion of the picture element part forming portion acts as an
ink-repellent region. Thus, when 1nk 1s adhered to the picture
clement part forming portion which 1s an inkphilic region,
with an ink jet system 1n the next step, the adhered 1nk does
not migrate beyond the boundary portion which acts as an
ink-repellent region. Hence, 1t 1s difficult to generate the
problem such as ink mixing during formation of a color

filter.

[0044] Further, in this case, it is preferable that the wet-
tability on the transparent substrate 1s less than 10 degrees as
a contact angle with a liquid having the surface tension of 40
mN/m. Since the wettability of the surface of the transparent
substrate 1s inkphilic, an ink 1s uniformly and evenly spread
when an 1nk 1s adhered on a transparent substrate with an 1nk
jet system. Thus, color missing and color nonuniformity do
not generate, and a color filter having the high quality can be
obtained

BRIEF DESCRIPTION OF DRAWINGS

10045] FIG. 1 is a schematic sectional view showing an
example of the first embodiment of the color filter according
to the present 1nvention.
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10046] FIG. 2 is a schematic sectional view showing an
another example of the first embodiment of the color filter
according to the present 1invention.

10047] FIG. 3 is a schematic sectional view showing one
example of the second embodiment of the color filter
according to the present 1invention.

10048] FIG. 4 1s a process drawing for explaining the third
embodiment of a process for producing the color filter
according to the present 1nvention.

10049] FIG. 5 is a process drawing for explaining an
another example of the third embodiment of a process for
producing the color filter according to the present invention.

[0050] FIG. 6 is a schematic plan view showing the first
picture element part and the second picture element part in
a process for producing showing in FIG. §.

[0051] FIG. 7 is a schematic plan view showing the
examples of a photomask using 1n the process for producing
the color filter according to the present invention.

[0052] FIG. 8 is a process drawing for explaining an
another example of the third embodiment of a process for
producing the color filter according to the present invention.

10053] FIG.9is a process drawing for explaining the forth
embodiment of a process for producing the color filter
according to the present 1nvention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

[0054] The present invention will be explained in detail
and a color filter 1s first explained and, then, a process for
producing a color filter 1s explained.

[0055] A. Color filter

[0056] First, the color filter according to the present inven-
tion 1s explained. The color filter according to the present
invention comprises a transparent substrate, a picture ele-
ment part in which a plurality of colors are provided 1n the
predetermined pattern with an ink jet system on the trans-
parent substrate, and a wettability-variable layer being
capable of varying the wettability which 1s provided for
forming the picture element part.

[0057] The present invention has a wettability-variable
layer 1n order to form a picture element part as described
above. Therefore, since a picture element part can be easily
formed by varying the wettability of a wettability-variable
layer, a color filter having the high quality can be obtained
at the low cost. “In order to form a picture element part”
herein includes the meaning that a picture element part 1s
positioned on a transparent substrate.

[0058] The color filter according to the present invention,
having such the wettability-variable layer 1s explained in
detail below by means of some embodiments.

1. The First Embodiment

[0059] The first embodiment of the present invention is a
color filter 1n which the picture element part 1s provided on
the predetermined portion on the wettability-variable layer
which 1s formed on the transparent substrate. This shows an
example of a color filter in which a picture element part 1s
positioned through a wettability-variable layer.
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[0060] In the present embodiment, a picture element part
1s provided on a wettability-variable layer being capable of
varying the wettability 1n a color filter without a shading
part. Therefore, the wettability of a part on which a picture
clement part 1s to be provided in advance can be made into
an 1kphilic region having the small contact angle with a
liquid and the other part can be made 1nto an ink-repellent
region having the large contact angle with a liquid. Since an
ink 1s adhered to only an inkphilic region having the small
contact angle with a liquid by coloring the picture element
part forming portion on which a picture element part 1s to be
provided, with an inkjet system, 1 spite of a surface of a
fransparent substrate without a shading part, an ink 1is
uniformly spread over the whole picture element part, and a
region having no ink 1s not present and color nonuniformaity
and the like do not occur 1n a picture element part, and an
ink 1s not adhered to the other ink-repellent region.

[0061] One example of the color filter according to the
first embodiment like this 1s explained using some drawings.

[0062] FIG. 1 shows one example of a color filter of the
present embodiment. This color filter 1 comprises a wetta-
bility-variable layer 3 formed on a transparent substrate 2,
and a picture element part 4 having three color parts of
red(R), green(G), and blue(B) formed on the wettability-
variable layer 3. In a color filter of the present embodiment,
an protecting layer may be formed on the picture element
part 4 as needed.

[0063] In a color filter of the present embodiment, it is
preferable that a space between the picture element parts 4
1s narrow. Since a color filter of the present embodiment 1s
a type of color filter in which a black matrix (shading part)
1s not provided, when actually using for a liquid crystal
display, it 1s necessary to use together with a back light side
substrate having a black-matrix. In this case, when a space
between the picture element parts 1s wide, it 1s necessary to
have a high precision concerning positioning with the back
light side substrate on which the black-matrix 1s provided. It
it 1s not so, a back light penctrates the space between the
picture element parts, as a result, the so-called color missing,
may occur so 1t 1s not preferable.

[0064] Further, there is an advantage such that a colored
layer consisting of the picture element parts can be smooth-
ness through that the space between the picture element
parts 1s narrow like that. In the present embodiment, con-
cretely, 1t 1s preferable that a disatnce between the picture
clement parts 1s not more than 2 um, particularly, not more
than 1 um. If necessary, there may be no space between the
picture eclement parts of the color filter 1n the present
invention.

[0065] FIG. 2 shows an another example of a color filter
of the present embodiment. In this example, similar to the
example showing 1n FIG. 1, a color filter comprises a
wettability-variable layer 3 formed on a transparent sub-
strate 2, and a picture element part 4 formed on the wetta-
bility-variable layer 3. Further, an ink-repellent convex part
5 which has an ink-repellent property, 1s formed on a portion
between the picture element parts 4. Since an ink-repellent
convex part 5 1s formed 1n a color filter 1 of this example like
this, an 1k 1s not flown out over this ink-repellent convex
part 5 upon adhering an 1nk to a picture element part forming
portion with an 1nk jet system and, thus, a color filter having
a picture element part which does not mix with an ik of an
another color can be obtained.
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[0066] Each part constituting such the color filter is
explained below.

0067] (Wettability-Variable Layer)

0068] The wettability-variable layer is not particularly
limited so long as the wettability of the surface thereof can
be varied by the external stimulation, for example, physical
stimulation and chemical stimulation. For example, the layer
may be a layer 1n which the state of roughness of the surface
1s varied by an acid, an alkali and the like and, whereby, the
wefttability 1s varied, or a layer in which a substance in the
wettability-variable layer 1s changed by wrradiation of the
energy such as the ultraviolet light, the visible light and the
heat and, whereby, the wettability 1s changed.

[0069] In addition, regarding the change in the wettability,
the layer may be a wettability-variable layer in which a
contact angle with a liquid i1s great before the addition of
stimulation and a contact angle with a liquid 1s changed so
that it becomes smaller after the addition of stimulation, or
a wettability-variable layer 1n which a contact angle with a
liquid 1s conversely small before the addition of stimulation
and a contact angle with a liquid 1s greatly changed.

0070] (Photocatalyst-Containing Layer)

0071] In the present invention, it is preferable that this
wefttability-variable layer i1s a photocatalyst-containing layer
in which the wettability changes so that a contact angle with
a liquid 1s reduced by the energy 1rradiation. The reasons are
as follows. By providing a photocatalyst-containing layer 1n
which the wettability changes so that a contact angle with a
liquid 1s reduced by exposure (which means not only the
light irradiation but also the energy irradiation 1n the present
invention) like this, the photocatalyst-containing layer can
be made 1nto an inkphilic region having the small contact
angle with a liquid by pattern-irradiating with the energy to
casily change the wettability and, for example, only a part on
which a picture element part 1s to be formed can be easily
made 1nto an inkphilic region. Theretfore, a color filter can be
manufactured effectively and 1t becomes advantageous 1n a
respect of cost. In this case, it 1s preferable that the light
including the ultraviolet ray 1s used as the energy.

[0072] An inkphilic region herein is a region having the
small contact angle with a liquid and 1s intended to refer to
a region having the better wettability relative to an 1nk for an
ink jet, a coating material for a shading part and the like. In
addition, an ink-repellent region 1s a region having the great
contact angle with a liquid and 1s intended to refer to a region
having the worse wettability relative to an 1nk for an 1nk jet,
a coating material for a shading part and the like.

[0073] It 1s preferable that, in the photocatalyst-containing
layer, a contact angle with a liquid having the surface tension
of 40 mN/m 1s 10 degrees or more 1n a part not exposed,
preferably a contact angle with a liquid having the surface
tension of 30 mN/m 1s 10 degrees or more and, particularly,
a contact angle with a liquid having the surface tension of 20
mN/m 1s 10 degrees or more. This 1s because, since a part not
exposed 1s required to be mk-repellent 1n the present inven-
fion, when a contact angle with a liquid 1s small, the
ink-repellent properties are not sufficient and there arises a
possibility that an 1ink or a coating material for a shading part
remains, being not preferable.

[0074] In addition, it is preferable that the photocatalyst-
containing layer 1s a layer in which a contact angle with a
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liquid 1s reduced when exposed and a contact angle with a
liquid having the surface tension of 40 mN/m becomes less
than 10 degrees, preferably a contact angle with a liquid
having the surface tension of 50 mN/m becomes 10 degrees
or less and, particularly, a contact angle with a liquid having
the surface tension of 60 mN/m becomes 10 degrees or less.
When a contact angle with a liquid of an exposed part 1s
high, there 1s a possibility that the spread of an ink or a
coating material for a shading part 1n this part 1s inferior and
color missing or the like occurs 1n a picture element part.

[0075] A contact angle with a liquid herein is obtained
from the results by measuring a contact angle with liquids
having various surface tensions using a contact angle mea-
suring apparatus (type CA-Z manufactured by Kyowa Inter-
face science Co., Ltd.) (after 30 seconds from dropping a
droplet from a microsyringe) or making a graph from the
results. In addition, as liquids having various surface ten-
sions upon this measurement, the wettability index standard
solutions manufactured by Junse1 Science Co., Ltd. can be
used.

[0076] It is preferable that a photocatalyst-containing
layer 1n the present mvention comprises at least a photo-
catalyst and a binder. By adopting such the layer, it becomes
possible to make the critical surface tension higher by the
action of the energy 1rradiation and a contact angle with a
liquid can be reduced.

[0077] Although the action mechanism of a photocatalyst
representing titanium oxide described below in such the
photocatalyst-containing layer i1s not necessarily clear, 1t 1s
considered that a carrier produced by the light irradiation has
influences on the chemical structure of organic substances
by the direct reaction with an adjacent compound or active
oxygen species 1n the presence of oxygen and water.

[0078] When a photocatalyst-containing layer is used as a
wefttability-variable layer 1n the present invention, the layer
can be made 1nto inkphilic by changing the wettability of an
exposed part using the action of oxidation, degradation and
the like of an organic group which 1s a portion of a binder
or additives with a photocatalyst and, whereby, there can be
arisen the great difference 1n the wettability between an
exposed part and an unexposed part. Hence, by enhancing
the acceptability (inkphilicity) and the repellent properties
(ink-repellent properties) with a coating material for a
shading part or an ink of an ink jet system, a color filter
having the better quality and which 1s also advantageous 1n
a respect of cost can be obtained.

[0079] In addition, when such the photocatalyst-contain-
ing layer 1s used in the present invention, the photocatalyst-
containing layer may be formed such that it contains at least
a photocatalyst and fluorine and further the content of
fluorine in the surface of this photocatalyst-containing layer
1s reduced with the aforementioned action of a photocatalyst
as compared with before the energy 1rradiation upon irradi-
ating the photocatalyst-containing layer with the energy.

[0080] In a color filter having such the characteristics, a
pattern comprising a part having the small content of fluo-
rine can be easily formed by pattern-irradiating with the
energy. Here, fluorine has the extremely low surface energy
and, for this reason, the surface of a substance having a large
amount of fluorine becomes smaller 1 the critical surface
tension. Therefore, the critical surface tension of a part
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containing a small amount of fluorine becomes greater as
compared with the critical surface tension of the surface of
a part containing a great amount of fluorine. This means that
a part containing a small amount of fluorine becomes an
inkphilic region as compared with a part containing a great
amount of fluorine. Hence, the formation of a pattern
comprising a part having a small amount of fluorine as
compared with the surrounding surface results in the for-
mation of an inkphilic region pattern in an ink-repellent
region.

|0081] Therefore, when such the photocatalyst-containing
layer 1s used, since the pattern of an inkphilic region can be
casily formed within an ink-repellent region by pattern-
irradiation of the energy, 1t becomes possible to easily form
a picture element part and the like in only this inkphilic
region and a color filter having the better quality can be
obtained.

[0082] It is preferable that, regarding the content of fluo-
rine contained in a photocatalyst-containing layer containing
fluorine as described above, the content of fluorine 1n an
inkphilic region having the lower content of fluorine which
was formed by the energy 1rradiation 1s 10 or less, preferably
5 or less, particularly preferably 1 or less when the fluorine
content 1n a part not irradiated with the energy 1s 100.

|0083] The reasons are as follows. By selecting the fluo-
rine content 1n such the range, 1t 1s possible to produce the
orcat difference 1n the inkphilic properties between the
energy-rradiated part and the energy-unirradiated part.
Theretfore, by forming a picture element part and the like on
such the photocatalyst-containing layer, it becomes possible
to precisely form a picture element part and the like 1n only
an 1inkphilic region having the reduced fluorine content and
a color filter can be obtained with the better precision. This
rate of reduction 1s based on weight.

[0084] Various methods which are generally performed
can be used to measure the fluorine content in such the
photocatalyst-containing layer and, for example, a method
which can quantitatively measure the fluorine amount in the
surface such as X-ray Photoelectron Spectroscopy, also
called as ESCA (Electron Spectroscopy for Chemical Analy-
sis), fluorescent X-ray analysis, and mass spectroscopy can
be used, being not limiting.

[0085] As a photocatalyst used in the present invention,
mention may be made of photosemiconductors such as
titanium oxide (Ti0.,), zinc oxide (ZnO), tin oxide (Sn0,),
strontium titanate (SrTi0,), tungten oxide (WOQO,), bismuth
oxide (B1,0,), and iron oxide (Fe,05). One or more may be
selected from them and mixed for use.

|0086] In the present invention, particularly, titanium
oxide 1s suitably used because titantum oxide has the high
band gap energy, 1s chemically stable and not toxic, and can
be obtained easily. There are two types of titanium oxide,
anatase and rutile. Although both can be used in the present
invention, anatase-type titanium oxide 1s preferable. Ana-
tase-type titanium oxide has the excitation wavelength of not
oreater than 380 nm.

|0087] As such the anatase-type titanium oxide, mention
may be made of hydrochloric acid-defloccuated-type ana-

tase-type titania sol (STS-02 (average particle size 7 nm)
manufactured by Ishihara Sangyo Kaisha, LTD., ST-KO1
manufactured by Ishihara Sangyo Kaisha, LTD.), and nitric
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acid-defloccuated-type anatase-type titania sol (TA-15
(average particle size 12 nm) manufactured by Nissan
Chemical Industries, Ltd.).

|0088] The small particle size of a photocatalyst is pref-
erable because the photocatalystic reaction occurs eflec-
tively. The average particle size of 50 nm or less 1s prefer-
able and it 1s particularly preferable to use a photocatalyst
having the average particle size of not greater than 20 nm.
As the particle size of a photocatalyst 1s smaller, the surface
roughness of a photocatalyst-containing layer becomes
smaller, being preferable. When the particle size of a pho-
tocatalyst exceeds 100 nm, the central line average surface
roughness becomes larger, the imnk-repellent properties of an
unexposed part of a photocatalyst-containing layer are
reduced and manifestation of the inkphilic properties of an
exposed part becomes 1nsuificient, being not preferable.

[0089] The color filter of the present invention may be a
color filter obtained by incorporating fluorine 1n the surface
of a photocatalyst-containing layer as described above,
reducing the fluorine content in the surface of a photocata-
lyst-containing layer by pattern-irradiating the surface of
this photocatalyst-containing layer with the energy and,
thereby, forming the pattern of an inkphilic region 1n an
ink-repellent region and forming a picture element part and
the like thereon. Even 1n this case, titanium oxide 1s prei-
erably used as a photocatalyst. The content of fluorine
contained 1n a photocatalyst-containing layer when titanium
oxide is used like this, is preferable such that fluorine (F)
clement 1s contained 1n the surface of a photocatalyst-
containing layer at an amount of not less than 50, preferably
not less than 800, particularly preferably 1200 relative to
100 of titanium (T1) element as quantitatively determined by
analyzing by X-ray photoelectron spectroscopy.

[0090] The reasons are as follows. Since it becomes pos-
sible to sufficiently reduce the critical surface tension in a
photocatalyst-containing layer by inclusion of such a degree
of fluorine (F) in a photocatalyst-containing layer, the ink-
repellent properties in the surface can be retained and,
thereby, the difference 1n the wettability between the 1nk-
repellent region and an inkphilic region in the surface 1n the
pattern part having the reduced fluorine content by the
pattern-rradiation of the energy and the quality of the finally
obtained color filter can be 1mproved.

[0091] Further, in such the color filter, it is preferable that
the fluorine content in an inkphilic region formed by the
pattern irradiation of the energy is such that fluorine (F)
clement 1s contained at a rate of not greater than 50,
preferably not greater than 20, particularly preferably not
greater than 10 relative to 100 of titanium (T1) element.

[0092] When the fluorine content in a photocatalyst-con-
taining layer can be reduced to such the degree, the sufficient
inkphilic properties can be obtained 1 order to form a
picture element part and the like, 1t becomes possible to form
a picture element part and the like with the better precision
due to the difference 1n the wettability between the inkphilic
region and the ink-repellent region not 1rradiated with the
energy, and a color {filter having the better quality can be
obtained.

[0093] In the present invention, it is preferable that a
binder used 1n a photocatalyst-containing layer has such the
high binding energy that the principal chain 1s not degraded
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by the photoexcitation of the aforementioned photocatalyst,
for example, mention may be made of (1) organopolysilox-
ane which exerts the great strength and which 1s obtained by
hydrolyzing and polymerization-condensing chloro or
alkoxysilane by a sol-gel reaction or the like, and (2)
organopolysiloxane obtained by cross-linking reactive sili-
cone having the excellent water-repellency and oil-repel-
lency.

[0094] In the case of the aforementioned (1), organopol-
ysiloxane which 1s obtained by hydrolyzing and condensing
or co-hydrolyzing and condensing one or more of silicon
compounds represented by the general formula:

Yﬂ SiX( 4_11)

[0095] (wherein Y represents alkyl group, fluoroalkyl
group, vinyl group, amino group, phenyl group or epoxy
ogroup, X represents alkoxyl group, acetyl group or halogen,
and n 1s an integer of 0 to 3). A number of carbon of a group
denoted by Y 1s preferably in a range of 1 to 20 and alkoxyl
group denoted by X 1s preferably methoxy group, ethoxy
group, propoxy group, and butoxy group.

[0096] More particularly, there can be used methyl-
trichlorsilane, methyltribromsilane, methyltrimethoxysi-
lane, methyltriethoxysilane, methyltriusopropoxysilane,
methyltri-t-butoxysilane; ethyltrichlorsilane, ethyltribromsi-
lane, ethyltrimethoxysilane, ethyltriethoxysilane, ethyltri-
1sopropoxysilane, ethyltri-t-butoxysilane; n-propyltrichlor-
silane, n-propyltribromsilane, n-propyltrimethoxysilane,
n-propyltriethoxysilane, n-propyltriisopropoxysilane, n-pro-
pyltri-t-butoxysilane; n-hexyltrichlorsilane, n-hexyltribrom-
silane, n-hexyltrimethoxysilane, n-hexyltriethoxysilane,
n-hexyltrisopropoxysilane, n-hexyltri-t-butoxysilane; n-de-
cyltrichlorsilane, n-decyltribromsilane, n-decyltrimethox-
ysilane, n-decyltriethoxysilane, n-decyltriisopropoxysilane,
n-decyltri-t-butoxysilane; n-octadecyltrichlorsilane, n-octa-
decyltribromsilane, n-octadecyltrimethoxysilane, n-octade-
cyltriethoxysilane, n-octadecyltriisopropoxysilane, n-octa-
decyltri-t-butoxysilane; phenyltrichlorsilane,
phenyltribromsilane, phenyltrimethoxysilane, phenyliri-
ethoxysilane, phenyltriisopropoxysilane, phenyltri-t-butox-
ysilane, tetrachlorsilane, tetrabromsilane, tetramethoxysi-
lane, tertacthoxysilane, tetrabutoxysilane,
dimethoxydiethoxysilane; dimethyldichlorsilane, dimeth-
yldibromsilane, dimethyldimethoxysilane, dimethyldiethox-
ysilane;  diphenyldichlorsilane,  diphenyldibromsilane,
diphenyldimethoxysilane, diphenyldiethoxysilane; phenyl-
methyldichlorsilane, phenylmethyldibromsilane, phenylm-
cthyldimethoxysilane, phenylmethyldiethoxysilane; trichlo-
rhydrosilane, tribromhydrosilane, trimethoxyhyrosilane,
triecthoxyhydrosilane, triisopropoxyhydrosilane, tri-t-bu-
toxyhydrosilane; vinyltrichlorsilane, wvinyltribromsilane,
vinyltrimethoxysilane, vinyltriethoxysilane, vinyltriisopro-
poxysilane, vinyltri-t-butoxysilane; trifluoropropyltrichlor-
silane, trifluoropropyltribromsilane, trifluoropropyltri-
methoxysilane, trifluoropropyltriethoxysilane,
trifluoropropyltriizsopropoxysilane, trifluoropropyltri-t-bu-
toxysilane; v-glycidoxypropylmethyldimethoxysilane,
v-glycidoxypropylmethyldiethoxysilane, v-glycidoxypropy-
Itrimethoxysilane, y-glycidoxypropyltriethoxysilane, v-gly-
cidoxypropyltrusopropoxysilane,  y-glycidoxypropyltri-t-
butoxysilane;

v-methacryloxypropylmethyldimethoxysilane, y-methacry-
loxypropylmethyldiethoxysilane, y-methacryloxypropyltri-
methoxysilane, v-methacryloxypropyltriethoxysilane,
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v-methacryloxypropyltriisopropoxysilane, y-methacrylox-
ypropyltri-t-butoxysilane; v-aminopropylmethyldimethox-
ysilane, vy-aminopropylmethyldiethoxysilane, y-aminopro-
pyltrimethoxysilane, v-aminopropyltriethoxysilane,
v-aminopropyltriizsopropoxysilane, v-aminopropyltri-t-bu-
toxysilane; v-mercaptopropylmethyldimethoxysilane,
v-mercaptopropylmethyldiethoxysilane, y-mercaptopropylt-
rimethoxysilane, y-mercaptopropyltriethoxysilane, y-mer-
captopropyltriisopropoxysilane, vy-mercaptopropyltri-t-bu-
toxysilane; [-(3,4-epoxycyclohexyl)ethyltrimethoxysilane,
B-(3,4-epoxycyclohexyl)ethyltriethoxysilane; and partial
hydrolysate thereof; and mixture thereof.

[0097] In addition, as a binder, particularly, polysiloxane
contaming fluoroalkyl group can be preferably used. More
particularly, mention may be made of hydrolyzed and con-
densed compound and cohydrolyzed and condensed com-
pound of one or more of the following fluoroalkylsilanes.
Generally, the known fluorine-contained silane coupling
agents can be used.

[0098] CF;(CF,),CH,CH,Si(OCH,;);

0099] CF,(CF,).CH,CH,Si(OCH,),;

0100] CF5(CF,),CH,CH,Si(OCH;)5;

0101] CF;(CF,),CH,CH,Si(OCH,)5;

0102] (CF;),CF(CF,),CH,CH,Si(OCH,);;
0103] (CF;),CF(CF,),CH,CH,Si(OCH,);;
0104] (CF,),CF(CF,),CH,CH,Si(OCH,),;
0105] CF;(C,H,)C,H,Si(OCH,);;

0106] CF,(CF,),(CH,)C,H,Si(OCH,),;
0107] CF;(CF,)(CH,)C,H,Si(OCH,)5;
0108]  CF5(CF,)(CH,)C,H,Si(OCH,),,
0109] CF;(CF,),CH,CH,SiCH;(OCH,),;
0110] CF4(CF,);CH,CH,SiCH,;(OCH,),;
0111] CF,(CF,),CH,CH,SiCH,(OCH,).;
0112] CF4(CF,),CH,CH,SiCH;(OCH,),;
0113] (CF,),CF(CF,),CH,CH,SiCH,(OCH,).;
0114] (CF,),CF(CF,),CH,CH,SiCH;(OCH,),;
0115] (CF,),CF(CF,).,CH,CH,SiCH,(OCH,).;
0116] CF;(CH,)C,H,SiCH,(OCH,).,;

0117] CF4(CF,)s(C,H,)C,H,S1CH;(OCH,),;
0118] CF4(CF,)(C,H,)C,H,SiCH;(OCH,),;
0119] CF4(CF,)A(CH,)C,H,SiCH;(OCH,).;
0120] CF,(CF,),CH,CH,Si(OCH,CH,),;
0121] CF;(CF,)sCH,CH,Si(OCH,CH;)s;;
0122] CF,(CF,),CH,CH,Si(OCH,CH,);;
0123] CF;(CF,),CH,CH,Si(OCH,CH,;);;
0124] CF;(CF,)-SO,N(C,H5)C,H,CH,Si(OCH,);
0125] By using polysiloxane containing aforementioned

ﬁuoroa]kyl oroup 1s used as a binder, the ink-repellent
properties 1n a photocatalyst-containing layer are remark-
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ably 1mproved and the function of preventing a coating
material for a shading part or an ink for an ink jet system
from adhering 1s manifested.

[0126] In addition, as a reactive silicone of the aforemen-
tioned (2), mention may be made of compounds having a
chemical structure represented by the following general
formula:

[0127] wherein nis an integer of not smaller than 2, R* and
R~ are each substituted or unsubstituted alkyl, alkenyl, aryl
or cyanoalkyl group having 1-10 carbon numbers, respec-
tively, and not greater than 40% of the whole 1 moles 1s
vinyl, phenyl or halogenated phenyl. In addition, the com-
pounds wherein R' and R* are methyl group are preferable
because the surface energy becomes the smallest. Am
amount of not smaller than 60% 1n terms of a mole rate of
methyl group 1s preferable. In addition, a molecular chain
has at least one reactive group such as hydroxy group at an
end of a chain and a side chain.

|0128] In addition, an stable organosilicon compound
which does not perform a cross-linking reaction such as
dimethylpolysiloxane may be mixed into a binder together
with the aforementioned organopolysilicon.

[0129] In the color filter of the invention, various binders
such as organopolysiloxane and the like can be used 1n a
photocatalyst-containing layer like this. In the present inven-
tion, as described above, fluorine 1n the surface of a photo-
catalyst-containing layer may be reduced and, thereby, an
inkphilic region may be formed within an ink-repellent
region by incorporating fluorine 1n a photocatalyst-contain-
ing layer containing such the binder and the photocatalyst
and pattern-irradiating with the energy. Upon this, fluorine
nceds to be contained 1n a photocatalyst-containing layer
and, as a method of incorporating fluorine into such the
photocatalyst-containing layer containing a binder, mention
may be made of a method of binding a fluorine compound
with a binder which usually have the high binding energy,
using the relatively weak binding energy, and a method of
mixing 1nto a photocatalyst-containing layer a fluorine com-
pound which 1s bound by the relatively weak binding energy.
By introducing fluorine by such the method, when the
energy 1s 1rradiated, a fluorine-bound site having the rela-
tively small binding energy 1s first degraded and, thereby,
fluorine can be removed from a photocatalyst-containing
layer.

[0130] As the aforementioned first method, that is, a
method of binding a fluorine compound with a binder which
have the high binding energy using the relatively weak
binding energy, mention may be made of a method of
introducing a fluoroalkyl group as a substituent into the
aforementioned organopolysiloxane.

[0131] For example, as a method of obtaining organopol-
ysiloxane, organopolysiloxane which exerts the great
strength can be obtained by hydrolyzing and polymerization
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condensing chloro or alkoxysilane and the like by a sol-gel
reaction, which is described as (1). Here, in this method,
organopolysiloxane 1s obtained by hydrolyzing and con-
densing or cohydrolyzing and condensing one or more of
silicon compounds represented by the general formula:

Yﬂ SiX( 4_11)

[0132] (wherein Y represents alkyl group, fluoroalkyl
group, vinyl group, amino group, phenyl group or epoxy
ogroup, X represents alkoxyl group, acetyl group or halogen,
and n is an integer of 0 to 3) as described above. By using
a silicon compound having a fluoroalkyl group as a sub-
stituent Y 1n this general formula, organopolysiloxane hav-
ing a fluoroalkyl group as a substituent can be obtained.
When such the organopolysiloxane having a fluoroalkyl
group as a substituent group 1s used as a binder, since a part
of a carbon-carbon bond of a fluoroalkyl group 1s degraded
by the action of a photocatalyst in a photocatalyst-containing
layer upon the energy irradiation, the fluorine content of a
part of the surface of a photocatalyst-containing layer 1rra-
diated with the energy can be reduced.

[0133] As a silicon compound having a fluoroalkyl group
using upon this, a silicon compound having at least one
fluoroalkyl group and in which a number of a carbon
clement 1n this fluoroalkyl group 1s 4 to 30, preferably 6 to
20, particularly preferably 6 to 16 1s suitably used, being not
limiting. Specific examples of such the silicon compound
are described as above and, inter alia, the silicon compound
having a fluoroalkyl group in which a number of carbon
clement 1s 6 to 8 1s preferable.

[0134] Inthe present invention, such the silicon compound
having a fluoroalkyl group may by used by mix with a
silicon compound having no fluoroalkyl group as described
above, and a co-hydrolyzed and condensed compound of
which may be used as the organopolysiloxane. Alternatively,
onc or more of such the silicon compounds having the
fluoroalkyl group may be used, and a hydrolyzed and
condensed compound or a co-hydrolyzed and condensed
compound of which may be used as the organopolysiloxane.

[0135] In organopolysiloxane having a fluoroalkyl group
thus obtained, it 1s preferable that, among silicon compounds
constituting this organopolysiloxane, the silicon compound
having a fluoroalkyl group 1s contained at an amount of not
less than 0.01 mol %, preferably not less than 0.1 mol %.

[0136] The reasons are as follows. By incorporating such
the degree of fluoroalkyl group, the mnk-repellent properties
on a photocatalyst-containing layer can be enhanced and the
difference 1n the wettability between a part of an 1nk-
repellent region and a part which was converted 1nto an
inkphilic region by the energy irradiation can be made to be
larger.

[0137] In addition, in the method shown by the above (2),

organopolysiloxane 1s obtained by cross-linking a reactive
silicone having the excellent water-repellency and oil-repel-
lency. Similarly also in this case, by using a substituent
containing fluorine such as fluoroalkyl group and the like as
either R or R* in the above general formula or both, fluorine
can be contained in a photocatalyst-containing layer. In
addition, since a part of a fluoroalkyl group having the
smaller binding energy than siloxane bond i1s degraded when
the energy 1s 1rradiated, the fluorine content 1n the surface of
a photocatalyst-containing layer can be reduced by the
energy irradiation.
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[0138] On the other hand, as an example of the latter, that
1s, a method of introducing a fluorine compound which 1s
bound by the weaker energy than the binding energy of a
binder, mention may be made of a method of mixing a
fluorine-contained surfactant therein when a fluorine com-
pound having a low molecular weight 1s mtroduced and, as
a method of mtroducing a fluorine compound having a high
molecular weight, mention may be made of a method of
mixing a fluorine-contained resin having the high compat-
ibility with a binder resin.

[0139] Inthe present invention, a photocatalyst-containing
layer may contain a surfactant besides the atorementioned
photocatalyst and binder. More particularly, mention may be
made of a hydrocarbon nonionic surfactant such as NIKKOL
BL, BC, BO, BB series manufactured by Nikko Chemicals
Co., Itd., and a fluorine-contained or silicone-contained
nonionic surfactant such as ZONYL FSN, FSO manufac-
tured by Dupont Co., Ltd., Surfron S-141 and 145 manu-
factured by Asahi Glass Co., Ltd., Megafack F-141 and 144
manufactured by Dainippon Ink & Chemicals Co., Ltd.,
Ftagent F-200 and F251 manufactured by Neos Co., Ltd.,
Unidyne DS-401 and 402 manufactured by Daikin Indus-
tries, Ltd., Florad FC-170 and 176 manufactured by 3M Co.,
Ltd. Alternatively, cationic surfactant, anionic surfactant and
amphoteric surfactant may be used.

[0140] In addition, a photocatalyst-containing layer may
contain an oligomer and a polymer such as polyvinylalco-
hol, unsaturated polyester, acrylic resin, polyethylene, dial-
lyl phthalate, ethylene propylene diene monomer, epoxy
resin, phenol resin, polyurethane, melamine resin, polycar-
bonate, polyvinyl chloride, polyamide, polyimide, styrene
'Jutadlene rubber, ehlereprene rubber, polypropylene, poly-
butylene, polystyrene, polyvinyl acetate, polyester, polyb-
utadiene, polybenzimidazole, polyacrylnitrile, epichlorhy-
drin, polysulfide, polyisoprene, and the like 1n addition to the
aforementioned surfactants.

|0141] The content of a photocatalyst in a photocatalyst-
containing layer can be set in a range of 5 to 60% by weight,
preferably 20 to 40% by weight. In addition, the thickness of

a photocatalyst-containing layer 1s preferably in a range of
0.05 to 10 um.

10142] The aforementioned photocatalyst-containing layer
can be formed by dispersing a photocatalyst and a binder
and, 1if needed, other additives 1n a solvent to prepare a
coating solution, and applying this coating solution. As a
solvent used, an alcoholic organic solvent such as ethanol,
isopropanol and the like 1s preferable. Applying can be
performed by the known applying method such as spin
coating, spray coating, dip coating, roll coating, bead coat-
ing or the like. When an ultraviolet-curing type binder is
contained as a binder, a photocatalyst-containing layer can
be formed by performing the curing treatment by the ultra-
violet ray irradiation.

0143] (Picture Element Part)

0144 In the present invention, a picture element part 4 is
provided on a wettability-variable layer 3, inter alia, the
aforementioned photocatalyst-containing layer as shown 1n
FIG. 1 and FIG. 2. In the present invention, a picture
clement part 1s formed 1n an inkphilic region which 1is
formed by exposing the aforementioned photocatalyst-con-
taining layer, having the low contact angle with a liquid in
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the predetermined pattern by a plurality of colors of inks
with an 1nk jet system. A picture element part 1s usually
formed of three colors of red (R), green (G) and blue (B).
The coloring pattern and an area to be colored 1n this picture
clement part can be set arbitrarily. In a color filter of the
present invention, a shading part (a black matrix) does not
exist between picture element parts. Therefore, two cases
can be found, one of which 1s the case 1n which a space exist
between picture element parts, and another of which 1s the
case 1n which a picture element part 1s formed continuously.
In the present embodiment, either one may be acceptable.
Further, as showing in FIG. 2, 1t 1s acceptable that an
ink-repellent convex part 1s prowded

[0145] Inks for an ink jet system for forming such the
picture element part are roughly divided into an aqueous 1nk
and an o1l based k. Although any ink can be used 1n the
present invention, an aqueous 1nk based on water 1s prefer-
able 1n a respect of the surface tension.

[0146] Water alone or a mixed solvent of water and a
water-soluble organic solvent can be used as a solvent for an
aqueous 1nk used 1n the present invention. On the other hand,
an 1nk based on a solvent having a high boiling point 1s
preferably used for an o1l based ink 1n order to prevent the
choking of a head. As a coloring agent used for such the 1nk
for an 1nk jet system, the known pigments and dyes are
widely used. In addition, msoluble or soluble resins may be
contained 1n a solvent 1n order to 1mprove the dispersibility
and the fixing properties. Other components such as surfac-
tant containing nonionic surfactant, cationic surfactant and
amphoteric surfactant; preservative; antifungal agent; pH
adjusting agent; anti-foaming agent; ultraviolet absorbing
agent; viscosity adjusting agent; surface tension adjusting
agent and the like may be added thereto as the occasion
demands.

[0147] In addition, although the conventional ink for an
ink jet system can not contain a large amount of a binder
resin due to the low suitable viscosity, 1t 1s possible to impart
the fixing ability to a coloring agent itself by granulating so
as to wrap a coloring agent particle with a resin in an ink.
Such the 1k can be also used in the present invention.
Further, so-called hot melt ink and UV-curing 1ink may be
used.

|0148] In the present invention, inter alia, an UV-curing
ink 1s preferably used. By using a UV-curing ink, a picture
clement part 1s formed by coloring with an ink jet system
and, thereafter, UV 1s 1rradiated and, thereby, an 1nk can be
cured rapidly which can sent to a next step 1mmedlately
Therefore, a color filter can be manufactured effectively.

[0149] Such the UV-curing ink has a prepolymer, a mono-
mer, a photobpolymerization mnitiator and a coloring agent
as a main component. As a prepolymer, any prepolymer such
as polyesteracrylate, polyurethaneacrylate, eposyacrylate,
polyetheracrylate, oligoacrylate, alkydacrylate, polyolacry-
late, siliconacrylate and the like can be used without limi-
tation.

[0150] As a monomer, vinyl monomer such as styrene,
vinyl acetate and the like; monofunctional acrylic monomer
such as n-hexylacrylate and phenoxyethylacrylate; and mul-
tifunctional acrylic monomer such as diethylene glycol
diacrylate, 1,6-hexanediol diacrylate, hydroxypiperic ester
neopentylglycol diacrylate, trimethylolpropane triacrylate,
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dipentaerhythritolhexane acrylate and the like can be used.
The aforementioned prepolymers and monomers may be
used alone or 1n a mixture of two or more of them.

[0151] As a photopolymerization initiator, an initiator
which imparts the desired curing properties and the desired
recording properties can be selected for use among 1sobu-
tylbenzoin ether, 1sopropylbenzoin ether, benzoin ethyl
cther, benzoin methyl ether, 1-phenyl-1,2-propadione-2-
oxime, 2,2-dimethoxy-2-phenylacetophenone,  benzil,
hydroxycyclohexyl phenyl ketone, diethoxyacetophenone,
2-hydroxy-2-methyl-1-phenylpropane-1-one,  benzophe-
none, chlorothioxanthone, 2-chlorothioxanthone, 1sopropy-
Ithioxanthone, 2-methylthioxanthone, chlorine-substituted
benzophenone, halogen-substituted alkyl-allylketone and
the like. Other components such as photoinitiator assistant
such as aliphatic amine, aromatic amine and the like; pho-

tosensitizer such as thioxanthosone and the like may be
added thereto as the occasional demands.

0152] (Transparent Substrate)

0153] In the first embodiment of the present invention,
the wettability-variable layer 3, inter alia, the aforemen-
tioned photocatalyst-containing layer 1s provided on a trans-
parent substrate 2 as shown 1n FI1G. 1 and FIG. 2.

[0154] As this transparent substrate, substrates which have
hitherto been used for a color filter can be used, without
limitation, such as a transparent rigid material having no
flexibility such as quartz glass, Pyrex glass, synthetic quartz
olass and the like, or a transparent flexible material having
the flexibility such as a transparent resin film, a resin plate
for optics and the like. Among them, 7059 glass manufac-
tured by Corning Co., Ltd. 1s a material having the small
thermal expansion coeflicient and 1s excellent in the dimen-
sional stability and the workability at heat-treatment at an
clevated temperature and, additionally, since 1t 1s non-alkali
glass containing no alkaline component 1n a glass, 1t 1s
suitable for a color filter for a color liquid crystal display
apparatus by an active matrix system. In the present inven-
fion, a transparent material 1s usually used for a transparent
substrate and a reflective substrate and white-colored sub-
strate may be used. Alternatively, as a transparent substrate,
substrates having the surface treated for preventing the alkali
dissolution or for imparting the gas barrier properties or for
other objects may be used.

[0155] (Ink-Repellent Convex Part)

[0156] In the first embodiment of the present invention, an
ink-repellent convex part § may be formed between picture
clement parts 4 as shown 1n FIG. 2. The composition of such
the mk-repellent convex part 1s not particularly limited as
long as 1t 1s a resin composition having the mk-repellent
properties. In addition, the composition 1s not necessarily
transparent and may be colored. For example, a material
which is used for a black matrix (shading part) and which is
a material with no black material incorporated therein can be
used. More particularly, mention may be made of a compo-
sition of a water soluble resin such as polyacrylamide,
polyvinyl alcohol, gelatin, casein, cellulose and the like
alone or a mixture of two or more of them, and a resin
composition such as O/W emulsion, for example, an emul-
sified reactive silicone. In the present invention, a photo-
curing resin 1s suitable used for the reasons of easy handling
and curing. In addition, since this ink-repellent convex part
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1s preferable as it grows ink-repellent, the surface thereof
may be treated with an ink-repellent treating agent such as
a silicone compound and a fluorine-containing compound.

[0157] An ink-repellent convex part in the aforementioned
first embodiment is preferably relatively higher because it 1s
provided for preventing an ink from mixing upon coloring
with an 1nk jet system but, in view of the flatness of the
whole when 1t 1s made 1nto a color filter, the thickness near
that of a picture element part 1s preferable. More particularly,
it 1s usually preferably in a range of 0.1 to 2 um although 1t
1s different depending upon an accumulated amount of an
ink blown.

[0158] (Protecting Layer)

[0159] A protecting layer may be further formed on a
surface of a color filter 1 as the occasion demands though not
shown 1 FI1G. 1 or FIG. 2. This protecting layer 1s provided
for flattening a color filter and at the same time preventing
components contained 1n a picture element part, or a picture
clement part and a photocatalyst-containing layer from
dissolving into a liquid crystal layer.

[0160] The thickness of a protecting layer can be set in
view of the light transmittance of a material used, the surface
condition of a color filter and the like and, for example, 1t can
be set 1n a range of 0.1 to 2.0 um. A protecting layer can be
formed using a resin having the light transmittance required
for a transparent protecting layer among the known trans-

parent photosensitive resin, two-pack curing type transpar-
ent resin and the like.

2. The Second Embodiment

[0161] The second embodiment of the present invention is
a color filter in which a picture element part 1s formed on a
transparent substrate, and the wettability-variable layer is
formed on a boundary portion of the picture element parts.
This shows the other example of a color filter 1n which a
picture element part 1s positioned through a wettability-
variable layer

10162] FIG. 3 shows one example of the second embodi-

ment. This color filter 1 1s formed of a transparent substrate
2, a picture element part 4 formed on the transparent
substrate 2, and a wettability-variable layer 3 formed
between the picture element parts 4. A protecting layer not
shown 1n the drawings may be provided on the picture
clement part 4 and the wettability-variable layer 3 as the
occasion demands.

[0163] The characteristics of this embodiment are in that
a wettability-variable layer 3 1s provided on only a boundary
portion of a picture element part 4 on a transparent substrate
2 and a picture element part 4 1s formed on the transparent
substrate 2 directly. Since, 1n the second embodiment, a
wettability-variable layer 3 1s formed on only a boundary
portion of a picture element part 4 like this, when the
wettability 1s changed by adding the stimulation to a wet-
tability-variable layer 3, the stimulation may be added over
the whole side and the stimulation does not necessarily be
added 1n a pattern like state. Therefore, there are effects that
steps after formation of a wettability-variable layer may be
simplified.

[0164] In this embodiment, since a picture element part 4
1s provided just on a transparent substrate 2, 1t 1s preferable
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that a surface of a transparent substrate 2 i1s inkphilic. In
particular, when a wettability-variable layer 3 1s formed 1n a
pattern like state and, thereafter, a picture element part 4 1s
formed on a picture element part forming portion therebe-
tween, 1t 1s preferable that a surface of a transparent sub-
strate 2 1s an 1nkphilic region compared with a wettability-
variable layer 3 which 1s an ink-repellent region before the
change 1n the wettability 1n view of formation of a picture
clement part 4. Therefore, 1n the second embodiment, it 1s
preferable that the wettability on a transparent substrate 2 1s
less than 10 degrees as the contact angle with a liquid having
the surface tension of 40 mN/m, more preferably not more
than 5 degrees, particularly preferably not more than 1
degree.

[0165] As a transparent substrate, the surface of which is
an 1nkphilic region, there are a substrate formed of an
inkphilic material, a substrate obtained by treating the sur-
face of a material so as to make the surface mnkphilic, and an
inkphilic layer 1s formed on a transparent surface, being not
limiting 1n this embodiment.

[0166] As an example in which the surface of a material is
treated so as to make the surface inkphilic, mention may be
made of the inkphilic surface treatment with the plasma
treatment utilizing argon and water, and as an 1inkphilic layer
provided on a transparent substrate, mention may be made
of a silica membrane obtained by a sol-gel method using
tetracthoxysilane.

[0167] Since materials and the like used in this embodi-
ment other than a transparent substrate 2, that 1s, a wetta-
bility-variable layer 3, a picture element part 4, a protecting,
layer and the like are similar to those of the aforementioned
first embodiment, they are not explained here.

0168]

0169] Then, a process for producing a color filter of the
present invention will be explained using following embodi-
ments.

B. A Process for Producing a Color Filter

1. The Third Embodiment

[0170] The third embodiment of the present invention is a
process for producing a color filter which 1s the aforemen-
tioned first embodiment in the present invention, and said
Process COMPrISES;

[0171] (1) a step of forming a photocatalyst-contain-
ing layer having the wettability of a part rradiated
with the energy which changed in a direction of
reduction of a contact angle with a liquid, on a
transparent substrate;

[0172] (2) a step of pattern-irradiating with the
energy a picture element part forming portion on the
photocatalyst-containing layer on which a picture
clement part 1s to be formed, to form an exposed part
for a picture element part; and

0173] (3) a step of coloring the exposed part for a
P g P P
picture element part with an inkjet system to form a
picture element part.

0174] (Explanation of Each Step)

0175] FIG. 4 is for explaining each step of the third
embodiment of the present invention. In this example, as
showing in FIG. 4 (A), first, a photocatalyst-containing
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layer 6 1s formed on a transparent substrate 2. This photo-
catalyst-containing layer 6 1s formed by dispersing the
aforementioned photocatalyst and binder 1n a solvent, 1f
necessary, together with other additives to prepare a coating
solution, applying this coating solution, and proceeding the
hydrolyzing and polymerization condensing reaction to fix
firm a photocatalyst in a binder. As a solvent to be used,
alcoholic organic solvents such as ethanol, 1sopropyl alcohol
and the like are preferable, and applying can be performed
by the known applying method such as spin coating, spray
coating, dip coating, roll coating, bead coating or the like.

[0176] Next, an exposed part for a picture element part 8
1s formed on a picture element part forming portion on a
photocatalyst-containing layer 6 through pattern-irradiated
with the energy using a photomask 7. The exposed part for
a picture element part 8 1s a portion on which the contact
angle with a liquid 1s lowered by the action of a photocata-
lyst which 1s 1included 1n a photocatalyst-containing layer 6,
and converted into an inkphilic region (FIG. 4 (B)).

[0177] Using an ink jet apparatus 9, an ink 10 is injected
into an exposed part for a picture element part 8, which was
converted 1nto an mkphilic region by the energy 1rradiation,
to color the part with red, green and blue (FIG. 4 (C)). In this
case, since the interior of an exposed part for a picture
clement part 8 was made into an inkphilic region having the
small contact angle with a liquid by the energy irradiation as
described above, an 1nk 10 1mnjected from an 1nk jet apparatus
9 1s spread uniformly in an exposed part for a picture
clement part 8.

[0178] An ink jet apparatus used in the present invention
1s not particularly limited but an ink jet apparatus can be
used which uses various methods such as a method of
injecting a charged ink continuously and controlling with the
magnetic field, a method of injecting an ink intermittently
using a piezo-clement, a method of injecting an 1nk inter-
mittently by heating the ink and utilizing its bubbling.

[0179] A picture element part 6 is formed by solidifying
the 1nk thus adhered to an exposed part for a picture element
part 12 (FIG. 4 (D)). In the present invention, the solidifi-
cation of an 1nk 1s carried out by various methods depending
upon a kind of an ink used. For example, i the case of a
water-soluble 1nk, the solidification 1s performed by remov-
ing water by heating or the like.

[0180] In view of this step of solidifying an ink, as a kind
of an 1nk used 1n the present invention, an ink 1s preferably
a UV-curing ink. This 1s because since a UV-curing ik can
be rapidly solidified by the UV 1rradiation, a time for
producing a color filer can be shortened.

[0181] As described above, since an ink in an exposed part
for a picture element part 8 1s uniformly spread, when such
ink 1s solidified to form a picture element part 4, a color filter
having neither color missing nor color nonuniformity can be
formed.

[0182] (Another Example of Method for Forming Picture
Element Part)

|0183] In the embodiment described above, a picture ele-
ment part 4 can be formed through 1rradiating with energy
at a time and adhering 1k to an exposed part. However, 1n
the third embodiment, when adhering ink, there 1s a narrow
space between exposed parts for an picture element part
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which 1s an inkphilic region wrradiated with energy. There-
fore, there are some possibilities to occur some problems
such as mixing two sorts of 1ink for adjacent picture element
parts during formation of the picture element part. As a
method for avoiding such a problem, a method shown 1n
FIG. 5 may be proposed, 1n which a step of 1rradiating with
energy and forming a picture element part are divided into
at least two times.

|0184] In this method, first, a photocatalyst-containing
layer 6 1s formed on a transparent substrate 2, similar to that
of the third embodiment described above (FIG. 5 (A)). Next,
the energy 1s 1rradiated using a photomask similar to the
above-described method. However, 1n the method described
above, the photomask 1s designed such that exposed parts for
a picture element part correspond to the entire picture
clement part, can be formed. On the other hand, in this
method, a photomask 7' 1s designed such that a picture
clement part can be formed alternately, then, a exposed part
for the first picture element part 11 1s formed on the
photocatalyst-containing layer 6 using the photomask 7'
(FIG. 5 (B)). After that, the ink 10 is injected to the exposed
part for the first picture element part 11 converted into an
inkphilic region by the energy 1rradiation to color, then cured
to form the first picture element part 12 (FIG. § (C)). The
energy irradiation and coloring to a picture element part
using 1nkjet apparatus are conducted similar to that of the
first method except a shape of a photomask 7'

[0185] The first picture element part 12 formed by above-
described method preferably has ink-repellent property itself
in order to prevent the first picture element part from
coloring by second 1nk 1njection through the inkjet appara-
tus. Further, the surface of the first picture element part can
be treated with 1ink-repellent treatment agent such as silicone
compounds or fluorine mncluding compounds.

|0186] The transparent substrate 2 on which the first
picture element part 12 is formed, is shown in FIG. 6 (A).
For example, when picture element parts consist of three
color parts of red (R), green (G) and blue (B), from left side,
the first red picture element part (R1) is formed, then the first
blue picture element part (B1) is formed through skipping
the first blue picture element part (G1). Next, the second
green picture element part (G2) is formed through skipping
the second red picture element part (R2). According to the
above described method, for a start, the first picture element

part 12 1s formed alternately. An example of the photomask
7 using this step, 1s shown in FIG. 7 as (A-1) or (B-1).

[0187] Next, the energy is again irradiated on the entire
surtace of the photocatalyst-containing layer 6 on which the
first picture element part 12 1s formed. In this case, the
energy may be pattern-irradiated using a photomask again as
well as the energy may be irradiated the entire surface like
this. The photomask for second pattern-irradiating with the
energy 1s designed such that an exposed part for the second
picture element part 13 1s formed between the first picture
clement parts 12, and 1t 1s possible to use the photomask, for

example, shown in FIG. 7 as (A-2) or (b-2).

|0188] The portion except for an exposed part for the first
picture element part 11 1s also wrradiated with the energy
through the energy wrradiation to an enfire surface, to be
converted to an inkphilic region (FIG. § (D)).

|0189] Then, the ink 10 is injected to the inkphilic region
through using a inkjet apparatus 9 for coloring the region,
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and cured the 1nk to form the second picture element part 14.
The second picture element part 14 1s 1llustrated in the figure
such that there 1s a space between the second picture element
parts 14 and the first picture element part, however, 1n
practice, the second picture element part 14 1s formed so as
to fill up a space between the first picture element parts 12.
Exposing and coloring to a picture element part using an
inkjet apparatus are conducted similar to that of the example
described above.

[0190] FIG. 6 (B) is shown the condition that the second
picture element part 1s formed like this. Through forming the
second picture element part 14 so as to fill up a space
between the first picture element parts 12, picture element

parts having three color parts which sequences 1n order of
red(R), green(G), and blue(B) from left side.

[0191] Finally, a protecting layer is formed on the picture
clement part to form a color filter. Following is the reason
why the formation of the picture element part 1s divided into
two times.

[0192] In case of forming a picture element part in the
condition of not forming a shading part on a transparent
substrate, a shading part can not use as a partition. Therefore,
when a picture element part 1s formed such that an exposed
part for a picture element part converted to an inkphilic
region through the energy 1rradiation, 1s colored by an inkjet
system, and when a space between the exposed parts for a
picture element part 1s narrow, that 1s, the width of an
ink-repellent region where not irradiating with the energy 1s
narrow, there are some possibilities of mixing some sorts of
ink for adjacent picture element parts through migration
over an 1nk-repellent region during formation of a picture
clement part. Accordingly, it 1s desirable to form adjacent
picture element parts as apart as possible when forming the
picture element part. In the method for forming a picture
clement part described above, when the first picture element
part 12 1s formed, the energy 1s pattern-irradiated such that
the picture element part 1s formed alternately. Accordingly,
the adjacent picture element part that 1s formed 1n the first
time can be positioned apart. In this method, an exposed part
for the first picture element part 11 can be formed in the
condition that a relatively wide ink-repellent region exists
between them. Therefore, there 1s no possibility of mixing
some sorts of ink 10 for adjacent picture element parts when
coloring through using an inkjet apparatus 9. Then, through
irradiating again with the energy between the first picture
clement parts 12 by the enfire 1rradiation or pattern-irradia-
fion, a space between them are converted to an inkphilic
region. And through coloring the space with an inkjet
apparatus 9, a color filter which do not have disadvantage
such as mk mixing and color nonuniformity, can be
obtained.

[0193] According to this method, it is possible to reduce or
climinate a space between picture element parts. Therefore,
a colored layer (aggregate of picture element parts) having
the excellent flatness can be formed. When it 1s necessary to
form a picture element part continuously, this method should
be used.

10194] In the method for a picture element part, a photo-
mask using when the second energy irradiation 1s pattern-
irradiation, may be a photomask shown in FIG. 7 as (B-2),
in which the entire region on which the first picture element
1s formed, 1s exposed to convert the entire ink-repellent
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region between the first picture element parts 12 to inkphilic
region, or may be a photomask shown in FIG. 7 as (A-2),
in which the predetermined portion between the first picture
clement parts 1s exposed to form the second picture element
part.

[0195] At the second energy irradiation, through irradia-
tion to the entire surface or irradiation using the photomask
showing FIG. 7 as (B-2), there 1s no space between picture
clement parts, and a picture element part 1s formed continu-
ously as shown in FIG. 6 (B) concerning thus obtained
picture element part. On the other hand, when using a
photomask as shown in FIG. 7 as (A-2), a color filter that
has a space between the picture element parts, shown 1in
FIG. 5 (E), can be obtained, since an ink-repellent region
can be remained between the picture element parts. In the
present invention, either method can be employed, and a
color filter to be obtained may be either type of a color filter.

[0196] In addition, in the aforementioned method, a pic-
ture element part 6 was formed every other one first time, the
present mvention 1s not limited thereto but the change may
be performed by the shape of a picture element part of a
color filter such as zigzag-like or the like so long as the first
formed picture element parts are not in the vicinity. In
addition, 1n the aforementioned explanation, a picture ele-
ment part was formed by dividing into two times but a
picture element part may be formed by dividing into three
fimes or more.

[0197] (Concerning Forming Method for Ink-Repellent
Convex Part)

[0198] In the present invention, before forming a picture
clement part, an ink-repellent convex part may be formed.
For example, when the ink-repellent convex part 1s formed
surrounding a picture element part region where the all
picture element parts are to be formed, 1t can be prevented
from a problem such that a picture element part can not be
formed precisely because ink 1s flowed out at a portion
surrounding a picture element part region.

[0199] Such an ink-repellent convex part may be formed
following steps; forming an exposed part for an ink-repellent
convex part before forming an exposed part for a picture
clement part, and forming an ink-repellent convex part
through applying a resin composition to the exposed part for
an ink-repellent convex part. The photomask for forming the
ink-repellent convex part described above may be employed
one, for example, shown in FIG. 7 as (C-1) or (D-1). First,
an exposed part for an ink-repellent convex part 1s formed
through using such a photomask and exposing on a photo-
catalyst-containing layer. In case of using the photomask
shown in FIG. 7 as (C-1), the exposed part for an ink-
repellent convex part 1s formed at the upper end side and at
the lower end side of the picture element part region. In case
of using the photomask shown as (D-1), the exposed part for
an 1nk-repellent convex part 1s formed surrounding the
picture element part region. Then, a resin composition 1s
adhered to the exposed part for an 1nk-repellent convex part
and cured to form an ink-repellent convex part.

10200] After forming such an ink-repellent convex part,
through using the method for forming a picture element part
described above (for example, the first picture element part
1s formed through using the photomask shown 1 FIG. 7 as
(C-2) or (D-2), and then the second picture element part is
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formed through using the photomask shown as (A-2) or
(B-2), or irradiating the entire surface), a picture element
part 1s formed, and a color filter 1s formed.

[0201] In the present invention, a region where the ink-
repellent convex part may be formed between picture ele-
ment parts as well as formed at upper and lower end part of
a picture element part region or surrounding a picture
clement part region.

[10202] A step of forming this ink-repellent convex part

will be explained using FIG. 8. According to the same
manner as 1n the atorementioned third embodiment shown 1n
FIG. 4, a photocatalyst-containing layer 6 1s formed so as to
cover a transparent substrate 2 (FIG. 8 (A)), and thus
obtained member 1s 1rradiated with the energy via a photo-

mask for an ink-repellent convex part 15. By pattern-
irradiating the energy via a photomask for an mk-repellent
convex part, an exposed part for an ink-repellent convex part
16 1s formed on a photocatalyst-containing layer 6 on a
boundary portion of a picture element part (FIG. 8 (B)).

[0203] Ink for an ink-repellent convex part 17 such as a
UV-curing resin monomer 1s adhered to this exposed part for
an 1nk-repellent convex part 16 by an 1nk jet apparatus 9
(FIG. 8 (C)). A method of applying the ink for an ink-
repellent convex part 1s not limited to a method by an 1nk jet
apparatus but other methods, for example, dip coating and
the like may be used.

[0204] And, by curing an ink for an ink-repellent convex
part 17 by UV 1rradiation or the like, an ink-repellent convex
part 5 1s formed on the surface of a photocatalyst-containing

layer 6 (FIG. 8 (C)).

[0205] By irradiating the whole surface or pattern-irradi-
ating with the energy from a side of a photocatalyst-
containing layer 6, to the thus formed member in which an
ink-repellent convex part 5 1s formed on a photocatalyst-
containing layer 6, a part other than a part on which an
ink-repellent convex part § 1s formed, or only a picture
clement part forming portion, 1s exposed and made mto an
exposed part for a picture element part (FIG. 8 (D)) and,
thereafter, according to the aforementioned manner, an 1nk
10 1s injected and adhered to this part using an ink jet
apparatus 9 and cured to form a picture element part 4 and,

thus, a color filter 1 with an ink-repellent convex part §
provided thereon can be manufactured (FIG. 8 (E)).

[0206] In this method, since an exposed part for an ink-
repellent convex part 1s provided by pattern-irradiating a
photocatalyst-containing layer between picture eclement
parts with the energy, an ink-repellent convex part having an
arbitrary width can be formed. Therefore, by applying an ink
for an ink-repellent convex part thereon, an ik-repellent
convex part having an arbitrary width can be formed. Hence,
by adjusting the width of a photomask for an ink-repellent
convex part 15, adjusting the width between picture element
parts can be conducted.

[0207] In addition, in this embodiment, an ink-repellent
convex part 1s formed by utilizing the change 1n the wetta-
bility of a photocatalyst-containing layer but the formation
1s not limited to this i1n the present invention and, for
example, an 1nk-repellent convex part may be provided by
a photolithography or the like.
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0208] (Energy to be Irradiated)

0209] In the present invention, the light including the
ultraviolet light may be used as the energy to be irradiated
to a photocatalyst-containing layer. As a light source includ-
ing the ultraviolet light, for example, mention may be made
of a mercury lamp, a metal halide lamp, a xenon lamp and
the like. The wavelength of the light used for this exposure
can be set from a range of not greater than 400 nm,
preferably not greater than 380 nm. In addition, an amount
of the light to be 1rradiated upon exposure may be an amount
of 1rradiation necessary for an exposed part to express the
inkphilic properties by the action of a photocatalyst.

[0210] When pattern-irradiation is necessary upon the
energy 1rradiation, pattern-irradiation can be performed via
a photomask using the aforementioned light source. Alter-
natively, as an another method, there can also be used a
method of picture-irradiating in a pattern like state using a
laser such as excimer, YAG and the like. However, such the
method may lead to a problem that an apparatus 1s expen-
sive, the handling i1s difficult and further the continuous
output can not be performed.

[0211] Therefore, in the present invention, the pattern of
an 1inkphilic region may be formed by adding the photocata-
lystic reaction initiating energy to a photocatalyst-contain-
ing layer, and adding the reaction rate increasing energy to
a region which received the photocatalystic reaction initiat-
Ing energy 1n a pattern like state. The reasons are as follows.
By forming the pattern using such the energy irradiating
method, the reaction rate increasing energy such as the
infrared laser which 1s relatively low cost and easily
handled, can be used and the aforementioned problem does
not occur.

[0212] The pattern of an inkphilic region having the
changed wettability can be formed by the addition of such
the energy based on the following reasons. That 1s, first, by
adding the photocatalystic reaction initiating energy to a
region on which the pattern 1s to be formed, the photocata-
lystic reaction 1s 1nitiated on a photocatalyst-containing
layer. Then, the reaction rate increasing energy 1s added 1n
a region which receives the photocatalystic reaction initiat-
ing energy. By adding the reaction rate increasing energy
like this, a reaction in a photocatalyst-containing layer to
which the photocatalystic reaction initiating energy has been
already added and in which a reaction has been 1nitiated by
the catalytic action of a photocatalyst 1s rapidly accelerated.
Then, by adding the reaction rate increasing energy for the
predetermined period, the change of the wettability in the
photocatalyst-containing layer 1s changed into the desired
range and, thus, the pattern to which the reaction rate
increasing energy has been added can be made into the
pattern of an inkphilic region having the changed wettability.

[0213]

a. Photocatalystic Reaction Initiating Energy

10214] The photocatalystic reaction initiating energy used
for this energy 1rradiating method refers to the energy that a
photocatalyst initiates a catalytic reaction for changing the
properties of a compound in a photocatalyst-containing,
layer.

[0215] An amount of the photocatalystic reaction irradi-
ating energy to be added 1s such the degree of an amount that
does not cause the rapid change in the wettability 1 a
photocatalyst-containing layer. When an amount of the
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photocatalystic reaction initiating energy to be added 1s
small, since the sensitivity upon formation of the pattern by
adding the reaction rate increasing energy 1s lowered, being,
not preferable. On the other hand, when this amount 1s too
large, the degree of the change in the propertiecs 1n a
photocatalyst-containing layer to which the photocatalystic
reaction 1nitiating energy has been added becomes too large
and the difference between regions to which the reaction rate
increasing energy has been added and not added becomes
unclear, being not preferable. An amount of the energy to be
added 1s determined by performing a preliminary experi-
ment on an amount of the energy to be added and the change
in the wettability 1n a photocatalyst-containing layer.

[0216] The photocatalystic reaction initiating energy in
this method 1s not particularly limited as long as the energy
which can 1nitiate the photocatalystic reaction and, inter alia,
the light 1s preferable.

[0217] A photocatalyst used in the present invention has
the different wavelength of the light, which initiates a
catalytic reaction depending upon the band gap thereof. For
example, 1n the case of cadmiun sulfide, the wavelength 1s
496 nm and, 1n the case of 1ron oxide, the wavelength 1s 593
nm of the visible light and, in the case of titanium oxide, the
wavelength 1s 388 nm of the ultraviolet light. Therefore, the
light can be used 1n the present invention whether the visible
light or the ultraviolet light as long as the light. However, 1n
the context that titanium dioxide 1s suitably used as a
photocatalyst because 1t 1s effective as a photocatalyst due to
the high band gap energy as described above, chemically
stable, has no toxicity and easily available, the light is
preferably the light containing the ultraviolet light which
initiates a catalytic reaction of this titanium oxide. More
particularly, 1t 1s preferable that the ultraviolet light in a
range of not greater than 400 nm, preferably not greater than
380 nm 1s contained.

[0218] As the light source for such the light containing the
ultraviolet light, mention may be made of various ultraviolet
sources such as a mercury lamp, a metal halide lamp, a
xenon lamp, an excimer lamp and the like.

[0219] In the present invention, a range to which this
photocatalystic reaction initiating energy 1s to be added may
be a part of a photocatalyst-containing layer. For example,
by adding this photocatalystic reaction 1nitiating energy 1n a
pattern like state and further adding the reaction rate imcreas-
Ing energy also 1n a pattern like state, 1t 1s possible to form
the pattern of an inkphilic region having the changed wet-
tability. However, for the reasons of similification of steps
and the like, 1t 1s preferable that this photocatalystic reaction
initiating energy 1s added to the whole surface of a region on
which the pattern 1s to be formed. It 1s preferable that, by
adding the reaction rate 1ncreasing energy to a region to the
whole surface of which the photocatalystic reaction 1nitiat-
ing energy has been added 1n a pattern like state, the pattern
of an inkphilic region i1s formed on a photocatalystic-
containing layer.

[0220] b. Reaction Rate Increasing Energy

[0221] Then, the reaction rate increasing energy used in
this method will be explained. The reaction rate increasing
energy used 1n this method refers to the energy for increas-
Ing a reaction rate of a reaction changing the wettability of
a photocatalyst-containing layer which was initiated by the
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aforementioned photocatalystic reaction initiating energy. In
the present mnvention, any energy can be used as long as 1t
1s the energy having such the action and, inter alia, the heat
energy 1s preferably used.

10222] A method of adding such the heat energy to a
photocatalyst-containing layer 1n a pattern like state 1s not
particularly limited as long as 1t can form the pattern by the
heat on a photocatalyst-containing layer but mention may be
made of a method by the infrared laser, a method by a
heat-sensitive head and the like. As such the infrared laser,
mention may be made of the infrared YAG laser (1064 nm)
having the advantages such as the strong directivity and the
long irradiation distance, a diode laser (LED; 830 nm, 1064
nm, 1100 nm) having the advantages such as the relatively
low cost, a semiconductor laser, a He—Ne laser, a carbonic
dioxide gas laser and the like.

10223] In this method, the pattern of an inkphilic region
can be formed based on the difference in the reaction rate
between regions to which the reaction rate increasing energy
has been added and a region to which the reaction rate
Increasing energy has not been added, by adding the afore-
mentioned photocatalystic reaction 1nitiating energy and
activating a photocatalyst to initiate the change 1n the
wefttability by the catalytic reaction 1n a photocatalyst-
containing layer, and adding the reaction rate increasing
energy to a part having the changed wettability to promote
the catalytic reaction of the part.

2. The Forth Embodiment

10224] The forth embodiment of the present invention is
one of processes for producing a color filter of the afore-
mentioned second embodiment of the present invention, and
COMPrises:

[0225] (1) a step of forming a photocatalyst-contain-
ing layer having the wettability of the energy-irra-
diated part on a transparent substrate, which changes
in a direction of reduction of the contact angle with
liquid, on a boundary portion of a picture element
part forming portion which 1s a part on which a
picture element part 1s to be formed; and

[0226] (2) a step of forming the picture element part
on the picture element part forming portion on the
transparent substrate.

[10227] This process is explained using FIG. 9. A photo-
catalyst-containing layer 6 1s first formed on a boundary
portion of a picture element part forming portion, on which
a picture element part 1s to be formed, on a transparent
substrate 2. As a method of forming a photocatalyst-con-
taining layer 1n a pattern like state, for example, mention
may be made of a method forming the layer by a photoli-
thography using a photosensitive sol-gel solution, a method
by printing and the like.

10228] Ink 10 is adhered using an ink jet apparatus 9 on a
part (picture element part forming portion) on which a
photocatalyst-containing layer 6 1s not formed, on a trans-
parent substrate 2 on which the thus formed photocatalyst-
containing layer 6 is formed (FIG. 9 (B)). Upon this, the
wefttability of the surface of a transparent substrate 2 has
been made into more inkphilic as compared with the wet-
tability of a surface on a photocatalyst-containing layer 6.
Therefore, upon formation of a picture element part 4, 1nk 10
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1s not adhered to a photocatalyst-containing layer showing
the ink-repellent properties and 1s adhered to only a picture
clement part forming portion on a transparent substrate 2, to
form a picture element part. Then, adhered 1nk 1s cured to

form a picture element part 4 between a photocatalyst-
containing layer 6 (FIG. 9 (C)).

[10229] After forming a picture element part 4, the energy
1s 1rradiated from a side on which a picture element part 4
is formed (FIG. 9 (D)). In this case, a protecting layer (not
shown in a drawing) which is formed as needed, can be
formed easily because a photocatalyst-containing layer 6 1s
converted mto an 1nkphilic region.

[10230] In this embodiment, because ink 10 is adhered
directly on the transparent substrate 2, it 1s preferable that
the wettability on a transparent substrate 2 1s inkphilic. More
particularly, 1t 1s preferable that the wettability 1s less than 10
degrees as the contact angle with a liquid having the surface
tension of 40 mN/m, more preferably not more than 5
degrees as the contact angle with a liquid having the surface
tension of 40 mN/m, particularly preferably not more than 1
degree. This 1s because, by making a surface of a transparent
substrate 2 into an 1nkphilic region, an 1nk 10 1s uniformly
spread over a transparent substrate and disadvantages such
as color nonuniformity and the like do not occur.

[0231] Also in this embodiment, since the energy to be
irradiated, ink jet apparatus and various inks are similar to
those of the aforementioned embodiments, the explanation
thereof 1s omitted.

0232] C. Color Liquid Crystal Panel

0233] A color liquid crystal panel can be formed by
combining the thus obtained color filter, and an opposite
substrate which 1s opposite to this color filter and having a
black matrix, and encapsulating a liquid crystal compound
therebetween. The thus obtained color liquid crystal panel
has the advantages originated from the color filter of the
present invention, that 1s, advantages that color nonunifor-
mity and color missing do not occur, and 1t 1s advantageous
In a respect of cost.

10234] The present invention is not limited to the afore-
mentioned embodiments. The aforementioned embodiments
are merely illustrative and whatsoever has the substantially
same construction as that described 1n claims and exerts the
same action and effects are included 1n the present invention.

EXAMPLES

[0235] The present invention is explained in detail by
means of the following examples.

Example 1

[0236] 1. Formation of Photocatalyst-Containing Layer

[0237] 30 g of isopropylalcohol, 0.4 g of MF-160E (manu-

factured by Tohchem Products Co.), a main component of
which 1s fluoroalkylsilane, 3 ¢ of trimethoxymethylsilane
(manufactured by Toshiba Silicone Co., Ltd., TSL8113) and
20 g of a dispersion of titanium oxide which 1s photocatalyst
in water ST-KO1 (manufactured by Ishihara Sangyo Kaisha,
[.td.) were mixed and stirred at 100° C. for 20 minutes. This
was diluted three-times with 1sopropylalcohol to obtain a
composition for a photocatalyst-containing layer.
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[0238] The composition was applied on a glass transparent
substrate with a spin coater and dried at 50° C. for 10

minutes to form a transparent photocatalyst-containing layer
(thickness 0.2 um).

10239] 2. Confirmation of Formation of an Inkphilic
Region by Exposure

10240] The pattern-exposure was performed for 50 sec-
onds on this photocatalyst-containing layer at an 1lluminance
of 70 mW/cm~ with a mercury lamp (wavelength 365 nm)
via a photomask, an exposed part was formed and the
contact angles with a liquid of an unexposed part and an
exposed part were measured. At unexposed part, the contact
angle with a liquid having the surface tension of 30 mN/m
(manufactured by Junsei Chemical Co., Ltd., ethylene glycol
monoethyl ether) was measured (after 30 seconds from
dropping of a droplet from a microsyringe) of using a
contact angle measuring apparatus (manufactured by Kyowa
Interface Science Co., Ltd., type CA-Z) and found to be 30
degrees. As an exposed part, the contact angle with a liquid
having the surface tension of 50 mN/m (manufactured by
Junse1 Chemical Co., Ltd., wettability index standard solu-
tion No. 50) was measured in a similar method and found to
be 7 degrees. Like this, an exposed part was converted mnto
an 1nkphilic region and it was confirmed that the pattern
formation 1s possible due to the difference 1n the wettability
between an exposed part and an unexposed part.

[0241] 3. Formation of First Picture Element Part

10242] 'Then, a photocatalyst-containing layer was formed
on a transparent substrate according to the same manner as
that described above (correspond to FIG. § (A)). This
photocatalyst-containing layer was exposed (at an illumi-
nance of 70 mW/cm~ for 50 seconds) with a mercury lamp
(wavelength 365 nm) via a photomask which has an opening
pattern shown in FIG. 7 as (B-1), convert an exposed part
for the first picture element part into an inkphilic region (not
orcater than 7 degrees 1n terms of the contact angle with a
liquid having the surface tension of 50 mN/m) (correspond

to FIG. 5 (B)).

10243] Then, a UV-curing type multifunctional acrylate
monomer 1nk of each RGB color containing 5% by weight
of a pigment, 20% by weight of a solvent, 5% by weight of
an 1nitiator and 70% by weight of a UV-curing resin was
used for the first picture element part to color it with a
corresponding color using an ink jet apparatus, and UV-
treated to cure 1t, and the first picture element part 1s formed
(correspond to FIG. 5 (C) and FIG. 6. (A)). Here, as regards
cach of red, green and blue 1nk, as a solvent, polyethylene
oglycol monometylethyl acetate was used and, as an 1nitiator,
[lgacular 369 (trade name, manufactured by Chiba Special-
ity Chemicals Co., Ltd.) was used and, as a UV-curing resin,
DPHA (dipentaerythritol hexaacrylate, manufactured by
Nippon Kayaku Co., Ltd.) was used. In addition, regarding
a pigment, as a red 1nk, C. I. Pigment Red 177 was used and,
as a green 1nk, C. I. Pigment Green 36 was used and, as a
blue mk, C. I. Pigment Blue 15+C. 1. Pigment Violet 23 was
used.

0244] 4. Formation of Second Picture Element Part

0245] Next, the photocatalyst-containing layer was
exposed (at an illuminance of 70 mW/cm” for 50 seconds)
with a mercury lamp (wavelength 365 nm) via a photomask
which has an opening pattern shown in FIG. 7 as (B-2),
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convert an exposed part for the second picture element part
into an inkphilic region (not greater than 7 degrees in terms
of the contact angle with a liquid having the surface tension
of 50 mN/m) (correspond to FIG. 5 (D)). And then, the
second picture element part was formed between the first
picture element parts similar to the method for forming the

first picture element part (FIG. 5 (E) and FIG. 6 (B)).
0246] 5. Formation of a Protecting Layer

0247] A protecting layer was formed by applying a two-
pack mixing type thermally curing agent (SS7265 manufac-
tured by Nippon Synthetic Rubber Co., Ltd.) with a spin
coater and curing-treated at 200° C. for 30 minutes to obtain
a color filter. Although the resulting color filter was not
provided a black matrix, 1t was of the high quality free from
color missing or color nonuniformity at a picture element
part.

Example 2

[0248] According to the similar manner to that in Example
1, the similar photocatalyst-containing layer was formed on
a transparent substrate. Then, an ink-repellent convex part
on the photocatalyst-containing layer was formed as follow.

[0249] First, 10 g of a UV-curing type resin (ester acrylate
resin, manufactured by Arakawa Chemical Co., Ltd., trade
name; AQ-11), 0.5 g of an initiator (manufactured by Chiba
Speciality Chemicals Co., Ltd. trade name; Ilgacular 184),
and 1.25 ¢ of distilled water were agitated for 3 minutes,
then a composition for an ink-repellent convex part was
obtained.

[0250] Next, thus formed photocatalyst-containing layer
was exposed via a photomask which has an opening pattern
shown in FIG. 7 as (C-1) similar manner to that in Example
1, and wettability was changed to obtain an exposed part for
an 1nk-repellent convex part. Then, the composition for an
ink-repellent convex part was applied on the exposed part
for an ink-repellent convex part with a dip coater at the rate
of 5 cm/sec., after that, exposed by UV to form the ink-
repellent convex part having thickness of 1.7 um.

[0251] On the photocatalyst-containing layer on which the
ink-repellent convex part was formed, the first picture ele-
ment part was formed by the similar manner to that in
Example 1 except for using a photomask on which an
opening pattern shown in FIG. 7 as (C-2) was provided.

[0252] Then, the second picture element part was formed
by the similar manner to that in Example 1 except for using
a photomask which has an opening pattern shown 1n FI1G. 7
as (A-2), for exposing a space between the first picture
clement parts, and a protecting layer was formed by the
similar manner to that in Example 1.

[0253] Because of having the ink-repellent convex part,
thus obtained color filter did not have a problem such that a
picture element part can not form precisely since 1ink flowed
out at a portion surrounding a color filter, and i1t was of the
high quality free from color missing or color nonuniformity
at a picture element part similar to that of Example 1.

Example 3
0254] 1. Formation of a Photocatalyst-Containing Layer

0255] 3 g of 1sopropylalcohol, 0.014 g of fluoroalkylsi-
lane (manufactured by Tohchem Products Co.; MF-160E
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(trade name), a 50% by weight solution of 1sopropyl ether of
N-[3-(trimethoxysilyl)propyl |-N-ethylperfluorooctabe-
sulfonamide), 2 g of a titanium oxide sol (manufactured by
[shihara Sangyo Kaisha, Ltd.; STS-01 (trade name)), 0.6 g
of a silica sol (manufactured by Nippon synthetic Rubber,
Ltd.; Glaska HPC7002 (trade name)) and 0.2 g of alkyla-
lkoxysilane (manufactured by Nippon synthetic Rubber,
Ltd.; HPC402II (trade name)) were mixed and stirred at
100° C. for 20 minutes. This solution was applied on a
non-alkali glass substrate having the thickness of 0.7 mm by
a spin coating method to obtain a photocatalyst-containing
layer having the thickness of 0.15 um.

[0256] 2. Confirmation of Formation of an Inkphilic

Region by Exposure and Reduction of an Amount of Fluo-
rine

10257] The surface of this photocatalyst-containing layer
was 1rradiated with the ultraviolet light for 2 minutes at an
illuminance of 70 mW/cm” (365 nm) by a super high
pressure mercury lamp via a lattice-like photomask, and a
contact angle with n-octane (surface tension of 21 mN/m)
was measured with a contact angle measuring apparatus
(manufactured by Kyowa Interface Science Co., Ltd., type
CA-Z) and found to be 52 degrees at an unexposed part and
0 degrees at an exposed part.

[0258] An unexposed part and an exposed part were
clementally-analyzed with a X-ray photoelectron spectros-
copy apparatus (V.G. Scientific Co., Ltd., ESCLAB220-I-
XL). The quantitative calculation was performed with the
Sherry correction and Scofield relative sensitivity correction
to obtain the results which were expressed as a relative value
of weight relative to 100 of titanium (T1) and found to be
fluorine (F) 1279 relative to titanium (T1) 100 at an unex-
posed part and fluorine (F) 6 relative to titanium (T1) 100 at
an exposed part.

[10259] From these results, it was found that, by exposing
a photocatalyst-containing layer, a ratio of fluorine in the
surface of a photocatalyst-containing layer 1s reduced and,
thereby, the surface 1s converted from ink-repellent into
inkphilic.

1. A color filter in which a shading part provided on a
border part of a picture element part 1s not formed; com-
prising a transparent substrate, a photocatalyst-containing,
layer formed on the transparent substrate comprising at least
a photo catalyst and a binder, and having the wettability
which 1s changed so that a contact angle with a liquid 1s
reduced by an energy 1rradiation, and a picture element part
provided on the photocatalyst-containing layer by a pattern
of a plurality of colors with an ink jet system;

wherein the photocatalyst-containing layer contains fluo-
rine and the photocatalyst-containing layer 1s formed so
that the fluorine content 1n a surface of the photocata-
lyst-containing layer 1s reduced by an action of the
photocatalyst upon 1rradiating the photocatalyst-con-
taining layer with the energy as compared with before
the energy 1rradiation; and

wherein the fluorine content 1n a part 1n which the fluorine
content 1s reduced by 1wrradiating the photocatalyst-
containing layer with the energy 1s 10 or less relative to
100 of the fluorine content of a part not 1rradiated with
the energy.
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2. The color filter according to claim 1, wherein a space
between the picture element parts 1s not more than 2 um.

3. The color filter according to claim 1, wherein the
photocatalyst 1s one or more substances selected from the
group consisting of titanium oxide (T102), zinc oxide (ZnO),
tin oxide (Sn02), strontium titanate (Sr'Ti03), tungsten oxide
(WO03), bismuth oxide (Bi203) and iron oxide (Fe203).

4. The color filter according to claim 3, wherein the
photocatalyst is titanium oxide (Ti02).

5. The color filter according to claim 4, comprising the
photocatalyst-containing layer in which fluorine element 1s
contained 1n a surface of the photocatalyst-containing layer
at rate of 500 or more relative to 100 of Ti element as
determined by a X-ray photoelectron spectroscopy.

6. The color filter according to claim 1, wherein the binder
1s organopolysiloxane having a fluoroalkyl group.

7. The color filter according to claim 1, wherein the binder
1s organopolysiloxane which 1s a hydrolyzed and condensed
compound or co-hydrolyzed and condensed compound of
one or more of silicon compounds represented by YnSiX(4-
n) wherein Y represents alkyl group, fluoroalkyl group, vinyl
group, amino group, phenyl group or epoxy group, X
represents alkoxyl group or halogen, and n 1s an integer of
0 to 3.

8. The color filter according to claim 7, wherein a silicon
compound having a fluoroalkyl group among the silicon
compounds constituting the organopolysiloxane i1s contained
at an amount of 0.01 mol % or more.

9. The color filter according to claim 1, wherein a contact
angle with a liquid having the surface tension of 40 mN/m
on the photocatalyst-containing layer 1s not less than 10
degrees at a part not 1rradiated with the energy and les than
10 degrees at a part irradiated with the energy.

10. The color filter according to claim 1, wherein the
picture element part colored with an ink jet system 1s a
picture element part colored with an ink jet system using a
UV-curing ink.

11. A process for producing a color filter, in which a
shading part provided on a border part of a picture element
part 1s not formed, which comprises:

(1) a step of providing a photocatalyst-containing layer
having the wettability of the energy-irradiated part
which changes 1n a direction of reduction of the contact
angle with a liquid, on a transparent substrate;

(2) a step of forming an exposed part for a picture element
part by pattern-irradiating with the energy on a picture
clement part forming portion on which the picture
clement part, on the photocatalyst-containing layer
formed on the transparent substrate, 1s to be formed;
and

(3) a step of coloring the exposed part for a picture
clement part with an 1nk jet system, to form a picture
clement part;

wherein the photocatalyst-containing layer contains fluo-
rine and the photocatalyst-containing layer 1s formed so
that the fluorine content in a surface of the photocata-
lyst-containing layer 1s reduced by an action of the
photocatalyst upon 1wrradiating the photocatalyst-con-
taining layer with the energy as compared with before
the energy 1rradiation; and

wherein the fluorine content 1n a part in which the fluorine
content 1s reduced by 1rradiating the photocatalyst-
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containing layer with the energy 1s 10 or less relative to (d) a step of forming the second picture element part by
100 of the fluorine content of a part not 1rradiated with coloring the exposed part for a second picture element
the energy. part with the ink jet system.

12. The process for producing a color filter according to

claim 11, wherein the step of forming an exposed part for a 13. The process tor producing a color filter according to

picture element part, then coloring the part with the ink jet claim 11, wherein the contact angle on the photocatalyst-

system to form the picture element part, comprises steps: containing layer with a liquid having, a surface tension of 40
mN/m 1s 10 degrees or more at a part not irradiated with the

energy and less than 10 degrees at a part irradiated with the

(a) a step of forming an exposed part for a first picture
clement part by pattern-irradiating with the energy on

. : . energy.

a part of the picture element part forming portion on _ _
which the picture element part, on the photocatalyst- 14. The process for producing a color filter according to
containing layer, is to be formed,; claim 11, wherein a coloring of the exposed part for a picture

clement part with the 1nk jet system 1s the coloring with the

b t f L ing the first pict | t t b
(b) a step of forming the first picture element part by ink jet system using a UV-curing 1nk.

coloring the exposed part for a first picture element part
with the ink jet system; 15. A liquid crystal panel comprising a color filter accord-

ing to claim 1 and a substrate which are opposite to the color
filter, and provided a shading part, wherein a liquid crystal
compound 1s encapsulated between both substrates.

(¢) a step of forming an exposed part for a second picture
clement part by irradiating with the energy on a remain-
ing part of the picture element part forming portion on
which the picture element part, on the photocatalyst-
containing layer, 1s to be formed; and I I
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