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(57) ABSTRACT

The present invention provides a color filter substrate which
achieves a sufficient light-shielding effect in a light-shielding
region and can prevent a disorder of the alignment of liquid
crystals in the vicinity of the light-shielding region. The
present invention 1s a color filter substrate including: a light-
shielding layer and a colored layer made of material such as a
photosensitive material, on a substrate, wherein the colored
layer is arranged from a light transmission region not having
the light-shielding layer arranged therein to a light-shielding
region having the light-shielding layer arranged therein, and
has a smaller thickness in the light-shielding region than in
the light transmission region.
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COLOR FILTER SUBSTRATE, LIQUID
CRYSTAL DISPLAY PANEL, LIQUID
CRYSTAL DISPLAY DEVICE, AND
PRODUCTION METHOD OF COLOR FILTER
SUBSTRATE

TECHNICAL FIELD

[0001] The present invention relates to a color filter sub-
strate, a liquid crystal display panel, a liquid crystal display
device, and a production method of a color filter substrate.
More particularly, the present invention relates to a color filter
substrate suitable for a vertical alignment liquid crystal dis-
play device, a liquid crystal display panel and a liquid crystal
display device each having the color filter substrate, and a
production method of a color filter substrate.

BACKGROUND ART

[0002] Liquid crystal display devices are display devices
with slim profile and low power consumption and are being
widely used in OA (office automation) equipment such as a
PC, PDAs such as an electronic notebook and a cellular
phone, monitors for camcorders, and the like. Liquid crystal
display devices are desired to have a variety of characteristics,
particularly higher display qualities. This has led to further
development of a color filter substrate to be provided in a
liquid crystal display panel for color display.

[0003] A color filter substrate has a black matrix (light-
shielding layer) and colored layers of red, green, blue etc. A
colored layer is mainly formed in a light transmission region
in which a black matrix is not arranged. At this time, if the
arranged colored layer is smaller than the light transmission
region, the light transmission region allows light to be trans-
mitted through the parts where the colored layer is not
arranged, whereby the transmitted light, uncolored, decreases
display qualities such as a contrast ratio. Accordingly, a col-
ored layer is generally formed such that the colored layer
overlies the black matrix surrounding the light transmission
region.

[0004] When the colored layer overlies the black matrix,
the thickness of the black matrix and the thickness of the
colored layer overlying the black matrix produce a part more
bulging than the light transmission layer. Since the colored
layer is continuously arranged from the light transmission
region to a light-shielding region, the bulge on the black
matrix causes a bulge of the colored layer in the light trans-
mission region near the light-shielding region. For this rea-
son, application of such a color filter substrate in a liquid
crystal display device causes a change in the alignment of
liquid crystal molecules due to the bulge of the colored layer,
which may possibly lead to a decrease in the display qualities,
such as light leakage, a decrease in the contrast ratio, and a
decrease in the color reproduction quality.

[0005] Patent Document 1 discloses a method of forming a
three-colored black matrix layer in order to produce a color
filter substrate with a surface of good flatness. The three-
colored black matrix layer is formed at the same time with
formation of colored layers of the filter, by laminating thin
colored layers of three colors, each with a smaller thickness
than the colored layers of the filter, through a photomask that
has a half-tone mask portion in the light-shielding portion of
the color filter.

[Patent Document 1]

[0006] Japanese Kokai Publication No. Hei-08-95021
DISCLOSURE OF INVENTION
[0007] Such a black matrix formed by laminating three

colored layers according to Patent Document 1 can have a
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very large thickness unless the colored layers have a suffi-
ciently small thickness. This may possibly produce a stepped
part between the light-shielding region and the light transmis-
sion region, leading to an alignment disorder of liquid crys-
tals. Meanwhile, the colored layers of the respective colors
having a very small thickness also have room for improve-
ment in that such colored layers do not achieve a sufficient
light-shielding effect and thus lead to a decrease in a contrast
ratio.

[0008] The present invention has been made in view of the
above-mentioned state of the art. The present invention aims
to provide a color filter substrate, a liquid crystal display
panel, a liquid crystal display, and a production method of a
color filter substrate that are capable of achieving a sufficient
light-shielding effect in a light-shielding region while sup-
pressing an alignment disorder of liquid crystals near the
light-shielding region.

[0009] The present inventors have made various investiga-
tions on color filter substrates. The inventors have noted that
arranging a colored layer from a light transmission region not
having a light-shielding layer arranged therein to a light-
shielding region having a light-shielding layer arranged
therein makes it possible to prevent light leakage and to
improve a contrast ratio but produces a bulge from the light
transmission region to the light-shielding region. The inven-
tors have also found that reducing the thickness of the colored
layer in the light-shielding region to smaller than the thick-
ness of the colored layer in the light transmission region
allows reduction of the bulge generating from the light trans-
mission region to the light-shielding region. The reduction of
the bulge leads to prevention of an alignment disorder of
liquid crystal molecules and prevention of a decrease in the
display qualities. This has admirably solved the above-men-
tioned problems, leading to completion of the present inven-
tion.

[0010] That is, the present invention is a color filter sub-
strate including: a light-shielding layer and a colored layer on
a substrate, wherein the colored layer is arranged from a light
transmission region not having the light-shielding layer
arranged therein to a light-shielding region having the light-
shielding layer arranged therein, and has a smaller thickness
in the light-shielding region than in the light transmission
region.

[0011] The present invention is described in detail below.
[0012] The color filter substrate of the present invention
includes a light-shielding layer and a colored layer on a sub-
strate. The above substrate is preferably a transparent sub-
strate such as a glass substrate or a plastic substrate, from a
perspective that the substrate is to be provided in a display
device.

[0013] The above light-shielding layer is made of a black
material, and examples thereof include photosensitive resins
containing a black pigment, and black metallic materials such
as chromium. In terms of achieving a sufficient light-shield-
ing effect, the light-shielding layer preferably has an optical
density of three or higher. Also, the configuration of the above
light-shielding layer is not limited to the general arrange-
ments such as a grid pattern surrounding each light transmis-
sion region, and a stripe pattern.

[0014] The above colored layer means a layer capable of
selectively transmitting a larger amount of a visible light with
a specific wavelength range than other visible lights.
Examples thereof include layers of white, which is an achro-
matic color, as well as of the three colors of red, green, and
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blue. The material of the colored layers is not particularly
limited, and examples thereof include resins colored by a dye,
resins in which a pigment is dispersed, and materials pro-
duced by solidifying a fluid material (ink). Particularly in
formation of a colored layer by photolithography, a photo-
sensitive resin colored by a dye and a photosensitive resin in
which a pigment is dispersed are preferably used. The method
of forming a colored layer is not particularly limited, and
examples thereof include a spin coat method, a dyeing
method, a pigment dispersion method, an electrodeposition
method, a print method, an ink jet method, and a color resist
method (also referred to as a “transfer method”, a “dry film
laminating (DFL) method”, or a “dry film resist method”).

[0015] In the present invention, the colored layers each are
arranged from a light transmission region not having the
light-shielding layer arranged therein to a light-shielding
region having the light-shielding layer arranged therein, and
has a smaller thickness in the light-shielding region than in
the light transmission region. This configuration allows sup-
pression of a bulge of the colored layer from the light trans-
mission region to the light-shielding region. Hence, in appli-
cation of the color filter substrate of the present invention to a
liquid crystal display device, the configuration makes it pos-
sible to suppress an alignment disorder of liquid crystal mol-
ecules, improving the display qualities. Note that the light
transmission region means a region where the light-shielding
layer is not arranged, and the light-shielding region means a
region where the light-shielding layer is arranged.

[0016] Theimprovement in the display qualities according
to the present invention can be explained as follows. Gener-
ally, acolored layer is preferably arranged over the entire light
transmission region used for display, in terms of prevention of
the light leakage in a liquid crystal display device. However,
densely arranging a colored layer between a light-shielding
region and a light transmission region without allowing the
colored layer to overlap with the light-shielding layer is dif-
ficult in the production process. In contrast, consider a case
that each colored layer is formed from a light transmission
region to a light-shielding region continuously, that is, a col-
ored layer is formed in a light transmission region and on/un-
der a light-shielding layer in a light-shielding region so as to
be continuous from the light transmission region to the light-
shielding region. This case allows prevention of light leakage
near the light-shielding region. In this configuration, how-
ever, the light-shielding layer and the colored layer overlap
with each other in the light-shielding region, and thus the
colored layer greatly bulges from the light transmission
region to the light-shielding region. In such a case, applica-
tion of the color filter substrate in a liquid crystal display
device may possibly lead to an alignment disorder of liquid
crystal molecules due to the stepped part of the color filter
substrate, decreasing the display qualities. In the present
invention, the colored layers in the light-shielding regions
have a thickness smaller than the thickness of the colored
layers in the light transmission regions so as to prevent the
colored layers from greatly bulging from the light transmis-
sion regions to the light-shielding regions. As a result, appli-
cation of the color filter substrate to a liquid crystal display
panel makes it possible to suppress an alignment disorder of
the liquid crystal molecules.

[0017] Each colored layer in the light transmission region
only needs to have a larger thickness than the colored layer in
the light-shielding region at the thickest part thereof, and may
have parts having a thickness equal to or smaller than the
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thickness of the colored layer in the light-shielding region. In
the case that the total thickness of the light-shielding layer and
the colored layer in the light-shielding region is larger than
the thickness of the colored layer in the light transmission
region, the difference between these thicknesses is preferably
0.5 pm or less. In the case that the height of the colored layer
in the light transmission region is zero, the colored layer on
the light-shielding layer or the light-shielding layer on the
colored layer preferably has a height of 0.5 pm or less. A
thickness exceeding 0.5 um produces a great bulge from the
light transmission region to the light-shielding region, possi-
bly causing an alignment disorder in the liquid crystal display
panel. Since a thickness of 0.5 um or less can reduce a bulge
of the colored layer from the light transmission region to the
light-shielding region, generation of the alignment disorder
of the liquid crystal molecules in the liquid crystal display
panel can be more sufficiently suppressed.

[0018] The above colored layer may be arranged on the
light-shielding layer (on the opposite side of the substrate of
the light-shielding layer), or may be arranged under the light-
shielding layer (between the light-shielding layer and the
substrate). Arranging the colored layer under the light-shield-
ing layer allows the colored layer to have a more uniform
thickness than in the case of arranging the colored layer on the
light-shielding layer, thereby further facilitating control of
the thickness ofthe colored layer in the light-shielding region.
[0019] The color filter substrate of the present invention is
not specifically limited as long as it includes the above sub-
strate, the light-shielding layer, and the colored layer, and
may or may not include other components. For example, the
color filter substrate of the present invention preferably
includes a common electrode for driving the pixels that form
a display image. In the case of being provided in a liquid
crystal display panel, the color filter substrate of the present
invention preferably includes an alignment layer for control-
ling the alignment of liquid crystal molecules. In the case of
being provided in a vertical alignment liquid crystal display
panel, the color filter substrate of the present invention pref-
erably includes a vertical alignment layer. The color filter
substrate of the present invention is applicable not only in a
liquid crystal display device but also in other display devices
to be provided with a color filter substrate. For example, the
color filter substrate of the present invention is applicable in
an organic electroluminescence (EL) display device which
provides display through a color filter.

[0020] Other preferable embodiments of the color filter
substrate according to the present invention are described in
detail below.

[0021] An example of preferable embodiments of the col-
ored layer is an embodiment that includes a first colored layer
and a second colored layer that are adjacent to each other,
sandwiching the light-shielding layer, and do not overlap with
each other in the light-shielding region. Since the first colored
layer and the second colored layer do not overlap with each
other, the total thickness of the light-shielding layer and the
colored layer can be made smaller than in the case that the
colored layers arranged in the light-shielding layer overlap
with each other. Accordingly, the total height of the light-
shielding layer and the colored layer arranged in the light-
shielding region, and the height of the surface of the colored
layer in the region not having the light-shielding layer therein
can be further uniformed. Thereby, in a liquid crystal display
device provided with the color filter substrate of the present
invention, the alignment disorder of the liquid crystal mol-
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ecules can be further suppressed. The first colored layer and
the second colored layer are separately formed, and are pref-
erably of colors different from each other because liquid
crystal display devices with a color filter substrate usually
provide display in multiple colors. The colors of the colored
layers may be, for example, three colors of red, green, and
blue, three colors of cyan, magenta, and yellow, or four or
more colors.

[0022] Examples of the embodiment having the first col-
ored layer and the second colored layer not overlapping with
each other include embodiments in which the first colored
layer and the second colored layer are not in contact with each
other. Such an embodiment has a benefit in that the first
colored layer and the second colored layer do not easily
overlap with each other even if the colored layers are mispat-
terned in the production process. The first colored layer and
the second colored layer are preferably not arranged across
the center of the light-shielding layer (the position at which
the distances from the two light transmission regions sand-
wiching the light-shielding layer are equal). Arranging the
first colored layer and the second colored layer equally on the
light-shielding layer without allowing them to cross the cen-
ter of the light-shielding layer makes it possible to minimize
the possibility for the light transmission region to have a part
without the colored layer arranged therein in the case that the
first colored layer or the second colored layer is mispatterned.

[0023] Examples of the preferable embodiments of the col-
ored layer further include an embodiment in which the col-
ored layer has a smaller thickness at a part ranging from the
light-shielding region to an end of the light transmission
region, than at a center part of the light transmission region. In
this embodiment, since the colored layer has a smaller thick-
ness at an end of the light transmission region around the
light-shielding region, than at a center part of the light trans-
mission region, a stepped part is produced in which the height
of the colored layer decreases from the center of the light
transmission region toward the end of the light transmission
region. In the case that the colored layer overlies the light-
shielding layer in the process of producing a color filter sub-
strate, a bulge may be formed not only in the light-shielding
region but also at the end of the light transmission region. For
this reason, formation of a bulge at a part ranging from the
light transmission region to the light-shielding region may not
be sufficiently suppressed by reducing only the thickness of
the colored layer in the light-shielding region. Accordingly,
the thickness of the colored layer at the end of the light
transmission region should also be reduced in order to sup-
press the formation of a bulge of the colored layer. Further, for
example, in the case that the color filter substrate of the
present invention is to be provided in a liquid crystal display
device which provides display in a vertical alignment mode
with a projection for liquid crystal alignment control, the tilt
direction of the side of the projection is made the same as the
tilt direction of the stepped part of the colored layer at the end
of the light transmission region. This allows the alignment
direction ofthe liquid crystal molecules alignment-controlled
by the projection to be continuous with the alignment direc-
tion of the liquid crystal molecules alignment-controlled by
the stepped part of the colored layer. As a result, more stabi-
lized liquid crystal alignment can be achieved. Thus, in the
case of being provided in a liquid crystal display device
providing display in a vertical alignment mode, the color filter
substrate of the present invention preferably has on the col-
ored layer a projection for liquid crystal alignment control the
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tilt direction of which is the same as the tilt direction of the
stepped part of the colored layer at the end of the light trans-
mission region. Further, in the case that the projection has a
cross-sectional shape with a high center part, the angular
difference is more preferably small between the tilt angle of
the side of the projection and the tilt angle of the stepped part
in which the height of the colored layer at the end of'the light
transmission region is low.

[0024] The total thickness of the light-shielding layer and
the colored layer in the light-shielding region is preferably not
larger than the thickness of the colored layer in the light
transmission region. Thatis, the thickness of the colored layer
arranged in the light transmission region is preferably equal to
or larger than the total thickness of the light-shielding layer
and the colored layer arranged in the light-shielding region.
This means that the height of the surface of the colored layer
arranged in the light-shielding region is equal to or lower than
the height of the surface of the colored layer arranged in the
light transmission region, whereby an alignment disorder of
liquid crystal molecules can be suppressed. For example,
consider the case that the color filter substrate of the present
invention is to be provided in a vertical alignment liquid
crystal display device. In this case, the colored layer, ifhaving
abulge from the light transmission region to the light-shield-
ing region, may possibly cause the alignment direction of the
liquid crystal molecules alignment-controlled by the projec-
tion to be noncontinuous with the alignment direction of the
liquid crystal molecules alignment-controlled by the bulge of
the colored layer, leading to an alignment disorder of the
liquid crystal molecules. In the case that the colored layer
arranged in the light transmission region has different thick-
nesses according to places, the largest thickness of the col-
ored layer in the light transmission region may be equal to or
larger than the largest total thickness of the shielding layer
and the colored layer arranged in the light-shielding region.

[0025] Thecolored layer in theabove light-shielding region
is preferably arranged on the above light-shielding layer. In
this case, the shape of the light-shielding layer is not affected
by the shape of the colored layer, unlike the case in which the
light-shielding layer is arranged on the colored layer. The
light-shielding layer therefore can have a more uniform shape
with a more uniform thickness. In the case that the colored
layer is arranged under the light-shielding layer, for example,
twokinds of colored layers sandwich the light-shielding layer
without overlapping with each other under the light-shielding
layer. In such a case, the layers are formed with a space
therebetween. The light-shielding layer may be formed on a
stepped part produced by the two kinds of colored layers and
the space therebetween, which may possibly cause the light-
shielding layer to have different thicknesses in a part overlap-
ping with the colored layer and in a part not overlapping with
the colored layer.

[0026] The present invention is also a liquid crystal display
panel provided with the above color filter substrate. Examples
of the components constituting the liquid crystal display
panel of the present invention, other than the above color filter
substrate, include counter substrates, such as a thin film tran-
sistor (TFT) array substrate, and liquid crystal layers sand-
wiched by the above color filter substrate and a counter sub-
strate. Further, the present invention is also a liquid crystal
display device provided with the above liquid crystal display
panel. Examples of components constituting the liquid crys-
tal display device of the present invention, other than the
above liquid crystal display panel, include polarizers, retar-
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dation films, and drivers for display pixel driving. The liquid
crystal display panel and the liquid crystal display device of
the present invention can stabilize the liquid crystal alignment
by virtue of being provided with the above color filter sub-
strate.

[0027] Theliquid crystal display panel of the present inven-
tion preferably provides display in a vertical alignment mode.
For example, consider the case that the liquid crystal display
panel provides display in a vertical alignment mode with a
projection for alignment control. In this case, if there is a
bulge of the colored layer from the light transmission region
to the light-shielding region, the liquid crystal molecules
aligned at an angle by the projection collide against the liquid
crystal molecules aligned according to the bulge of the col-
ored layer, whereby the alignment may possibly be destabi-
lized. Reducing the thickness of the colored layer in the
light-shielding region as in the present invention makes it
possible to suppress generation of a bulge in the light-shield-
ing region, which makes the alignment directions of the liquid
crystal molecules uniform and thus suppresses an alignment
destabilization. That is, in the case that the liquid crystal
display panel of the present invention provides display in a
vertical alignment mode, the color filter substrate preferably
includes a projection for alignment control.

[0028] Theprojection for liquid crystal alignment control is
not particularly limited so long as the projection can control
the alignment of the liquid crystal molecules in the liquid
crystal layer. The projection preferably contributes to forma-
tion of a domain, which is a region where the liquid crystal
molecules are strongly relative to each other in their align-
ment, and is more preferably able to form multiple domains
with equal areas in a pixel forming a display image. Provision
of such a projection enables production of a multi domain
liquid crystal display device such as an MVA (Multi-domain
Vertical Alignment) liquid crystal display device, thereby
achieving effects such as improvement in a wide viewing
angle and a response rate. Examples of arrangement of the
projections include dotted patterns and linear patterns. The
projections are preferably arranged at substantially equal
intervals in order to equalize responsivity of the liquid crystal
molecules in the liquid crystal layer and thereby improve
display qualities. The projections preferably have a tilt side
surface, and for example have a conical shape when arranged
in a dotted pattern. Further, the side surface is preferably tilted
at a uniform angle from the top to the bottom. Note that the
projections may not be provided in some vertical alignment
liquid crystal display devices.

[0029] Thepresent invention is also a production method of
the color filter substrate, including the step of forming the
colored layer by exposing through a half-tone mask or a gray
tone mask a photosensitive material arranged on the sub-
strate. The method enables to change the thickness of the
colored layer in the light-shielding region and the light trans-
mission region without increasing the number of production
steps, and stabilizes the alignment of the liquid crystal mol-
ecules. Alternatively, for example, the colored layer on the
light-shielding layer can be polished or treated in another way
such that the light-shielding region and the light transmission
region have the same height. However, in this case, a polish-
ing process is to be added to the production process, possibly
causing a decrease in productivity and an increase in a pro-
duction cost. Further, in the case of making the heights same
by polishing, it is difficult to uniform the height of the colored
layer in the light transmission region and the height of the
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region in which the light-shielding layer and the colored layer
overlap with each other. Exposure through a half-tone mask
or a gray tone mask produces an exposure region exposed by
the light for exposure and a non-exposure region shielded
from the light for exposure, and can further produce a region
exposed by an intermediate amount of the light for exposure
for the above two regions by shielding a part of the light. This
also makes it possible to uniform the heights of the light
transmission region and the light-shielding region, and to
intentionally control the thickness of the colored layer in the
light transmission region and the light-shielding region so as
to form the colored layer into a shape suitable for alignment of
the liquid crystal molecules. Changing the amount of the
transmitting light according to the region allows setting of
several different amounts of the light for exposure, simplify-
ing the production process.

[0030] The half-tone mask is an exposure mask made of a
thinner light-shielding material than that for apart completely
blocking the light for exposure so as to provide a part produc-
ing a reduced light-shielding effect, or is an exposure mask
made of a film half-transmitting the light for exposure.
Adjusting the light-shielding material thickness of the part
that produces a reduced light-shielding effect, or changing the
thickness, the kind etc. of the half-transmitting film allows
adjustment of the exposure amount for the material, such as a
photosensitive resin, of the colored layer. The half-transmit-
ting film may be made of a material such as a molybdenum
silicide film or quartz. A gray tone mask is an exposure mask
having a part with narrow slits (openings) which blocks only
a part of the light for exposure. The exposure amount there-
through can be controlled by adjusting the number ofslits, the
area, or the like.

[0031] The production method of the color filter substrate
of the present invention is not particularly limited by other
steps so long as the method includes the step of forming the
colored layer by exposing through a half-tone mask or a gray
tone mask a photosensitive material.

EFFECT OF THE INVENTION

[0032] According to the color filter substrate of the present
invention, the heights of the surface of the color filter sub-
strate can be uniformed in the light-shielding region and the
light transmission region. Hence, for example, in the case of
being provided in a liquid crystal display panel, a liquid
crystal display device, or the like, the color filter substrate of
the present invention can stabilize the alignment of the liquid
crystal molecules, and provide a sufficient contrast ratio.

BEST MODES FOR CARRYING OUT THE
INVENTION

[0033] The present invention is further described in detail
based on the following Embodiments with reference to the
drawings. The present invention is not limited to those
Embodiments.

Embodiment 1

[0034] FIG. 1is a cross-sectional view schematically illus-
trating a configuration of a color filter substrate according to
Embodiment 1.

[0035] Asillustrated in FIG. 1, a color filter substrate 100 of
Embodiment 1 has a light-shielding layer 13 with a thickness
of 1 pm, made of a photosensitive resin containing a black
pigment, on a transparent substrate 11 made of glass. The
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light-shielding layer 13 is formed in a grid pattern on the
substrate surface of the transparent substrate 11, and is also
called a black matrix (BM). The light-shielding layer 13
forms a light-shielding region 121 of a grid pattern which
defines multiple light transmission regions 122 arranged cor-
responding to respective pixels.

[0036] From the light transmission regions 122 not having
the light-shielding layer 13 arranged therein to the light-
shielding region 121 having the light-shielding layer 13
arranged therein, colored layers of red, green, and blue are
arranged. Although the colored layers are on the light-shield-
ing layer 13 in the light-shielding region 121, adjacent col-
ored layers (for example, a red colored layer 12R and a green
colored layer 12G) sandwiching the light-shielding layer 13
do not overlap with each other. Note that FIG. 1 illustrates the
boundary portion of the red colored layer 12R and the green
colored layer 12G, and thus does not illustrate a blue colored
layer. The red colored layer 12R and the green colored layer
120 each have a thickness d2 of 2 pm at a center portion 123
ofthe light transmission region 2-3 um or more away from the
light-shielding region 121, and has a thickness d1 of 1 pm on
the light-shielding layer 13 and at an end 124 of the light
transmission region within 2-3 um from the light-shielding
region 121.

[0037] In the present Embodiment, the colored layer has a
smaller thickness (d1=1 pum or less) in the light-shielding
region 121 than a thickness (d2=2 pm) in the light transmis-
sion region 122. The total thickness of the light-shielding
layer 13 and the colored layer in the light-shielding region
1211s 2 um or less, which is equal to or less than the thickness
of the colored layer in the light transmission region 122.
Accordingly, a bulge of the colored layer from the light trans-
mission region 122 to the light-shielding region 121 is sup-
pressed, whereby an alignment disorder of the liquid crystal
molecules is suppressed. As a result, decreases in display
qualities, such as a decrease in the contrast ratio, a decrease in
the color reproduction effect, and generation of color irregu-
larity, can be suppressed.

[0038] Inthe present Embodiment, thelight-shielding layer
13 has a thickness of fpm, the colored layer in the light
transmission region 122 has a thickness of 2 um, and the
colored layer on the light-shielding layer 13 has a thickness of
1 um orless. Those thicknesses can be appropriately changed.
The colored layer in the light transmission region preferably
has a thickness of 1-3 um. In the case that the total thickness
of the light-shielding layer and the colored layer on the light-
shielding layer is larger than the thickness ofthe colored layer
in the light transmission region, the difference between these
thicknesses is preferably 0.5 um or less.

[0039] The colored layer has a common electrode (not
illustrated) and a vertical alignment layer (not illustrated)
arranged thereon over the entire substrate, in the stated order.
Between the common electrode and the vertical alignment
layer, a projection 16 for liquid crystal alignment control is
arranged. The projection 16 is arranged as a dot (has a rivet
shape) at the center of the light transmission region 122
surrounded by the light-shielding layer 13, and the cross-
sectional shape of the projection 16 is conical.

[0040] FIG. 2 is a schematic view illustrating a cross-sec-
tion of the vicinity of a color filter substrate in a liquid crystal
display panel. FIG. 2 shows a relationship between the color
filter substrate according to Embodiment 1 and the alignment
of the liquid crystal molecules applied with no voltage. The
liquid crystal panel is formed by attaching the color filter
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substrate 100 and a counter substrate which faces the sub-
strate 100, and injecting therebetween liquid crystal materials
that contain liquid crystal molecules with a negative dielectric
constant. The counter substrate, the common electrode, the
alignment layer, and the like are not illustrated in F1G. 2.
[0041] As illustrated in FIG. 2, liquid crystal molecules 18
on the side of the projection 16 are aligned at an angle to the
substrate. At a stepped part where the height of the surface of
the colored layer decreases from the light transmission region
122 to the light-shielding region 121 due to the decreased
thickness of a part of the colored layer, the liquid crystal
molecules 18 are also aligned at an angle to the substrate as
with the molecules 18 around the projection 16. This allows
the alignment direction of the liquid crystals to be uniform,
enabling to provide more stable display.

[0042] The following (1) to (5) explain an example of the
production method of the color filter substrate according to
Embodiment 1 of the present invention.

(1) Process of Forming Light-Shielding Layer

[0043] First, a light-shielding layer material such as a pho-
tosensitive resin containing a black pigment is applied on the
transparent substrate 11, and then patterning is performed
thereon by photolithography or the like to form the light-
shielding layer 13.

(2) Process of Forming Colored Layer

[0044] Next, a colored layer is formed. FIG. 3 is a cross-
sectional view schematically illustrating an exposure process
in patterning of a colored layer. FIG. 4 is a schematic cross
sectional view illustrating the colored layer patterned through
the exposure process. Note that the arrow in FIG. 3 indicates
ultraviolet light (UV light) for exposure.

[0045] In the formation process of a colored layer, a trans-
parent photosensitive resin 17R containing a red pigment for
formation of the red colored layer 12R is first applied over the
entire substrate by spin coating or the like. Then. as illustrated
in FIG. 3, the transparent photosensitive resin 172 is exposed
through a half-tone mask 110. Since a light transmission
member 111 is used as the half-tone mask in an exposure
region 120, the resin 17R is exposed by non-attenuated light
for exposure. In the light-shielding region, a light-shielding
member 114 of the half-tone mask 110 shields the resin from
the light for exposure. In a half exposure region 130, the resin
17R is exposed through a light-shielding member 113, which
is thinner than the light-shielding member in the light-shield-
ing region 120, and a light transmission member 112. This
reduces the exposure amount for the resin 172. After the
exposure process, parts of the photosensitive resin not cured
by the exposure are removed so that the red colored layer 122
of the shape illustrated in FIG. 4 is formed. The colored layer
formed in the exposure region 120 serves as the center part of
the region, and the colored layer formed in the half exposure
region 130 serves as the end of the region. A green colored
layer and a blue colored layer are also formed in the same way
as the red colored layer 12R.

[0046] The colored layer may be patterned through a gray
tone mask in place of the half-tone mask 100.

(3) Process of Forming Common Electrode

[0047] A common electrode is formed over the entire sub-
strate after formation of the colored layers. Here, a transpar-
ent conductive film of indium oxidation tin (ITO) ete. is
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formed by a method such as spattering, and the formed film is
made to serve as the common electrode.

(4) Process of Forming Projection for Liquid Crystal Align-
ment Control

[0048] On the common electrode, a photosensitive resin
film is formed by spin coating etc. and is then patterned by
photolithography or the like, whereby the projections 16 for
liquid crystal alignment control can be formed.

(5) Process of Forming Vertical Alignment Layer

[0049] A polyimide film etc. is formed over the entire sub-
strate having the projections 16 for liquid crystal alignment
control formed thereon, so that the vertical alignment layer is
formed. Thereby, the color filter substrate 100 is completed.
[0050] Detailed descriptions are omitted for the process of
producing a counter substrate and the process of attaching the
color filter substrate 100 and the counter substrate together to
produce a liquid crystal display panel because general meth-
ods can be adopted. To complete a liquid crystal display
device, a polarizer, a retardation film, a driver etc. are
mounted on the produced liquid crystal display panel.

Embodiment 2

[0051] FIG. 51sa cross-sectional view schematically illus-
trating a color filter substrate according to Embodiment 2.
[0052] Asillustratedin FIG. 5, a color filter substrate 200 of
Embodiment 2 has the same configuration as the color filter
substrate 100 in Embodiment 1 except that the total thickness
of a light-shielding layer 23 and a red colored layer 222 or a
green colored layer 22G arranged on the light-shielding layer
23 is equal to the thickness of the red colored layer 22R or the
green colored layer 22G arranged in a light transmission
region 222.

[0053] The color filter substrate 200 has the light-shielding
layer 23 with a thickness of 1 um on a transparent substrate
21, and has the red colored layer 22R or the green colored
layer 22G from the light transmission region 222 not having
the light-shielding layer 23 arranged therein to a light-shield-
ing region 221. At this time, the red colored layer 22R and the
green colored layer 220 arranged in the light transmission
region 222 each have a thickness d, of 2 um, and the red
colored layer 22R and the green colored layer 22G arranged
on the light-shielding layer 23 each have a thickness d, of 1
pm. Allowing the total thickness of the light-shielding layer
23 and the colored layer in the light-shielding region 222 to be
substantially the same as the thickness of the colored layer in
the light transmission region 222 leads to uniform heights of
the surfaces of the colored layers in the light transmission
region 222 and the light-shielding region 221, improving the
flatness of the color filter substrate. The color filter substrate,
when constituting a liquid crystal display device, therefore
can stabilize the alignment of the liquid crystal molecules.
Further, the red colored layer 22R and the green colored layer
22G have thereon a common electrode which drives the pixels
for displaying an image. On the common electrode, projec-
tions 26 for liquid crystal alignment control are arranged, and
thereon a vertical alignment layer is arranged. In the present
Embodiment, the light-shielding layer 23 has a thickness of 1
um, the colored layer in the light transmission region 222 has
a thickness of 2 pm, and the colored layer on the light-
shielding layer 23 has a thickness of 1 wm or less. Those
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thicknesses can be appropriately changed. The colored layer
in the light transmission region 222 preferably has a thickness
of 1-3 um.

Comparative Example 1

[0054] FIG. 61s a cross-sectional view schematically illus-
trating a configuration of a color filter substrate according to
Comparative Example 1.

[0055] Asillustrated in FIG. 6, a color filter substrate 300 of
Comparative Example 1 has on a transparent substrate 31 a
light-shielding layer 33 made of a photosensitive resin con-
taining a black pigment. Colored layers of red, green, and
blue each are arranged from a light transmission region 322
not having the light-shielding layer 33 arranged therein to a
light-shielding region 321 having the light-shielding layer 33
arranged therein. Note that FIG. 5 illustrates the boundary
portion of a red colored layer 32R and a green colored layer
32G, and thus does not illustrate a blue colored layer. The
green colored layer 32G is formed to overlap with the red
colored layer 32R, which increases the bulge of the red col-
oredlayer 32R formed on the light-shielding layer 33. For this
reason, the color filter substrate 300 has a great irregularity on
the surface thereof, and may possibly destabilize the align-
ment of liquid crystal molecules and decrease display quali-
ties when provided in a liquid crystal display device. Note that
a common electrode and an alignment layer to be formed on
the red, green, and blue colored layers are not illustrated.

Comparative Example 2

[0056] FIG. 7is a cross-sectional view schematically illus-
trating a configuration of a color filter substrate according to
Comparative Example 2.

[0057] Asillustrated in FIG. 7, a color filter substrate 400 of
Comparative Example 2 has on a transparent substrate 41 a
light-shielding layer 43 made of a photosensitive resin con-
taining a black pigment. Colored layers of red, green, and
blue each are arranged from a light transmission region 422
not having the light-shielding layer 43 arranged therein to a
light-shielding region 421 having the light-shielding layer 43
arranged therein. Note that FIG. 7 illustrates the boundary
portion of a red colored layer 42R and a green colored layer
420, and thus does not illustrate a blue colored layer. The
green colored layer 420 and the red colored layer 42R are
formed such that the layers do not overlap with each other.
However, the layers form bulges by being arranged on the
light-shielding layer 43, and thus the color filter substrate 400
may possibly destabilize the alignment of liquid crystal mol-
ecules and decrease display qualities when provided in a
liquid crystal display device. Note that a common electrode
and an alignment layer to be formed on the red, green, and
blue colored layers are not illustrated.

Comparative Example 3

[0058] FIG. 81is a cross-sectional view schematically illus-
trating a configuration of a color filter substrate according to
Comparative Example 3.

[0059] Asillustrated in FIG. 8, a color filter substrate 500 of
Comparative Example 3 does not have a light-shielding layer
made of a black material providing a high light-shielding
effect. Instead, three colored layers of a red colored layer 52R,
a green colored layer 520, and a blue colored layer 52B are
laminated on a transparent substrate 51 so that a light-shield-
ing region 521 is formed between light transmission regions
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522. In the light-shielding region 521, the colored layers 52R,
520, and 52B each have a smaller thickness than in the light
transmission regions 522, that is, a thickness about half the
thickness in the light transmission region 522 in order to
achieve a sufficient light-shielding effect. Since those three
colored layers 52R, 520, and 52B are laminated in the light-
shielding region 521, the light-shielding region 521 is still
bulging compared to the light transmission region 522. The
color filter substrate 500 therefore may possibly destabilize
the alignment of liquid crystal molecules and decrease dis-
play qualities when provided in a liquid crystal display
device. Note that a common electrode and an alignment layer
to be formed on the red, green, and blue colored layers are not
illustrated.

Comparative Example 4

[0060] FIG.9isa cross-sectional view schematically illus-
trating a configuration of a color filter substrate according to
Comparative Example 4.

[0061] Asillustratedin FIG. 9, a color filter substrate 600 of
Comparative Example 4 does not have a light-shielding layer
made of a black material providing a high light-shielding
effect. Instead, three colored layers of a red colored layer 62R,
a green colored layer 62G, and a blue colored layer 62B are
laminated on a transparent substrate 61 so that a light-shield-
ing region 621 is formed between light transmission regions
622. In the light-shielding region 621, the colored layers 62R,
62G, and 62B each have a smaller thickness than in the light
transmission region 622, that is, a thickness about one third of
the thickness in the light transmission regions 622, in order to
improve the flatness of the color filter substrate 600. When
provided in a liquid crystal display device, the color filter
substrate 600 can suppress destabilization of the liquid crystal
molecule alignment, but may not be able to provide a suffi-
cient light-shielding effect. Note that a common electrode and
an alignment layer to be formed on the red, green, and blue
colored layers are not illustrated.

[0062] The present application claims priority to Patent
Application No. 2007-308657 filed in Japan on Nov. 29, 2007
under the Paris Convention and provisions of national law in
a designated State, the entire contents of which are hereby
incorporated by reference.

BRIEF DESCRIPTION OF DRAWINGS

[0063] FIG.1isa cross-sectional view schematically illus-
trating the configuration of the color filter substrate according
to Embodiment 1.

[0064] FIG. 2 is a schematic view illustrating the cross
section in the vicinity of the color filter substrate in the liquid
crystal display panel, illustrating a relationship between the
color filter substrate according to Embodiment 1 and the
alignment of the liquid crystal molecules applied with no
voltage.

[0065] FIG. 3 is a cross-sectional view schematically illus-
trating the exposure process of the colored layer in the pro-
duction process of the color filter substrate according to
Embodiment 1.

[0066] FIG. 4 isa cross-sectional view schematically illus-
trating the shape of the colored layer after the exposure pro-
cess in the production process of the color filter substrate
according to Embodiment 1.
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[0067] FIG. 5is a cross-sectional view schematically illus-
trating the configuration of the color filter substrate according
to Embodiment 2.

[0068] FIG. 6 is a cross-sectional view schematically illus-
trating the configuration of the color filter substrate according
to Comparative Example 1.

[0069] FIG. 7is a cross-sectional view schematically illus-
trating the configuration of the color filter substrate according
to Comparative Example 2.

[0070] FIG. 8is a cross-sectional view schematically illus-
trating the configuration of the color filter substrate according
to Comparative Example 3.

[0071] FIG. 9is a cross-sectional view schematically illus-
trating the configuration of the color filter substrate according
to Comparative Example 4.

EXPLANATION OF NUMERALS AND
SYMBOLS

[0072] 11,21, 31, 41, 51, 61: Transparent substrate

[0073] 12R, 22R, 32R, 42R, 52R, 62R: Red colored layer

[0074] 12G,22G,32G,42G,52G, 620: Greencolored layer

[0075] 13,23, 33, 43: Light-shielding layer

[0076] 16: Projection for liquid crystal alignment control

[0077] 17R: Transparent photosensitive resin

[0078] 18: Liquid crystal molecule

[0079] 52B, 62B: Blue colored layer

[0080] 100, 200, 300, 400, 500, 600: Color filter substrate

[0081] 110: Half-tone mask

[0082] 111, 112: Light transmission member

[0083] 113, 114: Light-shielding member

[0084] 120: Exposure region

[0085] 121,221,321.421,521,621: Light-shielding region

[0086] 122, 222, 322, 422, 522, 622: Light transmission
region

[0087] 123: Center part of light transmission region

[0088] 124: End of light transmission region

[0089] 130: Half exposure region

1. A color filter substrate comprising:

a light-shielding layer and a colored layer on a substrate,

wherein the colored layer is arranged from a light trans-
mission region not having the light-shielding layer
arranged therein to a light-shielding region having the
light-shielding layer arranged therein, and has a smaller
thickness in the light-shielding region than in the light
transmission region.

2. The color filer substrate according to claim 1,

wherein the colored layer includes a first colored layer and
a second colored layer that are adjacent to each other,
sandwiching the light-shielding layer, and do not over-
lap with each other in the light-shielding region.

3. The color filter substrate according to claim 1,

wherein the colored layer has a smaller thickness at a part
ranging from the light-shielding region to an end of the
light transmission region, than at a center part of the light
transmission region.

4. The color filter substrate according to claim 1,

wherein the total thickness of the light-shielding layer and
the colored layer in the light-shielding region is not
larger than a thickness of the colored layer in the light
transmission region.

5. The color filter substrate according to claim 1,

wherein the colored layer in the light-shielding region is
arranged on the light-shielding layer.
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6. A liquid crystal display panel comprising the color filter
substrate according to claim 1.
7. The liquid crystal display panel according to claim 6,
wherein the liquid crystal display panel provides display in
a vertical alignment mode.
8. A liquid crystal display device comprising the liquid
crystal display panel according to claim 6.

9. A production method of the color filter substrate accord-
ing to claim 1,

comprising the step of forming the colored layer by expos-
ing through a half-tone mask or a gray tone mask a
photosensitive material arranged on the substrate.

ok o ok %k
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