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COLOR FILTER FOR LIQUID CRYSTAL
DISPLAY DEVICE AND LIQUID CRYSTAL
DISPLAY DEVICE

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This is a Continuation Application of PCT Applica-
tion No. PCT/JP2009/068026, filed Oct. 19, 2009, which was
published under PCT Article 21(2) in Japanese.

[0002] This application is based upon and claims the ben-
efit of priority from prior Japanese Patent Application No.
2008-322530, filed Dec. 18, 2008, the entire contents of
which are incorporated herein by reference.

BACKGROUND OF THE INVENTION

[0003] 1. Field of the Invention

[0004] This invention relates to a color filter for a liquid
crystal display device, and to a liquid crystal display device
which is provided with the color filter. In particular, this
invention relates to a color filter for a liquid crystal display
device, which is excellent not only in contrast but also in
oblique visibility and to a liquid crystal display device which
is provided with such features.

[0005] 2. Description of the Related Art

[0006] Inrecentyears, thin display devices such as a liquid
crystal display device are increasingly demanded to enhance
the picture quality and power-saving thereof and to reduce the
manufacturing cost thereof. Therefore, in the case of the color
filter to be employed in such display devices, it is desired to
employ a photosensitive resin composition which is suffi-
ciently high in color purity, in brightness and in contrast and
which makes it possible to realize accurate patterning works
of color layers having fine patterns, of a spacing layer, of a
space controlling layer for controlling cell gap, and of a
retardation layer at a low cost while developing the birefrin-
gence in conformity with various kinds of liquid crystal dis-
play modes.

[0007] Especially, in the case of a large television or a high
picture quality monitor, where the display contrast thereof is
notless than 2000, they are now demanded to exhibit not only
a high front face contrast but also a very high level of display
quality with respect to wide viewing angle characteristics
including oblique viewing direction. It has been found out, as
aresult of optical designing of a liquid crystal display device
as a whole, that it is difficult to completely correct the retar-
dation of color filter, thereby inevitably leaving a small degree
of retardation (for example, +10 nm or so) as a value of
retardation in the thickness direction of at least one of the
layers including the color layers, a spacing layer, a space
controlling layer for controlling cell gaps and a retardation
layer, thus resulting in the deterioration of oblique visibility.
[0008] Inorder to cope with this problem, various methods
have been tried to reduce the quantity of retardation that the
color filter may exhibit, the methods including one wherein a
macromolecule having a planar structural group on its side
chain is introduced into a color layer, or one wherein a bire-
fringence-reducing particles having a double refraction index
which is opposite in sign to that of a macromolecule is intro-
duced into a color layer (see for example, JP-A 2000-136253
and JP-A 2000-187114).

[0009] Further, there has been proposed an idea to incorpo-
rate a retardation-adjusting agent in the color layers of color
filter, thus enabling each of subpixels to have a different
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retardation, thereby making it possible to enable the viewing
angle compensation of darkened state of a liquid crystal dis-
play device to be effected in the wavelength of almost all
visible light zone without necessitating the provision of a
polymeric liquid crystal layer in addition to the color layers or
without necessitating the change of thickness in each of sub-
pixels (see for example, JP-A 2008-20905, JP-A 2008-
40486) and JP-A 2008-145868).

[0010] Furthermore, there has been proposed a method of
improving the oblique visibility, wherein the values of retar-
dation in thickness direction of the red, green and blue color
pixels of color filter (these color pixels are herein defined as
Rth(R), Rth(G) and Rth(B), respectively) are regulated, in
conformity with the wavelength dispersibility of liquid crys-
tal materials or of retardation films, to Rth(R)>Rth(G)>Rth
(B) or Rth(R)<Rth(G)<Rth(B), thereby improving the
oblique visibility (see for example, JP-A 2007-212603 and
JP-A 5-196930).

[0011] However, it has been found out by the present inven-
tors that the value of retardation in a thickness direction which
the color layer may exhibit greatly differs depending on the
kinds of pigment to be employed and that the magnitude of
the value of retardation in a thickness direction becomes
larger depending on the pulverization or dispersion of the
pigment or on the kinds of matrix resin (for example, acrylic
resin, cardo resin, etc.). Therefore, in the case of the conven-
tional methods where a macromolecule having a planar struc-
tural group on its side chain is introduced into a color layer, or
where a birefringence-reducing particles is introduced into a
color layer, even if these methods are effective in increasing
the value of retardation in a thickness direction in the positive
direction or in decreasing a large positive value of retardation
in a thickness direction within a positive range, these methods
are not sufficiently effect in shifting the value of retardation in
a thickness direction from zero in the negative direction
within a small range, thus failing to solve the aforementioned
problems.

[0012] Further, it has been found difficult to uniformly con-
fine all of the retardations of red, green and blue color pixels
to be employed in a color filter to a region ranging from zero
to a small negative value while retaining a high contrast of
color filter.

[0013] Since a styrene-containing polymer composition is
excellent in transparency and in heat resistance, it is possible
to use it as a color layer of color filter to be employed, for
example, in a liquid crystal display, an electronic paper dis-
play, an electroluminescence panel, etc., or use it as material
for forming a spacing layer. Further, the styrene-containing
polymer composition can be modified to exhibit developing
properties or photo-curing properties by copolymerizing it
with an alkali-soluble monomer such as aromatic/non-aro-
matic polyvalent carboxylic acid-containing monomers or
with a polymeric bonding-containing monomer, thus provid-
ing it with excellent functions as a polymeric composition for
use as an electronic material.

[0014] On the other hand, the aforementioned styrene-con-
taining polymer composition is known to have a negative
birefringence (see for example, Development of Negative
Birefringence Polymeric Material for Novel Wide Viewing
Angle Retardation Films. TOSOH Research & Technology
Review Vol. 48 (2004)) and hence has been suitably
employed as a material for a negative birefringence retarda-
tion film. Therefore, it is expected that the aforementioned
problems can be overcome by the incorporation of the sty-
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rene-containing polymer composition as a birefringence-ad-
Justing agent in a material to be used for forming at least one
layer selected from the color layers, the spacing layer, the
space controlling layer for controlling cell gap, and the retar-
dation layer of color filter for liquid crystal display. However,
since the retardation of the color filter is relatively small as
compared with that of other components to be used in a liquid
crystal display device, no one has tried to employ the styrene-
containing polymer composition up to date. Namely, there
have been reported almost no studies which are dealt with a
method of reducing the value of retardation in a thickness
direction by the incorporation of a styrene-containing poly-
mer composition into an alkali-developing photosensitive
resin composition, for example.

[0015] Additionally, there is a problem that when a large
quantity of the conventional styrene-containing polymer
composition is incorporated into an alkali-developing photo-
sensitive resin composition, storage stability of the photosen-
sitive resin composition is deteriorated. Furthermore, the
incorporation of styrene-containing polymer composition
may lead to various problems including the deterioration of
the alkali-developing properties of the photosensitive resin
composition, the prolongation of developing time due to dif-
ficulties of suitably adjusting the developing rate, and suscep-
tibility to peeling of a coated film from a substrate due to too
fast developing rate on the contrary. Therefore, there is a limit
in mixing ratio of the styrene-containing polymer composi-
tion, thus making it impossible to enable the styrene-contain-
ing polymer composition to sufficiently exhibit the effects
thereof as a birefringence-adjusting agent.

BRIEF SUMMARY OF THE INVENTION
Problems to be Solved by the Invention

[0016] The present invention has been accomplished in
view of the aforementioned circumstances and hence objects
of the present invention are to provide a color filter which is
not only high in contrast but also excellent in oblique visibil-
ity, and to provide a liquid crystal display device which is
equipped with such a color filter.

[0017] According to a first aspect of the present invention,
there is provided a color filter for a liquid crystal display
device, which exhibits a color filter contrast of 9000 or more
and comprises a transparent substrate, and a plurality of color
layers exhibiting different color from each other and formed
on the transparent substrate, wherein each of the color layers
is a cured film of a color resin composition containing a
polymer composition obtained through a copolymerization
of styrene and an unsaturated carboxylic acid-containing
monomer, a content of the styrene in the polymer composition
being confined to a range of not less than 75 mol. % and less
than 95 mol. %, and a retardation in a thickness direction
“Rth” of each of these color layers, which is represented by
the following expression, is confined within a range of 0 nm
to =10 nm:

Rth={(Nx+Ny)/2-Nz }xd

[0018] wherein Nx is a refractive index in x-direction in a
plane of a color pixel layer; Ny is a refractive index in y-di-
rection in a plane of the color pixel layer; and Nz is a refractive
index in a thickness direction of the color pixel layer, x
direction is defined as a lagging axis represented by Nx=Ny;
and d is a thickness (nm) of the color pixel layer.
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[0019] According to a second aspect of the present inven-
tion, there is provided a liquid crystal display device which is
provided with the color filter of the first embodiment of the
present invention, wherein a color difference Au‘v’ between a
value of chromaticity as measured from a direction normal to
a display surface, and a value of chromaticity as measured
from in a direction of 60° inclined from the direction normal
to adisplay surface and in a direction of an azimuthal angle of
45° at display in a darkened (or OFF) state, is not higher than
0.02.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWING

[0020] FIG. 1is a cross-sectional view schematically illus-
trating a color filter according to one embodiment of the
present invention;

[0021] FIG. 2is a cross-sectional view schematically illus-
trating another example of the color filter according to one
embodiment of the present invention; and

[0022] FIG. 3is a cross-sectional view schematically illus-
trating one example of a liquid crystal display device which is
provided with the color filter of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

[0023] There will now be described various embodiments
of the present invention.

[0024] A color filter for a liquid crystal display device
according to one embodiment of the present invention is
featured in that it exhibits a color filter contrast of 9000 or
more and includes a transparent substrate, and a plurality of
color layers exhibiting different colors and formed on the
transparent substrate, wherein these color layers are respec-
tively formed of a cured film of a color resin composition
containing a polymer composition obtained through a copo-
lymerization of styrene and an unsaturated carboxylic acid-
containing monomer, and a retardation in a thickness direc-
tion “Rth” of each of these color layers which can be
represented by the following expression is confined within
the range of 0 nm to =10 nm:

Rih={{Nx+Ny)/2-Nz}xd

[0025] wherein Nx is a refractive index in x-direction in the
plane of a color pixel layer; Ny is a refractive index in y-di-
rection in the plane of the color pixel layer; and Nz is a
refractive index in the thickness direction of the color pixel
layer. Herein, x direction is defined as a lagging axis repre-
sented by Nx=Ny; and d is a thickness (nm) of the color pixel
layer.

[0026] A liquid crystal display device which is provided
with this color filter exhibits a high contrast and excellent
oblique visibility. If the retardation in a thickness direction
“Rth” thereof falls outside the range of 0 nm to —10 nm, the
oblique visibility thereof may be deteriorated.

[0027] Further, when a green color layer containing zinc
halide phthalocyanine pigment is employed as a green pig-
ment, it is possible to obtain a color filter for a liquid crystal
display device, which is provided with a green color pixel
having a retardation in a thickness direction “Rth” ranging
from 0 nm to -10 nm and exhibiting a color filter contrast of
9000 or more.

[0028] As aresult of extensive studies made by the present
inventors on a photosensitive composition to be used for
forming color filter components such as a coloring layer, a
spacing layer, a space controlling layer for controlling cell
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gap and a retardation layer, it has been found out that a
photosensitive composition containing a polymer composi-
tion obtained through a copolymerization of styrene and an
unsaturated carboxylic acid-containing monomer is useful in
forming these color filter components exhibiting excellent
performance. Namely, the photosensitive composition which
is constructed as described above is excellent in developing
properties, in long term storage stability and in developing
rate and, furthermore, a coated film which has been cured
through the irradiation of light and/or baking is enabled to
exhibit a retardation in a thickness direction “Rth” ranging
from 0 nm to -10 nm and is excellent in heat resistance, in
adhesion to a substrate, in hardness, in solvent resistance and
in alkali resistance, thus making it possible to overcome
almost all of the aforementioned problems of the prior art.

[0029] The polymer composition that has been found out
by the present inventors is featured in that it can be obtained
through a reaction between styrene and an unsaturated car-
boxylic acid-containing monomer, that the weight average
molecular weight thereofis confined to not more than 30000,
the acid value of solid content thereof is confined to 20-180
mgKOH/g, and that the content of styrene thereof'is confined
to notless than 75 mol. % to less than 95 mol. %. The polymer
composition ofthis kind can be obtained through any reaction
method which is well known among persons skilled in the art
such as a radical polymerization of the ethylenic unsaturated
group of styrene and the ethylenic unsaturated group of an
unsaturated carboxylic acid-containing monomer.

[0030] The problems to be raised in the employment of the
conventional photosensitive resin composition can be over-
come by the employment of a photosensitive resin composi-
tion which is prepared so as to contain, as described above, a
polymer composition having a weight average molecular
weight of not more than 30000 and an acid value of solid
content which is confined to 20-180 mgKOH/g, thereby
enabling the styrene-containing polymer composition to suf-
ficiently exhibit the effects thereof. Namely, the problems
accompanied with the employment of a photosensitive resin
composition containing a styrene-containing polymer com-
position having a weight average molecular weight of more
than 30000 and an acid value of solid content which falls
outside the range of 20-180 mgKOH/g, such as the deterio-
ration of the alkali-developing properties of the photosensi-
tive resin composition, the prolongation of developing time
due to difficulties of suitably adjusting the developing rate,
and susceptibility to peeling of a coated film from a substrate
due to too fast developing rate on the contrary can be over-
come.

[0031] Further, since the polymer composition to be
employed in this embodiment is formulated to contain sty-
rene at aratio ranging from notless than 75 mol. % to less than
95 mol. %, the polymer composition is enabled to exhibit a
negative birefringence which styrene resin inherently has. As
a result, it is now possible to overcome various problems
accompanied with the formation of the color layers, the spac-
ing layer, the space controlling layer for controlling cell gap,
and the retardation layer of color filter for liquid crystal dis-
play. Namely, it is possible not only to vanish a redundant
positive value (+10 nm-+30 nm or so) of retardation in a
thickness direction “Rth” which has been caused to generate
by the influences of pigments, dispersing agents and binder
resins but also to reduce the value of “Rth” to a negative value.
As aresult, it is now possible to provide a color filter having
aretardation in a thickness direction value ranging from 0 nm
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to =10 nm that has been essentially desired and to provide a
liquid crystal display device which is excellent in display
characteristics even if it is viewed obliquely.

[0032] If the content of styrene is less than 75 mol. %, it
may be impossible of sufficiently vanish a positive value (+2
nm-+30 nm) of retardation in a thickness direction “Rth”,
thus making it difficult to enable styrene to exhibit its function
as a birefringence-adjusting agent.

[0033] Ifthe content of styrene is larger than 95 mol. %, it
may lead to the deterioration of developing properties and an
increasing possibility of leaving the residue thereof after the
development. Further, an excessive content of styrene may
invite the deterioration in compatibility thereof with other
resin components of photosensitive resin composition, which
may lead to the deterioration of storage stability.

[0034] As for specific examples of the unsaturated car-
boxylic acid-containing monomer, they include, for example,
acrylic acid, methacrylic acid, maleic acid, monoalkyl maleic
acid, fumaric acid, monoalkyl fumaric acid, itaconic acid,
monoalkyl itaconic acid, crotonic acid, etc. Among them,
acrylic acid and methacrylic acid are more preferable for use.
[0035] The photosensitive resin composition containing
the aforementioned polymer composition may further com-
prise a photo-polymerizable monomer, a photo-polymeriza-
tion initiator and acrylic resin, wherein the content of afore-
mentioned polymer composition is confined to 3-60% based
on a total solid contents of the photosensitive resin composi-
tion. The photosensitive resin composition may further com-
prise other components such as a photosensitizer, a non-
photosensitive resin and/or a photosensitive resin, pigments,
adispersing agent, surfactant, polyfunctional thiol, a storage-
stabilizing agent, an adhesion improver and a solvent.
[0036] According to the photosensitive resin composition
which is formulated as described above, since it contains the
aforementioned polymer composition at a ratio of 3-60%
based on a total solid contents of the photosensitive resin
composition, it is possible to enable the photosensitive resin
composition to exhibit the excellent characteristics which the
polymer composition inherently has such as heat resistance,
adhesion to a substrate, hardness, solvent resistance, alkali
resistance and birefringence. Namely, since the aforemen-
tioned photosensitive resin composition is imparted with
excellent characteristics of the polymer composition such as
long term storage stability and birefringence as described
above, it can be preferably used for the formation of alkali-
developing type photosensitive layers for a color filter such as
the color layers, the spacing layer, the space controlling layer
for controlling cell gap, and the retardation layer.

[0037] When the acid value of acrylic resin in the above-
described photosensitive resin composition is confined to
20-180 mgKOH/g, the aforementioned problems such as the
prolongation of developing time due to difficulties of suitably
adjusting the developing rate, and susceptibility to peeling of
a coated film from a substrate due to too fast developing rate
on the contrary can be overcome, thereby making it possible
to regulate the alkali developing properties of photosensitive
resin composition to optimum conditions. More preferable
range of acid value of acrylic resin may be 50-180 mgKOH/g.
[0038] Further, the double-bond equivalent of the acrylic
resin may preferably be not less than 100, more preferably
100-2000, most preferably 100-1000. When the double-bond
equivalent of the acrylic resin is regulated in this manner, the
exposure sensitivity of the photosensitive resin composition
can be sufficiently secured, thereby preventing the deteriora-
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tion of productivity due to the prolongation of the exposure
time required for the sufficient curing thereof that would be
caused by insufficient sensitivity of the photosensitive resin
composition. Meanwhile, the photosensitive resin composi-
tion may further contain pigments and a dispersing agent.
[0039] The photosensitive resin composition formulated as
described above can be used for the formation of at least one
kind of layer selected from color filter coloring layers, the
spacing layer, and the retardation layer. UV exposure or deep
UV exposure can be used as a curing method for the curing of
the aforementioned photosensitive resin composition.
[0040] The styrene-containing polymer composition to be
contained in the photosensitive resin composition may be
used singly or in combination of two or more kinds thereof.
[0041] Next, the components of the photosensitive resin
composition explained above other than the above-described
polymer component will be explained as follows.

[0042] (Acrylic Resin)

[0043] As for specific examples of the acrylic resin, they
include following materials.

[0044] Acrylic resins include polymers obtained from the
monomers, for example, (metha)acrylic acid; alkyl (metha)
acrylate such as methyl (metha)acrylate, ethyl (metha)acry-
late, propyl (metha)acrylate, butyl (metha)acrylate, t-butyl
(metha)acrylate, benzyl (metha)acrylate, lauryl (metha)acry-
late, etc.; hydroxyl group-containing (metha)acrylate such as
hydroxyethyl (metha)acrylate, hydroxypropyl (metha)acry-
late, etc.; ether group-containing (metha)acrylate such as
ethoxyethyl (metha)acrylate, glycidyl (metha)acrylate, etc.;
and alicyclic (metha)acrylate such as cyclohexyl (metha)
acrylate, isobornyl (metha)acrylate, dicyclopentenyl (metha)
acrylate, etc.

[0045] Incidentally, these monomers can be used singly or
in combination of two or more kinds. Further, other kinds of
compounds which can be co-polymerized with these mono-
mers such as styrene, cyclohexyl maleimide, phenyl maleim-
ide, etc. can be used as a copolymer.

[0046] It is also possible to obtain photosensitive resins
through the reaction of a copolymer of carboxylic acid having
an ethylenic unsaturated group such as (metha)acrylic acid
and a compound having epoxy group and unsaturated double
bond such as glycidyl methacrylate or through the addition of
a carboxylic acid-containing compound such as (metha)
acrylic acid to a polymer of epoxy group-containing (metha)
acrylate such as glycidyl methacrylate or to a copolymer of
epoxy group-containing (metha)acrylate with other kinds of
(metha)acrylate.

[0047] It is also possible to obtain a photosensitive resin
through the reaction between a polymer having hydroxyl
group and constituted by a monomer such as hydroxyethyl
methacrylate and a compound having an isocyanate group
and an ethylenic unsaturated group such as methacryloyloxy-
ethyl isocyanate.

[0048] Further, a resin having carboxylic group can be
obtained through a reaction between a copolymer of hydroxy-
ethyl methacrylate having a plurality of hydroxyl groups and
a polybasic acid anhydride, thereby introducing carboxylic
group into the copolymer. The manufacturing method thereof
may not be limited to the above-described method.

[0049] As for specific examples of the acid anhydride to be
employed in the aforementioned reaction, they include, for
example, malonic anhydride, succinic anhydride, maleic
anhydride, itaconic anhydride, phthalic anhydride, tetrahy-
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drophthalic anhydride, hexahydrophthalic anhydride, meth-
yltetrahydrophthalic anhydride, trimellitic anhydride, etc.
[0050] The acid value of solid content of above-described
acrylic resin may preferably be confined to 20-180 mgKOH/
g. If this acid value is less than 20 mgKOH/g, the developing
rate of the photosensitive resin composition becomes to slow,
thereby taking a lot of time for executing the development
thereof, thus leading to the decrease of productivity. On the
other hand, ifthe acid value of solid content is larger than 180
mgKOH/g, the developing rate of the photosensitive resin
composition becomes to fast on the contrary, thereby inviting
the generation of problems such as peeling of pattern after the
development thereof or the chip-off of pattern.

[0051] Further, in the case where the aforementioned
acrylic resin is photo-sensitive, the double-bond equivalent of
the acrylic resin may preferably be not less than 100, more
preferably 100-2000, most preferably 100-1000. If the
double-bond equivalent thereof is higher than 2000, it may
become difficult to secure sufficient photo-curing properties.
[0052] (Photopolymerizable Monomer)

[0053] As for specific examples of the photopolymerizable
monomer, they include (metha)acrylic acid; styrene; vinyl
acetate; (metha)acryl amide; N-hydroxymethyl (metha)acryl
amide; acrylonitrile; various kinds of acrylic esters and meth-
acrylic esters such as 2-hydroxyethyl(metha)acrylate, 2-hy-
droxypropyl(metha)acrylate,  cyclohexyl(metha)acrylate,
polyethyleneglycol di(metha)acrylate, pentaerythritol tri
(metha)acrylate, trimethylolpropane tri(metha)acrylate,
dipentaerythritol  hexa(metha)acrylate, tricyclodecanyl
(metha)acrylate, melamine (metha)acrylate, epoxy(metha)
acrylate, etc.

[0054] Further, it is preferable to employ polyfunctional
urethane acrylate having (metha)acryloyl group which can be
obtained through the reaction between (metha)acrylate hav-
ing hydroxyl group and polyfunctional isocyanate. Inciden-
tally, the combination between the (metha)acrylate having
hydroxyl group and polyfunctional isocyanate may be
optionally selected and hence there is not any particular limi-
tation. Further, only one kind of polyfunctional urethane
acrylate may be used singly or polyfunctional urethane acry-
late may be used in a combination of two or more kinds
thereof.

[0055] (Photo-Polymerization Initiators)

[0056] As for specific examples of the photo-polymeriza-
tion initiator, they include an acetophenone-based compound
such as 4-phenoxy dichloroacetophenone, 4-t-butyl-dichlo-
roacetophenone, diethoxyacetophenone, 1-(4-isopropylphe-
nyl)-2-hydroxy-2-methylpropan-1-one,  1-hydroxycyclo-
hexylphenyl  ketone, 2-benzyl-2-dimethylamino-1-(4-
morpholinophenyl)-butan-1-one; a benzoin-based
compound such as benzoin, benzoin methyl ether, benzoin
ethyl ether, benzoin isopropyl ether, benzyldimethyl ketal,
etc.;

a benzophenone-based compound such as benzophenone,
benzoylbenzoic acid, benzoylmethyl benzoate, 4-phenyl ben-
zophenone, hydroxybenzophenone, acrylated benzophe-
none,

4-benzoyl-4'-methyldiphenyl sulfide, etc.;

a thioxanthone-based compound such as thioxanthone,
2-chlorothioxanthone, 2-methylthioxanthone, isopropylth-
ioxanthone, 2,4-diisopropylthioxanthone, etc.; a triazine-
based compound such as 2.,4,6-trichloro-s-triazine, 2-phenyl-
4,6-bis(trichloromethyl)-s-triazine, 2-p-methoxyphenyl)-4,
6-bis(trichloromethyl)-s-triazine, 2-(p-tolyl)-4,6-bis
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(trichloromethyl)-s-triazine, 2-piperonyl-4,6-bis
(trichloromethyl)-s-triazine, 2,4-bis(trichloromethyl)-6-
styryl-s-triazine, 2-(naphtho-1-yl)-4,6-bis(trichloromethyl)-
s-triazine, 2-(4-methoxynaphtho-1-y1)-4,6-bis
(trichloromethyl)-s-triazine, 2 4-trichloromethyl-
(piperonyl)-6-triazine, 2 4-trichloromethyl(4'-
methoxystyryl)-6-triazine, etc.;

an oxime ester-based compound such as 1,2-octanedione,
1-[4-(phenylthio)-2-(O-benzoyloxime)], O-(acetyl)-N-(1-
phenyl-2-0x0-2-(4'-methoxynaphthyl)ethylidene)hydroxyl
amine, etc.; a phosphine-based compound such as bis(2,4,6-
trimethylbenzoyl)phenylphosphine oxide, 2,4,6-trimethyl-
benzoyl diphenylphosphine oxide, etc.;

a quinine-based compound such as 9,10-phenanthrene qui-
nine, camphor quinine, ethyl anthraquinone, etc.;

a borate-based compound; a carbazol-based compound;

an imidazole-based compound, a titanocene-based com-
pound, etc.

[0057] These photo-polymerization initiators can be
employed singly or in combination of two or more kinds
thereof.

[0058] (Photo-Sensitizer)

[0059] It is preferable to use these photo-polymerization
initiators in combination with a photo-sensitizer. Specific
examples of the photo-sensitizer include a-acyloxy ester,
acylphosphine oxide, methylphenyl glyoxylate, benzyl, 9,10-
phenanthrene  quinone, camphor quinine, ethylan-
thraquinone, 4,4'-diethyl isophthalophenone, 3,3',4,4'-tetra(t-
butyl peroxycarbonyl)benzophenone, 4 4'-diethyl
aminobenzophenone, etc.

[0060] These sensitizers canbe employed ataratio of0.1 to
60 parts by mass based on 100 parts by mass of the photo-
polymerization initiator.

[0061] (Non-Photosensitive Resin and/or Photosensitive
Resin)
[0062] The color composition according to the second

embodiment of the present invention may constructed such
that it includes a non-photosensitive resin and/or a photosen-
sitive resin exhibiting a permeability of preferably not less
than 80%, more preferably not less than 95% in a total wave-
length range of 400-700 nm of visible light zone.

[0063] As for specific examples of the transparent resin,
they include thermoplastic resin, thermosetting resin and
photosensitive resin. Examples of the thermoplastic resin
include, for example, butyral resin, styrene-maleic acid
copolymer, chlorinated polyethylene, chlorinated polypropy-
lene, polyvinyl chloride, vinyl chloride-vinyl acetate copoly-
mer, polyvinyl acetate, polyurethane resin, polyester resin,
acrylic resin, alkyd resin, polystyrene, polyamide resin, rub-
ber type resin, cyclized rubber-based resin, celluloses, polyb-
utadien, polyethylene, polypropylene, polyimide, etc.
Examples of the thermosetting resin include, for example,
epoxy resin, benzoguanamine resin, rosin-modified maleic
resin, rosin-modified fumaric acid resin, melamine resin, urea
resin, phenol resin, etc. It is also possible to employ, as ther-
mosetting resin, compounds obtained through a reaction
between melamine resin which is described below and a
compound having isocyanate group. Specific examples of the
melamine resin include the compounds having a formula (I)
shown below and polymers thereof.
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[0064] wherein R'-R° may be the same or different and are
individually hydrogen atom or CH,OR (R is hydrogen atom
or alkyl group and may be the same or different in R*-R°).

[0065] It is also possible to co-use two or more kinds of
homopolymers or copolymers. Itis also possible to use, other
than the above-described compounds, a compound having
1,3,5-triazine ring which is shown in JP-A 2001-166144. It is
also possible to preferably use the compounds represented by
the following formula (IT).

R°=N N—R!3
>=N 0 Q N=<
N (CH,) M
RQ_N>\_ N/>— ”‘<O >< O>—<CH2> —<\N _/<N 17
\ N—R"
RY Rﬁ

[0066] wherein R7-R'*may be the same or different and are
individually hydrogen atom, alkyl group, alkenyl group or
heterocyclic group; hydrogen atom being most preferable
among these groups.

[0067] As for specific examples of the compound having
isocyanate group and being useful in the aforementioned
reaction, they include various kinds of known isocyanates
such as aromatic, aliphatic or alicyclic isocyanates.

[0068] Forexample, it is possible to employ aromatic poly-
isocyanate such as 1,5-naphthylene diisocyanate, 4,4'-diphe-
nyl methane diisocyanate, 4,4'-diphenyldimethyl methane
diisocyanate, 4,4'-dibenzyl diisocyanate, dialkyldiphenyl
methane diisocyanate, tetraalkyldiphenyl methane diisocy-
anate, 1,3-phenylene diisocyanate, 1,4-phenylene diisocyan-
ate, tolylene diisocyanate, xylylene diisocyanate, m-tetram-
ethyl xylylene diisocyanate, etc.; aliphatic polyisocyanate
such as butane-1,4-diisocyanate, hexamethylene diisocyan-
ate, isopropylene diisocyanate, methylene diisocyanate, 2,2,
4-trimethylhexamethylene diisocyanate, 2,4,4-trimethylhex-
amethylene diisocyanate, etc.; alicyclic polyisocyanate such
as cyclohexane-1,4-diisocyanate, isophorone diisocyanate,
lysine diisocyanate, dicyclohexylmethane-4,4'-diisocyanate,
1,3-bis(isocyanate methyl) cyclohexane, methylcyclohexane
diisocyanate, etc.; and dimer diisocyanate wherein carboxyl
group of dimer acid is converted to isocyanate group.

[0069] When it is desired to impart photosensitivity to the
thermosetting resin, a compound having isocyanate group
and a double-bonding group can be suitably employed.
Examples of such a compound include 2-acryloyloxyethyl
isocyanate, 2-methacryloyloxyethyl isocyanate, 1,1'-
(bisacryloyloxymethyl)ethyl isocyanate, etc.
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[0070] Examples of an acid anhydride to be used in the
aforementioned reaction include malonic anhydride, succinic
anhydride, maleic anhydride, itaconic anhydride, phthalic
anhydride, hexahydrophthalic anhydride, tetrahydrophthalic
anhydride, methyltetrahydrophthalic anhydride, etc.

[0071] In this thermosetting resin, the acid value of solid
content thereof is required to be confined to 3-60 mgKOH/g,
preferably 20-50 mgKOH/g. Accordingly, the addition reac-
tion of the acid anhydride is performed quantitatively so as to
confine the acid value to fall within this range.

[0072] Ifthis acid valueis less than 3 mgKOH/g, defective
development may be caused to occur in the alkali-developing
process. On the other hand, if this acid value is larger than 60
mgKOH/g, various problems may be caused to occur such as
invasion of the surface of exposure portions in the process of
alkali-development or deterioration of long-term storage sta-
bility of the photosensitive resin composition. The aforemen-
tioned thermosetting resin can be prepared according any one
of the following methods.

[0073] (1) A method of mixing melamine resin and a com-
pound having isocyanate group while warming to react with
each other.

[0074] (2) A method of mixing melamine resin and a com-
pound having isocyanate group while warming to react with
each other, and then adding an acid anhydride to the reacted
product while warming to react with each other.

[0075] (3) A method of mixing melamine resin and an acid
anhydride while warming to react with each other.

[0076] These methods may further include, as pretreat-
ments, a step of distilling out low-boiling alcohol compounds
by making use of an evaporator and a step of solvent replace-
ment using another solvent which is suited for the photosen-
sitive resin composition.

[0077] Generally speaking, thermosetting resins such as
melamine resin are high in thermal reactivity and poor in
long-term storage stability, so that it has been considered
difficult to incorporate a large quantity of thermosetting resin
in the photosensitive resin composition. In the case of the
aforementioned thermosetting resins however, since some of
a plurality of thermally reactive groups existing in the skel-
eton of melamine resin are consumed for the reaction thereof
with a compound or acid anhydride having isocyanate group,
the thermal reactivity thereof is appropriately reduced,
thereby making them effective in improving the long-term
storage stability of the photosensitive resin composition. Fur-
thermore, as a result of the reaction of melamine resin with a
compound or acid anhydride having isocyanate group, the
polymer chain of melamine resin is elongated to restrain the
free movement of the skeleton of melamine resin, thereby
bringing about advantages of improving the storage stability
thereof.

[0078] Melamine resin provides a tendency to increase the
retardation of the color filter. Hence, melamine resin can be
used as a retardation-increasing agent for adjusting the retar-
dation in the color filter of the present invention. Likewise, an
organic compound having benzyl group can be used as a
retardation-adjusting agent for adjusting the retardation of the
color filter.

[0079] By way of the reaction of melamine resin with acid
anhydride or a compound having isocyanate group, it is pos-
sible to impart alkali-developing property and/or photosensi-
tivity, both required in an alkali-developing type photosensi-
tive resin composition, to the melamine resin. By providing
the melamine resin with alkali-developing property and/or
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photosensitivity, the adhesion thereof to a substrate can be
improved, thereby realizing a photosensitive resin composi-
tion which is excellent in process margin so as to prevent the
generation of problems in the step of development.

[0080] Furthermore, when the photosensitive resin compo-
sition contains the aforementioned thermosetting resin, a suf-
ficient heat resistance, hardness, solvent resistance and alkali
resistance are imparted to the coated film of the photosensi-
tive resin composition that has been cured.

[0081] Additionally, when the photosensitive resin compo-
sition contains an appropriate quantity of the thermosetting
resin, it is not only possible to minimize the elution of ionic
impurities which are contained in pigments or in other kinds
of particulate or which are intruded into the photosensitive
resin composition during the manufacture of the photosensi-
tive resin composition but also possible to improve the elec-
tric characteristics of the photosensitive resin composition.
Namely, the reaction of the thermosetting resin is taken place
in the photosensitive resin composition on baking and curing
the photosensitive resin composition for the formation of the
colored layer, the spacing layer, the space controlling layer
for controlling cell gap and the retardation layer, thereby
enabling pigments and other kinds of particulate to be trapped
inside the mesh of polymer, thus making it possible to inhibit
the elution of ionic impurities.

[0082] Furthermore, when an appropriate quantity of the
thermosetting resin is incorporated in the photosensitive resin
composition, the aromatic ring of the thermosetting resin is
enabled to act electronically, thus making it possible to adjust
the electric characteristics of the cured film. As a result, it is
now possible to provide a liquid crystal display device which
is excellent in electric characteristics and is free from seizing
and color drift even if the display device is used for long
hours.

[0083] (Pigments)

[0084] When the layer of the photosensitive resin compo-
sition is a color layer of color filter, pigments are required to
be additionally incorporated in the photosensitive resin com-
position.

[0085] Even in the cases of the spacing layer, the space
controlling layer for controlling cell gap and the retardation
layer, all being not of color layer, pigments may be incorpo-
rated therein for imparting light-shielding properties to these
layers. As for the pigments to be used for forming the color
layers and for imparting light-shielding properties to these
layers, it is possible to employ known pigments and to incor-
porate them in the photosensitive resin composition. With
respect to the content of pigments, although there is not any
particular limitation, the pigment may preferably be incorpo-
rated at a content of about 5-70% by mass, more preferably,
about 5-50% by mass, most preferably about 20-50% by mass
based on a total quantity (100% by mass) of the resin com-
position, the balance being substantially constituted by a
resinous binder that can be provided by a pigment carrier.
[0086] Further, for the purpose of spectral adjustment of
color filter, these pigments may be used in combination of two
or more kinds thereof. These pigments may be incorporated
in the color composition at a content of 5-70% by mass based
on a total quantity (100% by mass) of the solid contents of the
color composition.

[0087] Further, in order to secure excellent coating proper-
ties, sensitivity, developing properties while making it pos-
sible to retain balance between the chroma and lightness, the
aforementioned organic pigments may be used in combina-
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tion with inorganic pigments. As for the inorganic pigments,
it is possible to employ metal oxide powder, metal sulfide
powder or metal powder such as yellow lead, zinc chrome, red
iron oxide (III), cadmium red, ultramarine blue, Prussian
blue, chromium oxide green, cobalt green, etc. For the pur-
pose of toning, the color composition may further contain
dyes within the limits which do not deteriorate the heat resis-
tance of the color composition.

[0088] (Dispersing Agent)

[0089] On dispersing the pigment in a pigment carrier and
in an organic solvent, a dispersing agent or a surfactant is
required to be used for the dispersion of the pigment. With
respect to the dispersing agent, it is possible to employ a
surfactant, an intermediate of pigment, an intermediate of
dye, aSolsperse, etc. These dispersing agents are respectively
provided with not only a pigment affinity moiety exhibiting
pigment-adsorbing properties, but also another moiety exhib-
iting compatibility to a pigment carrier, thereby enabling the
dispersing agents to adsorb onto the pigment and to stabilize
the dispersion of the pigment in the pigment carrier.

[0090] As for specific examples of the dispersing agent,
they include polyurethane, polycarboxylate such as polyacry-
late, unsaturated polyamide, polycarboxylic acid, (partial)
amine polycarboxylate, ammonium polycarboxylate, alkyl
amine polycarboxylate, polysiloxane, long chain polyami-
noamide phosphate, hydroxyl group-containing polycar-
boxylate and modified compounds thereof, an oily dispersing
agent such as amide formed through a reaction between poly
(lower alkyl imine) and polyester having a free carboxyl
group and salts of the amide, (metha)acrylic acid-styrene
copolymer, (metha)acrylic acid-(metha)acrylate copolymer,
styrene-maleic acid copolymer, water-soluble resin or water-
soluble polymer compound such as polyvinyl alcohol and
poly(vinyl pyrrolidone), polyester compounds, modified
polyacrylate compounds, ethylene oxide/propylene oxide
adduct, phosphate, etc. These compounds may be employed
individually or in combination of two or more kinds.

[0091] Although there is not any particular limitation with
regard to the mixing ratio of the dispersing agent, it is pref-
erable to incorporate the dispersing agent at a ratio of 1-10%
by mass based on 100% by mass of the quantity of pigments.
Further, The color composition may preferably be formulated
such that bulky particles 5 um or more in size, preferably,
bulky particles 1 pm or more in size, more preferably, bulky
particles 0.5 um or more in size as well as dusts intermingled
therein are completely removed from the composition by
making use of centrifugal separation, sintered filter, mem-
brane filter, etc.

[0092] (Surfactants)

[0093] As for the surfactant, it is possible to employ an
anionic surfactant suchas polyoxyethylene alkylether sulfate,
dodecylbenzene sodium sulfonate, alkali salts of styrene-
acrylic acid copolymer, alkylnaphthaline sodium sulfonate,
alkyldipheny! ether sodium disulfonate, monoethanol amine
lauryl sulfate, triethanol amine lauryl sulfate, ammonium
lauryl sulfate, monoethanol amine stearate, sodium stearate,
sodium lauryl sulfate, monoethanol amine of styrene-acrylic
acid copolymer, polyoxyethylene alkylether phosphate, etc.;
a nonionic surfactant such as polyoxyethylene oleyl ether,
polyoxyethylene lauryl ether, polyoxyethylene nonylphenyl
ether, polyoxyethylene alkylether phosphate, polyoxyethyl-
ene sorbitan monostearate, polyethyleneglycol monolaurate,
etc.; cationic surfactant such as alkyl quaternary ammonium
salt and an ethylene oxide adduct thereof, etc.; and an ampho-
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teric surfactant such as alkyl betaine such as betaine alky-
Idimethyl aminoacetate, alkylimidazoline, etc. These surfac-
tants can be employed singly or in combination of two or
more kinds.

[0094] (Polyfunctional Thiol)

[0095] The photosensitive resin composition may contain
polyfunctional thiol which is capable of acting as a chain-
transfer agent. The polyfunctional thiol is useful as long as the
compound thereof has two or more thiol groups. Specific
examples of the polyfunctional thiol include hexane dithiol,
decane dithiol, 1,4-butanediol bisthiopropionate, 1,4-butane-
diol bisthioglycolate, ethyleneglycol bisthioglycolate, ethyl-
eneglycol bisthiopropionate, trimethylolpropane tristhiogly-
colate, trimethylolpropane tristhiopropionate,
trimethylolpropane tris(3-mercaptobutylate), pentaerythritol
tetrakisthioglycolate, pentaerythritol tetrakisthiopropionate,
trimercaptopropionate  tris(2-hydroxyethyl)isocyanulate,
1,4-dimethylmercaptobenzene, 2,4,6-trimercapto-s-triazine,
2-(N,N-dibutylamino)-4,6-dimercapto-s-triazine, etc.

[0096] These polyfunctional thiols can be employed singly
or in combination of two or more kinds. The content of these
polyfunctional thiols may preferably be confined to 0.2-150
parts by mass, more preferably 0.2-100 parts by mass based
on 100 parts by mass of the pigment in the color composition.
[0097] (Storage Stabilizing Agent)

[0098] The photosensitive resin composition may further
contain a storage stabilizing agent for stabilizing the variation
with time in viscosity of the composition. Specific examples
of the storage stabilizing agent include, for example, quater-
nary ammonium chlorides such as benzyltrimethyl chloride,
diethylhydroxy amine, etc.; organic acids such as lactic acid,
oxalic acid, etc. and methyl ethers thereof; t-butyl pyrocat-
echol; organic phosphine such as triethyl phosphine, triph-
enyl phosphine, etc.; phosphite; etc. The storage stabilizing
agent can be employed at aratio 0f 0.1-10 parts by mass based
on 100 parts by mass of the pigments in a coloring composi-
tion.

[0099] (Adherence Improver)

[0100] Further, the photosensitive resin composition may
contain an adherence improver such as a silane coupling
agent for the purpose of enhancing the adhesion thereof to a
substrate. As for specific examples of the silane coupling
agent, they include vinyl silanes such as viny] tris(f-meth-
oxyethoxy)silane, vinylethoxy silane, vinyltrimethoxy
silane, etc.; (metha)acrylsilanes such as y-methacryloxypro-
pyltrimethoxy silane, etc.; epoxy silanes such as -(3,4-ep-
oxycyclohexyl)ethyl silane, p-(3,4-epoxycyclohexyl)meth-
yltrimethoxy silane, p-(3,4-epoxycyclohexyl)ethyltriethoxy
silane,  f-(3,4-epoxycyclohexyl)methyltriethoxy  silane,
y-glycidoxypropy! trimethoxy silane, y-glycidoxypropyl tri-
ethoxy silane, etc.; amino silanes such as N-f(aminoethyl)
y-aminopropyl trimethoxy silane, N-p(aminoethyl) y-amino-
propyl triethoxy silane, N-f(aminoethyl) y-aminopropyl
methyldiethoxy silane, y-aminopropyl triethoxy silane,
y-aminopropyl trimethoxy silane, N-phenyl-y-aminopropyl
trimethoxy silane, N-phenyl-y-aminopropyl triethoxy silane,
etc.; and thiosilanes such as y-mercaptopropyl trimethoxy
silane, y-mercaptopropyl triethoxy silane, etc. These silane
coupling agents can be used at a ratio of 0.01-10 parts by mass
based on 100 parts by mass of the pigments in a coloring
composition.

[0101] (Solvents)

[0102] The photosensitive resin composition may further
contain a solvent such as water, organic solvents, etc. so that
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the surface of a substrate is uniformly coated therewith. Fur-
ther, in the case where the photosensitive resin composition of
the present invention is to be used for constituting the color
layer of color filter, the solvent acts to enable pigments to be
uniformly dispersed in the color layer. Specific examples of
the solvent include, for example, cyclohexanone, ethyl Cel-
losolve acetate, butyl Cellosolve acetate, 1-methoxy-2-pro-
pyl acetate, diethyleneglycol dimethyl ether, ethyl benzene,
ethyleneglycol diethyl ether, xylene, ethyl Cellosolve,
methyl-n amyl ketone, propyleneglycol monomethyl ether,
toluene, methylethylketone, ethyl acetate, methanol, ethanol,
isopropyl alcohol. butanol, isobutyl ketone, petroleum sol-
vent, etc. These solvents may be employed singly or in com-
bination of two or more kinds. The mixing ratio of these
solvents may be confined to the range of 800 to 4000 parts by
mass, preferably 1000 to 2500 parts by mass based on 100
parts by mass of the pigments in the color composition.

[0103] (Method of Preparing the Photosensitive Resin
Composition)
[0104] The photosensitive resin composition can be pre-

pared by way of any conventional method. For example, a
photosensitive color composition containing a photo-poly-
merizable monomer, a thermosetting resin, a pigment, a dis-
persing agent and a solvent may be prepared according to the
following methods.

[0105] (1) A pigment composition containing a pigment
and a dispersing agent is added to and dispersed in a mixture
of photo-polymerizable monomer and thermosetting resin or
in a solution comprising these components dissolved in a
solvent. Then, residual components are added to the resultant
dispersion.

[0106] (2) A pigment and a dispersing agent are separately
added to and dispersed in a mixture of photo-polymerizable
monomer and thermosetting resin or in a solution comprising
these components dissolved in a solvent. Then, residual com-
ponents are added to the resultant dispersion.

[0107] (3) A pigmentis added to and dispersed in a mixture
of photo-polymerizable monomer and thermosetting resin or
in a solution containing these components dissolved in a
solvent. Then, a dispersing agent is added to the resultant
dispersion and then residual components are added to the
resultant dispersion.

[0108] (4) Two mixtures each containing a photo-polymer-
izable monomer and the thermosetting resin or two solutions
each containing these components dissolved in a solvent are
prepared in advance and then a pigment and a dispersing
agent are separately dispersed in aforementioned two mix-
tures or solutions. Then, these dispersions are mixed together
and then residual components are added to the resultant dis-
persion. Incidentally, either the pigment or the dispersing
agent may be dissolved only in the solvent.

[0109] Herein, the dispersion of the pigment and the dis-
persing agent in a mixture of photo-polymerizable monomer
and thermosetting resin or in a solution containing these
components dissolved in a solvent may be performed by
making use of various kinds of dispersing apparatus such as a
triple roll mill, a twin-roll mill, a sand mill, a kneader, a
dissolver, a high-speed mixer, a homomixer, an attritor, etc.
Further, in order to execute the dispersion more preferably,
the dispersion may be performed by the addition of various
kinds of surfactant.

[0110] Although the preparation of a pigment composition
containing a pigment and a dispersing agent may be per-
formed by simply mixing a powdery pigment with a powdery
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dispersing agent, it is more preferable to employ the follow-
ing mixing methods, i.e. (a) a mechanical mixing method
using various kinds of grinders such as a kneader, a roll, an
attritor, a super mill, etc.; (b) a method wherein a pigment is
dispersed in a solvent to obtain a dispersion to which a solu-
tion containing a dispersing agent is added, thereby enabling
the dispersing agent to be adsorbed onto the surface of pig-
ment; (¢) a method wherein a pigment and a dispersing agent
are co-dissolved in a solvent exhibiting a strong dissolving
power such as sulfuric acid and then co-precipitation is
executed by making use of a poor solvent such as water, etc.
[0111] (Color Filter)

[0112] Next, although a method for forming the color layer
for color filter will be explained, this method can be also
applied in the same manner to the formation of the other
layers such as a spacing layer, a space controlling layer for
controlling cell gap and a retardation layer. The spacing layer
is designed to make uniform the cell gap of a liquid crystal
display device which is formed on the surface of a substrate
provided with the color layer. Incidentally, in the present
invention, pixel units which are constituted by a red color
layer, a green color layer or a blue color layer, each disposed
in the openings of black matrix will be referred to as a red
color pixel (or red pixel), a green color pixel (or green pixel)
and a blue color pixel (or blue pixel), respectively.

[0113] FIG. 1is a cross-sectional view schematically illus-
trating the color filter according to the third aspect of the
present invention.

[0114] As shown in FIG. 1, a black matrix 2 which is
obtained by patterning a metal such as chromium or a photo-
sensitive black resin composition is formed on the surface of
a substrate 1 by means of the conventional method. As for the
substrate 1 to be employed herein, it is preferable to use a
transparent substrate such as a glass substrate or a resinous
substrate made of polycarbonate, poly-methyl methacrylate,
polyethylene phthalate, etc. Further, in order to drive the
liquid crystal after the fabrication of a liquid crystal panel, a
transparent electrode consisting of a composite of metal
oxides such as indium oxide, tin oxide, zinc oxide and anti-
mony oxide may be formed on the surface of a glass plate or
a resinous plate.

[0115] First of all, the surface of the substrate 1 is uniformly
coated with the photosensitive resin composition according
to the second embodiment of the present invention by any
method such as spray coating, spin coating, roll coating, etc.,
thereby forming a layer, which is then dried to form a photo-
sensitive resin composition layer. Then, by means of photo-
lithography, the photosensitive resin composition layer thus
formed is subjected to a patterning process. Namely, the
photosensitive resin composition layer is exposed to the irra-
diation of an active energy beam such as ultraviolet rays,
electron beam, etc. through a photomask having a desired
light-shielding pattern and then the resultant photosensitive
resin composition layer is developed by a developing solution
such as an organic solvent or an alkali aqueous solution. In
this exposure process, the photo-polymerizable monomer
contained in the photosensitive resin composition and located
on the regions irradiated with the active energy beam is
allowed to polymerize and cure. Further, when the photosen-
sitive resin composition contains a photosensitive resin, this
photosensitive resin is also allowed to cross-link and cure.
[0116] Further, in order to enhance the exposure sensitivity,
a water-soluble or alkali-soluble resin (for example, polyvi-
nyl alcohol or a water-soluble acrylic resin) may be coated,
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prior to the step of exposure, on the surface of the coated
photosensitive resin composition layer and dried, thereby
forming a film which is capable of suppressing the effects of
oxygen to obstruct the polymerization.

[0117] In the step of the development, the portions of the
photosensitive resin composition layer which are not irradi-
ated with the active energy beam are washed out by a devel-
oping solution to obtain a desired pattern. As for the method
of developing treatment, it is possible to employ a shower
developing method, a spray developing method, a dip devel-
oping method, a paddle developing method, etc. Incidentally,
with respect to the developing solution, an alkali developing
solution such as an aqueous solution of sodium carbonate,
sodium hydroxide, etc. or an organic alkaline solution such as
dimethylbenzyl amine, triethanol amine, etc. may be mainly
employed. Further, if required, the developing solution may
contain a defoaming agent or a surfactant.

[0118] Finally, the resultant layer thus developed is baked,
and the same procedures as described above are repeated for
other colors, thus manufacturing a color filter. More specifi-
cally, red color pixels 3R, green color pixels 3G and blue color
pixels 3B are formed on the surface of substrate 1 having a
black matrix 2 formed thereon. Namely, the color layer is
constituted by these red color pixels 3R, green color pixels
3G, blue color pixels 3B and the black matrix 2.

[0119] Moreover, in order to make uniform the cell gap of
liquid crystal display device, a counter substrate carrying
layer 4 may be formed on these color pixels. As shown in FIG.
1, the counter substrate carrying layer 4 may preferably be
formed at a location which corresponds to the black matrix 2.
[0120] Further, in the case of the color filter shown in FIG.
2, a retardation layer 5, a space controlling layer 6 for con-
trolling cell gap and a spacing layer 4 are formed on the
surface of the substrate 1 provided in advance with the color
layers. At least one of these retardation layer 5, space con-
trolling layer 6 for controlling cell gap and spacing layer 4
may be formed in the same manner as described above in the
formation of the color layers.

[0121] Next, there will be explained about the liquid crystal
display device which is provided with the color filter
explained above.

[0122] FIG. 3 is a cross-sectional view schematically illus-
trating the liquid crystal display device which is provided
with a color filter according to a third embodiment of the
present invention.

[0123] The liquid crystal display device 7 shown in FIG. 3
illustrates a typical example ofa TFT drive type liquid crystal
display device foruse in a notebook-sized personal computer.
This liquid crystal display device 7 is provided with a pair of
transparent substrates 8 and 9, which are arranged face to face
with a gap interposed therebetween. The gap between them is
filled with a liquid crystal (LC).

[0124] The liquid crystal (LC) can be orientated according
to any liquid crystal alignment mode such as TN (Twisted
Nematic), STN (Super Twisted Nematic), IPS (In-Plane
switching), VA (Vertical Alignment), OCB (Optically Com-
pensated Birefringence), etc.

[0125] On the inner wall of the first transparent substrate 8,
there is formed a TFT (thin film transistor) array 10. On this
TFT array 10 is deposited a transparent electrode layer 11
formed of ITO for example. On this transparent electrode
layer 11 is further provided an alignment layer 12. Further, a
polarizing plate 13 having a retardation film in its structure is
formed on the outer surface of the transparent substrate 8.
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[0126] On the other hand, on the inner wall of the second
transparent substrate 9, there is formed a color filter 14 as
shown in FIG. 1 or FIG. 2. The filter segments of red pixels,
green pixels and blue pixels constituting the color filter 14 are
separated from each other by a black matrix (not shown). If
required, a transparent protective film (not shown) may be
formed so as to cover the color filter 14. Furthermore, a
transparent electrode layer 15 made of ITO for example is
formed on this protective film. An alignment layer 16 is
formed so as to cover the transparent electrode layer 15.
Further, a polarizing plate 17 is formed on the outer surface of
the transparent substrate 9. Incidentally, a back light unit 19
equipped with a triple wavelength lamp 18 is disposed below
the polarizer 13.

EXAMPLES

[0127] Although the present invention will be explained
below by referring to specific examples of the present inven-
tion and to comparative examples, it should not be construed
that the present invention is limited to these examples. Fur-
ther, since the materials to be employed in the present inven-
tion are very sensitive to light, it is required to prevent the
sensitization of the materials by redundant light such as natu-
ral light, so that every works were performed under the yellow
or red lamp. Incidentally, “part(s)” in the following examples
and comparative examples means “mass part(s)”.

[0128] Further, the symbols of pigments are indicated by a
color index number. For example, “PG36” means “C.1. Pig-
ment Green 367, and “PY150” means “C.I. Pigment Yellow
150”.

[0129] (Synthesis of Polymer Compositions)

[0130] The polymer compositions each constituted by sty-
rene and an unsaturated carboxylic acid-containing monomer
and employed in Examples and Comparative Examples were
prepared as follows. Incidentally, the molecular weight of the
resins was a weight average molecular weight reduced as
polystyrene and measured by means of gel permeation chro-
matography (GPC).

Synthesis Example 1

Polymer Composition 1

[0131] 160g of styrene, 20 g of maleic anhydride, 420 g of
cyclohexanone and 2 g of azobisisobutyronitrile were poured
into a five-necked reaction vessel having a capacity of 2
litters. Then, while introducing nitrogen gas into the reaction
vessel, the resultant mixture was heated for 6 hours at 80° C.,
thereby obtaining styrene-maleic anhydride copolymer 1.
The weight average molecular weight of the styrene-maleic
anhydride copolymer 1 thus obtained was 11000. Then, 75 g
of 20% aqueous solution of sodium hydroxide was added to
the styrene-maleic anhydride copolymer 1 thus obtained and
the resultant mixture was heated for one hour at 75° C. After
being cooled down to 30° C., the mixture thus obtained was
mixed with 170 g of 10% hydrochloric acid and stirred for one
hour. Then, 180 g of cyclohexanone and 180 g of water were
added to the mixture and stirred for 30 minutes. An aqueous
layer formed in the mixture was separated to obtain a styrene-
maleic acid copolymer. The weight average molecular weight
of the styrene-maleic acid copolymer thus obtained was
11000.

Synthesis Example 2

Polymer Composition 2

[0132] 160g of styrene, 20 g of maleic anhydride, 420 g of
cyclohexanone and 2 g of azobisisobutyronitrile were poured
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into a five-necked reaction vessel having a capacity of 2
litters. Then, while introducing nitrogen gas into the reaction
vessel, the resultant mixture was heated for 6 hours at 80° C.,
thereby obtaining styrene-maleic anhydride copolymer 1.
The weight average molecular weight of the styrene-maleic
anhydride copolymer 1 thus obtained was 11000. Then, 36 ¢
of 1-dodecanol and 0.5 g of triphenyl phosphine were added
to the styrene-maleic anhydride copolymer 1 thus obtained
and heated for 20 hours at 145° C.

[0133] Thereafter, to the resultant mixture was added 39 g
of 20% aqueous solution of sodium hydroxide and the result-
ant mixture was heated for one hour at 75° C. After being
cooled down to 30° C., the mixture thus obtained was mixed
with 71 g of 10% hydrochloric acid and stirred for one hour.
Then, 180 g of cyclohexanone and 180 g of water were added
to the mixture and stirred for 30 minutes. An aqueous layer
formed in the mixture was separated to obtain a styrene-
maleic acid copolymer. The weight average molecular weight
of the styrene-dodecyl maleate copolymer thus obtained was
12000.

Synthesis Example 3
Polymer Composition 3

[0134] 24 g of styrene-acrylic resin emulsion (Shouwa
Koubunshi Co., Ltd. AIP1761; resin solid content: 50%) was
mixed with 96 g of propyleneglycol monomethyl ether
acetate and heated for one hour at 30° C. The weight average
molecular weight of the styrene-maleic anhydride copolymer
1 thus obtained was 4400.

Synthesis Example 4
Polymer Composition 4

[0135] 432 g of cyclohexanone and 3 g of azobisisobuty-
ronitrile were poured into a five-necked reaction vessel hav-
ing a capacity of one litter. Then, while introducing nitrogen
gas into the reaction vessel, the resultant mixture was heated
to 80° C. Then, a mixed liquid constituted by 98.9 g of styrene
and 9.1 g of acrylic acid was added drop-wise to the above
mixture taking two hours. 30 minutes after finishing of the
dropping of the mixed liquid, 3 g of azoisobutyronitrile was
added to the resultant mixture and the mixture thus obtained
was heated for 5 hours to obtain a styrene-acrylic acid copoly-
mer. The weight average molecular weight of the styrene-
acrylic acid copolymer thus obtained was 6900.

Synthesis Example 5
Polymer Composition 5

[0136] 432 gofpropyleneglycol monomethyl ether acetate
and 13 g of azobisisobutyronitrile were poured into a five-
necked reaction vessel having a capacity of one litter. Then,
while introducing nitrogen gas into the reaction vessel, the
resultant mixture was heated to 80° C. Then, a mixed liquid
constituted by 98.9 g of styrene and 9.1 g of acrylic acid was
added drop-wise to the above mixture taking two hours. 30
minutes after finishing of the dropping of the mixed liquid,
6.5 g of azoisobutyronitrile was added to the resultant mixture
and the mixture thus obtained was heated for 5 hours to obtain
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a styrene-acrylic acid copolymer. The weight average
molecular weight of the styrene-acrylic acid copolymer thus
obtained was 3100.

Synthesis Example 6
Polymer Composition 6

[0137] 432 g of propyleneglycol monomethy] ether acetate
and 13 g of azobisisobutyronitrile were poured into a five-
necked reaction vessel having a capacity of one litter. Then,
while introducing nitrogen gas into the reaction vessel, the
resultant mixture was heated to 80° C. Then, a mixed liquid
constituted by 96.3 g of styrene and 11.8 g of acrylic acid was
added drop-wise to the above mixture taking two hours. 30
minutes after finishing of the dropping of the mixed liquid,
6.5 g of azoisobutyronitrile was added to the resultant mixture
and the mixture thus obtained was heated for 5 hours to obtain
a styrene-acrylic acid copolymer. The weight average
molecular weight of the styrene-acrylic acid copolymer thus
obtained was 3000.

Synthesis Example 7
Polymer Composition 7

[0138] 24 g of styrene-acrylic resin emulsion (Shouwa
Koubunshi Co., Ltd. AIP3770; resin solid content: 50%) was
mixed with 96 g of propyleneglycol monomethyl ether
acetate and heated for one hour at 30° C. The weight average
molecular weight of the styrene-acrylic acid copolymer 1
thus obtained was 8600.

Synthesis Example 8
Polymer Composition 8

[0139] 120g of styrene, 20 g of maleic anhydride, 420 g of
cyclohexanone and 2 g of azobisisobutyronitrile were poured
into a five-necked reaction vessel having a capacity of 2
litters. Then, while introducing nitrogen gas into the reaction
vessel, the resultant mixture was heated for 15hours at 80°C.,
thereby obtaining styrene-maleic anhydride copolymer. The
weight average molecular weight of the styrene-maleic anhy-
dride copolymer 1 thus obtained was 37000. Then, 75 g of
20% aqueous solution of sodium hydroxide was added to the
styrene-maleic anhydride copolymer 1 thus obtained and the
resultant mixture was heated for one hour at 75° C. After
being cooled down to 30° C., the mixture thus obtained was
mixed with 170 g of 10% hydrochloric acid and stirred for one
hour. Then, 180 g of cyclohexanone and 180 g of water were
added to the mixture and stirred for 30 minutes. An aqueous
layer formed in the mixture was separated to obtain a styrene-
maleic acid copolymer. The weight average molecular weight
of the styrene-maleic acid copolymer thus obtained was
35500.

Synthesis Example 9
Polymer Composition 9

[0140] 120g of styrene, 30 g of maleic anhydride, 420 g of
cyclohexanone and 2 g of azobisisobutyronitrile were poured
into a five-necked reaction vessel having a capacity of 2
litters. Then, while introducing nitrogen gas into the reaction
vessel, the resultant mixture was heated for 6 hours at 80° C.,
thereby obtaining styrene-maleic anhydride copolymer. The
weight average molecular weight of the styrene-maleic anhy-
dride copolymer 1 thus obtained was 13000. Then, 75 g of
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20% aqueous solution of sodium hydroxide was added to the
styrene-maleic anhydride copolymer 1 thus obtained and the
resultant mixture was heated for one hour at 75° C. After
being cooled down to 30° C., the mixture thus obtained was
mixed with 170 g of 10% hydrochloric acid and stirred for one
hour. Then, 180 g of cyclohexanone and 180 g of water were
added to the mixture and stirred for 30 minutes. An aqueous
layer formed in the mixture was separated to obtain a styrene-
maleic acid copolymer. The weight average molecular weight
of the styrene-maleic acid copolymer thus obtained was
12000.

Synthesis Example 10
Polymer Composition 10

[0141] 142.5 g of styrene, 7.5 g of maleic anhydride, 420 g
of cyclohexanone and 2 g of azobisisobutyronitrile were
poured into a five-necked reaction vessel having a capacity of
2 litters. Then, while introducing nitrogen gas into the reac-
tion vessel, the resultant mixture was heated for 6 hours at 80°
C., thereby obtaining styrene-maleic anhydride copolymer 4.
The weight average molecular weight of the styrene-maleic
anhydride copolymer 4 thus obtained was 13000.

[0142] Then, 75 g of 20% aqueous solution of sodium
hydroxide was added to the styrene-maleic anhydride copoly-
mer 4 thus obtained and the resultant mixture was heated for
one hour at 75° C. After being cooled down to 30° C., the
mixture thus obtained was mixed with 170 g of 10% hydro-
chloric acid and stirred for one hour. Then, 180 g of cyclo-
hexanone and 180 g of water were added to the mixture and
stirred for 30 minutes. An aqueous layer formed in the mix-
ture was separated to obtain polymer composition 10 formed
of styrene-maleic acid copolymer. The weight average
molecular weight of polymer composition 10 formed of sty-
rene-maleic acid copolymer thus obtained was 12000.
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[0144] (Synthesis of Acrylic Resin)

[0145] Acrylic resins employed in Examples and Compara-
tive Examples were synthesized as explained below. Inciden-
tally, the molecular weight of acrylic resin was a weight
average molecular weight reduced as polystyrene and mea-
sured by means of gel permeation chromatography (GPC).

Synthesis Example 1
Acrylic Resin 1

[0146] 800gofpropyleneglycol monomethyl ether acetate,
10 g of methacrylic acid, 40 g of methyl methacrylate, 80 g of
butyl methacrylate, 40 g of hydroxyethyl methacrylate and 2
g of azobisisobutyronitrile were poured into a five-necked
reaction vessel having a capacity of 2 litters. Then, while
introducing nitrogen gas into the reaction vessel, the resultant
mixture was heated for 6 hours at 80° C., thereby obtaining
acrylic resin 1. The weight average molecular weight of the
acrylic resin 1 thus obtained was 40000.

Synthesis Example 2
Acrylic Resin 2

[0147] Acrylic resin 2 was obtained in the same manner as
described in Synthesis Example 1 except that weight of meth-
acrylic acid employed was 40 g. The weight average molecu-
lar weight of the acrylic resin 2 thus obtained was 40000.

Synthesis Example 3
Acrylic Resin 3

[0148] 800gofpropyleneglycol monomethyl ether acetate,
30 g of methacrylic acid, 70 g of butyl methacrylate, 40 g of
hydroxyethyl methacrylate, 60 g of p-cumylphenoxymethyl
methacrylate and 2 g of azobisisobutyronitrile were poured
into a five-necked reaction vessel having a capacity of 2

[0143] Theresults thus obtained are shown in the following litters. Then, while introducing nitrogen gas into the reaction
Table 1. vessel, the resultant mixture was heated for 6 hours at 80°C.,
TABLE 1

Non-aromatic polyvalent Weight average

carboxylic acid- Alcohol molecular Acid value of  Content of
Kinds of resin ~ contalning monomer used Solvents weight solid content styrene
Polymer Maleic anhydride Water Cyclohexanone 11000 120 87.8
composition 1
Polymer Maleic anhydride Dodecanol Cyclohexanone 12000 80 79.8
composition 2
Polymer Acrylic acid — PGMAc 4400 105 81.1
composition 3
Polymer Acrylic acid — Cyclohexanone 6900 60 88.3
composition 4
Polymer Acrylic acid — PGMAc 3100 50 88.3
composition 5
Polymer Acrylic acid — PGMAc 3000 70 85
composition 6
Polymer Maleic anhydride Dodecanol Cyclohexanone 8600 215 70
composition 7
Polymer Maleic anhydride Water Cyclohexanone 35500 160 86
composition 8
Polymer Maleic anhydride Water Cyclohexanone 12000 215 80
composition 9
Polymer Maleic anhydride Water Cyclohexanone 12000 9 95

composition 10
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thereby obtaining acrylic resin 3. The weight average molecu-
lar weight of the acrylic resin 3 thus obtained was 30000.

Synthesis Example 4
Acrylic Resin 4

[0149] Acrylic resin 4 was obtained in the same manner as
described in Synthesis Example 3 except that weight of meth-
acrylic acid employed was 33 g. The weight average molecu-
lar weight of the acrylic resin 4 thus obtained was 30000.

Synthesis Example 5
Acrylic Resin 5

[0150] 800gofpropyleneglycol monomethyl ether acetate,
40 g of methacrylic acid, 40 g of butyl methacrylate, 60 g of
hydroxyethyl methacrylate, 60 g of p-cumylphenoxymethyl
methacrylate and 4 g of azobisisobutyronitrile were poured
into a five-necked reaction vessel having a capacity of 2
litters. Then, while introducing nitrogen gas into the reaction
vessel, the resultant mixture was heated for 6 hours at 80° C.,
thereby obtaining acrylic resin. This acrylic resin was further
reacted with 45 g of methacryloyloxyethyl isocyanate for 8
hours at 60° C. to obtain acrylic resin 5. The weight average
molecular weight of the acrylic resin 5 thus obtained was
25000.

Synthesis Example 6
Acrylic Resin 6

[0151] Acrylic resin 6 was obtained in the same manner as
described in Synthesis Example 3 except that weight of meth-
acryloyloxyethyl isocyanate employed was 15 g. The weight
average molecular weight of the acrylic resin 6 thus obtained
was 25000. The results thus obtained in these examples are
shown in the following Table 2.

TABLE 2
Acid value of Double bond

Kinds of resin Solvents solid content equivalent
Acrylic resin 1 Cyclohexanone 19 @
Acrylic resin 2 Cyclohexanone 84 o
Acrylic resin 3 Cyclohexanone 126 o
Acrylic resin 4 Cyclohexanone 185 @
Acrylic resin 5 Cyclohexanone 54 470
Acrylic resin 6 Cyclohexanone 54 2100
[0152] (Synthesis of Pigments)

[0153] The pigments employed in Examples and Compara-
tive Examples were synthesized as described below.

[0154] (Blue pigment)

[0155] 200 parts of a blue pigment 1 (C.I. Pigment Blue
15:6; Toyo Ink Manufacturing Co.; “LIONOL BLUE ES”;
B-1), 1600 parts of sodium chloride and 100 parts of dieth-
ylene glycol (Tokyo Kasei Co., Ltd.) were put into a 1 gallon
stainless steel kneader (Inoue Seisakusho Co., Ltd.) and
kneaded for 12 hours at a temperature of 70° C. Then, the
resultant mixture was introduced into about 5 litters of hot
water and stirred for about one hour by means of a high-speed
mixer while heating it at a temperature of about 70° C. to
obtain a slurry product. This slurry product was then sub-
jected to filtration and water washing to remove sodium chlo-
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ride and diethylene glycol and dried for 24 hours at a tem-
perature of 80° C. to obtain 198 parts of a salt milling-treated
pigment (Blue pigment 2).

[0156] Further, 160 parts of a blue pigment 2, 1600 parts of
sodium chloride and 100 parts of diethylene glycol (Tokyo
Kasei Co., Ltd.) were put into a 1 gallon stainless steel
kneader (Inoue Seisakusho Co., Ltd.) and kneaded for 15
hours at a temperature of 70° C. Then, the resultant mixture
was introduced into about 5 litters of hot water and stirred for
about one hour by means of a high-speed mixer while heating
it at a temperature of about 70° C. to obtain a slurry product.
This slurry product was then subjected to filtration and water
washing to remove sodium chloride and diethylene glycol
and dried for 24 hours at a temperature of 80° C. to obtain 158
parts of a salt milling-treated pigment (Blue pigment 3).
[0157] (Violet pigment)

[0158] 300 parts of a violet pigment 1 was put into 3000
parts of 96% sulfuric acid and agitated for one hour and then
the resultant mixture was poured into water of 5° C. and
agitated for one hour. After finishing this one-hour agitation,
the resultant mixture was subjected to filtration and washed
with hot water until the wash water became neutral. The
mixture thus washed was then dried to obtain acid pasting-
treated pigment. 120 parts of the acid pasting-treated pigment
thus obtained, 1600 parts of sodium chloride and 100 parts of
diethylene glycol (Tokyo Kasei Co., Ltd.) were put into a 1
gallon stainless steel kneader (Inoue Seisakusho Co., 1.td.)
and kneaded for 18 hours at 90° C. Then, the resultant mixture
was introduced into about 5 litters of hot water and stirred for
about one hour by means of a high-speed mixer while heating
it at a temperature of about 70° C. to obtain a slurry product.
This slurry product was then subjected to filtration and water
washing to remove sodium chloride and diethylene glycol
and dried for 24 hours at a temperature of 80° C. to obtain 118
parts of a salt milling-treated pigment (Red pigment 2).
[0159] (Red Pigment)

[0160] 136 parts of ared pigment 1 (C.I. Pigment Red 254;
Ciba Specialty Chemicals Co., Ltd.; “IRGAPHOR RED
B-CF”), 24 parts of a dispersing agent A-1, 1600 parts of
sodium chloride and 190 parts of diethylene glycol (Tokyo
Kasei Co., Ltd.) were put into a 1 gallon stainless steel
kneader (Inoue Seisakusho Co., Ltd.) and kneaded for 8 hours
at a temperature of 60° C. Then, the resultant mixture was
introduced into about 5 litters of hot water and stirred for
about one hour by means of a high-speed mixer while heating
it at a temperature of about 70° C. to obtain a slurry product.
This slurry product was then subjected to filtration and water
washing to remove sodium chloride and diethylene glycol
and dried for 24 hours at a temperature of 80° C. to obtain 156
parts of a salt milling-treated pigment (Red pigment 2).
[0161] 160 parts of ared pigment 3 (C.I. Pigment Red 177,
Ciba Specialty Chemicals Co., Ltd.; “CROMOPHTAL RED
R-3”), 1600 parts of sodium chloride and 190 parts of dieth-
ylene glycol (Tokyo Kasei Co., Ltd.) were put into a 1 gallon
stainless steel kneader (Inoue Seisakusho Co., Ltd.) and
kneaded for 12 hours at a temperature of 60° C. Then, the
resultant mixture was introduced into about 5 litters of hot
water and stirred for about one hour by means of a high-speed
mixer while heating it at a temperature of about 70° C. to
obtain a slurry product. This slurry product was then sub-
jected to filtration and water washing to remove sodium chlo-
ride and diethylene glycol and dried for 24 hours at a tem-
perature of 80° C. to obtain 156 parts of a salt milling-treated
pigment (Red pigment 4).
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[0162] (Green Pigment)

[0163] 46 parts of zinc phthalocyanine was dissolved in a
molten salt consisting 0f356 parts of aluminum chloride and
6 parts of sodium chloride and heated to a temperature of 200°
C. Then, the resultant solution was cooled down to 130° C.
and stirred for one hour. Thereafter, the reaction temperature
was raised up to 180° C. and bromine was added drop-wise at
a rate of 10 parts per hour to this reaction mixture taking 10
hours. Then, chlorine was added drop-wise at a rate of 0.8 part
per hour to this reaction mixture taking 5 hours. The resultant
reaction mixture was gradually poured into 3200 parts of
water and then subjected to filtration and water washing to
obtain 107.8 parts of crude zinc phthalocyanine halide pig-
ment. An average number of bromine atoms included in one
molecule of this crude zinc phthalocyanine halide pigment
was 14.1 and an average number of chlorine atoms included
in one molecule of this crude zinc phthalocyanine halide
pigment was 1.9. Then, 120 parts of this crude zinc phthalo-
cyanine halide pigment, 1600 parts of pulverized sodium
chloride, and 270 parts of diethylene glycol were put into a 1
gallon stainless steel kneader (Inoue Seisakusho Co., Ltd.)
and kneaded for 12 hours at a temperature of 70° C. Then, the
resultant mixture was poured into 5000 parts of hot water and
stirred for about one hour by means of a high-speed mixer
while heating it at a temperature of about 70° C. to obtain a
slurry product. This slurry product was then subjected to
repeated filtration and water washing to remove sodium chlo-
ride and the solvent and dried for 24 hours at a temperature of
80° C. to obtain 117 parts of a salt milling-treated pigment
(Green pigment 1).

[0164] (Yellow Pigment)

[0165] 100 parts of a quinophthalone-based yellow pig-
ment PY138 (BASF Co., Ltd.; “PARIOTOL YELLOW
K0961HD™), 5 parts of a pigment derivative (D-3), 750 parts
of pulverized common salt and 180 parts of diethylene glycol
(Tokyo Kasei Co., Ltd.) were putinto a 1 gallon stainless steel
kneader (Inoue Seisakusho Co., Ltd.) and kneaded for 6 hours
at a temperature of 60° C. Then, the resultant mixture was
introduced into 3000 parts of hot water and stirred for about
one hour by means of a high-speed mixer while heating it at
a temperature of about 80° C. to obtain a slurry product. This
slurry product was then subjected to repeated filtration and
water washing to remove the common salt and the solvent and
dried for 24 hours at a temperature of 80° C. to obtain 100
parts of a salt milling-treated pigment (Yellow pigment 1).

Example 1

[0166] A blue color composition to be used for manufac-
turing a color filter was prepared according to the following
procedures.
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[0167]

[0168] A mixture having the following composition was
agitated to obtain a uniform mixture and then subjected to
dispersion for 5 hours by making use of asand mill employing
glass beads having a diameter of 1 mm. Then, the resultant
mixture was filtered using a 5 pm-mesh filter to obtain a
dispersion of blue pigment.

<Blue Color Composition 1>

Blue pigment 3 7.9 parts

Viclet pigment 2 5.8 parts

Dispersing agent (“AJISPER PB8217, 1.8 parts

Ajinomoto FineTechno Co., Ltd.)

Acrylic resin 2 (solid content: 20%) 36.5 part

Cyclohexanone 48 parts
[0169] Subsequently. a mixture having the following com-

position was agitated to obtain a uniform mixture and then
subjected to filtration using a 5 pm-mesh filter to obtain blue
color composition 1.

Above-described dispersion 42 parts
Polymer composition 1 12 parts
Acrylic resin 5 4 parts
Trimethylol propane triacrylate (“Biscoat #295%; 4.8 parts
Ohsaka Organic Chemistries Co., Ltd.)

Photopolymerization initiator 2.8 parts
(“IRGACURE-369", Ciba-Geigy Co., Ltd.)

Photo-sensitizer 0.2 part
(“EAB-F”, Hodogaya Kagaku Co., Ltd.)

Cyclohexanone 34.2 parts

Examples 2-11, Comparative Examples 1-9

[0170] The color compositions 2-20 were obtained by
repeating the same procedure as described in Example 1
except that the pigment in the dispersion and the resin con-
tained in the dispersion and color composition were replaced
by the pigments and the resins described in the following
Table 3.

TABLE 3

Resin in dispersion

Resin in color composition

Pigment Polymer composition Acrylic resin Polymer composition Acrylic resin
Kinds Additive Additive Additive Additive
Pigment 1 Pigment2 Kinds amount Kinds amount Kinds amount Kinds amount
Ex. 1 Color Blue Violet — Acrylic  36.5 parts Polymer 12 parts  Acrylic 4 parts
composition I pigment 1 pigment 2 resin 2 composition 1 resin 5
Ex.2 Color Blue Violet — Acrylic  36.5 parts Polymer 12 parts  Acrylic 4 parts
composition 2 pigment 1 pigment 2 resin 2 composition 2 resin 5
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TABLE 3-continued

Resin in dispersion Resin in color composition
Pigment Polymer composition Acrylic resin Polymer composition Acrylic resin
Kinds Additive Additive Additive Additive
Pigment 1 Pigment 2 Kinds amount  Kinds amount Kinds amount  Kinds amount
Ex. 3 Color Blue Violet — —  Acrylic  36.5 parts Polymer 12 parts  Acrylic 4 parts
composition 3 pigment 1 pigment 2 resin 2 composition 3 resin 5
Ex.4  Color Blue Violet — —  Acrylic  36.5 parts Polymer 12 parts  Acrylic 4 parts
composition 4  pigment 1 pigment 2 resin 2 composition 4 resin 5
Ex. 5 Color Blue Violet — —  Acrylic  36.5 parts Polymer 12 parts  Acrylic 4 parts
composition 5 pigment 1 pigment 2 resin 2 composition 5 resin 5
Ex. 6 Color Blue Violet — —  Acrylic  36.5 parts Polymer 12 parts  Acrylic 4 parts
composition 6  pigment 1 pigment 2 resin 2 composition 6 resin 5
Ex. 7 Color Blue Violet — —  Acrylic  36.5 parts Polymer 12 parts  Acrylic 4 parts
composition 7 pigment 1 pigment 2 resin 2 composition 4 resin 3
Ex. 8 Color Blue Violet Polymer 25.5 parts Acrylic  11.0 parts Polymer 16 parts None —
composition 8 pigment 1 pigment2 composition 2 resin 2 composition 4
Ex. 9 Color Blue Violet Polymer 25.5 parts Acrylic  11.0 parts Polymer 16 parts None —
composition 9 pigment 1 pigment2 composition 4 resin 2 composition 4
Ex. 10 Color Green Yellow — —  Acrylic  36.5 parts Polymer 16 parts None —
composition 10 pigment 1 pigment 2 resin 2 composition 4
Ex. 11  Color Red Red — —  Acrylic  36.5 parts Polymer 16 parts None —
composition 11 pigment 2 pigment 2 resin 2 composition 4
Comp.  Color Blue Violet — —  Acrylic  36.5 parts Polymer 12 parts  Acrylic 4 parts
Ex. 1 composition 12 pigment 1 pigment 2 resin 2 composition 7 resin 5
Comp.  Color Blue Violet — —  Acrylic  36.5 parts Polymer 12 parts  Acrylic 4 parts
Ex.2 composition 13 pigment 1  pigment 2 resin 2 composition 8 resin 5
Comp.  Color Blue Violet — —  Acrylic  36.5 parts Polymer 12 parts  Acrylic 4 parts
Ex. 3 composition 14 pigment 1 pigment 2 resin 2 composition 9 resin 5
Comp.  Color Blue Violet Polymer 25.5 parts Acrylic  11.0 parts Polymer 12 parts  Acrylic 4 parts
Ex.4  composition 15 pigment1 pigment2 composition 7 resin 2 composition 7 resin 5
Comp.  Color Blue Violet — —  Acrylic  36.5 parts Polymer 12 parts  Acrylic 4 parts
Ex. 5§ composition 16 pigment 1 pigment 2 resin 2 composition 8 resin 1
Comp.  Color Green Yellow — —  Acrylic  36.5 parts Polymer 12 parts  Acrylic 4 parts
Ex. 6 composition 17 pigment 1 pigment 2 resin 2 composition 7 resin 5
Comp.  Color Green Yellow — —  Acrylic  36.5 parts Polymer 12 parts  Acrylic 4 parts
Ex. 7 composition 18 pigment 1 pigment 2 resin 2 composition resin 5
10
Comp.  Color Green Yellow Polymer 25.5 parts Acrylic  11.0 parts Polymer 12 parts  Acrylic 4 parts
Ex. 8 composition 19 pigment 1 pigment 2 composition 7 resin 2 composition 7 resin 5
Comp.  Color Red Red — —  Acrylic  36.5 parts Polymer 12 parts  Acrylic 4 parts
Ex. 9 composition 20 pigment2 pigment 2 resin 2 composition 7 resin 3
Example 12 Example 13

Preparation of Photosensitive Resin Composition 1
for the Spacing Layer

[0171] A mixture having the following composition was
agitated to obtain a uniform mixture and then subjected to
filtration using a 5 wm-mesh filter to obtain photosensitive
resin composition 1 to be used for the formation of a spacing

layer.

Polymer composition 5

Photopolymerizable monomer

(“Aronix M-402”; Toa Gosei Co., Ltd.)
Photopolymerization initiator
(“IRGACURE-907", Ciba-Geigy Co., Ltd.)
Photo-sensitizer (“Diethylthioxanthone-S”;
Nippon Kayaku Co., Ltd.)

Photo-sensitizer (“2-mercaptobenzothizole”;
Kanto Kagaku Co., Ltd.)

Cyclohexanone

16 parts
2.4 parts

2.8 parts
0.5 part
0.5 part

40.2 parts

Preparation of Photosensitive Resin Composition 2
to be Used for Forming a Space Controlling Layer
for Controlling Cell Gap

[0172] A mixture having the following composition was
agitated to obtain a uniform mixture and then subjected to
filtration using a 5 um-mesh filter to obtain photosensitive
resin composition 2 to be used for forming a space controlling
layer for controlling cell gap.

Polymer composition 5 16 parts
Trimethylolpropane triacrylate (“Biscoat #2957; 4.8 parts
Ohsaka Organic Chemistries Co., Ltd.)

Photopolymerizable monomer 2.4 parts
(“Aronix M-402”; Toa Gosei Co., Ltd.)

Photopolymerization initiator 2.8 parts
(“IRGACURE-907", Ciba-Geigy Co., Ltd.)

Photo-sensitizer 0.2 part

(“EAB-F”, Hodogaya Kagaku Co., Ltd.)
Cyclohexanone 40.2 parts
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Example 14

Preparation of Photosensitive Resin Composition 3
to be Used for Forming a Retardation Layer

[0173] A mixture having the following composition was
agitated to obtain a uniform mixture and then subjected to
filtration using a 5 wm-mesh filter to obtain photosensitive
resin composition 3 to be used for forming a retardation layer.

Polymer composition 5 16 parts
Trimethylolpropane triacrylate (“Biscoat #295”; 4.8 parts
Ohsaka Organic Chemistries Co., Ltd.)
Photopolymerizable monomer 2.4 parts
(“Aronix M-402”; Toa Gosei Co., Ltd.)
Photopolymerization initiator 2.8 parts
(“IRGACURE-907”, Ciba-Geigy Co., Ltd.)
Photo-sensitizer 0.2 part
(“EAB-F”, Hodogaya Kagaku Co., Ltd.)
Cyclohexanone 40.2 parts
Comparative Examples 10-12
[0174] Photosensitive resin compositions 4-6 were

obtained in the same manner as described in Examples 12-14
except that polymer composition 8 was used as the resin.
[0175] The color compositions according to the aforemen-
tioned Examples and Comparative Examples were evaluated
by measuring the following characteristics.

[0176] 1. Assessment of Long-Term Storage Stability
[0177] The initial viscosity of a green color composition
which was prepared the day before and the aged viscosity of
the same green color composition which was prepared one
week ago and promoted in viscosity at 40° C. were measured
by making use of E-type viscometer (ELD type viscometer,
Toki Sangyo Co., Ltd.) under the conditions of: 25° C. in
temperature and 20 rpm in revolving speed. Based on the
values ofthe initial viscosity and of the aged viscosity, the rate
of change of the aged viscosity was calculated.

[Rate of change of the aged viscosity]=I{(initial vis-
cosity)-(aged viscosity)}/(initial viscosity)lx100

[0178] The assessment of the long-term storage stability
was performed based on the following standard.

[0179] O: 10% or less in the rate of change of the aged
viscosity

[0180] A: 10%-20% in the rate of change of the aged vis-
cosity

[0181] X: More than 20% in the rate of change of the aged
viscosity

[0182] 2. Retardation (Rth) in a Thickness Direction
[0183] Each of coated color films was manufactured

according to the following procedure and the values of retar-
dation in a thickness direction were measured.

[0184] By means of spin coating, the surface of a glass
substrate was coated with each of color compositions shown
in above Table 3 and then pre-baked for 20 minutes in a clean
oven at a temperature of 70° C. Then, after being cooled to
room temperature, the substrate was exposed to ultraviolet
rays by making use of an ultra-high pressure mercury lamp.
Thereafter, the resultant substrate was subjected to spray
development by making use of an aqueous solution of sodium
carbonate heated up to 23° C., after which the resultant sub-
strate was washed with ion-exchange water and air-dried.
Subsequently, the resultant substrate was post-baked for 30
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minutes in a clean oven at a temperature of 230° C., thereby
forming a colored coated film of each of colors. The film
thickness as dried of the coated film was 1.8 pm in every case.
Further, the photosensitive resin compositions for the spacing
layer, the space controlling layer for controlling cell gap and
the retardation layer, all layers being designed to make uni-
form the cell gap of a liquid crystal display device, are depos-
ited in the same procedures as described above, thereby form-
ing these coated films.

[0185] The values of retardation in a thickness direction
were determined as follows. Namely, by making use of a
retardation in a thickness direction measuring apparatus
(“RETS-100”; Ohtsuka Denshi Co., Ltd.), the retardation
A(}) of the coated color film was measured from the direction
which was angled by 45° from the normal direction of sub-
strate having the coated color film formed thereon. Then, by
making use of this value, the three-dimensional refractive
index was calculated and, based on this three-dimensional
refractive index, the value Rth of retardation in a thickness
direction was calculated according to the following equation
(1). Inthis case, a wavelength of 610 nm was used for the red
color film, a wavelength of 550 nm was used for the green
color film, and a wavelength of 450 nm was used for the blue
color film.

Rih={(Nx+Ny)/2-Nz }xd €}

[0186] (wherein Nx is arefractive index in x directioninthe
plane of color pixel layer; Ny is a refractive index in y direc-
tion in the plane of color pixel layer; and Nz is a refractive
index in the thickness direction of color pixel layer; x direc-
tion is defined as a lagging axis represented by Nx=Ny; and
d is a thickness (nm) of color pixel layer.

[0187] The following Table 4 illustrates the value Rth of
retardation in a thickness direction of each of coated color
films which were manufactured by making use of each of
color compositions shown in above Table 3. When it was
designed to minimize the coloring of an image at display in
the darkened state as it is viewed obliquely in the combination
of the value Rth of retardation in a thickness direction of the
retardation plate and liquid crystal material to be used in a
liquid crystal display device with the value Rth of retardation
in a thickness direction of the color pixel layer, the value Rth
of retardation in a thickness direction of each of color pixel
layers was: =10 nm-+2 nm in the case of the red pixel, -10
nm-0 nm in the case of the green pixel, and =10 nm-+2 nm in
the case of the blue pixel.

[0188] The retardation in a thickness direction value of the
color pixels was evaluated according to the following stan-
dard.

[0189] O: The value was confined to —10 nm-+2 nm in the
case of the red pixel, =10 nm-0 nm in the case of the green
pixel, and -10 nm-+2 nm in the case of the blue pixel.
[0190] X: The value was not confined to these ranges.
[0191] The results of above assessment are shown in the
following Table 4.

[0192] With respect to the photosensitive compositions for
the space controlling layer for controlling cell gap and the
retardation layer, the values of Rth thereof obtained are shown
in the following Table 4.

[0193] 3. Measurement of Contrast

[0194] The contrast was calculated as follows. Each of
color pixels formed on a transparent substrate was sand-
wiched between a pair of polarizing plates and one of the
polarizing plates is irradiated with a back light and permitted
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to emit from the other of the polarizing plates and the lumi-
nance of light emitted from said other polarizing plate is
measured by means of a luminance meter, thereby measuring
the luminance of light under a condition wherein these polar-
izing plates are disposed parallel with each other to determine
the luminance of light (Lp) and also measuring the luminance
of light under a condition wherein these polarizing plates are
disposed intersected orthogonally with each other to detet-
mine the luminance of light (Lc), after which the ratio
between (Lp) and (Lc) is calculated to determine the contrast
C(C=Lp/Le).

[0195] CR is defined as the value of contrast obtained in the
case of red color layer (coated film), CG is defined as the
value of contrast obtained in the case of green color layer
(coated film), and CB is defined as the value of contrast
obtained in the case of blue color layer (coated film). CS is
defined as the value of contrast obtained in the case where
only the transparent substrate was existed without accompa-
nying the color filter (color layers). The color filter contrast
was measured and calculated according to the aforemen-
tioned equation with regard to the color filter substrate having
the red color pixel, the green color pixel and the blue color
pixel formed on the surface of black matrix. The color filter
contrast is more important than the contrasts of these color
layers as the color filter contrast actually has direct bearing on
the picture qualities of a liquid crystal display device.
[0196] Ifitis desired to fully meet persistent demands for
extremely high picture qualities of a large-size liquid crystal
display device such as a televisions, a monitor, etc., a color
filter contrast of as high as not less than 9000 is needed.
[0197] When the contrast ratio between CS and the contrast
of each of color layers satisfies the conditions of, for example,
CR/CS>0.45, CG/CS>0.45 and CB/CS>0.45, it is possible to
obtain excellent front visibility on displaying black image of
the liquid crystal display device. Namely, it is possible to
reproduce a tight black image without accompanying leakage
of light. On the other hand, if the conditions of: CR/CS>0.45,
CG/CS>0.45 and CB/CS>0.45 are not satisfied, the leakage
of light would become prominent on displaying black image,
thus failing to obtain a liquid crystal display device which is
excellent in front visibility.

[0198] Furthermore, when the difference in retardation
among every colors is minimized, it is possible to obtain a
liquid crystal device which is excellent in both oblique vis-
ibility and front visibility. By the way, even if the conditions
of CR/CS>0.45, CG/CS>0.45 and CB/CS>0.45 are entirely
satisfied, ifthe difference in retardation among every colors is
large, the oblique visibility may become insufficient. In color
layers employed in Examples, those exhibiting a contrast
ratio of more than 0.45 were used.

[0199] Incidentally, the measurement of contrast was
executed by making use of a color luminance meter (for
example, “BM-5A"; Topcon Co., Ltd.). Specifically, under
the conditions where only a color pixel layer having a single
coated film formed on a transparent substrate or only a trans-
parent substrate is sandwiched between a pair of polarizing
plates, the luminance of light (Lp) where these polarizing
plates are disposed such that the polarizing axes are parallel
with each other and the luminance of light (Lc) under a
condition wherein these polarizing plates are disposed such
that the polarizing axes are intersected orthogonally with
each other are respectively measured at a viewing angle of 2°,
for example. As for the polarizing plate, it is possible to
employ “NPF-SE1224DU” (Nittoh Denko Co., Ltd.). As for
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the light source for the backlight, it is possible to employ
those having characteristics of: luminance=1937 cd/m?, a
chromaticity coordinate (x, y) in XYZ system of color repre-
sentation chromaticity diagram is (0.316, 0.301), color
temperature=6525K and chromaticity deviation duv=-0.
0136.

[0200] 4. Evaluation of Sensitivity

[0201] The sensitivity of each of the photosensitive color
compositions as well as the sensitivity of photosensitive com-
positions for the space controlling layer for controlling cell
gap and of photosensitive compositions for the retardation
layer shown in above Table 3 was evaluated as described
below.

[0202] Namely, at first, by means of spin coating, the sur-
face of a glass substrate was coated with each of the photo-
sensitive compositions thus obtained and then prebaked at
70° C. for 15 minutes, thereby forming a coated film having a
film thickness of 2.3 um. Then, by means of proximity expo-
sure system using ultraviolet ray as an exposure light source,
ultraviolet exposure was performed through a photomask
provided with a fine line pattern of 50 pm. The dosage of
expostre was set to eight levels, i.e. 30 J/em?, 40 J/em?, 50
Jiem?, 60 Jiem?, 70 J/em?, 80 J/em?, 90 I/em?® and 100 J/em?.
[0203] Then, by making use of 1.25 wt % sodium carbon-
ate, the coated film was shower-developed and then washed.
The resultant coated film was then subjected to a heat treat-
ment for 20 minutes at 230° C., thus accomplishing the pat-
terning of the coated film.

[0204] The film thickness of the color pixel thus obtained
was divided by the film thickness (2.3 um) of the non-expo-
sure/non-development portion, thereby calculating the
residual film ratio thereof. Then, an exposure sensitivity
curve was plotted in a graph with the abscissa representing
exposure dosages and the ordinate thereof representing
residual film ratios after the development. Based on the expo-
sure sensitivity curve thus obtained, the minimum quantity of
exposure which enabled the residual film ratio to keep 80% or
more was defined as a saturated exposure dosage. Then, the
sensitivity of the photosensitive resin compositions was
evaluated according to the following standard.

[0205] O: Saturated exposure dosage was not more than 50
Tem?®.
[0206] A: Saturated exposure dosage was more than 50

J/em? but not more than 100 Jem?.

[0207] X: Saturated exposure dosage was more than 100
Tem?®.

[0208] 5. Evaluation of Patterning Properties

[0209] The patterning properties of each of the photosen-

sitive color compositions as well as each of the photosensitive
compositions for the space controlling layer for controlling
cell gap and each of the photosensitive compositions for the
retardation layer, which were prepared in Examples and
Comparative Examples, were evaluated as described below.

[0210] Namely, at first, by means of spin coating, the sur-
face of a glass substrate was coated with each of the photo-
sensitive color compositions thus obtained and then prebaked
at 70° C. for 15 minutes, thereby forming a coated film having
a film thickness of 2.3 um. Then, by means of proximity
exposure system using ultraviolet ray as an exposure light
source, ultraviolet exposure was performed through a photo-
mask provided with a stripe pattern having a line width of
6-20 um. The dosage of exposure employed was of the satu-
rated exposure dosage which was varied in the same marnner
as described above.
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[0211] Then, by making use of 1.25 wt % sodium carbon-
ate, the coated film was shower-developed and then washed.
The time for the development was appropriately determined
so as to enable non-exposed coated film to be washed away.
The resultant coated film was then subjected to a heat treat-
ment for 20 minutes at 230° C., thus manufacturing test
substrates.

[0212] 6. Evaluation of Resistance to Chemicals

[0213] In the same manner as in the case of the above
evaluation of patterning properties, a stripe pattern was
formed on the surface of glass substrate and then the glass
substrate was exposed to the following conditions. Any
change in external appearance of the pattern after this expo-
sure was observed by means of an optical microscope.
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[0214] N-methyl-2-pyrolidone solvent: Immersed for 30
minutes (24° C.)

[0215] Tsopropyl alcohol solvent: Immersed for 30 minutes
(24°C)
[0216]
(24°C)
[0217] The resistance to chemicals was performed accord-
ing to the following standard.

y-butyrolactone solvent: Immersed for 30 minutes

[0218] O: No change in external appearance under every
conditions
[0219] X: Failures such as peeling of pattern, chipping or

cracks were recognized.
[0220] The aforementioned results are shown in the follow-
ing Table 4.

TABLE 4

Assessment on Thickness-wise

Long-term Evaluation of  patterning property  phase-shifting

storage sensitivity developing rate, value Rth Chemical

Unit stability (mJ/em?) adhesion (nm) resistance

Ex. 1 Color O O O -3 O O
composition 1

Ex.2 Color O O O -1 O O
composition 2

Ex.3  Color O O O -2 O O
composition 3

Ex. 4 Color O O O -4 O O
composition 4

Ex.5  Color O O O -5 O O
composition 5

Ex.6  Color O O O -4 O O
composition 6

Ex.7  Color O A O -3 O A
composition 7

Ex.8  Color O A O -7 O A
composition 8

Ex.9  Color O A O -8 O A
composition 9

Ex.10  Color O A O -1 O A
composition 10

Ex.11  Color O A O 0 O A
composition 11

Ex.12  Photosensitive O O O 0 O O
resin composition 1

Ex. 13 Photosensitive O O O -1 O O
resin composition 2

Ex. 14  Photosensitive O O O -2 O O
resin composition 3

Comp.  Color X O X 5 X A

Ex. 1 composition 12

Comp.  Color X O X -2 O A

Ex.2  composition 13

Comp.  Color X O X 0 O A

Ex.3 composition 14

Comp.  Color X O X 2 X A

Ex. 4 composition 13

Comp.  Color X A X 0 O A

Ex.5 composition 16

Comp. Color O O O 4 X O

Ex.6  composition 17

Comp.  Color X O X -12 X A

Ex. 7 composition 18

Comp. Color O O O 1 X O

Ex. 8 composition 19

Comp. Color O O O 5 X O

Ex.9  composition 20

Comp.  Photosensitive X O X 6 X A

Ex. 10 resin composition 4

Comp.  Photosensitive X @) X 5 X A

Ex. 11  resin composition 5

Comp.  Photosensitive X O X 4 X A

Ex. 12 resin composition 6
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[0221] Ttwill be recognized from the above Table 4 that the
resin compositions of Examples 1-14 wherein polymer com-
positions falling within the scope of the present invention
were employed were all excellent in every respects including
not only the long-term storage stability, sensitivity and pat-
terning properties of the photosensitive resin composition
and, furthermore, the color layer to be obtained through the
curing of this photosensitive resin composition was excellent
not only in the retardation in a thickness direction but also in
chemical resistance.

[0222] Whereas, in the case of the resin compositions of
Comparative Examples 1-12 wherein polymer compositions
falling outside the scope of the present invention were
employed, it will be recognized that at least any one of the
aforementioned features was found unsatisfactory.

Example 15
1. Manufacture of a Color Filter

[0223] A color filter was manufactured through a combina-
tion of photosensitive color compositions shown in above
Table 3 and by making use of the method described below.
[0224] First of all, by means of spin coating, the surface of
a glass substrate having a black matrix formed thereon was
coated with a photosensitive red color composition (color
composition 11) in advance and then pre-baked for 20 min-
utes in a clean oven at a temperature of 70° C. Then, after
being cooled to room temperature, the substrate was exposed,
through a photomask, to ultraviolet rays by making use of an
ultra-high pressure mercury lamp.

[0225] Thereafter, the resultant substrate was subjected to
spray development by making use of an aqueous solution of
sodium carbonate heated up to 23° C., after which the result-
ant substrate was washed with ion-exchange water and air-
dried. Further, the resultant substrate was post-baked for 30
minutes in a clean oven at a temperature of 230° C., thereby
forming a red color pixel having stripe-like configuration on
the substrate.

[0226] Then, by making use ofa photosensitive green com-
position (color composition 10), a green pixel was formed in
the same manner as described above and, further, by making
use of a photosensitive blue composition (color composition
1), the blue pixel was formed in the same manner as described
above, thereby obtaining a color filter. The film thickness of
each of these color pixels was 2.0 um in every case.

2. Manufacture of a Liquid Crystal Display Device

[0227] An over-coat layer was formed on the surface of
color filter thus obtained and then a polyimide alignment
layer was formed thereon. Further, a polarizing plate was
arranged on the opposite surface of the glass substrate. On the
other hand, a TFT array and pixel electrodes were formed on
one surface of another (second) glass substrate and a polar-
izing plate was arranged on the opposite surface of this sec-
ond glass substrate.

[0228] A couple of glass substrates thus prepared were
disposed to oppose with each other so as to make the electrode
layers thereof face to each other. Then, these glass substrates
were aligned with each other while securing a predetermined
gap between these substrates by making use of spacer beads
and then the outer circumference of this composite body of
substrates was entirely sealed while leaving an opening for
injecting a liquid crystal composition. Thereafter, a liquid
crystal composition for VA was injected, via the opening, into
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the gap and then the opening was sealed. The polarizing plate
was furnished with an optical compensation layer which was
optimized so as to realize a wide viewing angle display.
[0229] The liquid crystal display device thus manufactured
was assembled with a back light unit to obtain a liquid crystal
panel of VA (vertical alignment) display mode.

Example 16, Comparative Examples 13 and 14

[0230] A color filters 2-4 were manufactured in the same
manner as described in Example 15 except that the photosen-
sitive color compositions described in the following Table 5
were employed respectively as the photosensitive color com-
position. Then, by making use of these color filters, liquid
crystal display devices were manufactured.

[0231] Incidentally, the composition of the color composi-
tion 21 employed in Comparative Example 14 was as
described below.

[0232] Pigments: Blue pigment 1, Violet pigment 2
[0233] Resin in the dispersion: 36.5 parts of acrylic resin 2
[0234] Resin in the color composition: 4.4 parts of polymer

composition 4 and 12 parts of acrylic resin 6

[0235] The composition ratio of pigments, the quantity of
dispersing agent and other composition ratio were the same as
those of Example 1.

[0236] Followings are explanations on the retardation in a
thickness direction of a green color layer employing a copper
halide phthalocyanine pigment and representing a compara-
tive example, and on the oblique visibility of the green color
layer at black display in the darkened state.

[0237] A color composition 21 was manufactured by mak-
ing use of a copper halide phthalocyanine pigment PG36
(Lyonol Green 6YK; Toyo Ink Manufacturing Co., Ltd.) as a
green pigment.

[0238] Pigments: 8.3 parts of green pigment (PG36) and
5.4 parts of a yellow pigment 1

[0239] Resin in the dispersion: 36.5 parts of acrylic resin 2
[0240] Resin in the color composition: 16 parts of acrylic
resin 6

[0241] The surface ofa glass substrate was coated with this

green color composition to a thickness of 2 pm and the retar-
dation Rth of the coated film in a thickness direction thereof
was measured. As a result, the Rth thereof was —13 nm.
[0242] Althoughthe copper halide phthalocyanine pigment
was high in contrast and suited for use as a green pigment for
a green color pixel of color filter, the retardation in a thickness
direction thereof was less than —10 nm. Because of this, the
oblique visibility thereof was found poor. When the color
filter which was provided with this green color pixel was
evaluated as a liquid display device according to <Assess-
ment of visibility of liquid crystal display device on display-
ing black image> to be described below, the black image was
colored into reddish violet, indicating undesirable black
image.

[0243] <Assessment of Visibility of Liquid Crystal Display
Device on Displaying Black in a Darkened State>

[0244] The liquid crystal display devices manufactured as
described above were respectively operated so as to display
black in a darkened state and the quantity of the light leaked
out from the liquid crystal panel (orthogonally permeated
light; leaked light) in the normal direction (approximately
vertical direction) of liquid crystal panel and in a slanted
direction which was inclined by 45° from the normal direc-
tion (oblique angle) was visually observed. Further, the chro-
maticity as the panel was viewed in approximately vertical
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direction at display in the darkened state (u(1), v(1)) and the
chromaticity as the panel was viewed obliquely by an angle of
up to 60° in maximum from the normal direction (u(45),
v(45)) were measured by making use of BM-5A (Topcon Co.,
Ltd.). Then, the color difference Au‘v’ was calculated and the
maximum value of Au‘v’ under the condition of 0=60=60°
was determined. The ranking of assessment was as follows,
the results being illustrated in the following Table 5.

[0245] O: Oblique coloring Au‘v’ in the visibility assess-
ment was not higher than 0.02
[0246] X: Oblique coloring Au‘v’ in the visibility assess-
ment was higher than 0.02
TABLE 5
Visibility
assess-
Color Photosensitive color ment
filter composition used oblique
used Red Green Blue staining
Ex. 15 Color  Color Color Color O
filter 1  com- com- com-
position 11 position 10 position 1
Ex. 16 Color  Color Color Color O
filter 2 com- com- com-
position 11 position 10 position 5
Comp. Color  Color Color Color X
Ex. 13 filter 3 com- com- com-
position 20 position 17 position 12
Comp. Color  Color Color Color X
Ex. 14 filter4 com- com- com-
position 20 position 18 position 21
[0247] It will be recognized from above Table 5 that in the

cases of Examples 15 and 16 where the color filters employed
in the liquid crystal display device were constructed such that
the retardation in a thickness direction values of the red color
pixel, the green color pixel and the blue color pixel fall within
the range of 0 nm--10 nm, the oblique visibility thereof was
excellent.

[0248] Whereas, in the case of Comparative Examples 13
and 14, since the red color pixel, the green color pixel and the
blue color pixel of the color filter were not constructed so as
to enable the retardation in a thickness direction values
thereof to fall within the range of 0 nm--10 nm, the oblique
visibility thereof was poor.

[0249] The results measured of the color difference Au‘v’,
the contrast of single color in the color pixel layers and the
color filter contrast (CF contrast) in Examples 15 and 16 and
Comparative Examples 13 and 14 are shown in the following
Table 6.

TABLE 6
Contrast
Auv' Red Green Blue  CF contrast
Ex. 15 0.012 12850 9500 7350 9650
Ex. 16 0.015 12850 9500 7280 9500
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TABLE 6-continued

Contrast
Auv' Red Green Blue  CF contrast
Comp. Ex. 13 0.044 9900 8080 7200 8320
Comp. Ex. 14 0.051 9900 7900 7050 7950

[0250] It will be recognized from above Table 6 that the
contrast obtained in Examples 15 and 16 was higher than that
of Comparative Examples 13 and 14.

What is claimed is:

1. A color filter for a liquid crystal display device, which
exhibits a color filter contrast of 9000 or more and comprises
a transparent substrate, and a plurality of color layers exhib-
iting different color from each other and formed on the trans-
parent substrate, wherein each of the color layers is a cured
film of a color resin composition containing a polymer com-
position obtained through a copolymerization of styrene and
an unsaturated carboxylic acid-containing monomer, a con-
tent of the styrene in the polymer composition being confined
to arange of not less than 75 mol. % and less than 95 mol. %,
and a retardation in a thickness direction “Rth” of each of
these color layers, which is represented by the following
expression, is confined within a range of 0 nm to =10 nm:

Rih={(Nx+Ny)/2-Nz }xd

wherein Nx is a refractive index in x-direction in a plane of
acolor pixel layer; Ny is a refractive index in y-direction
in a plane of the color pixel layer; and Nz is a refractive
index in a thickness direction of the color pixel layer, x
direction is defined as a lagging axis represented by
Nx=Ny; and d is a thickness (nm) of the color pixel
layer.

2. The color filter according to claim 1, wherein the color
resin composition further comprises, together with the poly-
mer composition, a photopolymerizable monomer, a photo-
polymerization initiator, acrylic resin and an organic pig-
ment.

3. The color filter according to claim 1, wherein one of said
plurality of color layers is a green color layer containing a
green pigment consisting of zinc halide phthalocyanine pig-
ment.

4. The color filter according to claim 1, wherein the color
layer further comprises at least one layer selected from the
group consisting of a spacing layer, a space controlling layer
for controlling cell gap, and a retardation layer, and is formed
on a surface of the transparent substrate.

5. A liquid crystal display device which is provided with
the color filter claimed in claim 1, wherein a color difference
Au‘v’ between a value of chromaticity as measured from a
direction normal to a display surface, and a value of chroma-
ticity as measured from in a direction of 60° inclined from the
direction normal to a display surface and in a direction of an
azimuthal angle of 45° at display in a darkened state, is not
higher than 0.02.
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