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(57) ABSTRACT

The main object of the present invention is to provide a color
filter for a transflective type color liquid crystal display which
is easily produced and capable of displaying the same color
tone with both of a reflecting light and a transmitting light,
and shows light scattering in a reflective light region. In order
to attain the above mentioned object, the present invention
provides a color filter for transflective type color liquid crystal
display comprising a transparent substrate and a reflective
light coloring layer and a transmissive light coloring layer
formed on the transparent substrate, wherein, a convex-con-
cave is formed on a surface of a liquid crystal layer side of the
reflective light coloring layer, and an average thickness of the
reflective light coloring layer is formed to be thinner than the
thickness of the transmissive light coloring layer, and a
refractive index difference between the reflective light color-
ing layer and a layer in contact with the surface of the convex-
concave formed side of the reflective light coloring layer, is
0.1 or more. Further, a main object of the present invention is
to provide a color filter for transflective type liquid crystal
display comprising a transparent membrane pattern region
obtained by laminating; a transparent substrate; a transparent
membrane pattern layer comprising a transparent membrane
formed in a pattern on the transparent substrate; and a color-
ing layer formed so as to cover the transparent membrane
pattern layer.
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COLOR FILTER FOR TRANSFLECTIVE
TYPE LIQUID CRYSTAL DISPLAY

TECHNICAL FIELD

[0001] The present invention relates to a color filter for a
transflective type color liquid crystal display used in a trans-
flective type color liquid crystal display.

BACKGROUND ART

[0002] Conventionally, as a transmissive type liquid crystal
display, transmissive type color liquid crystal displays, which
perform color display using a back light, placed on the rear
surface or side surface of an electrode substrate positioned at
the back surface side, as a light source is widely spread.
[0003] On the other hand, recently, liquid crystal displays
are expected for use as portable displays such as mobile
equipments and the like, taking advantage of features such as
low power consumption and weight saving is possible. How-
ever, in the transmissive type color liquid crystal displays
having a built-in back light as described above, the built-in
light source consumes high power. Therefore, there are prob-
lems that the usable time of a battery is short and that the
apparatus is heavy and bulky since the proportion of a battery
in the apparatus is large.

[0004] Therefore, a reflective type color liquid crystal dis-
play having no built-in back light is put into practical use.
Since this reflective type color liquid crystal display has no
built-in back light, low power consumption can be realized,
the apparatus can be small, light and thin, namely, suitable as
a mobile display.

[0005] However, since a reflective type color liquid crystal
display does not sufficiently function in a dark place of poor
outer light. Therefore, although it slightly sacrifices the por-
table property, a portable liquid crystal display of transmis-
sive type and reflective type combined together is practically
extremely useful.

[0006] In the above mentioned transmissive type color lig-
uid crystal display, a displaying function decreases remark-
ably under strong outer light such as outdoor and the like,
while in a reflective type color liquid crystal display, utterly
oppositely, a displaying function increases. In a place of poor
outer light, the reflective type color liquid crystal display does
not function at all, while the transmissive type color liquid
crystal display manifests further increased visibility in pro-
portion to darkness of peripheral areas.

[0007] In view of such circumstances, recently, transflec-
tive type liquid crystal displays having a function of the
transmissive type color liquid crystal display and a function
of the reflective type color liquid crystal display combined
together are provided. These displays are suitably used as
portable terminals and the like used both under strong outer
light such as outdoor and the like and under poor outer light
such as indoor and the like (see, Japanese Patent Application
Laid-Open (JP-A) No. 2002-341331 and JP-A No. 2002-
350824).

[0008] Also when displaying with such a transflective type
color liquid crystal display, a color filter is necessary likewise.
However, in a reflective light region, approached outer light
usually passes through a color filter twice, while in a trans-
missive light region, the light usually passes through a color
filter once. Therefore, if the same tone is tried to be obtained
by using the same coloring material, it is necessary that the
thickness of the color filter in the reflective light region is %2
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of the thickness of the color filter in the transmissive light
region. And in the reflective light region, it is necessary to
form a light scattering layer separately like in conventional
reflective type color liquid crystal displays. For the above
mentioned reasons, a color filter used in the transflective type
color liquid crystal displays requires an extra effort in manu-
facturing.

[0009] For example, there is also a constitution, as a color
filter 1 shown in FIG. 12, in which the thickness of a coloring
layer is reduced to half by forming one transparent layer 3 in
between a substrate 2 and a coloring layer 4 in a reflective
light region 5. However, it is difficult to make the thickness
constant in the reflective light region 5 provided with the
transparent layer and a transmissive light region 6 composed
only of the coloring layer. As a result, when the color filter is
used to constitute a liquid crystal display, there are problems
that a transparent electrode such as ITO formed on the color
filter is disconnected or that a gap will not be constant.

DISCLOSURE OF THE INVENTION

[0010] The present invention has been made in view of the
above mentioned problems and the main object is to provide
a color filter for transflective type color liquid crystal display
which is easily produced and capable of displaying the same
color tone with both of a reflecting light and a transmitting
light.

[0011] In order to attain the above mentioned object, the
present invention provides a color filter for transflective type
liquid crystal display comprising a transparent membrane
pattern region obtained by laminating: a transparent sub-
strate; a transparent membrane pattern layer comprising a
transparent membrane formed in a pattern on the transparent
substrate; and a coloring layer formed so as to cover the
transparent membrane pattern layer.

[0012] Inthe present invention, since the above mentioned
transparent membrane pattern layer, which is a transparent
membrane formed in a pattern, is provided on a transparent
substrate, the coloring property of a reflective light region or
transmissive light region can be adjusted and a color filter for
transflective type liquid crystal display, wherein the coloring
property of the reflective light region and the coloring prop-
erty of the transmissive light region are equivalent, can be
obtained.

[0013] Inthe first embodiment of the present invention, the
transparent membrane pattern region can be used as a reflec-
tive light region, and a coloring layer region, comprising the
transparent substrate and the coloring layer formed on the
transparent substrate, can be used as a transmissive light
region. Since the above mentioned transparent membrane
pattern region has a pattern composed of the transparent
membrane, in contrast to the above mentioned coloring layer
region not having the transparent membrane, the color purity
can be made pale as compared with transmitting light only for
the coloring layer. And even when outer light passes through
the above mentioned transparent membrane pattern region
twice, the same coloring property as that obtained when back
light passes through the above mentioned coloring layer
region once can be obtained. For this reason, by using this
transparent membrane pattern region as the reflective light
region, the coloring property of the reflective light region can
be made equivalent to the coloring property of the transmis-
sive light region.

[0014] Further, in the second embodiment, the transparent
membrane pattern region can be used as a transmissive light
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region, and a transparent membrane uniform region, obtained
by laminating: the transparent substrate; a transparent mem-
brane uniform layer comprising the transparent membrane
formed uniformly on the transparent substrate; and the col-
oring layer formed on the transparent membrane uniform
layer, can be used as a reflective light region.

[0015] In the above mentioned transparent membrane pat-
tern region, the transparent membrane is formed in a pattern,
and in the above mentioned transparent membrane uniform
region, the transparent membrane is formed uniformly on the
whole surface. Therefore, the above mentioned transparent
membrane uniform region is largely influence by the trans-
parent membrane, as compared with the above mentioned
transparent membrane pattern region, and color purity of the
transmitted light can be made pale. For this reason, the col-
oring property, when the back light passes through the trans-
parent membrane pattern region once, and the coloring prop-
erty, when the back light passes through the transparent
membrane uniform region twice, can be made similar. And it
is possible to approximate the coloring property in the trans-
missive light region and the coloring property in the reflective
light region by using the above mentioned transparent mem-
brane uniform region as the reflective light region and using
the above mentioned transparent membrane pattern region as
the transmissive light region.

[0016] Further, since the transparent membrane is provided
on the above mentioned transparent substrate in the transpar-
ent membrane uniform region, when the coloring layer is
formed on the transparent membrane, it is possible to make
the thickness thereof equal to the thickness of the transparent
membrane pattern region having a pattern on the above men-
tioned transparent substrate.

[0017] Inthisembodiment, it is preferable that an area ratio
of aregion, where the transparent membrane is formed, in the
transparent membrane pattern region (transparent membrane
forming area/transparent membrane pattern region area) is in
arange of 0.3 to 0.5.

[0018] The area ratio of the transparent membrane formed
region in the above mentioned transparent membrane pattern
region is most preferably in the above mentioned range based
on the current processing precision. Under this condition, it is
possible to approximate the coloring property in the reflective
light region and the coloring property in the transmissive light
region to the maximum extent. When the area ratio of the
transparent membrane formed region in the above mentioned
transparent membrane pattern region is smaller than the
above mentioned range, it is difficult to uniformalize the
thickness in the reflective light region and in the transmissive
light region. And when larger than the above mentioned
range, it is difficult to approximate the color properties
thereof, being not preferable.

[0019] In this embodiment, it is preferable that the thick-
ness of the transparent membrane forming the transparent
membrane pattern layer and the transparent membrane uni-
form layer is in a range of 0.5 to 3.0, when the thickness of the
coloring layer, when the coloring layer is used by itself in the
transmissive light region, is 1. When the thickness of the
transparent membrane forming the above mentioned trans-
parent membrane pattern layer and the above mentioned
transparent membrane uniform layer is in the above men-
tioned range and when the area ratio of the transparent mem-
brane formed region in the above mentioned transparent
membrane pattern region is in the above mentioned range, it
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is possible to further approximate the coloring property in the
reflective light region and the coloring property in the trans-
missive light region.

[0020] Inthe present invention, the above mentioned trans-
parent membrane pattern layer may comprise a pattern com-
posed of island shaped transparent membrane or the above
mentioned transparent membrane pattern layer may comprise
apattern composed of pore portion formed, in a pattern, in the
transparent membrane. These are appropriately selected and
used depending on the apparatus, conditions and the like in
manufacturing.

[0021] In the present invention, it is preferable that the
island shaped portion or the pore portions in the transparent
membrane pattern layer is in the form of cylinder. By forming
the island shaped portion or the pore portions in the transpar-
ent membrane pattern layer into a cylindrical shape, adjust-
ment and design of the above mentioned area ratio and for-
mation of pattern will become easy in manufacturing the
transflective type color filter, and it is also preferable in view
of a manufacturing efficiency and the like.

[0022] Further, in the present invention, it is preferable that
the thickness of the transparent membrane, forming the trans-
parent membrane pattern layer or forming the transparent
membrane pattern layer and the transparent membrane uni-
form layer, is 0.5 to 3.5 pm.

[0023] By forming the thickness of the above mentioned
transparent membrane pattern layer, or of the transparent
membrane pattern layer and the transparent membrane uni-
form layer in the above mentioned range, it is possible to
approximate the coloring property in the above mentioned
reflective light region and the coloring property in the above
mentioned transmissive light region to the maximum extent,
in usual color filters.

[0024] Furthermore, in the present invention, it is prefer-
able that a transmittance spectral of the transparent mem-
brane at wavelengths from 380 nm to 780 nm is 85% or more.
[0025] The reason for this is that, when the transparency of
the above mentioned transparent membrane is in the above
mentioned range, the coloring property of the coloring layer
is less likely to be influenced in the color filter for transflective
type liquid crystal display of the present invention. Conse-
quently, it is possible to further approximate the coloring
property in the reflective light region and the coloring prop-
erty in the transmissive light region.

[0026] The present invention provides a transflective type
liquid crystal display comprising the color filter for transflec-
tive type liquid crystal display according to the first embodi-
ment or the second embodiment.

[0027] Thereason for this is that, in the present invention, it
is possible to provide a liquid crystal display, manifesting the
coloring property in the transmissive light region equivalent
to the coloring property in the reflective light region, by using
the above mentioned color filter for transflective type liquid
crystal display.

[0028] Further, in the third embodiment, the present inven-
tion provides a color filter for transflective type color liquid
crystal display comprising a transparent substrate and a
reflective light coloring layer and a transmissive light color-
ing layer formed on the transparent substrate, wherein, a
convex-concave is formed on a surface of a liquid crystal
layer side of the reflective light coloring layer, and an average
thickness of the reflective light coloring layer is formed to be
thinner than the thickness of the transmissive light coloring
layer, and a refractive index difference, between the reflective
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light coloring layer and a layer in contact with the surface of
the convex-concave formed side of the reflective light colot-
ing layer, is 0.1 or more.

[0029] In this embodiment, it is possible to obtain light
scattering effect against reflective light and to uniformalize
color tones of the reflective light and the transmissive light at
the same time only by forming convex-concave on the surface
of the reflective light coloring layer, making the refractive
index difference of adjacent layers 0.1 or more, and further,
making its average thickness thinner than the thickness of the
transmissive light coloring layer. Therefore, it is possible to
form a color filter for transflective type color liquid crystal
display by simple processes in low cost.

[0030] In this embodiment, it is preferable that the reflec-
tive light coloring layer comprises a refractive index improv-
ing agent, which improves the refractive index, so that the
difference of refractive index, between the reflective light
coloring layer and a layer in contact with the surface of the
convex-concave formed side of the reflective light coloring
layer, is 0.1 or more. The reason for this is that, the refractive
index of the reflective light coloring layer can be adjusted by
adding a refractive index improving agent to the reflective
light coloring layer. Therefore, a material selection will be
wider since, in selecting a material for forming a layer in
contact with the surface on the convex-concave formed side
of the reflective light coloring layer, there is no need to select
concerning the refractive index difference with respect to the
reflective light coloring layer.

[0031] Inthis embodiment, it is preferable that the convex-
concave on the surface of the reflective light coloring layer is
composed of a plurality of concave portions formed by a
curved surface on the surface of the reflective light coloring
layer formed in the same thickness as the transmissive light
coloring layer. When the convex-concave on the surface of the
reflective light coloring layer composed of a plurality of con-
cave portions formed by a curved surface, it is possible to
form convex-concave more simply by carrying out a photo-
lithography method. Further, since the average thickness of
the reflective light coloring layer is easy to control, the thick-
ness difference from the transmissive light coloring layer can
be easily controlled. Therefore, the colortone of the reflective
light and the transmissive light can be uniformalized rela-
tively easily.

[0032] Further, in this embodiment, it is preferable that a
layer in contact with the surface of the convex-concave
formed side of the reflective light coloring layer is an optical
route difference controlling layer for controlling an optical
route difference between a reflective light region and a trans-
missive light region. Since the reflective light passes through
the liquid crystal layer by twice length of the optical route of
the transmissive light, it is necessary to control this optical
route difference. Therefore, it is preferable that such an opti-
cal route difference controlling layer for controlling optical
difference is formed on the reflective light coloring layer.
[0033] The fourth embodiment of the present invention
provides color filter for transflective type color liquid crystal
display comprising a transparent substrate and a reflective
light coloring layer and a transmissive light coloring layer
formed on the transparent substrate, wherein, a convex-con-
cave is formed on a surface of a liquid crystal layer side of the
reflective light coloring layer, and an average thickness of the
reflective light coloring layer is formed to be thinner than the
thickness of the transmissive light coloring layer, an optical
route difference controlling layer, for controlling an optical
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route difference between a reflective light region and a trans-
missive light region, is formed on a surface of the convex-
concave formed side of the reflective light coloring layer, and
the optical route difference controlling layer comprises a
refractive index improving agent, which improves a refractive
index, so that a difference of the refractive index, between the
reflective light coloring layer and the optical route difference
controlling layer, is 0.1 or more.

[0034] Inthe present invention, by adding a refractive index
improving agent to the optical route difference controlling
layer, the refractive index of the optical route difference con-
trolling layer can be improved easily. Therefore, in selecting
amaterial for forming the optical route difference controlling
layer, material selection will be wider. Resultantly, cost can
be lowered.

[0035] Inthis embodiment, it is preferable that the convex-
concave on the surface of the reflective light coloring layer is
composed of a plurality of concave portions formed by a
curved surface on the surface of the reflective light coloring
layer formed in the same thickness as the transmissive light
coloring layer. When the convex-concave on the surface of the
reflective light coloring layer composed of a plurality of con-
cave portions formed by a curved surface, it is possible to
form convex-concave more simply by carrying out a photo-
lithography method. Further, since the average thickness of
the reflective light coloring layer is easy to control, the thick-
ness difference from the transmissive light coloring layer can
be easily controlled. Therefore, the color tone of the reflective
light and the transmissive light can be uniformalized rela-
tively easily.

[0036] Inthis embodiment, it is preferable that the convex-
concave is formed on a surface of a liquid crystal layer side of
the optical route difference controlling layer, and a refractive
index difference between the optical route difference control-
ling layer and a layer in contact with the surface of the convex-
concave formed side of the optical route difference control-
ling layer, is 0.1 or more. The reason for this is that, by this, a
light scattering effect can be obtained also on the surface of
the optical route difference controlling layer.

[0037] Further, in this embodiment, it is preferable that the
convex-concave on the surface of the optical route difference
controlling layer is composed of a plurality of concave por-
tions formed by a curved surface on the surface of the optical
route difference controlling layer. The reason for this is that
suich concave portions can be formed easily and its shape can
be controlled relatively easily.

[0038] Furthermore, the fifth embodiment of the present
invention provides color filter for transflective type color
liquid crystal display comprising a transparent substrate and
a reflective light coloring layer and a transmissive light col-
oring layer formed on the transparent substrate, wherein, a
convex-concave is formed on a surface of a liquid crystal
layer side of the reflective light coloring layer, and an average
thickness of the reflective light coloring layer is formed to be
thinner than the thickness of the transmissive light coloring
layer, an optical route difference controlling layer, for con-
trolling an optical route difference between a reflective light
region and a transmissive light region, is formed on a surface
of the convex-concave formed side of the reflective light
coloring layer, and the convex-concave is formed also on a
surface of a liquid crystal side of the optical route difference
controlling layer, a optical route difference controlling layer
flattening layer is formed on the surface of the convex-con-
cave formed side of the optical route difference controlling



US 2010/0253889 A1

layer to flatten the surface of the optical route difference
controlling layer, and a difference of the refractive index,
between the optical route difference controlling layer and the
optical route difference controlling layer flattening layer, is
0.1 or more.

[0039] Inthis embodiment, by forming convex-concave on
both of the surface of the reflective light coloring layer and on
the surface of the optical route difference controlling layer,
the light scattering effect can be obtained more effectively.
[0040] In this embodiment, it is preferable that the optical
route difference controlling layer flattening layer comprises a
refractive index improving agent, which improves a refractive
index, so that the difference of the refractive index, between
the optical route difference controlling layer and the optical
route difference controlling layer flattening layer, is 0.1 or
more. The reason for this is that, by adding the refractive
index improving agent in the optical route difference control-
ling layer flattening layer, the refractive index difference
between the optical route difference controlling layer and the
optical route difference controlling layer flattening layer can
be controlled easily. Moreover, the material selection will be
wider since it is not necessary to consider the refractive index
of the two layers when selecting a material for forming the
two layers.

[0041] In this embodiment, it is preferable that the reflec-
tive light coloring layer also comprises a refractive index
improving agent, which improves a refractive index. The
reason for this is that, by adding the refractive index improv-
ing agent also to the reflective light coloring layer, it becomes
easy to control the refractive index difference between the
reflective light coloring layer and the optical route difference
controlling layer and the refractive index difference between
the optical route difference controlling layer and the optical
route difference controlling layer flattening layer. Therefore,
a material forming each layer can be selected without con-
sidering such refractive index difference. Consequently, the
material selection will be wider and the cost can be lowered.
[0042] Further, in this embodiment, it is preferable that the
convex-concave on the surface of the reflective light coloring
layer is composed of a plurality of concave portions formed
by a curved surface on the surface of the reflective light
coloring layer formed in the same thickness as the transmis-
sive light coloring layer. When the convex-concave on the
surface of the reflective light coloring layer composed of a
plurality of concave portions formed by a curved surface, it is
possibleto form convex-concave more simply by carrying out
a photolithography method. Further, since the average thick-
ness of the reflective light coloring layer is easy to control, the
thickness difference from the transmissive light coloring
layer can be easily controlled. Therefore, the color tone of the
reflective light and the transmissive light can be uniformal-
ized relatively easily.

[0043] Additionally, in this embodiment, it is preferable
that the convex-concave on the surface of the optical route
difference controlling layer is composed of a plurality of
concave portions formed by a curved surface on the surface of
the optical route difference controlling layer. The reason for
this is that such concave portions can be formed easily and its
shape can be controlled relatively easily.

[0044] Furthermore, the sixth embodiment of the present
invention provides a color filter for transflective type color
liquid crystal display comprising a transparent substrate and
a reflective light coloring layer and a transmissive light col-
oring layer formed on the transparent substrate, wherein at
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least one removal portion is formed so that an average thick-
ness of the reflective light coloring layer is thinner than the
thickness of the transmissive light coloring layer, an optical
route difference controlling layer, for controlling an optical
route difference between a reflective light region and a trans-
missive light region, is formed on a surface of a liquid crystal
layer side of the reflective light coloring layer, a convex-
concave is formed on a surface of a liquid crystal layer side of
the optical route difference controlling layer, and a refractive
index difference between the optical route difference control-
ling layer and a layer in contact with the surface of the convex-
concave formed side of the optical route difference control-
ling layer, is 0.1 or more.

[0045] In this embodiment, the refractive index difference
from alayer in contact with the surface of the convex-concave
formed side can be made 0.1 or more only by forming the
convex-concave on the surface of the optical route difference
controlling layer, which is necessary for controlling optical
route difference, and the light scattering effect can be
obtained at this part. Therefore, the color filter for transflec-
tivetypecolor liquid crystal display can be obtained relatively
easily.

[0046] In this embodiment, it is preferable that the optical
route difference controlling layer comprises a refractive
index improving agent, which improves a refractive index, so
that a difference of the refractive index, between the optical
route difference controlling layer and a layer in contact with
the surface of the convex-concave formed side of the optical
route difference controlling layer, is 0.1 or more. The reason
for this is that, by comprising the refractive index improving
agent, the refractive index difference from a layer in contact
with the surface of the convex-concave formed side can be
easily controlled to 0.1 or more. Therefore, selection of mate-
rials for forming the optical route difference controlling layer
and the layer in contact with the surface of the convex-con-
cave formed side is widened.

[0047] Further, in this embodiment, it is preferable that the
convex-concave on the surface of the above mentioned opti-
cal route difference controlling layer is composed of a plu-
rality of concave portions formed by a curved surfaces on the
surface of the optical route difference controlling layer. The
reason for this is that such concave portions can be formed
easily and its shape can be controlled relatively easily.
[0048] The seventh embodiment of the present invention
provides a color filter for transflective type color liquid crystal
display comprising a transparent substrate and a reflective
light coloring layer and a transmissive light coloring layer
formed on the transparent substrate, wherein at least one
removal portion is formed so that an average thickness of the
reflective light coloring layer is thinner than the thickness of
the transmissive light coloring layer, an optical route differ-
ence controlling layer, for controlling an optical route differ-
ence between a reflective light region and a transmissive light
region, is formed on a surface of a liquid crystal layer side of
the reflective light coloring layer, a convex-concave is formed
on a surface of a liquid crystal layer side of the optical route
difference controlling layer, a optical route difference con-
trolling layer flattening layer is formed on the surface of the
convex-concave formed side of the optical route difference
controlling layer to flatten the surface of the optical route
difference controlling layer, and a difference of the refractive
index, between the optical route difference controlling layer
and the optical route difference controlling layer flattening
layer, is 0.1 or more.
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[0049] By thus providing an optical route difference con-
trolling layer flattening layer, a transparent electrode layer
can be formed under successful conditions without causing
disadvantages such as disconnection and the like, in forming
the transparent electrode layer on the convex-concave formed
side of the optical route difference controlling layer.

[0050] In this embodiment, it is preferable that the optical
route difference controlling layer flattening layer comprises a
refractive index improving agent, which improves a refractive
index, so that a difference of the refractive index, between the
optical route difference controlling layer and the optical route
difference controlling layer flattening layer, is 0.1 or more.
The same effect as in the above mentioned sixth embodiment
canbe obtained also by adding the refractive index improving
agent to the optical route difference controlling layer flatten-
ing layer.

[0051] Further, in this embodiment, it is preferable that the
convex-concave on the surface of the optical route difference
controlling layer is composed of a plurality of concave por-
tions formed by a curved surface on the surface of the optical
route difference controlling layer. The reason for this is that
such concave portions can be formed easily and its shape can
be controlled relatively easily.

[0052] Further, the present invention provides a transflec-
tive color liquid crystal display comprising the color filter for
transflective type color liquid crystal display according to any
one of the above mentioned third to seventh embodiments.
[0053] According to the present invention, the cost can be
lowered since a color filter for transflective type color liquid
crystal display, which can be easily manufactured, is used.

BRIEF DESCRIPTION OF THE DRAWINGS

[0054] FIG.1is a view showing one example of the trans-
flective type color filter in the present invention.

[0055] FIG. 2 is a view showing another example of the
transflective type color filter in the present invention.

[0056] FIG.3isaview showing one example of a pattern of
a transparent membrane in a transparent membrane pattern
region in the present invention.

[0057] FIG. 4 is a view showing another example of a
pattern of a transparent membrane in a transparent membrane
pattern region in the present invention.

[0058] FIG. 5 is a view showing another example of a
pattern of a transparent membrane in a transparent membrane
pattern region in the present invention.

[0059] FIG. 6 is a view showing another example of a
pattern of a transparent membrane in a transparent membrane
pattern region in the present invention.

[0060] FIG. 7 is a view showing one example of a light
transmissive route of the transflective type color filter in the
present invention.

[0061] FIG. 8is a view showing one example of simulation
for detecting the optimum value of'the transflective type color
filter in the present invention.

[0062] FIG.9isaview showing one example of a pattern of
a transparent membrane in a transparent membrane pattern
region in the present invention.

[0063] FIG. 10 is a view showing an area ratio of transpar-
ent membrane pattern regions on the whole in the present
invention.

[0064] FIG. 11 is a view showing one example of an
embodiment of the transflective type color filter in the present
invention.
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[0065] FIG. 12 is a view showing one example of a conven-
tional transflective type color filter.

[0066] FIG. 13 is a schematic sectional view showing one
example of the transflective type color filter in the present
invention.

[0067] FIG. 14 is a schematic sectional view showing
another example of the transflective type color filter in the
present invention.

[0068] FIG. 15 is a schematic sectional view showing
another example of the transflective type color filter in the
present invention.

[0069] FIG. 16 is a schematic sectional view showing
another example of the transflective type color filter in the
present invention.

[0070] FIG. 17 is a schematic view showing an example of
amask used to confirm an effect due to convex-concave shape
in an example.

[0071] FIG. 18 is a graph showing the result of the convex-
concave shape measured in order to check correlation
between convex-concave shape and haze in an example.
[0072] FIG. 19 is a graph showing the result of the convex-
concave shape measured in order to check correlation
between convex-concave shape and haze in an example.
[0073] FIG. 20 is a graph showing the result of the convex-
concave shape measured in order to check correlation
between convex-concave shape and haze in an example.
[0074] FIG. 21 is a graph showing the result of the convex-
concave shape measured in order to check correlation
between convex-concave shape and haze in an example.
[0075] FIG. 22 is a graph showing the result of the convex-
concave shape measured in order to check correlation
between convex-concave shape and haze in an example.
[0076] FIG. 23 is a graph showing the result of the convex-
concave shape measured in order to check correlation
between convex-concave shape and haze in an example.
[0077] FIG. 24 is a schematic view showing an example of
a mask used in forming a R stripe pattern in Example 3.
[0078] FIG. 25 is a schematic view showing an example of
amask used in forming an optical route difference controlling
layer in Example 3.

[0079] FIG. 26 is a schematic view showing an example of
amask used in forming an optical route difference controlling
layer in Example 4.

[0080] FIGS. 27A and 27B are schematic views showing
examples of a pitch between adjacent concave portions in
concave portions in the present invention.

BEST MODES FOR CARRYING OUT THE
INVENTION

[0081] The color filter for transflective type color liquid
crystal display of the present invention and the transflective
type color liquid crystal display using the same will be illus-
trated below.

[0082] The color filter for transflective type color liquid
crystal display (hereinafter, referred to as transflective type
color filter, in some cases) of the present invention can be
classified into: a first embodiment using the transparent mem-
brane pattern region as the reflective light region; a second
embodiment using the transparent membrane pattern region
as the transmissive light region; and five embodiments
depending on a shape of the reflective light coloring layer and
on a layer containing the refractive index improving agent.
These will be described below.
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[0083] The color filter for transflective type liquid crystal
display of the present invention comprises a transparent
membrane pattern region obtained by laminating: a transpar-
ent substrate; a transparent membrane pattern layer compris-
ing a transparent membrane formed in a pattern on the trans-
parent substrate; and a coloring layer formed so as to cover the
transparent membrane pattern layer. In the color filter for
transflective type liquid crystal display of the present inven-
tion, the coloring property of the reflective light region or the
transmissive light region can be controlled, since the trans-
parent membrane is formed a pattern on the transparent sub-
strate. Resultantly, a color filter for transflective type liquid
crystal display manifesting similar coloring property, in the
reflective light region and in the transmissive light region, can
be obtained.

[0084] As an example of the first embodiment, in the color
filter for transflective type liquid crystal display as shown in
FIG. 1, the above mentioned transparent membrane pattern
region, composed of a transparent membrane 3 formed in a
pattern on a transparent substrate 2 and a coloring layer 4
formed thereon, can be used as a reflective light region 6 and
a coloring layer region, comprising a coloring layer 4 formed
on the transparent substrate 2, can be used as a transmissive
light region 5.

[0085] As an example of the second embodiment, in the
color filter for transflective type liquid crystal display as
shown in FIG. 2, the above mentioned transparent membrane
pattern region, composed of a transparent membrane 3
formed in a pattern and a coloring layer 4 on a transparent
substrate 2, can be used as a transmissive light region 5 and a
transparent membrane uniform region, composed of a trans-
parent membrane 3 and a coloring layer 4 formed on the
whole surface, can be used as areflective light region 6. These
will be described below.

(1) First Embodiment

[0086] First, the first embodiment of the invention will be
explained. The color filter for transflective type liquid crystal
display in the first embodiment of the present invention com-
posed of the above mentioned transparent membrane pattern
region, comprising the transparent membrane formed in a
pattern on the transparent substrate and the coloring layer
formed thereon, and the above mentioned coloring layer
region, comprising the coloring layer formed on the transpar-
ent substrate The above mentioned transparent membrane
pattern region is used as the reflective light region and the
above mentioned coloring layer region is used as the trans-
missive light region.

[0087] In this embodiment, since the transparent mem-
brane pattern region used as the reflective light region has a
pattern made of the transparent membrane, the color purity
can be made pale as compared with a case in which light is
transmitted through only the coloring layer. By this, the above
mentioned coloring layer region having no transmissive light
used as the transmissive light region, when outer light passes
through the transparent membrane pattern region twice, can
manifest the same coloring property as that in a case when the
back light passes through once. This will be explained below.

1. Transparent Membrane Pattern Region

[0088] The transparent membrane pattern region in this
embodiment is obtained by laminating the transparent sub-
strate, the transparent membrane pattern layer comprising the
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transparent membrane formed in a pattern on the above men-
tioned transparent substrate, and the coloring layer formed so
as to cover the above mentioned transparent membrane pat-
tern layer.

[0089] These will be illustrated separately.

(Transparent Membrane)

[0090] First, the transparent membrane in this embodiment
will be described. The transparent membrane in this embodi-
ment is formed on the below described transparent substrate.
Materials used as a protective membrane or a spacer in a color
filter can be used, and the materials are not particularly lim-
ited as long as they are transparent materials.

[0091] Specific materials used as such the transparent
membrane include photosensitive acrylic resins, photosensi-
tive polyimides, positive resists, caldo resins, polysiloxanes,
benzocyclobutene and the like.

[0092] In this embodiment, it is preferable that the trans-
mittance spectral of the transparent membrane at wavelengths
from 380 nm to 780 nm is 85% or more, particularly 95% or
more. The reason for this is that, if the transmissive spectral of
the transparent membrane is in the above mentioned range,
the coloring property of the coloring layer described later is
not likely to be influenced. Consequently, when it is used in
the reflective light region in this embodiment, it is possible to
further approximate the coloring property of the reflective
light region and the coloring property of the transmissive light
region.

[0093] Here, for measuring the transmissive spectral in this
embodiment, a spectral photometry apparatus (MCPD-2000,
manufactured by Otsuka Flectronics Co., Ltd.) was used. A
halogen lamp was used as a light source.

[0094] Further, in this embodiment, it is preferable that the
thickness of the transparent membrane is in a range of 0.5 to
3.5 um, particularly 1.0 to 2.5 um. The reason for this is that
if the thickness of the transparent membrane is in the above
mentioned range, when the color filter for transflective type
liquid crystal display in this embodiment is used in a trans-
flective type liquid crystal display, it is possible to further
approximate the coloring property of the above mentioned
reflective light region and the coloring property of the above
mentioned transmissive light region.

(Coloring Layer)

[0095] Next, the coloring layer will be described. The col-
oring layer in this embodiment is a layer formed on the
transparent substrate described later or the transparent mem-
brane described above, and materials thereof are not particu-
larly limited as long as they are used as a general color filter
or coloring layer. In general, the coloring layer used in the
color filter for the liquid crystal display includes three pri-
mary colors of red (R), blue (B) and green (G), and shape,
method for manufacturing and the like are the same for each
color in this embodiment.

[0096] The material of a general coloring layer is consti-
tuted of a pigment, binder, additives and the like. The kind of
the above mentioned binder varies depending on a method for
manufacturing the coloring layer. Materials required in a
pigment dispersion method are suitably used since the color-
ing layer is generally formed by the pigment dispersion
method.

(Transparent Substrate)

[0097] Next, the transparent substrate in this embodiment
will be described. The transparent substrate used in this
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embodiment is a substrate on which the transparent mem-
brane pattern layer and the coloring layer are formed, and the
substrate is not particularly limited as long as it is conven-
tionally used in a color filter. For example, transparent rigid
materials having no flexibility such as quartz glass, synthetic
quartz and the like, or transparent flexible materials having
flexibility such as transparent resin films, optical resin plates
and the like can be used. As the transparent substrate, those
subjected to surface treatments, if necessary, to prevent alkali
elution, to impart gas barrier property, or for other purposes
may be used.

(Transparent Membrane Pattern Region)

[0098] Next, the transparent membrane pattern region in
this embodiment will be described. The transparent mem-
brane pattern region in this embodiment is a region having the
transparent membrane pattern layer, comprising the above
mentioned transparent membrane formed in a pattern on the
above mentioned transparent substrate, and the above men-
tioned coloring layer formed on the entire surface, so as to
cover the transparent membrane pattern layer.

[0099] The shape of a pattern of the transparent membrane
pattern layer 7 in this embodiment may be, for example, in the
form of circle as shown in FIG. 3 or a rectangle as shown in
FIG. 4. Moreover, the patter, for example, may be arranged
uniformly, closest packed as shown in FIG. 5 or randomly
arranged as shown in FIG. 6, and is not particularly limited.
[0100] The pattern of the transparent membrane in this
embodiment includes: a pattern composed of island shaped
transparent membrane; and a pattern composed of pore por-
tions formed, in a pattern, in the transparent membrane. The
shapeofthese patterns is appropriately selected depending on
the apparatus, conditions and the like in manufacturing. Here,
it is more preferable that the island shaped parts or pore
portions of the transparent membrane pattern layer are the
form of cylinder. Since the island formed parts or pore por-
tions are in the form of the cylinder, formation of the patter is
easy, and area and the like can be controlled easily.

[0101] Itis preferable that the pattern in this embodiment is
composed of the transparent membrane pattern layer ran-
domly formed. The reason for this is that since the transparent
membrane pattern region is randomly formed, interference of
the phase of transmitted light does not occur.

[0102] In the transparent membrane pattern region as
described above, the transparent membrane pattern layer is
formed of a transparent membrane. Therefore, the color
purity can be made pale as compared with a layer made only
of the coloring layer.

2. Coloring Layer Region

[0103] The coloring layer region in this embodiment will
be described. The coloring layer region in this embodiment is
a region in which the above mentioned coloring layer is
uniformly formed, on the entire surface, on the above men-
tioned transparent substrate.

[0104] The coloring layer region in this embodiment, since
the coloring layer is formed on the transparent substrate, has
the same constitution as that of the coloring layer in a usual
color filter for reflective type liquid crystal display or a color
filter for transmissive type liquid crystal display.

[0105] The coloring layer in the coloring layer region is
formed simultaneously with the coloring layer in the above
mentioned transparent membrane pattern region. By this, the
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number of processes for manufacturing the transflective type
color filter in this embodiment can be reduced.

3. Color Filter for Transflective Type Liquid Crystal Display

[0106] The color filter for transflective type liquid crystal
display in this embodiment will be described. The color filter
for transflective type liquid crystal display in this embodi-
ment has the above mentioned transparent membrane pattern
region and the coloring layer region. Its shape and the like are
not particularly limited as long as it uses the transparent
membrane pattern region as the reflective light region and the
coloring layer region as the transmissive light region. Pixels
exhibiting three primary colors of red (R), green (G) and blue
(B) may be arranged in the form of stripes or stagger or the
like.

[0107] In this embodiment, since the above mentioned
transparent membrane pattern region has the pattern of a
transparent membrane, the color purity can be made pale as
compared with transmissive light passed through only the
coloring layer. Also when outer light passes through the
above mentioned transparent membrane pattern region twice,
the same coloring property can be obtained as in the case of
the back light passing through the above mentioned coloring
layer once.

(Method for Manufacturing)

[0108] The method for manufacturing the color filter for
transflective type liquid crystal display in this embodiment
will be described. The method for manufacturing the color
filter for transflective type liquid crystal display in this
embodiment is not particularly limited as long as it is a
method capable of forming the above mentioned transparent
membrane pattern region and coloring layer region. In this
embodiment, it is preferable that, the pattern, particularly of
the transparent membrane, is manufactured by photolithog-
raphy from the standpoint of precision and the like.

[0109] First, a process of forming a pattern layer, made of
the transparent membrane, on the transparent substrate in a
transparent membrane pattern region is carried out. In this
process, for example, a transparent membrane forming coat-
ing solution is prepared by dissolving the above mentioned
photosensitive transparent membrane forming resin in a sol-
vent, and this coating solution is uniformly coated by a spin
coating method and the like. After drying the coating solution,
a pattern exposure is carried out to obtain a required pattern.
Then, developed, and the like, thereby forming the transpar-
ent membrane pattern.

[0110] Subsequently. a process of forming the coloring
layer in the coloring layer region and the transparent mem-
brane pattern region is carried out. Conventionally used
method such as a pigment dispersing method, a printing
method by an ink jet and the like can be adapted to the present
process, and is not particularly limited in the present inven-
tion.

[0111] When the manufacture of the color filter for trans-
flective type liquid crystal display in this embodiment is car-
ried out by the photolithography, since the color filter can be
manufactured by 4 processes, including usual processes for
manufacturing the color filter and processes for forming the
transparent membrane, formation is easy as compared with a
constitution of forming separate color filters, and the like.

(Others)

[0112] The transflective type color filter in this embodi-
ment may have, if necessary, a black matrix and other layers,
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for example, a transparent electrode layer, polarization layer
and the like. The position of formation and materials of these
layers are the same as those of conventional layers. Therefore,
descriptions thereof are not repeated here.

(2) Second Embodiment

[0113] The second embodiment in the present invention is
a color filter for transflective type liquid crystal display com-
prising a transparent membrane pattern region, composed of
a transparent membrane and a coloring layer, and a transpar-
ent membrane uniform region, composed of a transparent
membrane and a coloring layer, on a transparent substrate.
The above mentioned transparent membrane pattern region is
used as a transmissive light region and the above mentioned
transparent membrane uniform region is used as a reflective
light region.

[0114] In the above mentioned transparent membrane uni-
form region in this embodiment, the transparent membrane is
formed uniformly on the entire surface. Therefore, in the
above mentioned transparent membrane uniform region, an
influence by the transparent membrane is larger as compared
with the above mentioned transparent membrane pattern
region, and the color purity when light is transmitted can be
made pale. By this, when back light passes through the trans-
parent membrane pattern region once and when outer light
passes through the color filter in the transparent membrane
uniform region twice, similar coloring property can be
obtained. And by using the above mentioned transparent
membrane uniform region as the reflective light region and
the transparent membrane pattern region as the transmissive
light region, the same coloring property can be obtained in the
transmissive light region and the reflective light region.
[0115] Further, since the transparent membrane is provided
on the above mentioned transparent substrate in the transpar-
ent membrane uniform region, when the coloring layer is
formed on the transparent membrane, the thickness thereof
can be made equal to the thickness of the transparent mem-
brane pattern region having a pattern on the above mentioned
transparent substrate. These will be explained below. Here,
the transparent membrane, coloring layer and transparent
substrate in this embodiment are the same as in the first
embodiment. Therefore, explanations thereof are not
repeated.

1. Transparent Membrane Pattern Region

[0116] The transparent membrane pattern region in this
embodiment is obtained by laminating the transparent sub-
strate, a transparent membrane pattern layer composed of the
transparent membrane formed in a pattern on the above men-
tioned transparent substrate, and the coloring layer formed so
as to cover the above mentioned transparent membrane pat-
tern layer. The constituent materials and the like thereof are
the same as in the first embodiment. Therefore, descriptions
thereof are not repeated here.

2. Transparent Membrane Uniform Region

[0117] The transparent membrane uniform region in this
embodiment will be described. The transparent membrane
uniform region in this embodiment is a region comprising the
transparent membrane uniformed layer, which is the above
mentioned transparent membrane formed uniformly on the
entire surface of the above mentioned transparent substrate,
and the coloring layer formed uniformly on the transparent
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membrane uniform layer. Here, the thickness of the transpar-
ent membrane uniform layer is the same as the thickness of
the transparent membrane in the above mentioned transparent
membrane pattern layer.

[0118] By formation of the above mentioned transparent
membrane uniform layer on the transparent substrate, an
influence by the transparent membrane can be increased as
compared with the above mentioned transparent membrane
pattern region. Therefore, it is possible to further approximate
the coloring property when back light passed through the
above mentioned transparent membrane pattern region once
and the coloring property when outer light passed through the
above mentioned transparent membrane uniform region
twice.

3. Transflective Type Color Filter

[0119] The color filter for transflective type liquid crystal
display in this embodiment will be described. A shape and the
like of the transflective type color filter in this embodiment is
not limited as long as the above mentioned transparent mem-
brane pattern region is used as the transmissive light region
and the above mentioned transparent membrane uniform
region is used as the reflective light region. Pixels exhibiting
three primary colors of red (R), green (G) and blue (B) may be
arranged in the form of stripes, stagger or the like, and its
shape and the like are not particularly limited.

[0120] In this embodiment, since the transparent mem-
brane is formed uniformly on the entire surface in the above
mentioned transparent membrane uniform region, when back
light passed through the transparent membrane pattern region
once and when outer light passed through the transparent
membrane uniform region twice, similar coloring property
can be obtained. By this reason, by using the above mentioned
transparent membrane uniform region as the reflective light
region and the above mentioned transparent membrane pat-
tern region as the transmissive light region, it is possible to
further approximate the coloring property in the transmissive
light region and the coloring property in the reflective light
region.

[0121] Since the transparent membrane is formed on the
entire surface in the transparent membrane uniform region, it
is possible to make the thickness ofthe transparent membrane
uniform region equal to the thickness of the transparent mem-
brane pattern region.

[0122] Here, in the first embodiment, as shown in FIG. 7,
since the transparent membrane pattern layer is used as a
reflective light region 6, outer light passes through the trans-
parent membrane pattern layer twice. Therefore, in designing
acolor filter, forexample, a case in which incidence light does
not passes through the transparent membrane and reflective
light passes through the transparent membrane, and other
cases should be taken into consideration, leading to a com-
plicated event in some cases. In this regard, since this embodi-
ment uses the transparent membrane pattern region as a trans-
missive light region 5, only back light passes through the
pattern region. As a result, an optimum value of each consti-
tution of a pattern region can be optimized easily by simula-
tion. The optimum value of each constitution obtained by
simulation in this embodiment will be described below.

(Optimization by Simulation)
[0123] The simulation in this embodiment will be
described. Simulation was carried out with a pattern com-

posed of pore portions arranged in the form of cylinder in the
transparent membrane.
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[0124] FIG. 8is a graph showing thickness and Au'v' at each
area ratio in each coloring layer. Here, Au'v' is a value show-
ing a color difference of the transparent membrane pattern
region and the transparent membrane uniform region, and
calculated as follows:

Vg Prvg—e?

wherein transmissive light region u'v' chromaticity value is
(ug, v/) and reflective light region u'v' chromaticity value is
(ug's v&').

[0125] The minimum value of Au'v' shows the minimum
difference in coloring property of the transparent membrane
pattern region and the transparent membrane uniform region,
and can be read from FIG. 8. As apparent from FIG. 8, blue
shows remarkable variation in the value of Au'v' depending on
thickness, and for red and green, variation in Au'v' depending
on thickness is small. Therefore, it is preferable that the
optimum value is determined from blue. Here, the area ratio,
as shown in FIG. 9, is calculated from the diameter of the
cylinder pattern and the distance “t” between patterns. How-
ever, as apparent from FIG. 8, the smaller the area ratio of the
transparent membrane formed region in the transparent mem-
brane pattern region is, the smaller the value of Au'v'.

[0126] Regarding the minimum diameter of the cylinder
pattern and the distance “t” between patterns in FIG. 9, it is
suitable from the standpoints of current technology, cost and
the like that the diameter is 10 wm and the distance “t”
between patterns is 4.0 pm. FIG. 10 shows the relation
between the distance “t” between patterns and the area ratio,
when the diameter is 10 pm. By this, when the diameter is 10
um and the distance “t” between patterns is 4.0 pm, the area
ratio is calculated to be 0.4. And by this, when a blue coloring
layer is used and the area ratio is 0.4, the thickness when Au'v'
is minimum can be determined to be 1.3 from a graph of blue
color in FIG. 8.

[0127] Here, the thickness in this simulation is a value
represented by ratio of the thickness, of the sum of the trans-
parent membrane and the coloring layer, when the thickness
in the case of using the above mentioned coloring layer com-
posed only of the coloring layer in the transmissive light
region is 1.

[0128] From the above mentioned matters, it is preferable
that the value of area ratio of a region, where the transparent
membrane is formed, in the above mentioned transparent
membrane pattern region (transparent membrane formatting
area/transparent membrane pattern region area) is in a range
of 0.3 to 0.5, particularly 0.35 to 0.45. Here, the transparent
membrane forming area is an area where the transparent
membrane is formed in the transparent membrane pattern
region.

[0129] Itis preferable the thickness of the transparent mem-
brane forming the transparent membrane pattern layer and the
above mentioned transparent membrane uniform layer is in a
range of 0.5 to 3.0, particularly 1.1 to 1.4, specifically 1.25 to
1.35 when the thickness of the coloring layer, in a case where
the coloring layer composed only of the above mentioned
coloring layer is used in the transmissive light region, is 1.

(Method for Manufacturing)

[0130] The method for manufacturing the color filter for
transflective type liquid crystal display in this embodiment is
the same as in the first embodiment. Therefore, the descrip-
tion thereof is not repeated.

(Others)

[0131] The color filter for transflective type liquid crystal
display in this embodiment may have, if necessary, a black
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matrix and other layers, for example, a transparent electrode
layer, polarization layer and the like. The position of forma-
tion and materials of these layers are the same as those of
conventional layers. Therefore, descriptions thereof are omit-
ted here.

(3) Transflective Type Liquid Crystal Display

[0132] Next, the transflective type liquid crystal display in
the present invention will be described. The present invention
provides a transflective type liquid crystal display comprising
the above mentioned color filter for transflective type liquid
crystal display.

[0133] In the present invention, by comprising the above
mentioned color filter for transflective type liquid crystal
display, it is possible to further approximate the coloring
property of a color image by transmissive light display and
the coloring property of a color image by reflective light
display.

[0134] The transflective type liquid crystal display in the
present invention is a transflective type liquid crystal display
using the above mentioned transflective type color filter, and
is not particularly limited as long as it comprises: the above
mentioned transflective type color filter, an array substrate
facing this color filter; the above mentioned color filter and
the above mentioned array substrate; a liquid crystal layer
enclosed in between the above mentioned color filter and the
above mentioned array substrate; and on the array substrate, a
part with a reflective membrane made of an aluminum mem-
brane, silver membrane and the like placed in pixels and a part
without the membrane placed, each having a reflective region
and a transmissive region.

(4) Third Embodiment

[0135] Thethird embodiment of the transflective type color
filter of the present invention is an embodiment having a
convex-concave on a surface of a reflective light coloring
layer. By thus forming the convex-concave on the surface of
the reflective light coloring layer, the average thickness of the
reflective light coloring layer is made thinner than the thick-
ness of a transmissive light coloring layer.

[0136] Namely, the third embodiment of the present inven-
tion s a color filter for transflective type color liquid crystal
display comprising a transparent substrate and a reflective
light coloring layer and a transmissive light coloring layer
formed on the transparent substrate,

[0137] wherein, a convex-concave is formed on a surface of
aliquid crystal layer side of the reflective light coloring layer,
and an average thickness of the reflective light coloring layer
is formed to be thinner than the thickness of the transmissive
light coloring layer, and

[0138] a refractive index difference between the reflective
light coloring layer and a layer in contact with the surface of
the convex-concave formed side of the reflective light color-
ing layer, is 0.1 or more.

[0139] In this embodiment, since the convex-concave is
formed on the surface of the reflective light coloring layer and
a refractive index improving agent is added to the reflective
light coloring layer so that the refractive index difference
from an adjacent layer is 0.1 or more, there is a merit that a
light scattering effect can be obtained by this convex-concave
on the surface of the reflective light coloring layer. And at the
same time, since the average thickness of the reflective light
coloring layer is thinner than the thickness of the transmissive
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light coloring layer, the color tones of the both layers can be
controlled simultaneously. Further, a refractive index improv-
ing agent can also be used. By this, refractive index difference
from an adjacent layer can be obtained easily. Therefore,
there is a merit that a material selection of an adjacent layer
can be widened.

[0140] FIG. 13 shows one example of such a transflective
type color filter of this embodiment, and on a transparent
substrate 11, a coloring layer 12, composed of a transmissive
light coloring layer 12a and a reflective light coloring layer
1264, is formed. On the surface of its liquid crystal layer side
of the above mentioned reflective light coloring layer 125,
namely, on the surface opposite to the transparent substrate
11, a plurality of concave portions 13 are formed in a form of
a pin hole.

[0141] Here, the refractive index improving agent may be
added to the above mentioned transmissive light coloring
layer 12a and the reflective light coloring layer 12b. The
layers are formed of the same material, and on the surface of
the reflective light coloring layer 125, the concave portions 13
are formed in the form of a pin hole by the photolithography
method. Further, on the surface of the above mentioned
reflective light coloring layer 125, an optical route difference
controlling layer 14, for controlling optical difference
between reflective light and transmissive light in a liquid
crystal layer, 1s provided. Moreover, in between the coloring
layers 12, a black matrix 15 is formed.

[0142] Thus, by forming the concave portions 13 in the
form of a pin hole on the surface of the reflective light color-
ing layer 124, it is possible to decrease the average thickness
of the entire body of the reflective light coloring layer 125. By
controlling the size and depth of this concave portion 13 in the
form of pin hole, the light transmittance of the transmissive
light coloring layer and the light transmittance of the reflec-
tive light coloring layer can be controlled, consequently, the
color tones of the both layers can be made similar.

[0143] The reflective light coloring layer 125 having this
concave portion 13 in the form of a pin hole may be a layer
having high refractive index containing the refractive index
improving agent added. In this case, the material selection of
an adjacent optical route difference controlling layer 14 is
extremely wide, and even if a usually used material is used,
the refractive index difference can be 0.1 or more. By thus
controlling the refractive index difference to be 0.1 or more,
the light scattering effect can be obtained. Namely, when
incident light enters into a region of the concave portion 13 in
the form of a pin hole formed of curved surfaces, if there is a
predetermined refractive index difference between the reflec-
tive light coloring layer 125 and the optical route difference
controlling layer 14, the incident light is refracted at a prede-
termined angle at the interface between the both layers.
Therefore, at the concave portion 13 formed of curved sur-
faces, the incident light goes out at various angles. By this, the
light scattering effect can be obtained.

[0144] Thus, simply by forming the concave portion 13 on
the surface of the reflective light coloring layer 125, control of
the color tone with the transmissive light is possible. And
further, the light scattering effect in the reflective light region
canbe obtained. Therefore, a transflective type color filter can
be obtained by simple processes, and the cost can be lowered.
[0145] Such a transflective type color filter of this embodi-
ment will be described separately by each component.

1. Coloring Layer

[0146] The coloring layer used in this embodiment is
formed on the transparent substrate, and is composed of the
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reflective light coloring layer and the transmissive light col-
oring layer. The coloring layer referred to in this embodiment
is composed of pixel parts of a plurality of colors, usually,
pixel parts of three colors of red (R), green (G) and blue (B),
and formed of various patterns, for example, in a form of a
mosaic, triangle, stripe and the like.

(Reflective Light Coloring Layer)

[0147] The characteristics of the reflective light coloring
layer in this embodiment is that the convex-concave is formed
on the surface of its liquid crystal layer side and the average
thickness thereof is thinner than the thickness of the above
mentioned transmissive light coloring layer.

a. Convex-Concave on Surface

[0148] First, the convex-concave will be described. The
shape of the convex-concave formed on the surface of the
reflective light coloring layer is not particularly limited as
long as it is a shape by which incident light is refracted and
goes out toward various directions due to the refractive index
difference described later. However, to make the incident
light to go out toward various directions, it is preferable that
the above mentioned convex-concave is composed of curved
surfaces.

[0149] In this embodiment, it is preferable that convex-
concave is provided by forming the concave portions on the
surface of the plane formed reflective light coloring layer. The
reason for this is that when the convex-concave is thus formed
by forming concave portions on the surface in the form of a
plane, the concave portions can be formed simply in one
process by a simple method such as photolithography method
and the like. And the average thickness can be controlled
easily by the size of concave portions. Consequently, the
color tones of the transmissive light region and the reflective
light region can also be controlled easily.

[0150] Particularly, in this embodiment, it is preferable that
the convex-concave on the surface of the reflective light col-
oring layer is composed of a plurality of concave portions
formed by a curved surface on the surface of the reflective
light coloring layer formed in the same thickness as the trans-
missive light coloring layer. By forming a uniform coloring
layer and by forming a plurality of concave portions formed
by curved surfaces by the photolithography method and the
like only on its reflective light region, the reflective light
coloring layer having the convex-concave and transmissive
light coloring layer can be obtained extremely easily. Further,
the color tones of the transmissive light region and the reflec-
tive light region can be controlled easily as described above.
[0151] In such concave portions, it is preferable that
regions, wherein angles against the surface of the transparent
substrate are within a predetermined range, occupy signifi-
cant area for obtaining the light scattering effect. Specifically,
regions having inclined angles within a range of 4° to 90°
against the surface of the transparent substrate occupy pref-
erably 40% or more, and in particular, nearer to 100%, more
preferable.

[0152] Regarding the above mentioned concave portions,
as shown in FIGS. 27A and 27B, when a clearance is provided
in between adjacent concave portions, “a” shown in FIG. 27A
is referred to a one pitch. On the other hand, when a clearance
is not provided in between adjacent concave portions, “b”
shown in FIG. 27B is referred to as one pitch. Thus, a region
having angles, against the surface of the transparent substrate,
within the above mentioned range 1s defined.
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b. Average Thickness

[0153] In this embodiment, by forming the above men-
tioned convex-concave and thus making the average thick-
ness of the reflective light coloring layer thinner than the
thickness of the transmissive light coloring layer, the color
tone in the reflective light region and the color tone in the
transmissive light region are controlled.

[0154] In this case, the average thickness of the reflective
light coloring layer is made thinner than the thickness of a
transmissive light coloring layer, to control the color tone of
the reflective light region and the color tone of the transmis-
sive light region. The difference in thickness in this case is
determined so as to give optimum value depending on the
property of each color liquid crystal display, the kind of a
contained pigment or the like. Specifically, it is preferable that
the average thickness of the reflective light coloring layer is in
arange of 0.4 to 0.95, particularly in a range o 0.45 to 0.75
when the thickness of the transmissive light coloring layer is
1. The reason for this is that, within the above mentioned
range, the color tone ofthe reflective light region and the color
tone of the transmissive light region are approximately the
same, and a transflective type color liquid crystal display of
excellent quality can be obtained.

[0155] The specific value of the average thickness of the
reflective light coloring layer is the same as a general trans-
flective type color filter, and is within a range of 0.5 um to 3
pm.

[0156] Control of the average thickness of the reflective
light coloring layer in such a case can be carried out easily by
changing the shape of the convex-concave. However, when
the convex-concave is formed by forming concave portions
on the plane formed reflective light coloring layer as
described above, the average thickness can be controlled eas-
ily by controlling the depth of the concave portion, the size of
the concave portion and the like. That is, being preferable.
¢. Refractive Index

[0157] The refractive index of the reflective light coloring
layer in this embodiment may advantageously be a refractive
index so that the refractive index difference from a layer in
contact with the surface of the convex-concave formed side is
0.1 or more. Refractive index can also be increased by adding
the refractive index improving agent. By this, the refractive
index is made that the refractive index difference from a layer
in contact with the surface of the convex-concave formed side
is 0.1 or more. The reason for this is that, by providing the
refractive index difference as described above, incident light
to the convex-concave of the reflective light coloring layer is
refracted and goes out toward various directions. Conse-
quently, the light scattering effect can be obtained.

[0158] In this embodiment, it is preferable that the above
mentioned refractive index difference from a layer in contact
with the surface of the convex-concave formed side is 0.2 or
more, particularly 0.3 or more. The refractive index of the
reflective light coloring layer can be controlled by the refrac-
tive index improving agent. The reason for this is that the light
scattering effect can further be obtained and excellent display
quality can be obtained in the reflective light region.

[0159] Though the refractive index of the reflective light
coloring layer is not particularly limited, usually, the refrac-
tive index of the reflective light coloring layer may be such
that the refractive index difference from a layer in contact
with the surface of the convex-concave formed side is 0.1 or
more. And in general, the refractive index of the reflective
light coloring layer formed by using an acrylic resin is in a
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range of 1.49 to 1.50. For obtaining the refractive index dif-
ference from an adjacent layer, the above mentioned range is
preferable, and when the refractive index improving agent is
added, the above mentioned range is preferable since there is
a limitation to addition of the refractive index improving
agent.

[0160] In this embodiment, the above mentioned layer, in
contact with the surface of the convex-concave formed side of
the reflective light coloring layer, may be any one of an optical
route difference controlling layer, flattening layer, liquid
crystal layer and the like described later.

d. Materials

[0161] The materials for forming the reflective light color-
ing layer in this embodiment is not particularly limited as long
as the material can be patterned, allows transmissive of light
of a predetermined wavelength, and has a predetermined
refractive index. Usually, those obtained by dispersing a pig-
ment in an acrylic UV-curing resin used in a so-called pig-
ment dispersion method are used.

[0162] When the refractive index improving agent is added,
the refractive index improving agent is added to a material
usually used for a coloring layer. Here, the refractive index
improving agent is not particularly limited as long as it is a
substance which increases the refractive index of a material
by addition thereof, and specific examples include titanium
oxide fine particles, zinc oxide, zirconia, tin oxide, aluminum
oxide and the like.

[0163] Ttis preferable that such a refractive index improv-
ing agent is added in an amount of 1 part by weight to 70 parts
by weight, particularly preferably in an amount of 10 parts by
weight to 50 parts by weight, based on 100 parts by weight of
solid components in the reflective light coloring layer. When
the addition amount is smaller than the above mentioned
range, itis not preferable that an effect of increasing refractive
index by addition may not be sufficient, and when added over
the above mentioned range, it is not preferable that deficien-
cies such as patterning failure and the like possibly occur.

(Transmissive Light Coloring Layer)

[0164] Though the transmissive light coloring layer in this
embodiment is not particularly limited, usually, it is prefer-
able that the transmissive light coloring layer is made of the
same material as the reflective light coloring layer, from the
standpoint of simplification of a process.

[0165] Such thickness of the transmissive light coloring
layer is not particularly limited as long as it is thicker than the
above mentioned average thickness of the reflective light
coloring layer having the convex-concave on the surface, and
specifically, in a range of 0.5 pm to 3 um.

2. Optical Route Difference Controlling Layer (Flattening
Layer)

[0166] In this embodiment, it is preferable that a flattening
layer, for flattening a convex-concave formed surface side of
the above mentioned reflective light coloring layer, is formed.
The reason for this is that the surface in contact with a liquid
crystal layer is usually preferably a plane, to make alignment
of the liquid crystal in the liquid crystal display easy, and
preferably a plane from the standpoint of prevention of break-
age of a transparent electrode layer usually formed on the
surface of the above mentioned coloring layer.

[0167] Such aflattening layer is preferably an optical route
difference controlling layer having a function of controlling
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an optical route difference of beams in a liquid crystal layer in
the reflective light region and the transmissive light region
due to this flattening layer has a predetermined thickness.
Usually, since reflective light in the reflective light region
passes through the liquid crystal layer in an optical route
length twice of the transmissive light in the transmissive light
region, it is necessary to control this optical route difference.
Therefore, it is preferable to form such an optical route dif-
ference controlling layer for controlling optical difference as
described above.

(Refractive Index)

[0168] In this embodiment, it is preferable that such an
optical route difference controlling layer or flattening layer is
formed of a material having refractive index differing signifi-
cantly from the refractive index of the above mentioned
reflective light coloring layer. The reason for this is that, since
the above mentioned optical route difference controlling
layer or flattening layer is a layer in contact with the surface
of the convex-concave formed side of the above mentioned
reflective light coloring layer, when the optical route differ-
ence controlling layer or flattening layer is formed of a mate-
rial having refractive index differing significantly from the
above mentioned reflective light coloring layer, an excellent
light scattering effect can be obtained on the convex-concave
formed surface of the above mentioned reflective light color-
ing layer.

[0169] Such refractive index difference may be the refrac-
tive index higher than that of the above mentioned reflective
light coloring layer or the refractive index lower than that of
the above mentioned reflective light coloring layer.

[0170] When higher than the above mentioned reflective
light coloring layer, specifically, it is necessary that the refrac-
tive index is higher than the refractive index of the above
mentioned reflective light coloring layer by 0.1 or more, and
it is preferable that the layer is formed with a material having
refractive index higher by 0.2 or more, particularly 0.3 or
more.

[0171] As such material, specifically, materials such as
Photoneath UR4144 (manufactured by Toray Industries,
Inc.), poly(thio)urethane resin, polysulfide resin, polyvinyl
resin, allyl diglycol carbonate resin, poly(thio) ester resin,
epoxy, polyether resins and the like can be used.

[0172] On the other hand, when lower than the refractive
index of the above mentioned reflective light coloring layer,
specifically, itis necessary that the refractive index is lower by
0.1 or more than the refractive index of the above mentioned
reflective light coloring layer, and it is preferable that the layer
is formed with a material having refractive index lower by 0.2
or more, particularly 0.3 or more.

[0173] As such material, specifically, materials such as
Opstar JN series (manufactured by JSR Corporation) and the
like can be used.

[0174] When the refractive index improving agent is used,
a layer having relatively low refractive index is preferable in
view of a fact that the above mentioned reflective light color-
ing layer has higher refractive index by addition of the refrac-
tive index improving agent. Specifically, it is necessary that
the refractive index is lower by 0.1 or more, preferably 0.2 or
more, particularly 0.3 or more than the refractive index of the
above mentioned reflective light coloring layer. Further, it is
preferable that the refractive index of the optical route differ-
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ence controlling layer or flattening layer in this embodiment
is in a range of 1.2 to 1.5, particularly 1.3 to 1.5.

(Thickness)

[0175] The thickness of the above mentioned optical route
difference controlling layer is not particularly limited as long
as it is capable of controlling optical route difference. Though
it varies significantly depending on the thickness of the liquid
crystal layer and the like, usually, it is preferable that the
thickness is in a range of 0.5 pm to 3.5 pm, particularly in a
range of 1.0 pm to 2.5 pum.

[0176] The thickness when the flattening layer only intend-
ing to flatten, particularly not intending to control the optical
route difference, is preferably a thickness so that a difference
from the transmissive light coloring layer is 0.5 pm or less.

3. Transparent Substrate

[0177] Thetransparent substrate used in this embodiment is
not particularly limited as long as it is conventionally used in
a color filter. Transparent rigid materials having no flexibility
such as quartz glass, synthetic quartz and the like, or trans-
parent flexible materials having flexibility such as transparent
resin films, optical resin plates and the like can be used. The
transparent substrate subjected, if necessary, to a surface
treatment in purpose of preventing alkali elution, imparting
gas barrier property, or other purposes may be used.

4. Others

[0178] The transflective type color filter in this embodi-
ment may have, if necessary, a black matrix and various
functional layers such as a transparent electrode layer, align-
ment membrane, protecting layer and the like. The position of
formation and materials of these layers are the same as those
of conventional layers, therefore, descriptions thereof are
omitted here.

(5) Fourth Embodiment

[0179] The fourth embodiment of the transflective type
color filter of the present invention will be described. The
transflective type color filter in this embodiment is color filter
for transflective type color liquid crystal display comprising a
transparent substrate and a reflective light coloring layer and
a transmissive light coloring layer formed on the transparent
substrate,

[0180] wherein, a convex-concave is formed on a surface of
aliquid crystal layer side of the reflective light coloring layer,
and an average thickness of the reflective light coloring layer
is formed to be thinner than the thickness of the transmissive
light coloring layer,

[0181] an optical route difference controlling layer, for
controlling an optical route difference between a reflective
light region and a transmissive light region, is formed on a
surface of the convex-concave formed side of the reflective
light coloring layer, and

[0182] the optical route difference controlling layer com-
prises a refractive index improving agent, which improves a
refractive index, so that a difference of the refractive index,
between the reflective light coloring layer and the optical
route difference controlling layer, is 0.1 or more.

[0183] This embodiment is an embodiment in which the
above mentioned refractive index improving agent is con-
tained in the optical route difference controlling layer. A
difference from the third embodiment is that while the third
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embodiment is an embodiment in which the refractive index
improving agent is not added or the refractive index improv-
ing agent is added to the reflective light coloring layer, the
refractive index improving agent is contained in the optical
route difference controlling layer in the present embodiment.

[0184] Thus, by adding the refractive index improving
agent to the optical route difference controlling layer and
allowing, though not particularly limited, the reflective light
coloring layer to contain no refractive index improving agent,
it is possible to provide a large refractive index difference
between the both layers and it is possible to improve the light
scattering effect due to the convex-concave on the surface of
its liquid crystal layer side of the reflective light coloring
layer.

[0185] This embodiment differs from the third embodiment
only in that the materials of the reflective light coloring layer
and the optical route difference controlling layer are different.
Therefore, these will be explained, and other descriptions are
omitted here, referring to the descriptions of the above men-
tioned third embodiment.

(Reflective Light Coloring Layer)

[0186] The coloring layer in this embodiment is not par-
ticularly limited, and those containing no refractive index
improving agent as described above are preferable.

[0187] The refractive index of such a reflective light color-
ing layer is not particularly limited, and the refractive index of
the reflective light coloring layer may usually be the refractive
index so that the refractive index difference from a layer in
contact with the surface of the convex-concave formed side is
0.1 or more. In general, the refractive index of the reflective
light coloring layer formed by using an acrylic resin is in a
range 0f'1.49 to 1.50. The reason for this is that, to obtain the
refractive index difference from the optical route difference
controlling layer or the flattening layer, the above mentioned
range is preferable.

[0188] Thematerial for forming the reflective light coloring
layer in this embodiment is not particularly limited as long as
the material can be patterned, allows transmissive of light of
a predetermined wavelength and has a predetermined refrac-
tive index. Usually, those obtained by dispersing a pigment in
an acrylic UV-curing resin, used in a so-called pigment dis-
persion method, are used.

(Optical Route Difference Controlling Layer)

[0189] Inthisembodiment, an optical route difference con-
trolling layer is formed as a layer in contact with the surface
of the convex-concave formed side of the above mentioned
reflective light coloring layer. Here, when controlling of the
optical route difference is not particularly intended, the opti-
cal route difference controlling layer functions as the flatten-
ing layer for flattening the convex-concave on the reflective
light coloring layer. Therefore, in this embodiment, the opti-
cal route difference controlling layer will be described as a
concept containing the flattening layer.

[0190] Itis preferable that the refractive index of the optical
route difference controlling layer is adjusted by the refractive
index improving agent so that the refractive index difference
between the optical route difference controlling layer in this
embodiment the reflective light coloring layer having the
convex-concave on its surface is 0.1 or more, particularly 0.2
or more, particularly 0.3 or more. The reason for this is that
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the higher light scattering effect can be obtained and excellent
display quality can be obtained in the reflective light region.
[0191] The refractive index of the optical route difference
controlling layer thus controlled is not particularly limited.
Usually it is in a range of 1.5 to 2.0, particularly in a range of
1.5 to 1.8. When the refractive index is higher, the refractive
index difference from an adjacent layer can be increased
preferably, however, since there is a limitation to addition of
the refractive index improving agent, the above mentioned
range is preferable.

[0192] The material of forming an optical route difference
controlling layer in this embodiment is not particularly lim-
ited as long as it is transparent. Usually, materials having
relatively high refractive index are suitably used in view of a
fact that the refractive index difference from the reflective
light coloring layer is provided by making the refractive index
of the layer higher with the refractive index improving agent.
[0193] Specifically, materials having refractive index in a
range of 1.5 to 1.9, particularly in a range of 1.5 to 1.8 are
suitably used.

[0194] As such material, specifically, materials such as
Photoneath UR4144 (manufactured by Toray Industries,
Inc.), poly(thio)urethane resin, polysulfide resin, polyvinyl
resin, allyl diglycol carbonate resin, poly(thio) ester resin,
epoxy, polyether resins and the like can be used.

[0195] The optical route difference controlling layer in this
embodiment becomes a layer of high refractive index by
adding the refractive index improving agent to the above
mentioned material. By this, the refractive index difference
from the reflective light coloring layer is increased, the light
scattering effect is increased and a display performance in the
reflective light region is improved.

[0196] In this case, the refractive index improving agent
used is the same as that explained in the above mentioned
third embodiment. Therefore, descriptions thereof are not
repeated. Also, the additing amount of this refractive index
improving agent is the same as explained in the above men-
tioned third embodiment. Therefore, descriptions thereof are
not repeated.

[0197] By thus adding the refractive index improving
agent, it is preferable that the refractive index of the optical
route difference controlling layer is increased so that the
refractive index is in a range of 1.5 to 2.0, particularly in a
range of 1.5 10 1.8.

[0198] By this, the refractive index difference from the
reflective light coloring layer is larger by at least 0.1 or more,
preferably 0.2 or more, particularly 0.3 or more.

[0199] Further in this embodiment, it is preferable that the
convex-concave is formed on the surface of its liquid crystal
layer side of the above mentioned optical route difference
controlling layer and the refractive index improving agent is
added to the optical route difference controlling layer so that
the refractive index difference between the above mentioned
optical route difference controlling layer and a layer in con-
tact with the surface of the convex-concave formed side of the
above mentioned optical route difference controlling layer is
0.1 or more.

[0200] By thus forming the convex-concave on the surface
of the liquid crystal side of the optical route difference con-
trolling layer, and making its refractive index different from
the layer in contact with the surface of the convex-concave
formed side, the light scattering effect can be obtained also on
the surface of this optical route difference controlling layer.
And by combining with the light scattering effect on the
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surface of the convex-concave side of the above mentioned
reflective light coloring layer, the light scattering effect can be
manifested more effectively.

[0201] The layer in contact with the surface of the convex-
concave formed side of the above mentioned optical route
difference controlling layer is not particularly limited. For
example, it can be an optical route difference controlling layer
flattening layer, for flattening the convex-concave on the sut-
face of the optical route difference controlling layer, or a
liquid crystal layer.

[0202] It is preferable that the refractive index difference
from such a layer is 0.1 or more as described above, and
particularly, it is preferable that the difference is 0.2 or more,
particularly preferably 0.3 or more. The reason for this is that
the light scattering effect can be manifested more effectively.
[0203] Descriptions regarding the convex-concave on the
optical route difference controlling layer are the same as in
the column of “convex-concave on surface” of the above
mentioned reflective light coloring layer. Therefore, descrip-
tions thereof are not repeated.

[0204] In this embodiment, it is preferable that the pitch in
the concave portion of the above mentioned reflective light
coloring layer is different from the pitch in the concave por-
tion of the optical route difference controlling layer. The
reason for this is that, when they are the same pitch, thereis a
possibility of exerting an adverse effect by interference of
light.

(6) Fifth Embodiment

[0205] The fifth embodiment of the transflective type color
filter of the present invention will be described. The transflec-
tive type color filter in this embodiment is color filter for
transflective type color liquid crystal display comprising a
transparent substrate and a reflective light coloring layer and
a transmissive light coloring layer formed on the transparent
substrate,

[0206] wherein, a convex-concave is formed on a surface of
aliquid crystal layer side of the reflective light coloring layer,
and an average thickness of the reflective light coloring layer
is formed to be thinner than the thickness of the transmissive
light coloring layer,

[0207] an optical route difference controlling layer, for
controlling an optical route difference between a reflective
light region and a transmissive light region, is formed on a
surface of the convex-concave formed side of the reflective
light coloring layer, and the convex-concave is formed also on
asurface of aliquid crystal side of the optical route difference
controlling layer,

[0208] aoptical route difference controlling layer flattening
layer is formed on the surface of the convex-concave formed
side of the optical route difference controlling layer to flatten
the surface of the optical route difference controlling layer,
and

[0209] a difference of the refractive index, between the
optical route difference controlling layer and the optical route
difference controlling layer flattening layer, is 0.1 or more.
[0210] By thus forming the convex-concave on the surface
of the liquid crystal side of the optical route difference con-
trolling layer, and making its refractive index different from
the refractive index of the optical route difference controlling
layer flattening layer, which is in contact with this convex-
concave surface, the light scattering effect can be obtained
also on the surface of this optical route difference controlling
layer. And by combining with the light scattering effect on the
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surface of the convex-concave side of the above mentioned
reflective light coloring layer, the light scattering effect can be
manifested more effectively.

[0211] FIG. 14 shows an example of the convex-concave
formed on the surface of the above mentioned optical route
difference controlling layer. In this example, on a transparent
substrate 11, a coloring layer 12, composed of a transmissive
light coloring layer 124 and a reflective light coloring layer
125, is formed in the same manner as in the example shown in
FIG. 13. And on the opposite surface of the transparent sub-
strate 11 of the above mentioned reflective light coloring layer
125, a plurality of concave portions 13 are formed. On the
surface of the concave portions 13 formed side of the above
mentioned reflective light coloring layer 125, an optical route
controlling layer 14 is formed. On the surface opposite to the
transparent substrate 11 of this optical route controlling layer
14, an optical route controlling layer concave portion 16 is
further formed. An optical route difference controlling layer
flattening layer 17, for flattening this optical route controlling
layer concave portion 16, is formed on the surface of the
optical route controlling layer concave portion 16 formed side
of the optical route controlling layer 14.

[0212] In this case, it is preferable that the refractive index
of the optical route controlling layer 14 differs from the
refractive index of the above mentioned reflective light col-
oring layer 125 and the refractive index of the optical route
difference controlling layer flattening layer 17 by 0.1 ormore.
By such a constitution, the light scattering effect can be
obtained in two regions, the concave portion 13 region of the
reflective light coloring layer 125 and the optical route con-
trolling layer concave portion 16 region of the optical route
controlling layer 14. Therefore, by using such a transflective
type color filter, a color liquid crystal display showing
extremely high display quality in the reflective light region
can be obtained.

[0213] The transflective type color filter in this embodi-
ment will be described in detail below. The first characteristic
of this embodiment is that the convex-concave is formed on
the surface of its liquid crystal side of the optical route dif-
ference controlling layer.

[0214] Descriptions regarding the convex-concave on the
above mientioned optical route difference controlling layer
are the same as in the column of “convex-concave on surface”
of the above mentioned reflective light coloring layer. There-
fore, descriptions thereof are not repeated.

[0215] In this embodiment, it is preferable that the pitch in
the concave portion of the above mentioned reflective light
coloring layer is different from the pitch in the optical route
difference controlling layer concave portion of the optical
route difference controlling layer. The reason for this is that,
when they are the same pitch, there is a possibility of exerting
an adverse effect by interference of light.

[0216] Next, the second characteristic in this embodiment
is that the optical route difference controlling layer flattening
layer is formed on the surface of the convex-concave formed
side of the above mentioned optical route difference control-
ling layer, and the refractive index difference between this
optical route difference controlling layer flattening layer and
the optical route difference controlling layer is 0.1 or more.
Further, it is preferable that the refractive index improving
agent is added to this optical route difference controlling layer
flattening layer to further increase the refractive index.
[0217] Such a material forming the optical route difference
controlling layer flattening layer is not particularly limited as
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long as it is a material which is transparent and can be pat-
terned. General photo-setting resins are suitably used. Con-
sidering the fact that the refractive index improving agent is
added to this optical route difference controlling layer flat-
tening layer to give a layer of high refractive index as
described above, it is preferable that this is formed of a mate-
rial having relatively high refractive index. The reason for this
is that, by selecting this material, the refractive index of the
finally obtained optical route difference controlling layer flat-
tening layer can be high, and the refractive index difference
from the optical route difference controlling layer can be
increased. Consequently, the light scattering effect can be
improved.

[0218] Descriptions regarding the above mentioned mate-
rial having relatively high refractive index are the same in the
column of optical route difference controlling layer of the
above mentioned fourth embodiment. Therefore, descrip-
tions thereof are not repeated.

[0219] The refractive index improving agent added to the
above mentioned optical route difference controlling layer
flattening layer and the adding amount thereof, further, the
refractive index of the final optical route difference control-
ling layer flattening layer and the like are also the same as in
the column of optical route difference controlling layer in the
above mentioned fourth embodiment. Therefore, descrip-
tions thereof are not repeated.

[0220] In this embodiment, the optical route difference
controlling layer flattening layer is a layer of high refractive
index as described above. Therefore, it is preferable that the
optical route difference controlling layer is formed of a mate-
rial having relatively low refractive index. The reason for this
is that, by forming the optical route difference controlling
layer with a material of low refractive index as described
above, the refractive index difference from the optical route
difference controlling layer flattening layer can be increased.
And by this, the light scattering effect can be improved. The
fact, that the optical route difference controlling layer is
formed of a material having relatively low refractive index, is
the same as for the optical route difference controlling layer in
the above mentioned third embodiment. Therefore, descrip-
tions thereof are not repeated here.

[0221] Further in this embodiment, it is preferable that the
refractive index improving agent is also added to the reflec-
tive light coloring layer so that the refractive index difference
from the optical route difference controlling layer is 0.1 or
more. The reason for this is that, by thus adding the refractive
index improving agent to the reflective light coloring layer, to
make the layer of high refractive index, it is possible to
improve the light scattering effect at the convex-concave
formed on the surface of the optical route difference control-
ling layer side of the reflective light coloring layer. By com-
bining with the light scattering effect at the convex-concave
provided on the surface on the liquid crystal side of the above
mentioned optical route difference controlling layer, fairly
effective light scattering can be conducted.

[0222] Descriptions regarding addition of the refractive
index improving agent to the reflective light coloring layer as
described above are the same as for the reflective light color-
ing layer in the third embodiment. Therefore, descriptions
thereof are not repeated here.

[0223] Descriptions regarding other layers, descriptions on
the convex-concave and the like, and other points that are not
described in the above mentioned present embodiments, are
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the same as in the above mentioned third embodiment. There-
fore, descriptions thereof are not repeated here.

(7) Sixth Embodiment

[0224] Next, the sixth embodiment of the present invention
will be described. The transflective type color filter in this
embodiment is a color filter for transflective type color liquid
crystal display comprising a transparent substrate and a
reflective light coloring layer and a transmissive light color-
ing layer formed on the transparent substrate,

[0225] wherein at least one removal portion is formed so
that an average thickness of the reflective light coloring layer
is thinner than the thickness of the transmissive light coloring
layer,

[0226] an optical route difference controlling layer, for
controlling an optical route difference between a reflective
light region and a transmissive light region, is formed on a
surface of a liquid crystal layer side of the reflective light
coloring layer,

[0227] aconvex-concave is formed on a surface of a liquid
crystal layer side of the optical route difference controlling
layer, and

[0228] a refractive index difference between the optical
route difference controlling layer and a layer in contact with
the surface of the convex-concave formed side of the optical
route difference controlling layer, is 0.1 or more.

[0229] Inthe presentinvention, since the convex-concave is
formed on the surface of the optical route difference control-
ling layer necessary for controlling optical route difference,
and the refractive index difference from a layer in contact
with the surface of the convex-concave formed side is 0.1 or
more, the light scattering effect can be obtained at this optical
route difference controlling layer. Further, it is preferable to
add the refractive index improving agent to the optical route
difference controlling layer. There will be an effect that the
optical route difference, in a liquid crystal layer, between the
reflective light region and the transmissive light region can be
controlled, and simultaneously, the quality of image display
in the reflective light region can be improved.

[0230] FIG. 15 shows one example of this embodiment. In
this example, on a transparent substrate 11, a coloring layer
12, composed of a transmissive light coloring layer 12¢ and a
reflective light coloring layer 125, is formed. The reflective
light coloring layer 125 in this example has the same thick-
ness as that of the transmissive light coloring layer 12a,
however, a part thereof is removed to form a removal portion
18. By thus removing a part of the reflective light coloring
layer 125, the average thickness of the reflective light color-
ing layer 125 is reduced. And by this, the color tone of the
transmissive light region and the color tone of the reflective
light region are adjusted to be the same.

[0231] On the reflective light coloring layer, an optical
route difference controlling layer 14 is formed, and on the
surface opposite to the transparent substrate 11, an optical
route difference controlling layer concave portion 16 is
formed. Further, on the optical route difference controlling
layer concave portion 16, an optical route difference control-
ling layer flattening layer 17 is formed. In between the color-
ing layers 12, a black matrix 15 is placed.

[0232] In the example shown in FIG. 15, it is also possible
to add the refractive index improving agent to the optical
route difference controlling layer 14 so that the refractive
index difference between the optical route difference control-
ling layer 14 and the optical route difference controlling layer
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flattening layer 17 is 0.1 or more. By this, the light scattering
effect can be obtained on the optical route difference control-
ling layer concave portion 16 formed surface of the optical
route difference controlling layer 14. Therefore, both of the
effect of controlling optical route difference and the light
scattering effect can be obtained by only providing the optical
route difference controlling layer 14 having a plurality of
concave portions on its surface.

[0233] Such a transflective type color filter of this embodi-
ment will be described by each component.

1. Coloring Layer

[0234] The coloring layer used in this embodiment is the
same as that described in the above mentioned third embodi-
ment excepting for the shape of the reflective light coloring
layer. Therefore, descriptions of points other than the shape of
the reflective light coloring layer are omitted.

[0235] In this embodiment, the reflective light coloring
layer has a shape obtained by forming at least one removal
portion so that the average thickness of the entire body of the
reflective light coloring layer is thinner than the thickness of
the above mentioned transmissive light coloring layer.
Namely, in this embodiment, a part of the reflective light
coloring layer is removed completely, to form at least one
removal portion in the reflective light coloring layer.

[0236] Theaverage thickness ofthe reflective light coloring
layer thus reduced and the ratio thereof, to the thickness of the
transmissive light coloring layer, are the same as those
described in the above mentioned third embodiment. There-
fore, the descriptions thereof are not repeated.

2. Optical Route Difference Controlling Layer

[0237] This embodiment is characterized in that the optical
route difference controlling layer is formed on the surface of
the above mentioned reflective light coloring layer, the con-
vex-concave is formed on the surface on its liquid crystal
layer side, and the refractive index improving agent can be
added to the optical route difference controlling layer so that
the refractive index difference between the above mentioned
optical route difference controlling layer and a layer in con-
tact with the surface of the convex-concave formed side of the
above mentioned optical route difference controlling layer is
0.1 or more.

[0238] Such an optical route difference controlling layer is
the same as described in the above mentioned third embodi-
ment. And the convex-concave on its surface is also described
in “convex-concave on surface” of the optical route difference
controlling layer in the above mentioned fourth embodiment.
Therefore, descriptions thereof are not repeated here. Further,
descriptions regarding a layer in contact with the surface of
the convex-concave formed side of the above mentioned opti-
cal route difference controlling layer are same as the descrip-
tions in the column of “convex-concave on surface” of the
optical route difference controlling layer in the above men-
tioned fourth embodiment. Therefore, descriptions thereof
are not repeated here.

3. Others

[0239] Also descriptions regarding the transparent sub-
strate in this embodiment and other layers are the same as in
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the above mentioned third embodiment. Therefore, descrip-
tions thereof are not repeated here.

(8) Seventh Embodiment

[0240] Finally, the seventh embodiment of the transflective
type color filter of the present invention will be described. The
transflective type color filter of the present embodiment is a
color filter for transflective type color liquid crystal display
comprising a transparent substrate and a reflective light col-
oring layer and a transmissive light coloring layer formed on
the transparent substrate,

[0241] wherein at least one removal portion is formed so
that an average thickness of the reflective light coloring layer
is thinner than the thickness of the transmissive light coloring
layer,

[0242] an optical route difference controlling layer, for
controlling an optical route difference between a reflective
light region and a transmissive light region, is formed on a
surface of a liquid crystal layer side of the reflective light
coloring layer,

[0243] aconvex-concave is formed on a surface of a liquid
crystal layer side of the optical route difference controlling
layer,

[0244] aoptical route difference controlling layer flattening

layer is formed on the surface of the convex-concave formed
side of the optical route difference controlling layer to flatten
the surface of the optical route difference controlling layer,
and

[0245] a difference of the refractive index, between the
optical route difference controlling layer and the optical route
difference controlling layer flattening layer, is 0.1 or more.
[0246] This embodiment is an embodiment in which the
above mentioned refractive index improving agent is con-
tained in the optical route difference controlling layer flatten-
ing layer. The difference from the sixth embodiment is that
the refractive index improving agent is added to the optical
route difference controlling layer in the sixth embodiment,
while in this embodiment, the refractive index improving
agent is contained in the optical route difference controlling
layer flattening layer.

[0247] Thus, by adding the refractive index improving
agent to the optical route difference controlling layer flatten-
ing layer and allowing, though not particularly limited, the
optical route difference controlling layer to contain no refrac-
tive index improving agent, it is possible to provide a large
refractive index difference between the both layers and it is
possible to improve the light scattering effect by the convex-
concave on the surface of its liquid crystal layer side of the
above mentioned optical route difference controlling layer.
[0248] This embodiment differs from the sixth embodi-
ment only in that the material of the optical route difference
controlling layer and the material of the optical route differ-
ence controlling layer flattening layer are different. There-
fore, the materials are explained and descriptions of other
matters are omitted here, referring to the descriptions of the
above mentioned sixth embodiment.

[0249] Descriptions regarding the optical route difference
controlling layer flattening layer used in this embodiment are
the same as in the above mentioned fifth embodiment. There-
fore, descriptions thereof are not repeated here.

[0250] Further, it is preferable that the optical route differ-
ence controlling layer in this embodiment, though not par-
ticularly limited, contains no refractive index improving
agent as described above. In this embodiment, since the opti-
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cal route difference controlling layer flattening layer is a layer
of high refractive index as described above, it is preferable
that the optical route difference controlling layer is formed of
a material having relatively low refractive index. The reason
for this is that, by thus forming the optical route difference
controlling layer with a material of low refractive index, the
refractive index difference from the optical route difference
controlling layer flattening layer can be increased. By this, the
light scattering effect can be improved. The fact that the
optical route difference controlling layer is formed of a mate-
rial having relatively low refractive index is the same as for
the optical route difference controlling layer in the above
mentioned third embodiment. Therefore, descriptions thereof
are not repeated here.

(9) Others

[0251] As other example of obtaining the light scattering
effect by forming the convex-concave on the above men-
tioned surface to obtain the refractive index difference from
an adjacent layer, an example as shown in FIG. 16 is men-
tioned.

[0252] Here, the light scattering effect is obtained by pro-
viding the convex-concave, specifically the optical route dif-
ference controlling layer concave portion 16, on an optical
route difference controlling layer 14 formed on a transparent
substrate 11, on the opposite surface to the transparent sub-
strate 11, and by adding the refractive index improving agent
to either one of the optical route difference controlling layer
14 and coloring layer 12 to obtain the refractive index differ-
ence between the optical route difference controlling layer 14
and the coloring layer 12.

[0253] The coloring layer 12, optical route difference con-
trolling layer 14, optical route difference controlling layer
concave portion 16 and the like used, further, the kind and
adding amount of the refractive index improving agent in this
example are the same as the above mentioned embodiments.
Therefore, descriptions thereof are not repeated here.

(10) Transflective Type Color Liquid Crystal Display

[0254] The transflective type color liquid crystal display of
the present invention is obtained by filling liquid crystal in
between the above mentioned transflective type color filter
and facing substrate. Therefore, the display has a merit of the
above mentioned transflective type color filter, namely, a
merit that manufacturing by a simple process is possible,
resulting in lowering the cost.

[0255] The present invention is not limited to the above
mentioned embodiments. The above mentioned embodi-
ments are only examples, and any of those having substan-
tially the same constitution and exhibiting the same functions
and effect as the technological idea described in claims of the
present invention is included in the technological range of the
present invention.

EXAMPLES

[0256] The following examples will illustrate the present
invention in detail below, but do not limit the scope of the
invention.

Example 1

[0257] A glass substrate (soda glass, thickness: 0.7 mm) as
a transparent substrate, a photosensitive acrylic resin as a
transparent membrane material, and an acrylic based negative
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photoresist containing a pigment as a coloring layer, were
prepared. A transparent membrane forming coating solution,
prepared by dissolving the transparent membrane forming
resin having the above mentioned composition in a solvent,
was coated on this substrate uniformly by a spin coating
method and the like. After drying the coating solution, a
pattern composed of pore portions formed in a pattern in the
transparent membrane was exposed. and then, developed,
thereby forming a transparent membrane pattern layer.
[0258] Subsequently. coloring layer forming coating solu-
tion having the above mentioned composition was coated by
the spin coating method. The color filter of the present inven-
tion is obtained by forming coloring layers by repeating dry-
ing, pre-baking, exposing, developing and post-baking, for
each color of red, blue and green.

[0259] On the above mentioned color filter, necessary func-
tional layers such as a transparent electrode layer and the like
were formed, to obtain a liquid crystal display of the present
invention. CIE (1931) xy chromaticity values, displaying red,
green, blue and white when this liquid crystal display was
used for transmissive light, are shown in Table 1 and F1G. 11.

Example 2

[0260] Using the same materials and method as in Example
1, a pattern, composed of pattern formed island shaped trans-
parent membrane, was formed as a transparent membrane
pattern layer. On this pattern layer, a coloring layer was
formed with the same materials and method as in Example 1,
obtaining a color filter of the present invention.

[0261] Onthe above mentioned color filter, necessary func-
tional layers such as a transparent electrode layer and the like
were formed, to obtain a liquid crystal display of the present
invention. Values displaying red and green, when this liquid
crystal display was used for transmissive light, are shown in
Table 1 and FIG. 11.

Comparative Example 1

[0262] A reflective color filter was obtained by reducing the
thickness of the coloring layer by %4 of that in the transmissive
type color filter used in Example 1. To obtain the equivalent
chromaticity by using a transmissive type color filter as a
reflective type color filter, since light passes through the color
filter twice, it may be advantageous that the thickness of the
coloring layer of the reflective type color filter is reduced to 12
as compared with the coloring layer of the transmissive type
color filter. On the above mentioned color filter, necessary
functional layers such as a transparent electrode layer and the
like were formed, and a reflective membrane composed of an
aluminum membrane was placed on an array substrate facing
this color filter, and a functional film such as a polarization
plate and the like was placed, to obtain a reflective type liquid
crystal display. Chromaticity values, in displaying red, green,
blue and white using this liquid crystal display are shown in
Table 1 and FIG. 11.

Comparative Example 2

[0263] The reflective light color filter used in Comparative
Example 1 was used, and necessary functional layers such as
a transparent electrode layer and the like were formed on the
above mentioned color filter, as in Example 1 and 2, to obtain
a transmissive type liquid crystal display. Chromaticity val-
ues in displaying red, green, blue and white using this liquid
crystal display are shown in Table 1 and FIG. 11.
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TABLE 1
Red Green Blue White

BL X y Y X y Y X y Y X y Y
Comparative D65 0.627 0341 239 0313 0547 71.2 0.138 0.163 21.2 0.311 0352 388
Example 1
Comparative LED  0.535 0343 33.6 0.334 0443 80.6 0.160 0.188 33.5 0.309 0.323 49.2
Example 2
Example ]  LED 0.566 0347 29.1 0331 0472 740 0.150 0.164 26.5 0.307 0322 43.2
Example2 LED 0.586 0349 269 033 0491 70.7

[0264] The chromaticity in Comparative Example 1 1s a
chromaticity when a color filter is used as the reflective dis-
play. The chromaticity in Comparative Example 2 is a chro-
maticity when the color filter in Comparative Example 1 is
used as it is as the transmissive display. The chromaticity in
Comparative Example 1 and the chromaticity in Comparative
Example 2 show a large difference, namely, the chromaticity
differ significantly when the same color filter as shown in
Comparative Examples 1 and 2 is used for the reflective
display and the transmissive display. For this reason, it can be
said that when a color filter is used as the transmissive display,
the color chromaticity for the transmissive display and the
color chromaticity for the reflective display are close if the
chromaticity value is close to Comparative Example 1.

[0265] FIG. 11 gives a result that Example 1 in the present
invention shows chromaticity value closer to that in Com-
parative Example 1 for each color, as compared with that in
Comparative Example 2 using a reflective color filter as it is
for the transmissive display. Further in Example 2, a result,
that the chromaticity is further closer for red and green.

(Measuring Method)

[0266] For measuring the chromaticity, a spectral photom-
etry apparatus (MCPD-2000, manufactured by Otsuka Elec-
tronics Co., [td.) was used. Here, for the chromaticity for the
reflective display, a D65 light source was used, and for the
transmissive display, a while LED (LNJ 010 CSFRA, manu-
factured by Matsushita Electric Industrial Co., Ltd.) light
source was used. The reason for selecting the light sources is
that, in the case of the reflective display, day light is assumed
mainly as outer light. Therefore, chromaticity was measured
using the D65 light source which is a standard light source for
day light. A white LED is generally used as a backlight for
transmissive display of a liquid crystal display used for por-
table applications. Therefore, the white LED light source was
used for measuring the chromaticity for transmissive display.

Exaniple 3
Preliminary Experiment
(1) Confirmation of Effect by Convex-Concave Shape

[0267] A transparent substrate of a substrate size of 300x
400 mm and a thickness of 0.7 mm (1737 material, manufac-
tured by Corning, Inc.) was used, and subjected to processes
of cleaning with a detergent and drying.

[0268] Next, an overcoat material (IT-MP manufactured by
INCTEC INC, refractive index: 1.50) was coated by a spinner
(600 rpm, maintained for 10 second), and dried on a hot plate
at 70° C. for 3 minutes. Then, exposed at exposing light
amount of 300 mj/cm? via a mask of pattern pitch shown in

FIG. 17, developed for 60 seconds with a dedicated devel-
oper, then, baked at 230° C. in an over for 30 minutes, to
obtain a relief pattern having the convex-concave on the sut-
face.

[0269] In the mask of the above mentioned pattern pitch,
the pattern was composed of dots all in cylinder shape, and the
diameter and pitch of the cylinder pattern were changed for
each region of No. 1 to No. 6 shownin FI1G. 17. The diameters
and pitches of cylinder pattern in respective regions are
shown in Table 2 below.

TABLE 2
No. Dot ((m) Pitch ((m)
1 6 15
2 8 16
3 10 18
4 12 18
5 8 20
6 10 20

[0270] Next, the pattern shape and sectional shape of this
substrate were observed by a scanning laser microscope
VL2000D (manufactured by Lasertec Corporation), and the
degree of scattering was measured by haze, transmissive, and
reflectance meter HR-100 (manufactured by MURAKAMI
COLOR RESEARCH LABORATORY). Measurement of
haze was carried out according to JIS K7105.

[0271] The results are shown in FIGS. 18 to 23 and Table 3
below.
TABLE 3
No. Haze
1 70.6
2 67.0
3 61.0
4 56.3
5 21.0
6 28.9
[0272] It is clear from the results that, when the pattern

shows a discontinuous shape, haze value is high, showing a
correlation between haze and pattern shape.

(2) Confirmation of Influence Due to Refractive Index Dif-
ference

[0273] Aliquid crystal material (refractive index: 1.45) was
dropped on the substrate used in the above mentioned section
(1) Confirmation of effect by convex-concave shape, a trans-
parent substrate having no pattern formed was laminated, and
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haze was measured in the same manner as described above.
The measurement results are shown in Table 4 below.

TABLE 4

[ T R,
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)
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N
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[0274] From theresults in the above mentioned Table 3, it is
clear that the haze value, which was excellent in the above
mentioned section (1) Confirmation of effect by convex-con-
cave shape, has decreased. This shows an influence by the
refractive index difference, and it can be estimated that the
haze value was excellent since the refractive index difference
between an overcoat material (refractive index: 1.5) and air
(refractive index: 1.0) is as large as 0.5, in the above men-
tioned section (1) Confirmation of effect by convex-concave
shape.

(3) Conformation of Refractive Index Difference by Pseudo-
Panel

[0275] Further, hypothesizing the same constitution as that
of a current display, on the substrate used in the above men-
tioned section (1) Confirmation of effect by convex-concave
shape. an ITO membrane (1500 A, refractive index: 1.8) was
formed by sputtering and an alignment membrane (600 A,
refractive index: 1.6) was formed by spin coating. Regarding
this substrate, the haze value was measured by the same
method as the above mentioned section (2) Confirmation of
influence due to refractive index difference. The measure-
ment results are shown in Table 5 below.

TABLE 5
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[0276] When the results in Table 4 and the results in table 5
are compared, there is almost no variation in haze value. This
shows that both of the ITO membrane and alignment mem-
brane have small thickness so that there is no influence on the
refractive index difference.

[0277] From the above mentioned results, it was found that
the pattern shape and the refractive index difference are
important factors.

[0278] Next, a transparent substrate of a substrate size of
300x400 mm and a thickness of 0.7 mm (1737 material,
manufactured by Corning, Inc.) was used, and subjected to
processes of cleaning with a detergent and drying.

[0279] Next, a Cr membrane was formed in a thickness of
1500 A by sputtering, a positive resist was coated, and sub-
jected to processes of pre-baking, exposure, development,
etching and peeling, by ordinary methods, to form a black
matrix substrate.
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[0280] Next, coloring sensitive materials having a refrac-
tive index of 1.5 shown below were used to form a coloring
layer.

[0281] R sensitive material: Color mosaic CR9000 (manu-

factured by FUIIFILM Arch Co., Ltd.)
[0282] G sensitive material: Color mosaic CG9000 (manu-
factured by FUIIFILM Arch Co., Ltd.)
[0283] B sensitive material: Color mosaic CB9000 (manu-
factured by FUJIFILM Arch Co., Ltd.)

(Formation of R Stripe Pattern)

[0284] On the above mentioned black matrix substrate, the
R sensitive material was coated by a spinner (620 rpm, main-
tained for 10 seconds), and pre-baked and dried at 80° C. for
3 minutes. Then, using a mask having a repetition pattern
shown in FIG. 24, exposed at 100 mj/cm”, developed (for 70
seconds with dedicated developer), post-baked (230° C., 30
minutes), to form a stripe pattern having the convex-concave
at a reflective part.

[0285] This pattern was observed by a laser microscope,
and hypothesizing that the concave portion is in the form of
hemisphere, the average thickness of the reflective part was
calculated by subtracting from the thickness of the transmis-
sive part. The thickness of the transmissive part was 2.0 pum,
and the average thickness of the reflective part was 1.0 um.

(Formation of G Stripe Pattern)

[0286] A G stripe pattern was formed in the same manner as
for the R stripe pattern except that coating conditions were a
revolution of 560 rpm and a development time of 130 sec-
onds. The thickness of the transmissive part was 2.0 um, and
the average thickness of the reflective part was 1.0 pm.

(Formation of B Stripe Pattern)

[0287] A Bstripe pattern was formed in the same manner as
for the R stripe pattern except that coating conditions were a
revolution of 690 rpm and a development time of 65 seconds.
The thickness of the transmissive part was 2.0 pm, and the
average thickness of the reflective part was 1.0 um.

(Formation of Optical Route Difference Controlling Layer)

[0288] As the optical route difference controlling layer, a
polyimide resin (Photoneath UR4144, manufactured by
Toray Industries, Inc., refractive index: 1.6) was coated by a
spinner (1000 rpm, maintained for 10 seconds), dried at 90°
C. for 3 minutes as pre-bake, then, using a mask having a
repetition pattern shown in FIG. 25, exposed at 300 mj/cm?,
developed (for 60 seconds with dedicated developer), post-
baked (230° C., 30 minutes), to form the optical route differ-
ence controlling layer only at the reflective part. By this, the
refractive index difference between the optical route differ-
ence controlling layer and coloring layer was controlled to be
0.1, and the thickness of the reflective part could be controlled
to be 4.3 pm and the thickness of the transmissive part could
be controlled to be 2.0 um.

[0289] Next, an ITO membrane was formed in a thickness
of 1500 A by sputtering, a columnar shaped spacer forming
material (Optomer, manufactured by JSR Corporation) was
coated to be a thickness of 2.3 um after post-baking, and a
mask for forming a columnar shaped spacer was used to a part
corresponding to the black matrix in the reflective part, to
form a columnar shaped spacer in the reflective part. An
alignment membrane was coated on a rear surface electrode
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substrate and a color filter substrate and rubbed. Then, a
sealing material was coated on a peripheral sealing part, lami-
nated, nematic liquid crystal was enclosed as a liquid crystal
substance, an enclosing port was sealed, and a polarization
plate and a retardation plate were incorporated, to fabricate a
transflective color liquid crystal display.

[0290] Voltage was applied between a transparent electrode
layer provided on the above mentioned rear surface side elec-
trode substrate and a transparent electrode substrate provided
on the color filter substrate to display an image. As a result,
sufficiently bright display of a color image was confirmed
with the incidence light from back light. In the same manner,
an image was displayed by applying a voltage between a
metal reflective electrode provided on the rear surface side
electrode substrate and a transparent electrode substrate pro-
vided on the color filter substrate. As a result, a sufficiently
bright clear display as same as the transmissive light was
obtained with incidence light for reflective, though the light
passes through the color filter twice, in comparison with
transmissive light display.

Example 4

[0291] The same process as in Example 3 was carried out
except the formation of the optical route difference control-
ling layer described below.

[0292] As the optical route difference controlling layer, a
polyimide resin (Photoneath UR4144, manufactured by
Toray Industries, Inc., refractive index: 1.6) was coated by a
spinner (1000 rpm, maintained for 10 seconds), dried at 90°
C. for 3 minutes as pre-bake, then, using a mask having a
repetition pattern shown in FIG. 26, exposed at 300 mj/cm?,
developed (for 60 seconds with dedicated developer), post-
baked (230° C., 30 minutes), to form the optical route differ-
ence controlling layer having the convex-concave on the sur-
face only in the reflective part. By this, the refractive index
difference between the optical route difference controlling
layer and coloring layer was controlled to be 0.1, the refrac-
tive index difference between the optical route difference
controlling layer and liquid crystal layer (refractive index:
1.45) was controlled to be 0.15, and, as in Example 3, the
thickness of the reflective part could be controlled to be 4.3
pm and the thickness of the transmissive part could be con-
trolled to be 2.0 um.

[0293] Itwas observed as a transflective color liquid crystal
display like in Example 3 to find that visual dependency was
further improved in reflective mode.

Exaniple 5

[0294] The same process as in Example 3 was carried out
except the formation of the optical route difference control-
ling layer described below.

[0295] As the optical route difference controlling layer, a
material of low refractive index (Opstar JN, manufactured by
ISR Corporation, refractive index: 1.4) was coated by a spin-
ner (1000 rpm, maintained for 30 seconds), dried at 90° C. for
3 minutes as pre-bake, then, using a mask having a repetition
pattern shown in FIG. 24, exposed at 300 mj/cm?, developed
(for 60 seconds with dedicated developer), post-baked (230°
C., 30 minutes), to form the optical route difference control-
ling layer only in the reflective part. By this, the refractive
index difference between the optical route difference control-
ling layer and coloring layer was controlled to be 0.1, and the
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thickness of the reflective part could be controlled to be 4.3
um and the thickness of the transmissive part could be con-
trolled to be 2.0 um.

[0296] Itwasobserved as a transflective color liquid crystal
display like in Example 3 to find the same effect.

Example 6

[0297] The same process as in Example 3 was carried out
except the formation of the optical route difference control-
ling layer described below.

[0298] As the optical route difference controlling layer, a
material of low refractive index (Opstar JN, manufactured by
JSR Corporation, refractive index: 1.4) was coated by a spin-
ner (1000 rpm, maintained for 30 seconds), dried at 90° C. for
3 minutes as pre-bake, then, using a mask having a repetition
pattern shown in FIG. 25, exposed at 300 mj/cm?, developed
(for 60 seconds with dedicated developer). post-baked (230°
C., 30 minutes), to form the optical route difference control-
ling layer having the convex-concave only on the surface of
the reflective part. By this, the refractive index difference
between the optical route difference controlling layer and
coloring layer was controlled to be 0.1, the refractive index
difference between the optical route difference controlling
layer and liquid crystal layer (refractive index: 1.45) was
controlled to be 0.05, and, as in Example 3, the thickness of
the reflective part could be controlled to be 4.3 um and the
thickness of the transmissive part could be controlled tobe 2.0

[0299] TItwas observed as atransflective color liquid crystal
display like in Example 3 to find that visual dependency was
improved slightly in reflective mode as compared with
Example 3.

Example 7

[0300] The same process as in Example 3 was carried out
except the formation of the optical route difference control-
ling layer described below.

[0301] As the optical route difference controlling layer, a
material obtained by dispersing titanium oxide fine particles
in an overcoat material (IT-MR, manufactured by INCTEC
INC, refractive index: 1.50) was coated by a spinner (1000
rpm, maintained for 10 seconds), dried at 90° C. for 3 minutes
as pre-bake, then, using a mask having a repetition pattern
shown in FIG. 25, exposed at 300 mj/cm?, developed (for 60
seconds with dedicated developer), post-baked (230° C., 30
minutes), to form the optical route difference controlling
layer only in the reflective part. The refractive index of the
overcoat material containing dispersed titanium oxide fine
particles was 1.65. The refractive index difference between
the optical route difference controlling layer and coloring
layer was controlled to be 0.15. The thickness of the reflective
part could be controlled to be 4.3 um and the thickness of the
transmissive part could be controlled to be 2.0 pm.

[0302] Itwasobserved as a transflective color liquid crystal
display like in Example 3 to find that visual dependency was
further improved in reflective mode.

Example 8

[0303] The same process as in Example 3 was carried out
except the formation of the optical route difference control-
ling layer described below.

[0304] As the optical route difference controlling layer, a
material obtained by dispersing titanium oxide fine particles
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in an overcoat material (IT-MR, manufactured by INCTEC
INC, refractive index: 1.50) was coated by a spinner (1000
rpm, maintained for 10 seconds), dried at 90° C. for 3 minutes
as pre-bake, then, using a mask having a repetition pattern
shown in FIG. 26, exposed at 300 mj/cm?, developed (for 60
seconds with dedicated developer), post-baked (230° C., 30
minutes), to form the optical route difference controlling
layer having the convex-concave only on the surface of the
reflective part. The refractive index of the overcoat material
containing dispersed titanium oxide fine particles was 1.65.
The refractive index difference between the optical route
difference controlling layer and liquid crystal layer (refrac-
tive index: 1.45) could be controlled to be 0.20, and the
refractive index difference between the optical route differ-
ence controlling layer and coloring layer could be controlled
to be 0.15. The thickness of the reflective part could be con-
trolled to be 4.3 um like in Example 3 and the thickness of the
transmissive part could be controlled to be 2.0 pum.

[0305] Itwas observed as a transflective color liquid crystal
display like in Example 3 to find that visual dependency was
further improved in reflective mode.

Comparative Example 3

[0306] The same process as in Example 3 was carried out
except the below mentioned formation material of the optical
route difference controlling layer.

[0307] An overcoat material (IT-MR, manufactured by
INCTEC INC, refractive index: 1.50) was used as an optical
route controlling material. The refractive index difference
between the optical route difference controlling layer and
coloring layer was 0, and the refractive index difference
between the optical route difference controlling layer and
liquid crystal layer was 0.05.

[0308] Itwas observed as a transflective color liquid crystal
display like in Example 3 to find that brightness was inferior
in reflective mode as compared with transmissive mode.

Comparative Example 4

[0309] The same process as in Example 4 was carried out
except the below mentioned formation material of the optical
route difference controlling layer.

[0310] An overcoat material (IT-MR, manufactured by
INCTEC INC, refractive index: 1.50) was used as an optical
route controlling material. The refractive index difference
between the optical route difference controlling layer and
coloring layer was 0, and the refractive index difference
between the optical route difference controlling layer and
liquid crystal layer was 0.05.

[0311] Itwas observed as a transflective color liquid crystal
display like in Example 3 to find that brightness was inferior
in reflective mode as compared with transmissive mode.

Oct. 7,2010

We claim:

1. A color filter for transflective type color liquid crystal
display comprising a transparent substrate and a reflective
light coloring layer and a transmissive light coloring layer
formed on the transparent substrate,

wherein at least one removal portion is formed so that an
average thickness of the reflective light coloring layer is
thinner than a thickness of the transmissive light color-
ing layer,

an optical route difference controlling layer, for controlling
an optical route difference between a reflective light
region and a transmissive light region, is formed on a
surface of a liquid crystal layer side of the reflective light
coloring layer,

a convex-concave is formed on a surface of a liquid crystal
layer side of the optical route difference controlling
layer, and

a refractive index difference, between the optical route
difference controlling layer and a layer in contact with
the surface of the convex-concave formed side of the
optical route difference controlling layer, is 0.1 or more.

2. The color filter for transflective type color liquid crystal
display according to claim 1, wherein the optical route dif-
ference controlling layer comprises a refractive index
improving agent, which improves a refractive index, so that
the refractive index difference, between the optical route dif-
ference controlling layer and the layer in contact with the
surface ofthe convex-concave formed side of the optical route
difference controlling layer, is 0.1 or more.

3. The color filter for transflective type color liquid crystal
display according to claim 1, wherein the layer in contact with
the surface of the convex-concave formed side of the optical
route difference controlling layer is an optical route differ-
ence controlling layer flattening layer to flatten the surface of
the optical route difference controlling layer.

4. The color filter for transflective type color liquid crystal
display according to claim 3, wherein the optical route dif-
ference controlling layer flattening layer comprises refractive
index improving agent, which improves a refractive index, so
that a refractive index difference, between the optical route
difference controlling layer and the optical route difference
controlling layer flattening layer, is 0.1 or more.

5. The color filter for transflective type color liquid crystal
display according to claim 1, wherein the convex-concave on
the surface of the optical route difference controlling layer is
composed of a plurality of concave portions formed by a
curved surface on the surface of the optical route difference
controlling layer.

6. A transflective color liquid crystal display comprising
the color filter for transflective type color liquid crystal dis-
play according to claim 1.
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