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COLOR FILTER SUBSTRATE FOR
TRANSFLECTIVE LIQUID CRYSTAL
DISPLAY DEVICE, METHOD OF
PRODUCING SAME AND TRANSFLECTIVE
LIQUID CRYSTAL DISPLAY DEVICE

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a Continuation Application of
PCT Application No. PCT/JP2011/051493, filed Jan. 26,
2011 and based upon and claiming the benefit of priority from
prior Japanese Patent Application No. 2010-017355, filed
Jan. 28, 2010, the entire contents of all of which are incorpo-
rated herein by reference.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to a color filter sub-
strate for a transflective liquid crystal display device, a
method of producing the same, and a liquid crystal display
device. In particular, the present invention relates to a color
filter substrate for a transflective liquid crystal display which
uses a backlight arranged on the back surface of the liquid
crystal display together with an external light, a method of
producing the same, and a transflective liquid crystal display
device. More in particular, the present invention relates to a
color filter substrate that is suitable for a liquid crystal display
of liquid crystal driving system such as FFS or IPS.

[0004] 2. Description of the Related Art

[0005] Inrecent years, in thin type display devices such as
a liquid crystal display device, it is increasingly demanded to
enhance the picture quality and power-saving thereof and to
reduce the manufacturing cost thereof. In the case of the color
filter to be employed in such display devices, it is demanded
to exhibit sufficient color purity, high contrast, flatness, and
electric properties such as low dielectric constant that does
not hinder driving of liquid crystal.

[0006] In liquid crystal display device having high image
quality, various liquid crystal alignment systems or liquid
crystal driving systems are proposed. These systems include
IPS (In-plane Switching) system, VA (Vertically Aligned)
system, HAN (Hybrid Aligned Nematic) system, and FFS
(Fringe Field Switching) system. Display device of a wide
viewing angle and high speed response are realized by means
of these liquid crystal alignment or driving systems.

[0007] In liquid crystal display devices of IPS system in
which liquid crystal molecules are aligned parallel to a sur-
face of a substrate made of glass, of VA system which is easily
applicable to high speed response, and of FFS system that is
effective to high speed response, it is demanded for the color
filter to obtain further high level flatness (uniformity of film
thickness and evenness of the surface of the color filter) and
high level electric properties such as dielectric constant.
[0008] In such liquid crystal display devices having high
image quality, it is a problem to decrease a film thickness of
liquid crystal cell (thickness of liquid crystal layer) in order to
suppress coloring of image in an oblique viewing direction.
[0009] Inthe liquid crystal display devices of vertical elec-
tric field system such as VA system in which driving voltage
is applied in thickness direction of the liquid crystal layer, it is
a main problem to decrease a film thickness of liquid crystal
cell (thickness of liquid crystal layer) for further high speed
driving of liquid crystal.
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[0010] In order to suppress coloring of image in oblique
viewing direction, a technique is proposed in which a plural-
ity of coloring layers are stacked to form a spacer for unifor-
mity of the film thickness of the liquid crystal cell together
with a flatness of a color filter (for example, Patent Literature
1). The technique, in which a plurality of coloring layers are
stacked to form a spacer using photolithography, is advanta-
geous from the viewpoint of confirming uniform gap of liquid
crystal cell. However, Patent Literature 1 does not disclose
properties and structure of the color filter suitable for FFS
system and IPS system, and the technique of a light scattering
layer.

[0011] A general liquid crystal display device employing
FFS system and IPS system has a structure in which a color
filter substrate and a array substrate are arranged so that a
color filter side of the color filter substrate and a array side of
the array substrate are opposed to each other, and the color
filter substrate and the array substrate are bonded to each
other. In general, a spacer is interposed between the substrates
in order to maintain a thickness of a liquid crystal layer, and
the thickness of the liquid crystal layer interposed between
the substrates is controlled. Further, in the transmissive liquid
crystal display device, a light diffusion layer for diffusing a
light is often arranged on a back surface of the array substrate
together with the backlight described above.

[0012] Ingeneral, theliquid crystal display device employ-
ing FFS system and IPS system has an elemental structure in
which liquid crystal is interposed between a color filter sub-
strate and a array substrate provided with a plurality of pixel
electrodes (for example, transparent electrode formed into
comb teeth pattern and connected to TFT element) and com-
mon electrode. Since, in this structure, the common electrode
is arranged on the side of the array substrate, it is not neces-
sary to form the common electrode (usually, a thin film
formed of conductive metal oxide, so called ITO, which is
also called transparent electrode) on the surface of the color
filter in the color filter substrate.

[0013] InFFS system, liquid crystal molecules aligned par-
allel to the surface of the array substrate is driven by means of
an arched electric field (line of electric force) generated
between above described saw tooth-like pixel electrode and
the common electrode formed under the pixel electrode
through an insulating layer having a thickness of a range of
about 0.3 to about 0.5 um. Backlights such as fluorescent
lamps or LEDs are mostly arranged on the back or side of the
liquid crystal display device of FFS system or IPS system.
Recently, a study on the liquid crystal display device has been
advanced, in which all or a part of the common electrode is
made from a reflective metal thin film made of aluminum
alloy or silver alloy in the structure of the liquid crystal
display device of FFS system or IPS system, thereby to con-
struct a reflective type liquid crystal display device or trans-
flective liquid crystal display device.

[0014] The transflective liquid crystal display device is a
display device in which one pixel is divided into a transmis-
sive section using a light from the backlight as a transmitted
light and a reflective section for reflecting a light from outer
light or front light. Alternatively, the transflective liquid crys-
tal display is a display device in which a display is visualized
by outer light with the backlight being turned off, in a bright
room.

[0015] A technique of forming a light scattering film to the
reflective type or transflective liquid crystal display device is
disclosed in, for example, Patent Literatures 2, 3. These
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Patent Literatures do not disclose color filter properties suit-
able for FF'S system or IPS system, and postulate the structure
in which a transparent electrode is stacked on the color filter
arranged on the viewer side electrode substrate or the like.
[0016] The technique of a retardation element having dif-
ferent retardation for each color of red, green and blue, and
the technique of a continuous retardation layer laminated on
the color filter are known (for example, Patent Literatures 4
and 5). However, these Patent Literatures also do not disclose
color filter properties suitable for FFS system or IPS system,
and a technique relating to a light scattering layer.

[0017] A technique of arranging a retardation layer of Y4
wavelength for controlling retardation in the reflective sec-
tionis known (for example, Patent Literatures 6 and 7). Patent
Literature 7 proposes a color filter having a reflective section
and transmissive section which are different in retardation
from each other. However, these Literatures do not disclose
color filter properties suitable for FFS system or IPS system,
and a technique relating to a light scattering layer.

[0018] Further, it is proposed to arrange a partition wall
portion and to form a color filter, an alignment film, a retar-
dation film and a thickness adjusting layer of liquid crystal
layer by means of a liquid drop injection method (for
example, Patent Literature 8).

PRIOR LITERATURE
Patent Literature

[0019] Patent Literature 1: JP A-9-49914
[0020] Patent Literature 2: JP 3886740
[0021] Patent Literature 3: JP A-2001-272674
[0022] Patent Literature 4: JP A-2004-191832
[0023] Patent Literature 5: JP A-2005-24919
[0024] Patent Literature 6: JP A-2008-165250
[0025] Patent Literature 7: JP 3788421

[0026] Patent Literature 8: JP A-2009-128860

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

[0027] Since, according to the technique using the light
scattering layer (Patent Literatures 2, 3), color filter members
such as a light shielding layer and black matrix do not corre-
spond to the liquid crystal display device of FFS system or
IPS system in electric properties and flatness, there is harm in
smoothly generating an electric field through liquid crystal by
driving voltage applied between the pixel electrode and the
common electrode which are peculiar to the liquid crystal
display device of FFS system or IPS system, thus bringing
about problems in image quality.

[0028] These techniques do not consider adjustment of
retardation which is necessary for the transflective liquid
crystal display device, for example, by using a ¥4 wavelength
layer (usually, a retardation layer having a function for con-
verting linearly polarized light to circularly polarized light, or
a retardation layer having a function for recovering circularly
polarized light to linearly polarized light. Hereafter, the retar-
dation layer having a function for 90 degree polarization
rotation of incident light converted to linearly polarized light
is referred to simply as a retardation layer or %4 wavelength
layer.). Further, since in the liquid crystal display device
disclosed in Patent Literature 7, a reflective layer and a retar-
dation layer are disposed on one substrate in this order, the
reflective layer cannot be used as a light reflective electrode.
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[0029] The techniques of Patent Literatures 6 and 7, which
disclose arrangement of a retardation layer in a transflective
liquid crystal display device, do not estimate utilizing the
liquid crystal display device in parallel light of high intensity
such as a sun light, and do not consider the liquid crystal
display device that can be utilized in either atmosphere of
light atmosphere or dark atmosphere. Further, the liquid crys-
tal display devices are not adapted to FFS system or IPS
system and do not disclose color filter properties that are
necessary for these liquid crystal display devices.

[0030] Since the color filter substrate proposed in the tech-
nique of Patent Literature 8 includes a conductive opposed
electrode arranged on a color filter and black matrix formed of
conductive metal chromium, it is difficult to apply to the
liquid crystal display device of FFS system or IPS system.

[0031] When the Y4 wavelength layer is formed by means of
light-curing or combination of light-curing and thermoset-
ting, there is a problem in which unreacted monomer of
polymerizable liquid crystal compound for use in forming Y4
wavelength layer is apt to remain on the surface site of the ¥4
wavelength layer. Liquid crystal used in the liquid crystal
display device is polluted with the unreacted monomer,
thereby deteriorating the display characteristics of the liquid
crystal display device or changing retardation of the V4 wave-
length layer itself with time. Most of polymerizable liquid
crystal compounds have an inhibitory effect on oxygen and
the unreacted monomer is apt to remain after post-exposure
hardening, thereby degrading an optical function of the liquid
crystal display device.

[0032] Further, when the V4 wavelength layer is formed into
discrete patterns each of which has a rectangular sectional
shape, in the reflective section, the patterns fluidize on hard-
ening by heat treatment and occasionally are crumbled. In
addition, when the %4 wavelength layer is not formed every
color pixel and is formed as a continuous layer, a retardation
is remains in an unnecessary portion (transmitting section)
and it is not possible to avoid a bad influence on display
quality of the liquid crystal display device.

[0033] Patent Literature 1 discloses in paragraph 0023 that
carbon black is superior in light shielding property and par-
ticularly preferable. However, since carbon black is a colorant
having high dielectric constant, it is not proper for the liquid
crystal display device of FFS system or IPS system. When
carbon is used as a main colorant (100% to 90% based on total
pigment weight), the relative dielectric constant of the light
shielding layer or the black matrix containing carbon
becomes about 7 to 15. Theses are color filter members
unsuitable for the liquid crystal display device of FF'S system
or IPS system.

[0034] The relative dielectric constant of the liquid crystal
material operated by an active element such as TFT is a range
of'about 7 to 40. It is necessary to use components of the color
filter having relative dielectric constant of 5 or less, preferably
4.5 or less in the liquid crystal display device of FFS system
or IPS system. In the liquid crystal display device of FFS
system or IPS system, the arch line of electric force generated
apixel electrode of comb teeth shape and a common electrode
is deformed by the presence of the conventional light shield-
ing layer and black matrix containing a high dielectric con-
stant colorant such as carbon, thereby hindering uniform
response of liquid crystal layer. Further, these techniques of
arranging black matrix containing a light shielding material
(including Patent Literature 2) do not consider thickness of
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the black matrix and coloring layer from the standpoint of
flatness, and can be hardly apply to the liquid crystal display
device of high quality.

[0035] In addition, these Patent Literatures do not disclose
the transflective liquid crystal display device which can be
produced without increasing producing steps and in which
flatness between the green pixel and light shielding layer
(light shielding picture frame portion) is improved in consid-
eration for visual sensitivity of human eyes.

[0036] Patent Literature 8 discloses a technique of arrang-
ing light shielding ridges on the substrate beforehand to form
a color filter and retardation layer between the ridges by a
droplet ejecting method. This technique has some problems.
Though the ridges having enough height for maintaining the
droplets ejected through the nozzle are important member for
this technique, it is difficult to produce in high yield the ridges
having linearity suitable for the liquid crystal display device
and excellent section shape using a material having a light
shielding property and photosensitivity (for example, a
method or the like is disclosed in paragraphs 0048 and 0060
of Patent Literature 8. However, height and thickness of the
ridges are not disclosed). Even if a ridge are formed by means
of a printing method, it is difficult to form a ridge having for
example, a width of 10 um and height of 4 um with a rectan-
gular section and good shape in the same manner as in the
case using photosensitive light shielding material and to
apply to the liquid crystal display device for high quality and
mobile applications. This Patent Literature does not disclose
specific materials of the light shielding ridge and electrical
properties of the color filter material suitable for FF'S system.
Since, when only reflective common electrode is arranged,
light is reflected on a mirror surface, it is not possible to
maintain a wide visual field in the reflective display. Further,
the Patent Literature does not disclose the technique of paper
white display using a light scattering film.

[0037] When the component disclosed in Patent Literature
8 is used, it is difficult to form a spacer for maintain the
uniform thickness of the liquid crystal layer in the display
region including the reflective display region. This Patent
Literature does not consider display unevenness due to
change in the thickness of the liquid crystal layer depending
on bending of the substrate, temperature, and change in thick-
ness of the liquid crystal layer resulting from pressure change.
[0038] The present invention is completed under the cir-
cumstance described above, and it is an object of the present
invention to provide a color filter substrate for a transflective
liquid crystal display device which is suitable for a liquid
crystal display device of FFS system or IPS system, a method
of producing the same, and a transflective liquid crystal dis-
play device.

Means for Solving the Object

[0039] According to a first aspect of the present invention,
there is provided a color filter substrate for a transflective
liquid crystal display device, in which a light shielding layer
is arranged at a periphery of an effective display region on a
transparent substrate, and color pixels of a plurality of colors
including green pixels, a spacer, and a first retardation layer
are formed in the effective display region, wherein a recess is
formed in each of the color pixels, the first retardation layer is
formed in the recess, and the first retardation layer has a
function for 90 degree polarization rotation of incident light,
which has been converted to linearly polarized light, in one
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passage of the incident light back and forth in a thickness
direction of the first retardation layer.

[0040] According to a second aspect of the present inven-
tion, there is provided a transflective liquid crystal display
device which comprises the color filter substrate described
above.

[0041] According to a third aspect of the present invention,
there is provided a method of producing a color filter substrate
for a transflective liquid crystal display device, in which a
light shielding layer is arranged at a periphery of an effective
display region on a transparent substrate, and color pixels of
a plurality of colors including green pixels, a spacer, and a
first retardation layer are formed in the effective display
region, which comprises: forming a recess in each of the color
pixels, and forming an alignment film for aligning the retar-
dation layer in the recess by ink-jet process.

ADVANTAGE OF THE INVENTION

[0042] According to one aspect of the present invention,
there is provided a color filter substrate for a transflective
liquid crystal display device which is suitable for FFS system
or IPS system, in particular a transflective liquid crystal dis-
play device showing an excellent display in both the trans-
mitting section and reflective section.

[0043] According to one aspect of the present invention,
there is provided a color filter substrate which is suitable for
a transflective liquid crystal display device, and in which a
retardation layer, and a cell gap adjusting layer or a light
scattering layer having a function for scattering a light added
thereto together with the retardation layer, are arranged on
color pixels.

[0044] According to one aspect of the present invention,
where the cell gap adjusting layer or the light scattering layer
are arranged on color pixels, the retardation layer is protected
by the cell gap adjusting layer or the light scattering layer, and
the hardening of the retardation layer is promoted, whereby
the retardation layer having a stable retardation property can
be obtained. In addition, according to the present invention,
since an alignment film for alignment treatment of the retar-
dation layer selectively formed in the recess of the coloring
layer in small number of steps, there is provided a color filter
substrate for the liquid crystal display device that can display
a high quality image.

[0045] Further, according to one aspect of the present
invention, a step at the picture frame portion can be removed
by laminating the cell gap adjusting layer or the retardation
layer on the light shielding layer of picture frame shape. In
addition, there is provided a liquid crystal display device in
which light leakage due to turbulence of liquid crystal align-
ment is deleted by equalizing the thickness of the laminate
with that of the green pixel.

[0046] Green color is an important color having a high
visibility to a human eye and easily leak due to spectral
properties. It is preferred that the thickness of the liquid
crystal layer on the picture frame portion or the like is deter-
mined on the basis of that of the green pixel.

[0047] According to one aspect of the present invention, it
is possible to form a color filter substrate having an excellent
flatness with high accuracy in a small number of steps, and
there is provided a liquid crystal display device comprising
the above color filter substrate. Further, according to the
present invention, there is provided a color filter substrate for
a high quality liquid crystal display device produced in con-
sideration of electrical properties such as a relative dielectric
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constant, and the liquid crystal display device. In addition,
there can be provided a high quality liquid crystal display
device using a light shielding layer containing a plurality of
organic pigment as a main colorant, and zinc phthalocyanine
halide having excellent electrical and optical properties for a
green pixel as a main colorant.

[0048] Further, according to the present invention, it is pos-
sible to compensate completely the retardation layer for
wavelength dispersion by setting retardation value of the red
pixel, the retardation value of the green pixel and the retarda-
tion value of the blue pixel, or the sum of the retardation value
of each of the color pixels and the retardation value of the
retardation layer to satisfy a relation represented by the value
regarding the red pixelZthe value regarding the green
pixelZthe value regarding the blue pixel. Supposing a color
display, undesirable relation of red pixel<green pixel<blue
pixel can be cancelled, and light leakage and coloring in black
display can be reduced.

[0049] In particular, in IPS system, it is possible to reduce
leakage of a blue light in black display by lessening the
retardation of the blue pixel or reflective section of the blue
pixel than that of the other pixel while maintaining the rela-
tion of transmission peak wavelengths (large and small rela-
tion of wavelength) of the other pixels. Further, when the
thicknesses of the color pixels have the relation represented
by the thickness of the red pixelZthe thickness of the green
pixelZthe thickness of the blue pixel, there is obtained the
effect that the thickness of the liquid crystal layer on the pixels
have the relation represented by the thickness of the liquid
crystal layer on the red display section=the thickness of the
liquid crystal layer on the green display section=the thick-
ness of the liquid crystal layer on the blue display section,
whereby display quality of the liquid crystal display device
can be improved in the entire visible region.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWING

[0050] FIG. 1 is a cross-sectional view showing a color
filter substrate according to one embodiment of the present
invention;

[0051] FIG. 2 is a cross-sectional view showing a color
filter substrate according to another embodiment of the
present invention;

[0052] FIG. 3 is a cross-sectional view showing another
part of a color filter substrate according to one embodiment of
the present invention;

[0053] FIG. 4 is a view an enlarged partial sectional view
showing the part encircled by dotted line shown in FIG. 3;
[0054] FIG. 5 is aplan view showing a color filter substrate
according to one embodiment of the present invention;
[0055] FIG. 6 is a characteristic diagram showing a relation
between the thickness of a pedestal and the thickness of the
laminated section of a coloring layer on the pedestal;

[0056] FIG.7is aplan view showing a color filter substrate
according to another embodiment of the present invention;
[0057] FIG. 8 is a characteristic diagram showing a relation
between the thickness of a black matrix and the height of the
protrusion at the edge of a coloring layer on the black matrix;
[0058] FIG. 9 is a sectional view showing a pattern edge
shape and a slope angle of color pixels having a large thick-
ness;

[0059] FIG. 10 is a sectional view showing a pattern edge
shape and a slope angle of color pixels having a small thick-
ness;
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[0060] FIG. 11 is a cross-sectional view showing a color
filter substrate obtained in Example 3;

[0061] FIG. 12 is a partial sectional view showing a liquid
crystal display device according to one embodiment of the
present invention;

[0062] FIG. 13 is a partial sectional view showing a liquid
crystal display device according to the present invention and
also schematic view showing FF'S operation of liquid crystal;
and

[0063] FIG. 14 is aschematic view showing a conventional
color filter substrate.

DETAILED DESCRIPTION OF THE INVENTION

[0064] A color filter substrate according to one embodi-
ment of the present invention is constructed such that a light
shielding layer is arranged at a periphery of an effective
display region on a transparent substrate, and color pixels of
a plurality of colors including green pixels, a spacer, and a
first retardation layer are formed in the effective display
region, and is applied to a transflective liquid crystal display
device. The transflective liquid crystal display device
includes a reflective section for reflecting a light of watcher
side such as an ambient light or a light from a front light and
atransmitting section for transmitting a light from a back light
arranged on the rear surface of the liquid crystal display
device. According to this structure, the pixels are divided into
a reflective section pixel and transmitting section pixel for
each pixel.

[0065] In the following description, a light shielding layer
is synonymous with a picture frame portion which means a
picture frame shaped light shielding pattern on the periphery
of an effective display region.

[0066] In the color filter substrate of the present embodi-
ment, a recess is formed in each of the color pixels, and a
retardation layer is formed in the recess. The retardation layer
has a function for compensating a light path difference
between the reflective section and the transmitting section. In
other word, the retardation layer has a function for converting
linearly polarized light, which is incident light (ambient light)
transmitted through a polarizing plate externally installed on
the liquid crystal display device, to circularly polarized light,
and a recovering a light reflected on a reflective electrode (or
reflective plate) arranged in the liquid crystal display device
to linearly polarized light as emitted light.

[0067] Specifically, the retardation layer has a function for
changing the phase of the polarized light by ¥4 wavelength or
Y5 wavelength to convert to linearly polarized light with 90
degree polarization rotation in one passage of the incident
light back and forth in a thickness direction of the liquid
crystal layer.

[0068] Further, after the absorption axis of the polarizing
plate is adjusted to the slow axis of the retardation layer, 90
degree or 270 degree polarization rotation may be performed
using a %2 wavelength retardation layer. For example, in the
liquid crystal display device of IPS system in which liquid
crystal molecules are aligned in parallel to the surface of the
substrate and rotated in the direction of the surface of the
substrate, it is possible to perform 90 degree polarization
rotation by shifting from the absorption axis of the polarizing
plate to the slow axis of the retardation layer by 22.5 degree or
67.5 degree, together with using the Y2 wavelength retarda-
tion layer. When the retardation layer is applied to the reflec-
tive section of the transflective liquid crystal display device in
the structure as described above, it is possible to adjust the
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difference in light path between the reflective section and
transmitting section, and to compensate the phase.

[0069] Premising alignment of liquid crystal molecules in
liquid crystal display system of VA system or TN system, it is
possible to set the angle of the absorption axis of the polariz-
ing plate with the slow axis of'the retardation layer to about 45
degree.

[0070] In the color filter substrate of the present embodi-
ment, a spacer is a structure having a cross section of trap-
ezoid or column shape and almost the same thickness as that
ofthe liquid crystal layer, which is formed in order to equalize
the thickness of the liquid crystal layer in the transmitting
section in the effective display region. Other than this spacer,
it is possible to form a low spacer in the effective display
region and on the light shielding layer. These spacers may be
formed on the color filter using a photosensitive acrylic resin
that is soluble in alkali solution. However, where the spacers
are formed of one to three-coloring-layer structure, they can
be formed at the same time when the color pixels are formed,
whereby the producing process can be simplified.

[0071] Incidentally, in general, the color filter substrate and
the array substrate having active elements for driving liquid
crystal are opposed and bonded with each other, with the
liquid crystal layer being interposed therebetween to produce
a liquid crystal display panel. The height of the spacer must
include margin in this panel producing process. The height of
the spacer is defined as a distance between the upper level of
the spacer and the upper level of the color pixel adjacent the
spacer.

[0072] From the standpoint of thickness, a portion of the
color pixel in the transmitting section is defined merely as a
coloring layer, a thin portion of the color pixel in the trans-
mitting section is defined as a recess coloring layer, and a
portion of the coloring layer laminated as a spacer is defined
as a laminated coloring layer. These coloring layers can be
produced in the same coating step and lithography step.
[0073] A coating film on the transparent substrate coated
with a photosensitive coloring composition for forming pix-
els of the color filter or a single layer of a photosensitive
coloring composition is defined as a coloring layer, and a
pattern formed by patterning the coloring layer using conven-
tional photolithography is defined as a color pixel.

[0074] The thickness of the color pixel refers to a distance
between the surface of the transparent substrate and the sur-
face of the center of the color pixel (in this case, center of
color pixel without recess). It is preferred that a ratio of the
thickness of the recess coloring layer to the thickness of the
coloring layer (portion without recess) is a range of %4 to Va.
The thickness of the recess coloring layer of thickness ratio /2
includes allowable tolerance of +0.2 pm relative to the thick-
ness of the coloring layer. It is possible to display an inherent
color image in consideration to the light path difference
between the transmitting section and reflective section by
setting a ratio of the thickness of the recess coloring layer to
the thickness of the coloring layer without recess to V.
[0075] Brightness is important for the reflective section in
order to make observation in a bright atmosphere such as
outdoors. It is desirable that the chromaticity region of the
transmitting section is in agreement with that of the reflective
section. However, when prime importance is placed on the
brightness, it is sufficient that a color can be merely recog-
nized. For example, in the use of reflective display (for
example, use outdoors in the sun) in which prime importance
must be placed on the brightness than color combination with
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color in the transmitting section, it is desirable to obtain a high
brightness color by setting the thickness ratio to /3 or Y.
[0076] Where the chromaticity region of the transmitting
section in the static display (freeze-frame picture) has NTSC
ratio of 70% that is standards, the chromaticity region of the
reflective section has NTSC ratio of about 35 to 40% in the
case of V4 thickness (transmission twice). When the NTSC
ratio is 35 to 40%, it is possible to easily recognize a color.
However, the NTSC ratio is remarkably lower than that range,
it may be difficult to recognize a color. Therefore, it is desir-
able that the thickness of the reflective section is ¥4 or more
that corresponds to NTSC ratio of about 35 to 40%.

[0077] Color visibility in the moving picture gray scale
display tends to drop relative to the freeze-frame picture
display. Though there are variations among individual users,
the thickness of the recess coloring layer that is ¥4 of that of
the coloring layer is the lower limit in which color display is
easily recognized in the moving picture gray scale display.
The height of the overlap portion of the adjacent color pixels
(referred to protrusion hereinafter) is defined as a difference
between the top level of the protrusion and the surface level of
center of the color pixel. A plurality of color pixels are rep-
resented as a blue pixel, a red pixel, green pixel, yellow pixel,
and white pixel (transparent pixel).

[0078] The term “color filter” as used herein refers to the
structure of color pixels of a plurality of colors including a
light shielding layer, and the term “color filter substrate” as
used herein refers to the structure including a transparent
substrate such as glass substrate and the color filter formed
thereon. Each of the terms “red laminate portion”, “green
laminate portion”, and “blue laminate portion” as used herein
refers to a part of coloring layers laminated as a spacer. The
term “almost the same thickness” as used herein refers to a
thickness including allowable production margin of +0.2 pm
in the producing process of the color filter.

[0079] The term “relative dielectric constant” as used
herein is based on premises that it is measured under the
frequency of 50 to 500 Hz used in driving a liquid crystal
display device at a room temperature.

[0080] In the color filter substrate according to the other
embodiment of the present invention, a cell gap adjusting
layer is arranged on a retardation layer in order to adjust the
thickness of the liquid crystal layer in the reflective section. In
this case, a level difference between a surface of the first cell
gap adjusting layer and a surface of'the color pixel without the
recess may be about %4 of a thickness of a liquid crystal layer
of a liquid crystal display device. Incidentally, about %2 of a
thickness ofa liquid crystal layer may fluctuate within 10% of
the thickness of a liquid crystal layer, and desirably within
+0.2 um that is allowable production margin in the producing
process of the color filter. The term “almost the same thick-
ness” as used herein refers to a thickness including allowable
production margin of 0.2 um in the producing process of the
color filter.

[0081] The cell gap adjusting layer may be formed of an
insulator that is transparent in a visible range, and may be
desirably a light scattering layer having a light scattering
property added thereto. Namely, the light scattering layer
imparts diffusivity to an outgoing light, whereby the light
from the liquid crystal display device appears paper white for
watcher’s eyes. The light scattering layer plays a role as a
diffuser for obtaining a good visibility display.

[0082] In the color filter substrate according to the further
embodiment of the present invention, a pedestal and black
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matrix may be arranged. These pedestal and black matrix may
be formed of the same light shielding material as that of the
light shielding layer. Premising the liquid crystal display
device constituted by the color filter substrate and array sub-
strate bonded therewith, the pedestal may be arranged on the
color filter substrate side at a position corresponding to the
position of active elements such as TFT in order to light-
shield the active elements. The spacer may be arranged on the
pedestal in order to equalize the cell gap. The pedestal has an
area enough to cover the active elements. The black matrix
formed as necessary refers to a light shielding pattern of
lattice or stripe arranged in the display region in order to
improve contrast of the liquid crystal display device.

[0083] It is preferred that the thickness of the pedestal and
black matrix is thinner than that of the light shielding layer.
The method of forming thin pedestal and thin black matrix
includes employment of half-tone mask or gray-tone mask in
exposure step, and adjustment of aperture of the mask in
addition to development step and heat treatment.

[0084] FIG. 1 is a partial sectional view showing a color
filter substrate according to one embodiment of the present
invention and corresponds to A-A' section of a plan view
shown in FIG. 5 described later. In FIG. 1, a light shielding
layer 2 containing an organic pigment as a main colorant is
arranged in the picture frame portion in the periphery of the
display region on a transparent substrate 1, and three color
pixels of red pixel 3R (not shown), green pixel 3G, and blue
pixel 3B are arranged in the display region on the transparent
substrate 1.

[0085] The color pixel (3G in FIG. 1) includes a reflective
section and a transmitting section. A recess 10 is formed in the
reflective section. A retardation layer 11 is formed in the
recess 10, and a light scattering layer (cell gap adjusting
layer) 12 is formed on the retardation layer 11. A retardation
layer 11'is formed also on the light shielding layer 2 of picture
frame shape.

[0086] Inthecolor filter substrate shown in FIG. 1, the light
scattering layer 12 is constituted by dispersing single kind of
or a plurality of kinds of amorphous fine particles in a matrix
resin 14 having a refractive index different from that of the
particles. The cell gap adjusting layer functioning as the light
scattering layer 12 is a light functioning film for scattering an
incident light to exert the paper white effect for human eyes.
It is necessary that the matrix resin is a transparent resin and
has a heat resistance and transmittance in visible range. The
thickness of the light scattering layer 12 is preferably a range
of about 1.5 to 5 um with relation to diameter of amorphous
fine particles, wavelength, and adaptability to the producing
process.

[0087] In the color filter substrate shown in FIG. 2, a cell
gap adjusting layer 15 made of transparent resin is formed
instead of the light scattering layer 12 shown in FIG. 1. The
cell gap adjusting layer 15 is arranged in order to adjust the
difference in light path between the transmitting section and
the reflective section. Therefore, a resin material having
highly transparency to visible light and a heat resistance
necessary in the liquid crystal display panel producing pro-
cess can be used as a material for the cell gap adjusting layer
15. In the color filter substrate shown in FIG. 2, a cell gap
adjusting layer 15" is formed also on the light shielding layer
of picture frame shape, and sum of the thickness of the cell
gap adjusting layer 15' and the thickness of the light shielding
layer in this portion is identical with that of the green pixel
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3G. Incidentally, FIG. 2 is equivalent to C-C' section in the
plan view of FIG. 7 described later.

[0088] FIG. 3 is a cross-sectional view showing the other
portion of a color filter substrate according to one embodi-
ment of the present invention and corresponds to B-B' sec-
tional view of a plan view of FIG. 5 described later. In F1G. 3,
a light shielding layer 2 containing an organic pigment as a
main colorant is arranged in the picture frame portion in the
periphery of the display region, and three color pixels of red
pixel 3R (not shown), green pixel 3G, and blue pixel 3B are
arranged in the display region, respectively. The light shield-
ing layer has the same thickness as that of the color pixels. A
pedestal 4 made of the same material as that of the light
shielding layer 2 is formed on the transparent substrate 1 and
on the boundary between the red pixel 3R and green pixel 3G.
A spacer 5 formed of the laminates of a red laminate portion,
a green laminate portion, and a blue laminate portion is
arranged on the pedestal 4.

[0089] Incidentally, a pedestal 4'having no spacer 5 thereon
is formed on the transparent substrate 1 and on the boundary
between the green pixel 3G and blue pixel 3B. The pedestal 4'
having no spacer 5 thereon is arranged in order to adjust
aperture ratio of the red pixel 3R, the green pixel 3G, and the
blue pixel 3B, and to shade the active elements such as TFT.
[0090] Further, a sub spacer 6 of two-layer structure, which
is shorter than the spacer 5 of three-layer structure, is
arranged on the light shielding layer 2.

[0091] The pedestal 4 has a thickness ofa range 0f 0.4t0 1.0
um which is smaller than that of the light shielding layer 2.
When the thickness of the pedestal 4 is less than 0.4 pm, it is
difficult to form the pedestal 4 having a stable thickness by
photolithography. On the other hand, when the thickness of
the pedestal 4 is more than 1.0 pm, the thickness of the
laminate on the pedestal 4 decreases, and the difference in
thickness between the laminate and pixels is abruptly
enlarged, and as a result, thickness of the laminate becomes
unstable.

[0092] A TFT substrate is arranged to oppose to the color
filter substrate constructed above, and a liquid crystal layer is
interposed between the TFT substrate and the color filter
substrate, thus constructing the liquid crystal device. The
thickness of the liquid crystal layer is identical with the height
of the spacer formed on the pedestal. The height h of the
spacer 5 refers to the thickness of the portions protruded from
the surface of the color pixels 3R, 3G, 3B, in the laminates of
the red laminate portion SR, green laminate portion 5G, and
blue laminate portion 5B, and is preferably identical with the
sum of the thickness of the liquid crystal layer and margin of
about 0.1 pm in the liquid crystal cell producing process.
[0093] FIG. 4 is a view an enlarged partial sectional view
showing the part encircled by dotted line shown in FIG. 3. The
part encircled by dotted line is an overlapped portion of the
green pixel 3G and blue pixel 3B. The overlapped portion
forms a protrusion 7 protruded from the surface of the pixel.
The height d of the protrusion 7 is preferably 0.25 um or less
since excessively high protrusion damages the flatness of the
pixel.

[0094] FIG. 5 is a view showing a plane arrangement of a
light shielding layer 2, pedestals 4, 4', a spacer 5, a sub spacer
6, and a light scattering layer (cell gap adjusting layer) 12 in
the color filter substrate. A-A' section of FIG. 5 corresponds
to FIG. 1, and B-B' section of FIG. 5 corresponds to FIG. 3.
[0095] Next, there will be described materials constituting
the color filter substrate constructed above.
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[0096] At first, organic pigments are enumerated which can
be used in the light shielding layer 2, the red pixel 3R, the
green pixel 3G, the blue pixel 3B, the pedestal 4, and the
spacer 5. Incidentally, the organic pigment contained in the
light shielding layer is a mixture of various organic pigments.
The following green pigment may be omitted from the pig-
ment mixture, and carbon may be added to the pigment mix-
ture unless the relative dielectric constant of the light shield-
ing layer increases (for example, relative dielectric constant
exceeding 5). The carbon particles to be added are preferably
coated with resin or are subjected to surface treatment. The
amount of the carbon is preferably 10 weight % or less, more
preferably 5 weight % or less based on the total weight of the
pigments.

[0097] Incidentally, since the light shielding layer and
black matrix containing carbon as a main colorant (90 to 100
weight % based on the total weight of the pigments) has a
relative dielectric constant of about 7 to 15, they are not
suitable for liquid crystal driving of FFS system or IPS system
[0098] The amount of the organic pigment to be used may
be confined to preferably 90 mass % or more, more preferably
95 mass % or more. In the light shielding layer of the present
invention, all colorant contained in the light shielding layer
can be organic pigments.

(Organic Pigment)

[0099] Examples of the red pigment include C.I. Pigment
Red 7,9, 14, 41, 48:1, 48:2, 48:3, 48:4, 81:1, 81:2, 81:3, 97,
122, 123, 146, 149, 168, 177, 178, 179, 180, 184, 185, 187,
192, 200, 202, 208, 210, 215, 216, 217, 220, 223, 224, 226,
227, 228, 240, 246, 254, 255, 264, 272, 279, etc.

[0100] Examples of the yellow pigment include C.I. Pig-
ment Yellow 1,2,3,4, 5,6,10,12,13,14,15,16,17, 18, 24,
31,32,34,35,35:1,36,36:1,37,37:1, 40, 42, 43, 53, 55, 60,
61, 62,63, 65,73,74,77, 81, 83, 86, 93, 94, 95, 97, 98, 100,
101, 104, 106, 108, 109, 110, 113, 114, 115, 116, 117, 118,
119, 120, 123, 125, 126, 127, 128, 129, 137, 138, 139, 144,
146, 147, 148, 150, 151, 152, 153, 154, 155, 156, 161, 162,
164, 166, 167, 168, 169, 170, 171, 172, 173, 174, 175, 176,
177, 179, 180, 181, 182, 185, 187, 188, 193, 194, 199, 213,
214, etc.

[0101] Examples of the blue pigment include C.I. Pigment
Blue 15, 15:1, 15:2, 15:3, 15:4, 15:6, 16, 22, 60, 64, 80, etc.
Among them, C.I. Pigment Blue 15:6 is preferable.

[0102] Examples of the violet pigment include C.I. Pig-
ment Violet 1, 19, 23, 27, 29, 30, 32, 37, 40, 42, 50, etc.
Among them, C.I. Pigment Violet 23 is preferable.

[0103] Examples of the green pigment include C.I. Pigment
Green1,2,4,7,8,10,13,14,15,17, 18,19, 26,36, 45,48, 50,
51, 54, 55, 58, etc. Among them, C.I. Pigment Green 58 is
preferable.

[0104] The terms “Pigment Blue”, “Pigment Violet”, “Pig-
ment Red”; “Pigment Yellow”, and “Pigment Green” may be
abbreviated to “PB”, “PV”, “PR”, “PY”, and “PG” hereinaf-
ter.

[0105] The above-mentioned “PG58” is called as zinc
phthalocyanine halide and the producing example of the same
is described in [Pigment producing example G2] described
later. PG 58 has a dielectric constant slightly lower than that
of PG 36 (copper phthalocyanine halide) and brings about a
green pixel of high brightness. PG 58 is an organic pigment
having almost the same chemical structure as that of PG 36
except that the central metal of PG 58 is zinc, whereas the
central metal of PG 36 is copper. However, PG 58 tends to
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have electric properties including dielectric constant having
fluctuation lower than that of PG 36.

[0106] The reason that PG 58 is preferable to PG 36 for the
present invention irrespective of having similar structure with
PG 36, is demonstrated by the following optical data (mea-
surement of birefringence An of green pigment) according to
the findings of the present inventors. Incidentally, where the
solid content of the organic pigment such as zinc phthalocya-
nine halide in the coloring composition is low, the relative
dielectric constant of the coloring layer tends to preferably
drop.

[0107] Tt is preferable to lower the pigment content and to
raise the resin content in order to lower the floating capacity
which is caused by the color filter and is an obstacle to driving
of liquid crystal. Therefore, it is preferable to form the light
shielding layer and color pixels each having a large thickness
as shown in Examples of the present invention.

[Measurement of Birefringence An of Green Pigment]

[0108] As well known, the value of dielectric constant
equals nearly to square of refractive index. That is, dielectric
constant caused by electronic polarization is in proportion to
square of refractive index.

[0109] From this standpoint, difference in polarization
between PG 58 and PG 36 became clear from the measured
refractive indexes Nx on X axis, Ny on'Y axis, and Nz on Z
axis. In order to obtain samples close to practical green col-
oring layer, the measurement samples were prepared by coat-
ing the surface of a glass substrate with a pigment dispersion
(for example, GP-4) shown in the following Table 4 so as to
obtain a 1-pum-thick coated film, which was then dried 230° C.
[0110] Main pigment G2 contained in pigment dispersion
GP-4 shown in the following Table 4 is PG 58. GP-5 is the
pigment dispersion in which the first pigment G2 of pigment
dispersion GP-4 is replaced with PG 36. Refractive indexes
Nx, Ny, and Nz were measured by making use of a spectro-
ellipsometer (M-220; Nippon Bunkou Co., Ltd.), and the An
was calculated according to the following equation. Measure-
ment wavelength was 550 nm.

An=[(Nx+Ny)/2]-Nz

[0111] TItis seen from the following Table 1 that the coated
film of the green pigment dispersion GP-4 containing zinc
phthalocyanine halide as a main pigment has small absolute
value of An and shows small polarization relative to the
coated film of the green pigment dispersion GP-5 containing
copper phthalocvanine halide as a main pigment.

TABLE 1
Pigment Refractive index An
dispersion Nx Ny Nz (absolute value)
GP-4 1.69998 1.69995 1.70006 0.000095
GP-5 1.69613 1.69615 1.70773 0.01159

[Measurement of Relative Dielectric Constant of Green Pig-
ment]

[0112] Relative dielectric constant of green pigment was
measured by means of an impedance analyzer 1260 type
manufactured by Solartron Co. Ltd., at 5 V in frequency of
120 Hz, 240 Hz, and 480 Hz. The measurement samples were
prepared by coating a glass substrate having a conductive film
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pattern made of aluminum on the surface thereof with a
coloring composition to obtain a coated film, which was then
cured and on which a conductive film pattern made of alumi-
num is further formed.

[0113] The relative dielectric constant of three kinds of
coloring layers were measured, which were formed by using
green composition 1 containing green pigment 1, green com-
position 2 containing green pigment 2, and green composition
3 containing green pigment 3, described below.

<Preparation of a Dispersion of Green Pigment 1>

[0114] A mixture having the following composition was
homogeneously stirred and then, by making use of a sand mill
using glass beads having a diameter of 1 mm, the dispersion
of the components of the composition was performed for 5
hours and the resultant product was subjected to filtration by
making use of a 5 pm aperture filter to obtain a dispersion of
red pigment 1.

Green pigment: C.I. Pigment Green 58 10.4 parts
(Phthalocianine Green A110; produced by DIC Co.

Yellow pigment: C.I. Pigment Yellow 150 9.6 parts
(E4GN-GT; produced by LANXESS AG)

Dispersant 2 parts
(Disperbyk-163; produced by BYK-Chemie GmbH)

Acrylic varnish 66 parts

(Solid content: 20 mass %)

<Preparation of a Dispersion of Green Pigment 2>

[0115] A dispersion of red pigment 2 was produced in the
same manner as in the dispersion of green pigment 1 except
that a mixture having the following composition was used.

Green pigment: C.I. Pigment Green 58 10.4 parts
(Phthalocianine Green A110; produced by DIC Co.

Yellow pigment: C.I. Pigment Yellow 150 3.2 parts
(E4GN-GT; produced by LANXESS AG)

Dispersant 2 parts
(Disperbyk-163; produced by BYK-Chemie GmbH)

Acrylic varnish 66 parts

(Solid content: 20 mass %)

<Preparation of a Dispersion of Green Pigment 3>

[0116] A dispersion of red pigment 3 was produced in the
same manner as in the dispersion of green pigment 1 except
that a mixture having the following composition was used.

Green pigment: C.I. Pigment Green 36 104 parts
(Lionol Green 6YK; produced by TOYO INK HOLDINGS

CO.LTD.)

Yellow pigment: C.I. Pigment Yellow 150 9.6 parts
(E4GN-GT; produced by LANXESS AG)

Dispersant 2 parts
(Disperbyk-163; produced by BYK-Chemie GmbH)

Acrylic varnish 66 parts

(Solid content: 20 mass %)

Nov. 15, 2012

[0117]
[0118] Thereafter, the mixture of the following composi-
tion was agitated uniformly and the resultant mixture was
subjected to filtration by making use of a 5 pm aperture filter
to obtain a dispersion of red composition.

1. Preparation of Green Composition 1

Green pigment 1 46 parts

Acrylic resin solution 8 parts

Dipentaerythritol penta and hexa-acrylate 4 parts

(M-402; produced by ToagoseiCo. Ltd.)

Photopolymerization initiator 1.2 parts

(IRGACURE-OXE 02; produced by Ciba-Geigy

Co., Ltd.)

Photopolymerization initiator 3.5 parts

(IRGACURE-907; produced by Ciba Speciality

Chemicals Co., Ltd.)

Photo-sensitizer 1.5 part

(EAB-F; produced by Hodogaya Kagaku Co., Ltd.)

Cyclohexanone 50 parts

Propyleneglycol monomethylether acetate 30 parts
[0119] 2. Preparation of Green Composition 2

[0120] A green composition 2 was produced in the same
manner and using the same composition as in the green com-
position 1 except that a dispersion of green pigment 2 was
used.

[0121]

[0122] A green composition 3 was produced in the same
manner and using the same composition as in the green com-
position 1 except that a dispersion of green pigment 3 was
used.

3. Preparation of Green Composition 3

[0123] The results are shown in the following Table 2.
TABLE 2
Pigment
Green Green Green
pigment 1 pigment 2 pigment 3
Compg osition
Green Green Green
composition 1 composition 2 composition 3
Relative 120 Hz 3.7 3.5 4.6
dielectric =~ 240 Hz 3.7 34 4.5
constant 480 Hz 3.7 34 4.5
[0124] (Production of Organic Pigment Dispersion)
[0125] Various methods of producing a dispersion of an

organic pigment are employed. The following is one example
thereof.

[0126] At first, a pigment, a solvent, a pigment dispersant
(including pigment derivative) and/or dispersing agent, a sur-
factant, and if necessary a polymer or monomer were
weighed to obtain a determined amount and subjected to
dispersion treatment to obtain a pigment dispersion liquid. In
the dispersion treatment step, it is possible to use a paint
conditioner, beads mill, ball mill, roll mill, stone mill, jet mill,
homogenizer and the like. Since the pigment is atomized by
this dispersion treatment, the photosensitive resin composi-
tion obtained by using the resultant pigment dispersion has
improved coating properties.
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[0127] Inthedispersion treatment of the pigment, the alkali
soluble resin or pigment derivative may be added. For
example, where the dispersion treatment is performed using
beads mill, it is preferred to use glass beads or zirconia beads
having a diameter of a range of 0.1 mm to a few mm. A
temperature in the dispersion treatment is set to generally 0°
C. or more, preferably room temperature or more, generally
100° C. or less, preferably 80° C. or less. It is desirable that the
dispersion time is conditioned properly since the optimum
dispersion time is different depending on the composition of
the pigment dispersion liquid (pigment, solvent, dispersant,
or the like), scale of device such as beads mill, or the like.
[0128] (Adjustment of Retardation of Color Pixels)
[0129] Retardation ofthe color pixel can be fine-adjusted in
particular from the standpoint of thickness-direction retarda-
tion. Itis possibleto increase or decrease the retardation of the
color pixel by means of various methods such as selection of
kinds of pigments to be used, selection of dispersion method
of pigment, selection of dispersant, micronizing of pigment,
addition of retardation adjusting agent such as melamine
resin, styrene resin, organic compound having a benzyl
group. The melamine resin has a function of increasing the
retardation, and the styrene resin has a function of decreasing
the retardation. In the case of the green pixel, zinc phthalo-
syanine halide can be used to bring easily the retardation of
thickness direction of the green pixel to zero.

[0130] The adjustment of the retardation of the pixels can
be performed by the technique disclosed in Japanese Patent
No. 4306736.

[0131] (Dispersant, Dispersing Agent)

[0132] Itis preferable to employ a polymer dispersant as a
dispersant to dispersing the pigment since it has an excellent
dispersion stability with time. The polymer dispersant
includes polyurethane based dispersant, polyethyleneimine
based dispersant, polyoxyethylene alkylether based dispers-
ant, polyoxyethyleneglycol diester based dispersant, sorbitan
aliphatic ester based dispersant, aliphatic modified polyester
ester based dispersant, etc. Among these dispersant, graft
polymer based dispersant containing nitrogen atom is prefer-
able for the light shielding photosensitive resin composition
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containing large amount of pigment used in the present
embodiment because of an excellent developing property.
[0133] As specific examples of these dispersant, they
include EFKA (manufactured by FK chemicals BV co.), Dis-
perbic (manufactured by Bickchemie co.), DISPARLON
(manucfactured by Kusumoto Chemicals Ltd.), SOL-
SPERSE (manucfactured by Lubrizol Co.), KP (manucfac-
tured by Shin-etsu Chemical Co. [td.), Polyferro (manuctfac-
tured by KYOEISHA CHEMICAL CO. LTD.), etc. These
dispersants may be employed individually or in any combi-
nation of two or more kinds in any mixing ratio.

[0134] It is possible to employ colorant derivatives as a
dispersion agent. Specific examples of the colorant deriva-
tives include azo based derivatives, phthalocyanine based
derivatives, quinacridone based derivatives, benzimidazoline
based derivatives, quinophthalone based derivatives, isoin-
dolinone based derivatives, dioxazin based derivatives,
anthraquinone based derivatives, indanthrene based deriva-
tives, perylene based derivatives, perylone based derivatives,
diketopyroropyrrole based derivatives, dioxadine based
derivatives, etc. Among these colorant derivatives, quinoph-
thalone based derivatives are preferable.

[0135] Substituent of the colorant derivative includes, for
example, sulfonic group, sulfonamide group, quaternary salt
of sulfonamide group, phthalimide group, dialkylaminoalkyl
group, hydroxy group, carboxyl group, amide group, etc. The
substituent is bonded with the pigment skeleton directly or
through alkyl group, aryl group, or heterocyclic group.
Among these substituents, the sulfonic group is preferable. A
plurality of substituents are substituted and bonded to the
pigment skeleton.

[0136] Specific examples of colorant derivatives includes
sulfonic acid derivative of phthalocyamine, sulfonic acid
derivative of, sulfonic acid derivative of anthraquinone, sul-
fonic acid derivative of quinacridone, sulfonic acid derivative
of, sulfonic acid derivative of dioxazine, etc.

[0137] These dispersants and pigment derivatives may be
employed individually or in any combination of two or more
kinds in any mixing ratio. The pigment derivatives to be used
in Examples described later are shown in the following Table
3.

TABLE 3
Pigment
derivative Chemical structure
D-1 r ]

CcH,
SOZNH(CH2)3N<
CH,

n=1~2
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TABLE 3-continued
Pigment
derivative Chemical structure
D-2 C,Hs
NH(CH);N
jeh:#
)\ )\ _CoHs
NH(CH2)3N
Csz
CoHs
N(CHZ)3NH
Csz Y Y
Y Cols
NH(CH2)3N<
CoHs
D-3 H
O
CoHs N #
N(CH; NH
s P (CHy)3 \ . I!I .
N —C— C — N
/N l
_CiHs |
NH(CHZ)gN CHs
Csz
D-4 _CoHs
[CuPcd—SO,NH(CH,);N
~
CoHs
CuPec: copper phthalocyanine residue
[0138] (Transparent Resin) utadien, polyethylene, polypropylene, polyimide, etc.

[0139] The photosensitive coloring composition employed
in forming a light shielding layer or coloring layer may con-
tains polyfunctional monomer, photosensitive resin or non-
photosensitive resin, photo-polymerization initiator, solvent,
etc., in addition to pigment dispersion described above.
Organic resins such as photosensitive resin and non-photo-
sensitive resin, which have high transparency and can be
employed in the embodiment of the present invention, are
collectively called a transparent resin.

[0140] As for specific examples of the transparent resin,
they include thermoplastic resin, thermosetting resin and
photosensitive resin. Examples of the thermoplastic resin
include, for example, butyral resin, styrene-maleic acid
copolymer, chlorinated polyethylene, chlorinated polypropy-
lene, polyvinyl chloride, vinyl chloride-vinyl acetate copoly-
mer, polyvinyl acetate, polyurethane resin, polyester resin,
acrylic resin, alkyd resin, polystyrene, polyamide resin, rub-
ber type resin, cyclized rubber-based resin, celluloses, polyb-

Examples of the thermosetting resin include, for example,
epoxy resin, benzoguanamine resin, rosin-modified maleic
resin, rosin-modified fumaric acid resin, melamine resin, urea
resin, phenol resin, etc. It is also possible to employ, as ther-
mosetting resin, compounds obtained through a reaction
between melamine resin and a compound having isocyanate
group.

[0141] (Alkali-Soluble Resin)

[0142] A photosensitive resin composition that can be pat-
terned by photolithography, is preferably used in forming a
light shielding layer, light scattering layer, and cell gap
adjusting layer in the embodiments described above. As the
transparent resins contained in the photosensitive resin com-
position, resins to which alkali-solubility are imparted, are
preferably used. As the alkali-soluble resin, any resins having
carboxylic group or hydroxyl group may be preferably
employed, and are not limited. As for specific examples of the
alkali-soluble resin, they include epoxyacrylate resin,
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novolak resin, polyvinyl phenol resin, acrylic resin, carboxy-
lic group-containing epoxy resin, and carboxylic group-con-
taining urethane resin. Among these alkali-soluble resin,
epoxyacrylate resin, novolak resin, and acrylic resin are pref-
erable. In particular, epoxyacrylate resin and novolak resin
are preferable.

[0143] (Acrylic Resin)

[0144] As for specific examples of the acrylic resin, they
include following materials.

[0145] Acrylic resins include polymers obtained from the
monomers, for example, (metha)acrylic acid; alkyl (metha)
acrylate such as methyl (metha)acrylate, ethyl (metha)acry-
late, propyl (metha)acrylate, butyl (metha)acrylate, t-butyl
(metha)acrylate, benzyl (metha)acrylate, lauryl (metha)acry-
late, etc.; hydroxyl group-containing (metha)acrylate such as
hydroxyethyl (metha)acrylate, hydroxypropyl (metha)acry-
late, etc.; ether group-containing (metha)acrylate such as
ethoxyethyl (metha)acrylate, glycidyl (metha)acrylate, etc.;
and alicyclic (metha)acrylate such as cyclohexyl (metha)
acrylate, isobornyl (metha)acrylate, dicyclopentenyl (metha)
acrylate, etc.

[0146] Incidentally, these monomers can be used singly or
in combination of two or more kinds. Further, other kinds of
compounds that can be co-polymerized with these monomers
such as styrene, cyclohexyl maleimide, phenyl maleimide,
etc. can be used as a copolymer.

[0147] It is also possible to obtain resins having a photo-
sensitivity through the reaction of a copolymer of carboxylic
acid having an ethylenic unsaturated group such as (metha)
acrylic acid and a compound having epoxy group and unsat-
urated double bond such as glycidyl methacrylate, or through
the addition of a carboxylic acid-containing compound such
as (metha)acrylic acid to a polymer of epoxy group-contain-
ing (metha)acrylate such as glycidyl methacrylate or to a
copolymer of epoxy group-containing (metha)acrylate with
other kinds of (metha)acrylate.

[0148] It is also possible to obtain a resin having a photo-
sensitivity through the reaction between a polymer having
hydroxyl group and obtained by using a monomer such as
hydroxyethyl methacrylate and a compound having an isocy-
anate group and an ethylenic unsaturated group such as meth-
acryloyloxyethyl isocyanate.

[0149] Further, a resin having carboxylic group can be
obtained through a reaction between a copolymer of hydroxy-
ethyl methacrylate having a plurality of hydroxyl groups and
a polybasic acid anhydride, thereby introducing carboxylic
group into the copolymer. The manufacturing method thereof
may not be limited to the above-described method.

[0150] As for specific examples of the acid anhydride to be
employed in the aforementioned reaction, they include, for
example, malonic anhydride, succinic anhydride, maleic
anhydride, itaconic anhydride, phthalic anhydride, tetrahy-
drophthalic anhydride, hexahydrophthalic anhydride, meth-
yltetrahydrophthalic anhydride, trimellitic anhydride, etc.

[0151] The acid value of solid content of above-described
acrylic resin may preferably be confined to a range of 20 to
180 mgKOH/g. If this acid value is less than 20 mgKOH/g,
the developing rate of the photosensitive resin composition
may become too slow, thereby taking a lot of time for execut-
ing the development thereof, thus leading to the decrease of
productivity. On the other hand, if the acid value of solid
content is larger than 180 mgKOH/g, the developing rate of
the photosensitive resin composition may become too fast on
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the contrary, thereby inviting the generation of problems such
as peeling of pattern after the development thereof or the
chip-off of pattern.

[0152] Further, in the case where the aforementioned
acrylic resin is photo-sensitive, the double-bond equivalent of
the acrylic resin may preferably be not less than 100, more
preferably a range of 100 to 2000, most preferably a range of
100 to 1000. If the double-bond equivalent thereof is higher
than 2000, it may become difficult to secure sufficient photo-
curing properties.

[0153] (Photopolymerizable Monomer)

[0154] As for specific examples of the photopolymerizable
monomer, they include various kinds of acrylic esters and
methacrylic esters such as 2-hydroxyethyl(metha)acrylate,
2-hydroxypropyl(metha)acrylate, cyclohexyl(metha)acry-
late, polyethyleneglycol di(metha)acrylate, pentaerythritol
tri(lmetha)acrylate, trimethylolpropane tri(metha)acrylate,
dipentaerythritol = hexa(metha)acrylate, tricyclodecanyl
(metha)acrylate, melamine(metha)acrylate, epoxy(metha)
acrylate; (metha)acrylic acid; styrene; vinyl acetate; (metha)
acryl amide; N-hydroxymethyl (metha)acryl amide; acry-
lonitrile, etc.

[0155] Further, it is preferable to employ polyfunctional
urethane acrylate having (metha)acryloyl group which can be
obtained through the reaction between (metha)acrylate hav-
ing hydroxyl group and polyfunctional isocyanate. Inciden-
tally, the combination between the (metha)acrylate having
hydroxyl group and polyfunctional isocyanate may be
optionally selected and hence there is not any particular limi-
tation. Further, only one kind of polyfunctional urethane
acrylate may be used singly or polyfunctional urethane acry-
late may be used in a combination of two or more kinds
thereof.

[0156] (Photo-Polymerization Initiators)

[0157] As for specific examples of the photo-polymeriza-
tion initiator, they include an acetophenone-based compound
such as 4-phenoxy dichloroacetophenone, 4-t-butyl-dichlo-
roacetophenone, diethoxyacetophenone, 1-(4-isopropylphe-
nyl)-2-hydroxy-2-methylpropan-1-one, 1-hydroxycyclo-
hexylphenyl  ketone,  2-benzyl-2-dimethylamino-1-(4-
morpholinophenyl)-butan-1-one; a benzoin-based
compound such as benzoin, benzoin methyl ether, benzoin
ethyl ether, benzoin isopropyl ether, benzyldimethyl ketal,
etc.; a benzophenone-based compound such as benzophe-
none, benzoylbenzoic acid, benzoylmethyl benzoate, 4-phe-
nyl benzophenone, hydroxybenzophenone, acrylated ben-
zophenone, 4-benzoyl-4'-methyldiphenyl sulfide, etc.; a
thioxanthone-based compound such as thioxanthone, 2-chlo-
rothioxanthone, 2-methylthioxanthone, isopropylthioxan-
thone, 2,4-diisopropylthioxanthone, etc.; a triazine-based
compound such as 2.,4,6-trichloro-s-triazine, 2-phenyl-4,6-
bis(trichloromethyl)-s-triazine, 2-(p-methoxyphenyl)-4,6-
bis(trichloromethyl)-s-triazine, 2-(p-tolyl)-4,6-bis(trichlo-
romethyl)-s-triazine, 2-piperonyl-4,6-bis(trichloromethyl)-
s-triazine, 2,4-bis(trichloromethyl)-6-styryl-s-triazine,
2-(naphtho-1-yl)-4,6-bis(trichloromethyl)-s-triazine, 2-(4-
methoxynaphtho-1-yl)-4,6-bis(trichloromethyl)-s-triazine,
2,4-trichloromethyl-(piperonyl)-6-triazine, 2,4-trichlorom-
ethyl(4'-methoxystyryl)-6-triazine, etc.; an oxime ester-
based compound such as 1,2-octanedione, 1-[4-(phenylthio)-
2-(O-benzoyloxime)], O-(acetyl)-N-(1-phenyl-2-ox0-2-(4'-
methoxynaphthyl)ethylidene) hydroxyl amine, etc.; a
phosphine-based compound such as bis(2,4,6-trimethylben-
zoyl)phenylphosphine oxide, 2,4,6-trimethylbenzoyl diphe-
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nylphosphine oxide, etc.; a quinone-based compound such as
9,10-phenanthrene quinone, camphor quinone, ethyl
anthraquinone, etc.; a borate-based compound; a carbazol-
based compound; an imidazole-based compound, a
titanocene-based compound, etc. Oxime derivatives (oxime
compounds) are effective to increase sensitivity.

[0158] These photo-polymerization initiators can be
employed singly or in combination of two or more kinds
thereof.

[0159] (Photo-Sensitizer)

[0160] It is preferable to use these photo-polymerization
initiators in combination with a photo-sensitizer. Specific
examples of the photo-sensitizer include c-acyloxy ester,
acylphosphine oxide, methylphenyl glyoxylate, benzyl-9,10-
phenanthrene  quinone, camphor quinine, ethylan-
thraquinone, 4,4'-diethyl isophthalophenone, 3,3',4,4'-tetra(t-
butyl peroxycarbonyl)benzophenone, 4 4'-diethyl
aminobenzophenone, etc.

[0161] These sensitizers can be employed ata ratio 0of0.1 to
60 parts by mass based on 100 parts by mass of the photo-
polymerization initiator.

[0162] (Ethylenic Unsaturated Compound)

[0163] It is preferable to use these photo-polymerization
initiators in combination with an ethylenic unsaturated com-
pound. “Ethylenic unsaturated compound” means a com-
pound having at least one ethylenic unsaturated bond in the
molecule. In particular, it is preferable to use a compound
having two ethylenic unsaturated bonds in the molecule in
consideration of polymerizability, crosslinkability, and
accompanying expandability of difference in solubility by
developing solution between the exposed portion and unex-
posed portion. Further, it is preferable to use (metha)acrylate
having an unsaturated bond originating from (metha)acryloy-
loxy group.

[0164] Compound having one ethylenic unsaturated bond
in the molecule includes for example, unsaturated carboxylic
acid such as (metha)acrylic acid, crotonic acid, isocrotonic
acid, maleic acid, itaconic acid, citraconic acid, and alkyl
ester thereof; (metha)acrylonitrile; (metha)acrylamide; sty-
lene, etc. A typical example of compound having two ethyl-
enic unsaturated bonds in the molecule includes for example,
ester of unsaturated carboxylic acid and polyhydroxy com-
pound, (metha)acryloyloxy-containing phosphate, urethane
(metha)acrylate of (metha)acrylate compound and polyiso-
cyanate compound, and epoxy(metha)acrylate of (metha)
acrylic acid or hydroxy(metha)acrylate and polyepoxy com-
pound.

[0165] The above-described photo-polymerization initia-
tor, sensitizer, photo-sensitizer and ethylenic unsaturated
compound may be added to a composition containing poly-
merizable liquid crystal compound to be used for forming the
retardation layer described later.

[0166] (Polyfunctional Thiol)

[0167] The photosensitive color resin composition may
contain polyfunctional thiol which is capable of acting as a
chain-transfer agent. The polyfunctional thiol is useful as
long as the compound thereof has two or more thiol groups.
Specific examples of the polyfunctional thiol include hexane
dithiol, decane dithiol, 1,4-butanediol bisthiopropionate, 1,4-
butanediol bisthioglycolate, ethyleneglycol bisthioglycolate,
ethyleneglycol  bisthiopropionate,  trimethylolpropane
tristhioglycolate, trimethylolpropane tristhiopropionate, tri-
methylolpropane tris(3-mercaptobutylate), pentaerythritol
tetrakisthioglycolate, pentaerythritol tetrakisthiopropionate,
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trimercaptopropionate  tris(2-hydroxyethyl)isocyanulate,
1,4-dimethylmercaptobenzene, 2,4,6-trimercapto-s-triazine,
2-(N,N-dibutylamino)-4,6-dimercapto-s-triazine, etc.

[0168] These polyfunctional thiols can be employed singly
or in combination of two or more kinds. The content of these
polyfunctional thiols may preferably be confined to a range of
0.2 to 150 parts by mass, more preferably a range 0f0.2 to 100
parts by mass based on 100 parts by mass of the pigment in the
photosensitive coloring composition.

[0169] (Storage Stabilizing Agent)

[0170] The photosensitive color resin composition may fur-
ther contain a storage stabilizing agent for stabilizing the
variation with time in viscosity of the composition. Specific
examples of the storage stabilizing agent include, for
example, quaternary ammonium chlorides such as benzyltri-
methyl chloride, diethylhydroxy amine, etc.; organic acids
such as lactic acid, oxalic acid, etc. and methy! ethers thereof;
t-butyl pyrocatechol; organic phosphine such as triethyl phos-
phine, triphenyl phosphine, etc.; phosphite; etc. The storage
stabilizing agent can be employed at an amount of a range of
0.1 to 10 parts by mass based on 100 parts by mass of the
pigments in a photosensitive coloring composition.

[0171] (Adherence Improver)

[0172] Further, the photosensitive color resin composition
may contain an adherence improver such as a silane coupling
agent for the purpose of enhancing the adhesion thereof to a
substrate. As for specific examples of the silane coupling
agent, they include vinyl silanes such as vinyl tris(-meth-
oxyethoxy) silane, vinylethoxy silane, vinyltrimethoxy
silane, etc.; (metha)acrylsilanes such as y-methacryloxypro-
pyltrimethoxy silane, etc.; epoxy silanes such as §-(3,4-ep-
oxycyclohexyl)ethyltrimethoxy silane, B-(3,4-epoxycyclo-
hexyl) methyltrimethoxy silane, f3-(3,4-epoxycyclohexyl)
ethyltriethoxy silane, B-(3,4-epoxycyclohexyl)
methyltriethoxy silane, y-glycidoxypropyl trimethoxy silane,
y-glycidoxypropyl triethoxy silane, etc.; amino silanes such
as N-p(aminoethyl) y-aminopropyl trimethoxy silane, N-f3
(aminoethyl) y-aminopropyl triethoxy silane, N-f(aminoet-
hyl) y-aminopropyl methyldiethoxy silane, y-aminopropyl
triethoxy silane, y-aminopropyl trimethoxy silane, N-phenyl-
y-aminopropyl trimethoxy silane, N-phenyl-y-aminopropyl
triethoxy silane, etc.; and thiosilanes such as y-mercaptopro-
py! trimethoxy silane, y-mercaptopropyl triethoxy silane, etc.
These silane coupling agents can be used in an amount of a
range 0f 0.01 to 10 parts by mass based on 100 parts by mass
of the pigments in a photosensitive coloring composition.
[0173] (Solvents)

[0174] The photosensitive resin composition may further
contain a solvent such as water, organic solvents, etc. so that
the surface of a substrate is uniformly coated therewith. Fur-
ther, in the case where the photosensitive resin composition of
the present invention is to be used for constituting the coloring
layer of color filter, the solvent acts to enable pigments to be
uniformly dispersed in the coloring layer. Specific examples
of the solvent include, for example, cyclohexanone, ethyl
Cellosolve acetate, butyl Cellosolve acetate, 1-methoxy-2-
propyl acetate, diethyleneglycol dimethyl ether, ethyl ben-
zene, ethyleneglycol diethyl ether, xylene, ethyl Cellosolve,
methyl-n amyl ketone, propyleneglycol monomethyl ether,
toluene, methylethyl ketone, ethyl acetate, methanol, ethanol,
isopropyl alcohol, butanol, isobutyl ketone, petroleum sol-
vent, etc. These solvents may be employed singly or in com-
bination of two or more kinds. The mixing ratio of these
solvents may be confined to the range of 800 to 4000 parts by
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mass, preferably 1000 to 2500 parts by mass based on 100
parts by mass of the pigments in the coloring composition.

[0175] (Thickness of Liquid Crystal Layer)

[0176] As described above, the technique of the present
invention is suitable for the liquid crystal driving system such
as IPS (parallel alignment, transverse electric field system)
system or FFS (Fringe field switching) system. The color
filter of the present invention can be applied to a VA type
liquid crystal display device of FFS system by using the
technique disclosed Patent Literature 10. In the system in
which driving voltage of liquid crystal is applied between the
transparent electrode on the color filter substrate and the pixel
electrode on the array substrate provided with liquid crystal
driving elements (TFT), generally when the thickness (cell
gap) of the liquid crystal layer small, it is possible to increase
response speed of liquid crystal.

[0177] Intheliquid crystal driving system described above,
the thickness of the liquid crystal layer may be a range of
about 2 to 4 um. Further, when the thickness of the liquid
crystal layer is small, coloration (change in color) on viewing
from oblique direction decreases. Therefore, it is better to
decrease the thickness of the liquid crystal layer from the
standpoint of responsibility and improvement in coloration.
Incidentally, the thickness of the liquid crystal layer refers to
a distance between the surface of the color pixel on the central
portion and the surface of the transparent substrate that is in
contact with the color pixel.

[0178] However, since the smaller the thickness of the lig-
uid crystal layer, or larger the display region of liquid crystal,
the larger the effect of dirt or foreign matter, the lower limit of
the thickness of the liquid crystal layer may be about 3 um in
vertical electric field system. Since it is unnecessary to form
a transparent electrode on the color filter side in IPS system or
FFS system, short-circuit due to the conductive dirt incorpo-
rated therein does not cause easily. Therefore, from the stand-
point of the dirt, it is possible to decrease the thickness of the
liquid crystal layer in the liquid crystal display device of IPS
system or FFS system. In order to decrease the thickness of
the liquid crystal layer, it is desirable that the refractive index
anisotropy An is larger than 0.07.

[0179] Inthe liquid crystal display device of IPS system or
FFS system, since it is possible to improve the responsibility
and transmittance of liquid crystal by shortening a pitch of the
comb teeth (stripe shaped pattern) of the comb teeth electrode
(in general, conductive metal oxide thin film called as ITO),
the device of this system is not influenced so much relative to
the device of vertical electric field system. The pitch of the
comb teeth may be adjusted in proportion of main peak wave-
length of transmittance of the color pixel.

[0180] Inthetransflective liquid crystal display device, itis
desirable that the thickness of the liquid crystal layer in the
reflective section is set to %2 of that of the liquid crystal layer
in the transmitting section in connection with optical path
difference between the reflective section and the transmitting
section (in the reflective section, incidental light is reflected
on the reflective electrode described later, so that the light
passes through the liquid crystal layer twice).

[0181] Where either one of the comb teeth electrode and the
common electrode is formed of a light-reflective metal (alu-
minum alloy or silver alloy) thin film in the liquid crystal
display device of FFS system, a reflective type liquid crystal
display device is obtained. Where a part of either one of the
comb teeth electrode and the common electrode is formed of
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a transparent conductive thin film such as ITO, a transflective
liquid crystal display device is obtained.

[0182] (Pedestal and Spacer)

[0183] The pedestal for the spacer in the liquid crystal
display device according to the present invention may be
formed only that portion which is necessary for shielding
active elements such as TFT and on which spacer described
later is to be formed. Further, it is desirable that the pedestal
for the spacer in the present invention is formed of the same
material as that of the light shielding layer in the picture frame
portion at the same time when the light shielding layer is
formed. Specifically, the light shielding layer and the pedestal
can be formed at the same time by means of photolithography
using a photomask having a plurality of patterns with differ-
ent transmittance such as a gray tone mask, or another pho-
tomask having an aperture smaller than the size of pedestal
pattern (exposure dose is adjusted by adjustment of aperture
size) or an aperture with various shape.

[0184] The photomask may include a light shielding pat-
tern formed of a metallic chromium film, a semi-transmissive
section formed of a metal oxide film such as ITO, and a
transmitting section having no film. The metal oxide film may
be advantageous in that the transmittance thereof can be
adjusted depending on film forming condition, film thickness,
etc.

[0185] The present inventors have confirmed that thinning
of the pedestal and the black matrix described later has an
effect on improvement in flatness of the display device in the
pedestal and black matrix which are made of the same mate-
rial as that of the picture frame portion (light shielding layer).
According to the close analysis result of the present inventors,
when the thickness of the pedestal is 1.0 um or less, it is
possible to obtain a stable thickness of the coloring layer
formed thereon.

[0186] FIG. 6 shows arelationship between the thickness of
the pedestal and the thickness of the laminate of the coloring
layer on the pedestal. As shown in FIG. 6, when the thickness
of the pedestal exceeds 1.2 um, the thickness of the coloring
layer formed thereon becomes small and varies abruptly, and
becomes unstable. On the other hand, when the thickness of
the pedestal falls below 0.3 um, stable thickness can not be
easily obtained in photolithography step. Therefore, the
thickness of the pedestal is preferably a range 0f 0.4 to 1.0 um.
[0187] The thickness of the black matrix described later
may be as thin as 0.4 um. Moreover, the black matrix may be
omitted. FIG. 6 shows a thickness of the laminate portion
when the thickness ofthe coloring layer is 4.5 um. The similar
tendency appears in a thickness of a range of 1.5 um to 5 pm
which is a practical thickness of the coloring layer.

[0188] The pattern shape of the pedestal functions also as a
light shielding pattern for preventing light current due to an
light incident to the active elements such as TFT driving
liquid crystal from generating. Since optical density of 1 is
sufficient for light shielding of the active elements such as
TFT, it is enough that the sum of the thickness of the pedestal
and the thickness of the laminate of the plural color pixels is
arange of 0.4 to 1.0 um. Further, in the structure of the present
invention, since the plural coloring layers are laminated on
the pedestal, the light shielding property is further added.
[0189] The color in the coloring layer forming the spacer
can be properly selected depending on the purpose and the
specification of the spacer. For example, where the light
shielding property for the active elements such as TFT pre-
cedes the other property, the color may be selected so as to
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include a red coloring layer that shields a short wavelength
light. Where a round shape precedes the other property, a blue
coloring layer may be selected as a top layer of two-layer of
three-layer spacer, since the blue coloring layer contains mall
amount of pigment and has fluidity.

[0190] The color filter of the present invention may
includes at least four color pixels containing a white pixel
(transparent pixel) and a complementary color pixel such as a
yellow pixel in addition to the blue pixel, red pixel, and green
pixel. A low sub spacer may be arranged in addition to the
spacer (main spacer) having a height corresponding to the
thickness of the liquid crystal layer. Where the main spacer is
a three-layer laminate, a sub spacer of a two-layer laminate
may be arranged only on the picture frame portion. Each of
the main spacer and sub spacer may be single layer. The low
sub spacer can be formed using a photomask having a plural-
ity of patterns with different transmittance such as a gray tone
mask, or another photomask having a small aperture.

[0191] The technique of the present invention can be a thin
type liquid crystal display device. In this case, when a thin
liquid crystal layer contains liquid crystal having low fluidity,
a number and layout of spacers can be changed, for example,
alayout of spacers near the filling inlet of liquid crystal can be
changed in consideration of flow of liquid crystal in produc-
ing process of the liquid crystal display cell. In the color filter
substrate of the present invention, the light shielding layer and
the pedestal can be formed in the same photolithography
process as described below.

[0192] Inthe color filter of the present invention, the spacer
can be formed in each of the color pixels, for example, in the
center of each of the color pixels in the longitudinal direction
(one site in the center of the pixel or the center of longitudinal
side of the pixel) as the structure also having the function of
adjusting alignment of liquid crystal. The configuration of the
structure viewed from above may be a circle, diamond, poly-
gon, or the like. TFT elements driving liquid crystal may be
formed in the center of each of the color pixels in the longi-
tudinal direction corresponding to the position of the spacer.
For example, when the alignment controlling structure has a
diamond shape viewed from above, the pixel electrode of the
array substrate side may be formed into slits of concentric
diamond shape and arranged so as to surround the spacer (the
slits may be formed alternately with the apertures of the
transparent electrodes in a zigzag). This arrangement is par-
ticularly effective when liquid crystal of vertical alignment is
driven in FFS system.

[0193] The member serving both as a spacer and an align-
ment controlling structure proposed by the present inventors
can increase aperture ratio of the pixels and improve bright-
ness. In general, when the alignment controlling structure is
tall or is formed in high density, responsibility of liquid crys-
tal can be improved. However, it leads to lowering of aperture
ratio of the pixels. In the present invention, since the member
serves both as a spacer and an alignment controlling structure,
it does not lead to lowering of aperture ratio of the pixels.

[0194] Further, when a light alignment film using ultravio-
let rays is employed in the liquid crystal display device, the
spacer formed in the center of the pixel can be used also as a
member of partitioning alignment for multi-domain. When a
blue coloring layer having high fluidity on thermosetting of
the spacer is used as a top layer of the spacer used in the
present invention, the spacer is formed with a smooth sec-
tional configuration.

Nov. 15, 2012

[0195] TItis possible to form the spacer by single color (red
coloring layer). Where the spacer is formed by single color,
the following advantages are obtained. That is, the technique
of forming a spacer by laminating two layers or three layers of
coloring layers in a discrete arrangement (see, for example,
Patent Literature 1) is advantageous in liquid crystal align-
ment than the technique of forming a spacer by simply lami-
nating coloring layers (see, for example, Patent Literature 1).
However, since it is necessary to form a first coloring layer
having a large base area in the former in order to compensate
a registration error in laminating two layers or three layers of
coloring layers, aperture ratio of the pixel may deteriorate. In
addition, where the tall stripe-shaped spacer having a narrow
width is discretely formed, the thickness of the third coloring
layer becomes unreasonably smaller than that of the color
pixel, which brings about difficulties in designing the spacer
and confirming a condition of producing process. The tech-
nique of forming a spacer by laminating two layers or three
layers of coloring layers in a discrete arrangement necessi-
tates confirming the condition of producing process for each
of’kind of the color resist to be used and kind of the color filter
to be produced, and it is a troublesome technique. These
problems are canceled by forming a spacer using a single
coloring layer.

[0196] (Thickness of Black Matrix)

[0197] FIG. 7 is a view showing a plane arrangement of a
light shielding layer 2, pedestals 4, a black matrix 8, a spacer
5 formed of a laminate of red pixel 3R, green pixel 3G, and
blue pixel 3B, a low sub spacer 6, and a cell gap adjusting
layer 15 in the color filter substrate according to the further
embodiment of the present invention. In FIG. 7, the black
matrix 8 for partitioning three color pixels of red pixel 3R,
green pixel 3G, and blue pixel 3B is arranged. C-C' section of
FIG. 7 corresponds to FIG. 2.

[0198] One embodiment of the present invention is charac-
terized by providing the color filter substrate having a flatness
suitable for alignment of liquid crystal molecules and a pic-
ture frame without light leakage due to alignment error of
liquid crystal molecules, in which the sum of the thickness of
the light shielding layer and the thickness of the cell gap
restriction layer formed on the light shielding layer is the
same as the thickness of the green pixel. The present inventors
have confirmed that the thickness of the black matrix formed
of'the same material as that of the picture frame portion (light
shielding layer) has an effect on improvement in flatness of
the color filter. The black matrix is generally a lattice-shaped
light shielding layer formed so as to encircle the color pixel in
order to improve contrast, and may be a stripe formed so as to
extend in the longitudinal direction of the pixel. Further, the
black matrix may be omitted in the color filter. Alternatively,
the black matrix, pedestal, and light shielding layers having
different thicknesses may be formed using different photo-
masks in two steps. The black matrix, pedestal, and light
shielding layer, which have different thicknesses, may be
formed by adjusting the number of irradiation shots in laser
irradiation step.

[0199] FIG. 8 shows a relation between the thickness of the
black matrix and the height of the protrusion overlapped on
the black matrix 8 at the edge of the color pixel. When the
thickness of the black matrix exceeds 1.1 um, the height of the
protrusion extremely increases and leads to undesirable
results for liquid crystal alignment. When the thickness of the
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black matrix is less than 1 um, particularly less than 0.8 pm,
the protrusion becomes lower than 0.25 pum, particularly
lower than 0.2 pm.

[0200] The flatness of the color pixel including fluctuation
is £0.15 um or less and is excellent, whereby there is provided
a color filter meeting a requirement of high quality liquid
crystal display device of IPS system or FFS system. Further,
there is provided a color filter having an excellent flatness
within a range of %4 wavelength of 550 nm which is wave-
length of green (within +0.15 um) with color irregularity
being reduced.

[0201] The black matrix can be formed at the same time
together with the light shielding layer by means of photoli-
thography using gray tone mask or half tone mask in the same
manner as in the case of forming the pedestal. Alternatively,
the black matrix can be formed changing the irradiation dose
or the number of irradiation shots in the laser irradiation to
form difference in thickness.

[0202] Incidentally, though FIG. 8 does not show the black
matrix having a thickness of less than 0.4 um, the present
inventors have confirmed that the height of the protrusion
overlapped on the black matrix having a small thickness
becomes low. Since the black matrix does not need light
shielding property unlike the light shielding layer (picture
frame portion), it is possible to omit the black matrix and to
substitute the laminate of the plural coloring layers having
different colors for the black matrix. The light from a light
source (back light) arranged on the rear surface of the trans-
missive liquid crystal display device can be shielded with
scanning lines and signal lines of the active elements such as
TFT.

[0203] Incidentally, though all of the spacers in the effec-
tive display region have almost the same height, the height of
the spacers can be adjusted by the thickness of the pedestal,
selection of coloring layer, selection of process condition of
coating, development, curing, etc., and selection of diameter
(size) of the spacer, or the like. The pedestal 4' without spacer
5 is arranged in order to adjust aperture ratios of red pixel 3R,
green pixel 3G, and blue pixel 3B and to light-shield the active
elements such as TFT.

[0204] (Cell Gap Adjusting Layer)

[0205] FIG. 2 shows an example of a cell gap adjusting
layer 15 of the present invention, which is arranged on a part
ofthe color pixel. In this example, the cell gap adjusting layer
15 is laminated on the reflective section of the green pixel 3G
and on the retardation layer 11. As described above, the cell
gap adjusting layer 15 is arranged in order to adjust light path
difference between the transmitting section and the reflective
section. Therefore, the cell gap adjusting layer 15 can be
made of resin material having high transmittance to visible
light and heat resistance needed in the producing process of
the liquid crystal display panel. As shown in FIG. 2, a cell gap
adjusting layer 15' is arranged also on the light shielding layer
in the picture frame portion, and the sum of the thickness of
the cell gap adjusting layer 15' and the thickness of the light
shielding layer is the same as the thickness of the green pixel.
[0206] Incidentally, though the cell gap adjusting layer 15
is arranged in order to mainly adjust the light path difference
between the transmitting section and the reflective section of
liquid crystal, it is possible to alter partially the thickness of
the cell gap adjusting layer using photosensitive alkali soluble
resin and a photomask having a partially different transmit-
tance such as a gray tone mask. The thickness of the cell gap
adjusting layer can be partially altered depending on a main
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wavelength of a light transmitting through the transmitting
section. The cell gap adjusting layer may be formed such that
not only the reflective section is formed thick, but also the
transmitting section is formed thin.

[0207] The cell gap adjusting layer can be formed using
transparent resin, alkali soluble resin, and acrylic resin,
described above. Since the cell gap adjusting layer is formed
into pattern-like, it is preferably made of alkali soluble resin
that can be patterned by means of photolithography. It is also
possible to form the cell gap adjusting layer by means of dry
etching or lift-off method using a thermosetting resin. The
cell gap adjusting layer is further preferably formed of a light
scattering layer 12.

[0208] As described above, the color filter of the present
invention is particularly applied to the transflective liquid
crystal display device. The pixel of the color filter according
to the present invention includes the transmitting section and
the reflective section, and the light scattering layer 12 is
arranged in the reflective section of the pixel as shown in FIG.
1. Namely, the light scattering layer 12 is arranged on the
retardation layer 11 at the same position viewed from above,
formed in the recess of the reflective section of the color pixel.
[0209] The light scattering layer 12 includes a matrix resin
14 and one kind of or a plurality of kinds of amorphous fine
particles 13 having refractive index different from that of the
matrix resin 14 and dispersed in the matrix resin 14. The light
scattering layer 12 is a light functional film that scatters
incident light with the scattered light appearing paper white
for viewer. The matrix resin 14 may be a transparent resin
having a heat resistance and transparency to visible light. The
thickness of the light scattering layer 12 is preferably a range
of about 1.5 to 5 um in consideration of diameter of amor-
phous fine particles, wavelength of light, and applicability to
condition of producing process.

[0210] The amorphous fine particles 13 in the light scatter-
ing layer 12 include fine particles of inorganic material and
fine particles of organic polymer. Though amorphous fine
particles are generally made of organic polymer, inorganic
fine particles can be also used as long as it is amorphous. The
light scattering layer can be formed by means of phase sepa-
ration method described later in which amorphous fine par-
ticles are generated in the matrix resin through phase separa-
tion. The light scattering layer can be formed by the method in
which pattern of amorphous fine particles is formed by pho-
tolithography and the resultant pattern is coated with matrix
resin (transparent resin).

[0211] The inorganic fine particles to be used include for
example, spherical amorphous fine particles of oxide such as
silica and alumina. The organic polymer fine particles to be
used includes for example, fine particles of acrylic resin,
styrene-acrylic copolymer, or the crosslinked polymer
thereof, melamine fine particles, melamine-formaldehyde
condensate fine particles, fine particles of fluorine polymer
such as polytetrafluoroethylene, perfluoroalcoxy resin (PFA),
tetrafluoroethylene-hexafluoropropylene copolymer (FEP),
polyfluorovinylidene (PVDF), and ethylene-tetrafluoroethyl-
ene copolymer (ETFE), silicone resin fine particles, and the
like. Among them, crosslinked acrylic resin fine particles are
particularly preferable since it has a low refractive index of
less than 1.5. Further, silica particles or silicone resin fine
particles is particularly preferable since it has a low refractive
index ofarange 0f1.42 to 1.45 (halogen lamp line of 589 nm).
[0212] These fine particles may be contained in the light
scattering layer as a main fine particles, for example, in con-
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tent of about 70% or more based on weight of the fine par-
ticles. The other fine particles than the above fine particles
may be added in an amount 0f30% or less in order to stabilize
dispersion in the coating solution and to fine-adjust light
scattering property. The other fine particles include non-
spherical fine particles such as particles having indefinite
shape, or crystalline fine particles.

[0213] The fine particles may be surface-treated to improve
dispersibility in solvent and compatibility with a transparent
resin. The surface treatment includes coating with SiO,,
7r0,, Al,O;, ZnO, transparent resin, coupling agent, or sur-
factant, etc. The other surface treatment includes a treatment
for causing surface reaction with alcohol, amine, or organic
acid, and the like.

[0214] Though the shape of the amorphous spherical fine
particles is not limitative, generally it may be spherical or the
similar shape. The spherical particles are easily controlled in
size and particle size distribution, and whereby optical prop-
erties of the light scattering layer can be easily controlled. The
particle diameter is not limitative since allowable range of the
particle diameter alters depending on the thickness and
whether color or colorless of the intended light scattering
layer. However, when the particle diameter of the fine par-
ticles is larger than the thickness of the light scattering layer,
the surface of the light scattering layer becomes extremely
rough, which is quite undesirable. Though the average par-
ticle diameter of the fine particles is not limitative, it may be
a range of preferably, 0.8 to 3 um more preferably 1 to 2 pm.
[0215] Though specific gravity of the fine particles has not
directly effect on the optical property of the light scattering
layer, it has great effect on the coating property when the light
scattering layer is formed. Therefore, it is desirable for sta-
bility of coating solution that the specific gravity of the fine
particles is near that of a solution of the matrix resin 14.
[0216] It is desirable that the matrix resin 14 in which the
fine particles are dispersed, has a high transmittance to visible
light and high resistance to thermal treatment and chemical
treatment in the producing process of the liquid crystal dis-
play device. The matrix resin 14 includes for example, a resin
having a high refractive index such an epoxy-modified acrylic
resin, fluorene resin, and polyimide resin; a resin having a low
refractive index such as fluorine-modified acrylic resin, and
silicone-modified acrylic resin. The other matrix resin
includes acrylic resin, epoxy resin, urethane resin, silicone
resin, etc.

[0217] Where the light scattering layer are patterned by
means of photolithography, acrylic resin or epoxy resin hav-
ing a photosensitivity and developing property can be utilized
as the matrix resin. A thermosetting property or ultraviolet-
setting property may be imparted to these resins, which can be
used in combination.

[0218] Where the fine particles are for example,
crosslinked acrylic resin having a refractive index of 1.49
(value using halogen lamp D-line 589 nm), it is preferred that
the refractive index of the matrix resin is a range of 1.55 to
1.65 pm. Further, where the fine particles are silica particles
or silicone resin particles having a refractive index of a range
of 1.42 to 1.45, it is preferred that the matrix resin has a
refractive index of a range of 1.50 to 1.60.

[0219] The light scattering layer may be formed by the
process in which the amorphous fine particles are mixed with
the transparent resin as a matrix resin, and dispersed therein,
and the resultant dispersion solution is applied to the trans-
parent substrate, dried, and processed to desired pattern by
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photolithography. The coating method includes spin coating,
flow coating, roll coating, etc. The exposure method includes
projection exposure and proximity exposure.

[0220] The amorphous fine particles 13 in the light scatter-
ing layer can be, for example, produced by mixing two kinds
of resins and causing phase separation. Specifically, at least
two kinds of resins having different refractive index from
each other, and a proper amount of additives are selected, and
dissolved in solvent, and the resultant coating solution is
applied to a substrate and dried to produce the amorphous fine
particles 13.

[0221] Phase separation proceeds at a time when two resins
are mixed, or while the solution is applied and the solvent
vaporizes. When the coated film is dried, the amorphous fine
particles 13 can be formed. Then, one kind of resin among
phase-separated resins grows in spherical shape. As the sol-
vent in the coated film on the substrate vaporizes, the volume
of the film reduces and the volume of the spherical particles
increases. However, the spherical particles are transformed to
disk shape from spherical shape by stress from above during
growth.

[0222] The condition in which one kind of resin grows as
droplets to form amorphous fine particles 13 is as follows:
[0223] A denotes one kind of resin, and B denotes another
kind of resin.

[0224] 1) An amount of A is less than an amount of B.
[0225] 2) Surface tension of A solution is larger than that of
B solution.

[0226] 3) Evaporation speed of A solution is higher than

that of B solution.

[0227] 4) Molecular weight of A is larger than that of B.
[0228] In this case, in particular, larger and smaller of
amount is a restriction condition.

[0229] When the amorphous fine particles are formed by
phase separation from resin solution containing two kinds of
resins having different refractive index from each other, the
amorphous fine particles remains in the film and does not
expose at the surface of the film. Therefore, the light scatter-
ing layer has a smooth surface and the thickness of the color
filter becomes uniform.

[0230] It is desirable that the transparent matrix resin 14
and amorphous fine particles 13 formed by phase separation
have a high transmittance to visible light and high resistance
to thermal treatment and chemical treatment in the producing
process of the liquid crystal display device.

[0231] The matrix resin includes for example, resin having
a high refractive index such as epoxy-modified acrylic resin,
fluorene resin, polyimide resin; a resin having low refractive
index such as fluorine-modified acrylic resin, silicone-modi-
fied acrylic resin. The other matrix resin includes acrylic
resin, epoxy resin, urethane resin, silicone resin, etc.

[0232] Spherical particles are easily available as the fine
particles. The refractive indexes of transparent silica and sili-
cone resin are a range of 1.43 to 1.44. The refractive index of
cross-linked acrylic resin is 1.49 which is applied as a high
refractive index resin.

[0233] When the pattern of the light scattering layer is
formed by means of photolithography, acrylic resin or epoxy
resin having a photosensitivity and developing property can
be utilized. Thermosetting resin or ultraviolet-setting resin
can be also utilized.

[0234] The other additives can be added which includes a
surfactant for improving coating properties, photopolymer-
ization initiator for imparting photosensitivity, sensitizer, etc.
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[0235] Regarding the amorphous fine particles 13 in the
light scattering layer 12, the other shape and producing pro-
cess can be exemplified. Namely, a transparent resin is
applied to the substrate, dried, patterned by means of photo-
lithography to form a number of fine reliefs each having a
thickness of a few microms, a pattern size of a few microms to
several tens microms. Thereafter, the reliefs are heated to
soften and thermally cross-linked. A transparent resin having
different refractive index is applied on the cross-linked reliefs
to form the light scattering layer.

[0236] Where the amorphous fine particles are semi-spheri-
cal micro lenses formed by melting fine resin patterns, light
scattering properties can be adjusted by changing pattern
configuration (size, shape, density). Alternatively, the sec-
tional shape of the micro lens can be made asymmetrical or
parabolic to form the light scattering layer having directivity.
[0237] It is desirable that the size of patterns of the light
scattering layer, which is a cell gap adjusting layer, is the same
as that of a retardation layer or larger than that of a retardation

layer.
[0238] (Overlapping Shape of Color Pixel)
[0239] TFT exposure apparatus is available which has a

high alignment precision with 30 of 1.5 um. In the case of
exposure relating to forming of TFT, a metal wiring is marked
with alignment mark, and in the case of exposure relating to
forming of a color filter, an organic film (for example, pho-
tosensitive coloring composition film) is marked with align-
ment mark. Similarly, in the case of exposure to laminated
color layers, an organic film is marked with alignment mark.
Since the organic film has a thickness of a range of 1 to 4 pm
which is larger than that of a wiring of TFT and a pattern edge
is sloped, it is necessary that alignment precision is 30 of at
least 4.5 um.

[0240] As described above, the thickness of the liquid crys-
tal layer is a range of about 2 to 4 um in the liquid crystal
display device of IPS system or FF'S system. The thickness of
the coloring layer in the color filter of the invention is 0.6 to 1
time of that of the liquid crystal layer. Therefore, specific
thickness of the coloring layer is a range of about 1.2 to 4 pm.
[0241] Incidentally, line width of the black matrix is differ-
ent from either for mobile liquid crystal display device or for
large scaled liquid crystal display device, and is about 5 to 30
um. Where aperture ratio of the pixel precedes the other
property, the black matrix may be omitted as described above.
[0242] FIG. 9 shows the pattern edge shape of thick color
pixel 22, and FIG. 10 shows the pattern edge shape of thin
color pixel 23. When length m, n of the pattern edge relating
to alignment is set to 4.5 um, and a range of 1.2 to 4.0 um of
thickness of the coloring layer is applied to the thickness s of
color pixel 22 and the thickness t of color pixel 23, a slope
angles 01, 02 of the pattern edge are calculated. As a result,
the slope range of 15° to 40° is determined. Therefore, though
the slope angle depends on the thickness of the coloring layers
22,23, it is desirable to form the edge shape of the color pixel
at the slope angle of 15° to 40° in order to good flatness.
[0243] The edge shape of the color pixel can be controlled
by various methods such as altering amount of polymeriza-
tion initiator, developing method, exposure dose, etc. It is
desirable that the shape of the color pixel viewed from above
is continuous stripe.

[0244] A protective layer and insulating layer which are
made of transparent resin, may be laminated on the color filter
substrate of the present invention in order to flatten the uneven
surface with unevenness of 0.1 um or less, such as fine texture
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surface of the color filter, surface of the cell gap adjusting
layer described above, treated surface (alignment treatment)
before forming the cell gap adjusting layer, and in order to
improve electric insulating properties. The protective layer
may be formed of a transparent resin having high molecular
weight and easily exerting follow-up action (contrary to flat-
ness) in order to secure a height of the spacer to a certain
extent. When the protective layer having a small thickness of
a range of 0.05 to 0.3 pm is formed, it is possible to secure a
height of the spacer. Further, a high spacer is formed in
advance, whereby the protective layer having a thickness of at
least 1 um may be formed.

[0245] The protective layer may serve also as an alignment
film, or may be formed before pretreatment of a retardation
layer described later. Alternatively, the protective layer may
contain an additive (for example, ultraviolet absorbing agent)
having a function of assisting light alignment of retardation
layer and alignment film of liquid crystal. Protrusions made
of'the same material as that of the light shielding layer may be
formed in the pixel in advance, and further, the coloring layer
may be laminated to form an alignment controlling structure.
The spacer may serve as also an alignment controlling struc-
ture. For example, when both the TFT elements driving liquid
crystal on the TFT substrate and the pedestal on the color filter
side are formed in the center of the pixel so as to oppose to
each other, the spacer can serve as also an alignment control-
ling structure in the vertical alignment liquid crystal display.
[0246] (Retardation Layer)

[0247] The reflective section of the transflective liquid
crystal display device has a retardation different from that of
the transmitting section due to the presence ofliquid crystal in
addition to retardation due to difference in light path. Differ-
ence in retardations of the reflective section and transmitting
section brings about coloring of reflective light and black
display, or conversion of normally-black display to normally-
white display. Thus, retardation is an important problem.
[0248] This problem can be solved by shifting retardation
ofincidental light by ¥4 wavelength and adding retardation of
Va wavelength due to reflection on the reflective electrode (90
degree polarization rotation of incident light, which has been
converted to linearly polarized light, in one passage of the
incident light back and forth in a thickness direction of the
retardation layer).

[0249] In the transflective liquid crystal display device of
the present invention, specific technique for imparting func-
tion of altering retardation by %4 wavelength or /2 wavelength
to the retardation layer includes a coating method using high
polymer liquid crystal or cross-linkable high polymer liquid
crystal solution, a method of adding birefringence adjusting
agent to alkali-soluble transparent resin, a method of using
polymerizable liquid crystal compound and the like. In the
case of'using polymerizable liquid crystal compound, there is
employed a discotheque polymerizable liquid crystal com-
pound having a disk-like molecule structure and a bar-like
polymerizable liquid crystal compound. The retardation layer
may be formed in combination of the method described above
and the material.

[0250] In order to improve reproducibility of imparting
function of shifting a phase of polarized light by Y4 wave-
length or %5 wavelength, an alignment film may be formed or
alignment treatment may be performed before forming the
retardation layer. Where alignment can be adjusted by alter-
ing exposure dose or exposure wavelength like the case using
a polymerizable liquid crystal compound, it is possible to
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adjust alignment density and alignment direction according
to color of the color pixel. Alignment treatment of the align-
ment film may be performed by light alignment treatment in
the same manner as the case using a polymerizable liquid
crystal compound.

[0251] The exposure apparatus can be selected from the
group consisting of ultra-high pressure mercury lamp, YAG
laser, solid laser, and semiconductor laser, together with
wavelength of light to be used. In the case of laser exposure,
alignment density and alignment direction can be adjusted by
selection of exposure wavelength, adjustment of exposure
dose by changing number of laser shot, adjustment of inci-
dental angle, etc. Selective exposure may be performed every
color pixel using a plurality of photomasks corresponding to
the color pixel. Exposure may be performed from a plurality
of directions at once. Exposure may be either polarized expo-
sure or non-polarized exposure. After polarized exposure is
performed, fixing may be performed during heating by non-
polarized exposure. Where there is oxygen inhibition, it is
desirable to perform exposure under an atmosphere of inert
gas.

[0252] The thickness of the retardation layer may be a
range of 0.5 to 5 um, and may be adjusted according to only
akind of structural material of the color filter, or birefringence
of liquid crystal. Retardation of the retardation layer may be
adjusted by exposure dose, addition amount, kind, and blend
of polymerization initiator added to polymerizable liquid
crystal compound. Where polymerizable liquid crystal com-
pound is monomer, cross-linking density may be increased
using monomer having a plurality of reaction group, thereby
to obtain the retardation layer having a high reliability.
[0253] The retardation layer can be formed according to
main wavelength of a transmitting light through the color
pixel. In the case of normally-black display, a function of
shifting retardation by Y4 wavelength or Y2 wavelength may
be imparted to not only the retardation layer on the color
pixel, but also the retardation layer on the light shielding layer
(picture frame portion), thereby to cancel light leakage. In the
liquid crystal display device of normally-black display, when
the retardation layer 11' is formed on the light shielding layer
2 of picture frame such that the sum of the thickness of the
retardation layer 11' and the thickness of the light shielding
layer 11 is identical with that of the green pixel, light leakage
can be canceled and image quality can be improved.

[0254] Where polymerizable liquid crystal compound is
used as the retardation layer, alignment film may be formed
before forming the retardation layer, and may be alignment-
treated. After the retardation layer is formed to obtain the
color filter, it is desirable to form an alignment film for align-
ment of liquid crystal. Where alignment amount of the align-
ment film can be adjusted by means of irradiation of energy
rays such as ultraviolet rays, it is possible to distinguish
alignment amount of transmitting section from that of reflec-
tive section, and to alter alignment every color pixel. Alter-
natively, the alignment film used for alignment treatment of
the retardation layer can be used for alignment treatment of
the transmitting section, and a film having alignment function
different from that of the above alignment film can be formed
on the retardation layer in the reflective section.

[0255] The organic compound which can be used in the
alignment film under the retardation layer, includes polymer
such as polymethacrylate, acrylic acid/methacrylic acid
copolymer, stylene/maleic imide copolymer, polyvinyl alco-
hol, poly(N-methylolaclileamide), stylene/vinyltoluene
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copolymer, chlorosulfonated polyethylene, nitrocellulose,
polyvinyl chloride, chlorinated polyolefin, polyester, polyim-
ide, polyamide, vinyl acetate/vinyl chloride copolymer, eth-
ylene/vinyl acetate copolymer, carboxymethyl cellulose,
polyethylene, polypropylene, polycarbonate, etc.; and a com-
pound such as silane coupling agent. Preferred polymer
includes polyimide, polystylene, polymer of stylene deriva-
tive, gelatin, polyvinyl alcohol, and alkyl-modified polyvinyl
alcohol having alkyl group (number of carbon atoms is pref-
erably at least 6).

[0256] Itis possible to obtain alignment effect also by rub-
bing the surface of the color pixel of the color filter. Further,
available alignment film material can be used which includes
for example, alignment film material produced by Nissan
Chemical Industries Ltd. (Sunever), alignment film material
produced by HD Micro Systems Ltd. (QL, LX series), align-
ment film material produced by JSR Co. (AL series), align-
ment film material produced by CHISSO Co. (Ricson
Aligner). It is possible to adjust viscosity of these alignment
film material as an ink for inkjet printing by adding an organic
solvent such as gamma butyrolactone, diethyleneglycol
monoethylacetate,  diethyleneglycol = monobutylacetate,
cyclohexanone, etc.

[0257] Alignment treatment of the alignment film under the
retardation layer is performed by the same method as that
employed in liquid crystal of the liquid crystal display device.
The alignment treatment method includes for example, rub-
bing method for mechanically rubbing the surface of the
alignment film, and light alignment method using ultraviolet
rays. Light source of ultraviolet rays can be selected from the
group of ultra-high pressure mercury lamp, low pressure mer-
cury lamp, xenon lamp of short arc type, solid laser, YAG
laser, semiconductor laser, etc. Wavelength, exposure angle,
and exposure dose of ultraviolet rays used in exposure can be
also properly selected. In the exposure to ultraviolet rays, a
plurality of exposure directions such as two directions, four
directions, etc., can be employed.

[0258] In Examples described later, the alignment film pat-
tern is formed by ink-jet method that is most easy method.
However, patterning may be performed by means of photoli-
thography using photosensitive alignment film material that
can be developed.

[0259] TItis desirableto laminate the cell gap adjusting layer
or retardation layer on the light shielding layer to reduce step
of the light shielding portion. The reason is because, as
described in FIG. 14, alignment irregularity of liquid crystal
molecules resulting from step A caused in the color pixel 3
and light shielding layer 2 is resolved by improvement in
flatness of the color filter.

[0260] Incidentally, area ratio of transmitting section to
reflective section can be adjusted according to use object and
condition of the liquid crystal display device.

EXAMPLE

Preparation of Light Shielding Layer Material/Black
Composition

(Pigment Dispersion RD1)
[0261] 20 parts of a mixture of C.I. Pigment Red 254/C.1.

Pigment Red 177 (weight ratio: 80/20) as a coloring agent, 5
parts (calculated as a solid matter) of BYK-2001 as a dispers-
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ing agent, and 75 parts of propylene glycol monomethylether
acetate as a solvent were treated in a beads mill to prepare a
pigment dispersion (RD1).

(Pigment Dispersion YD1)

[0262] 20 parts of C.I. Pigment Yellow 150 as a coloring
agent, 5 parts (calculated as a solid matter) of SOLSPERSE-
24000 as a dispersing agent, and 75 parts of propylene glycol
monomethylether acetate as a solvent were treated in a beads
mill to prepare a pigment dispersion (YD1).

(Pigment Dispersion BD1)

[0263] 20 parts of a mixture of C.I. Pigment Blue 15:6 as a
coloring agent, 5 parts (calculated as a solid matter) of Ajisper
PB-821 as a dispersing agent, and 75 parts of propylene
glycol monomethylether acetate as a solvent were treated in a
beads mill to prepare a pigment dispersion (BD1).

(Pigment Dispersion VD1)

[0264] 20 parts of a mixture of C.1. Pigment Violet 23 as a
coloring agent, 5 parts (calculated as a solid matter) of Ajisper
PB-821 as a dispersing agent, and 75 parts of propylene
glycol monomethylether acetate as a solvent were treated in a
beads mill to prepare a pigment dispersion (VD1).

(Synthesis of Resin Solution (P1))

[0265] 800 parts of cyclohexanone was introduced into a
reaction vessel and heated under a nitrogen gas stream, fol-
lowed by adding dropwise the following mixture of monomer
and thermal polymerization initiator to conduct polymeriza-
tion.

Stylene 60 parts
Methacylic acid 60 parts
Methyl methacrylate 65 parts
Butyl methacrylate 65 parts
Thermal polymerization initiator 10 parts
Chain transfer agent 3 parts

[0266] After adding dropwise and sufficiently heating, a
solution obtained by dissolving 2.0 parts of thermal polymer-
ization initiator in 50 parts of cyclohexanone was added to
continue reaction, thus obtaining an acrylic resin solution.
Cyclohexanone was added to the acrylic resin solution such
that the non-volatile content in the solution is 20 weight % to
prepare resin solution (P1). Weight average molecular weight
of the acrylic resin was about 10,000.

(Black Composition)

[0267] A mixture having the below composition was uni-
formly stirred and mixed together to obtain a mixture. Then,
the mixture was subjected to filtering using a 5 pum filter to
prepare a black composition. This black composition is used
in forming a light shielding layer and pedestal in Examples
described later.

Pigment dispersion (RD1) 21 parts
Pigment dispersion (BD1) 17 parts
Pigment dispersion (YD1) 4 parts
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-continued

Resin solution (P-1) 9 parts
Trimethylolpropane triacrylate 4.8 parts
Photopolymerization initiator 2.8 parts
(IRGACURE-369; produced by Ciba-Geigy Co., Ltd.)

Photo-sensitizer 0.2 parts
(EAB-F; produced by Hodogaya Kagaku Co., Ltd.)

Cyclohexanone 36.2 parts

[0268] The black composition prepared as described above
shows optical density (OD value) of about 1.8 in terms of
cured film having a thickness of 1 pum. It is possible to adjust
film thickness according to coating condition. It is possible
also to adjust optical density of the coated film by adjusting
solid content of resin (resin solution). Green organic pigment
was not added to the black composition since it has a low light
shielding property.

(Measurement of Optical Density (OD))

[0269] Optical density (OD) is a value showing light
absorbing degree of material, and as larger OD value, higher
the density of material. Optical density (OD) in the present
invention is represented by the following equation (1). Tris-
timulus value Y of black composition coated substrate in C
light source was measured by spectroscope OSP-200 pro-
duced by Olympus Co., followed by calculating optical den-
sity (OD) using the following equation (1).

[Equation 1]
Optical density(OD)=-log(¥/100) (1)

Wherein Y denotes tristimulus value in C light source.

[0270] Black composition Blk which is diluted with an
organic solvent to adjust the concentration thereof, was
applied to the surface of a glass substrate to a thickness of 1
um, and air-dried. The substrate coated with black composi-
tion film was heated for 1 minute at 90° C. on a hot plate to
remove excessive solvent. Thereafter, the substrate was fired
for 1 hour at a temperature of 230° C. in an oven to prepare a
sample for measurement of optical density of the light shield-
ing layer. The optical density of the light shielding layer was
about 1.8.

[0271] Tt is possible to adjust a film thickness according to
coating condition. It is also possible to adjust optical density
of the coated film by adjusting component ratio (solid con-
tent) of the resin solution. Where the black composition film
has a large thickness of 4 to 5 pm, amounts of resin solution
and solvent (cyclohexanone, etc.) may be increased to set a
concentration of organic pigment to about 10% based on the
black composition. Then, light shielding property is setto 3 to
4 in terms of optical density.

[0272] InExamples described later, black composition film
having a thickness of 1.6 um shows optical density of about 3
with the solid content and solvent amount of the black com-
position film being adjusted.

(Preparation of Resin Composition for Light Scattering
Layer)

[0273] Photosensitive resin composition for light scattering
layer having the following composition was prepared.
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Alkali-soluble photosensitive transparent resin A2: 4.5 parts
epoxy acrylate resin having fluorene skeleton

Transparent particles B3 2 parts
(MX 180 produced by Soken Kagaku Co.)

Photopolymerization initiator C 0.45 parts
(IRGACURE 819; produced by Ciba Speciality

Chemicals Co., Ltd.)

Solvent D: cyclohexanone 21 parts
Photopolymerizable monomer 2 parts

(M400 produced by ToagoseiCo. Ltd.)

[0274] After A2, C, and E were mixed, the mixture was
applied to a substrate, the coated film was dried, exposed to
light (200 mJ/cm?), and developed. Resultant film was cured
for 60 minutes at a temperature of 230° C. to form a trans-
parent film having refractive index of 1.58 (D line 589 nm).
[0275] A2, B3, C, D, and E of weight ratio of A2:B3:C:D:
E=4.5:2:0.45:21:2 were mixed in a medialess diffuser for 3
hours to form a resin composition for light scattering layer.
Viscosity of the composition was 14 cp/25° C.

[0276] (Preparation of Color Pixel Material/Coloring
Composition)

[Preparation Example of Pigment R2]

[0277] 100 parts of diketo-pyrrolo-pyrrole based red pig-
ment PR 254 (“IRGAPHOR RED B-CF; R-1” produced by
Ciba Specialty Chemicals Co., Ltd.), 18 parts of pigment
derivative (D-1), 1000 parts of pulverized common salt, and
120 pats of diethylene glycol were putinto a 1 gallon stainless
steel kneader (Inoue Seisakusho Co., Ltd.) and kneaded for
10 hours at a temperature of 60° C.

[0278] Then, the resultant mixture was introduced into
about 2000 parts of hot water and stirred for about one hour by
means of a high-speed mixer while heating it at a temperature
ofabout 80° C. to obtain a slurry product. This slurry product
was then subjected to filtration and water washing repeatedly
to remove common salt and solvent and dried for 24 hours at
a temperature of 80° C. to obtain 115 parts of a salt milling-
treated pigment (R2).

[Preparation Example of Pigment R3]

[0279] 100 parts of anthoraquinone based red pigment PR
177 (“CROMOPHTAL RED A2B” produced by Ciba Spe-
cialty Chemicals Co., Ltd.), 8 parts of pigment derivative
(D-2), 1000 parts of pulverized common salt, and 180 pats of
diethylene glycol were put into a 1 gallon stainless steel
kneader (Inoue Seisakusho Co., Ltd.) and kneaded for 4 hours
at a temperature of 70° C.

[0280] Then, the resultant mixture was introduced into
about 4000 parts of hot water and stirred for about one hour by
means of a high-speed mixer while heating it at a temperature
ofabout 80° C. to obtain a slurry product. This slurry product
was then subjected to filtration and water washing repeatedly
to remove common salt and solvent and dried for 24 hours at
a temperature of 80° C. to obtain 102 parts of a salt milling-
treated pigment (R3).

[Preparation Example of Pigment R4]

[0281] 170 parts of tert-amyl alcohol was introduced into a
sulfonation flask under a nitrogen gas atmosphere. To this
amy] alcohol, 11.04 parts of sodium was added to obtain a
mixture, which was then heated at a temperature of 92 to 102°
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C. The resultant mixture was kept all night at a temperature of
100 to 107° C. while agitating vigorously the fused sodium.
[0282] 44.2 parts of 4-chlorobenzonitrile and 37.2 parts of
diisopropyl succinate were dissolved in 50 parts of tert-amyl
alcohol at a temperature of 80° C. to obtain a solution, which
was then added, taking two hours, to the aforementioned
mixture at a temperature of 80 to 98° C. to obtain a reaction
mixture. This reaction mixture was further agitated for 3
hours at a temperature of 80° C. and, at the same time, 4.88
parts of diisopropyl succinate was added dropwise to this
reaction mixture.

[0283] The resultant reaction mixture was cooled down to
room temperature and then added to a mixture kept at a
temperature of 20° C. and consisting of 270 parts of metha-
nol, 200 parts of water and 48.1 parts of concentrated sulfuric
acid. The resultant mixture was stirred for 6 hours at a tem-
perature of 20° C. to obtain a red mixture. This red mixture
was then subjected to filtration and the residual matter was
washed with methanol and water. This residual matter was
then dried at a temperature of 80° C. to obtain 46.7 parts of a
red pigment (R-4).

[Preparation Example of Pigment G2]

[0284] 46 parts of zinc phthalocyanine was dissolved in a
molten salt consisting of 356 parts of aluminum chloride and
6 parts of sodium chloride and heated to a temperature of 200°
C. Then, the resultant solution was cooled down to a tempera-
ture of 130° C. and stirred for one hour. Then, the resultant
solution was heated to 80° C., bromine was added at a rate of
10 part per hour to this reaction mixture taking 10 hours.
Thereafter, chlorine was added at a rate of 0.8 part per hour to
this reaction mixture taking 5 hours.

[0285] Theresultant reaction mixture was gradually poured
into 3200 parts of water and then subjected to filtration and
water washing to obtain 107.8 parts of crude zinc phthalocya-
nine halide green pigment. An average number of bromine
atoms included in one molecule of this crude zinc phthalo-
cyanine halide green pigment was 14.1 and an average num-
ber of chlorine atoms included in one molecule of this crude
zinc phthalocyanine halide green pigment was 1.9. In the
present Example, number of bromine atoms is not limitative.
[0286] Then, 120 parts of this crude zinc phthalocyanine
halide green pigment, 1600 parts of pulverized common salt,
and 270 parts of diethylene glycol were put into a 1 gallon
stainless steel kneader (Inoue Seisakusho Co., Ltd.) and
kneaded for 12 hours at a temperature of 70° C.

[0287] Then, the resultant mixture was poured into 5000
parts of hot water and stirred for about one hour by means of
a high-speed mixer while heating it at a temperature of about
70° C. to obtain a slurry product. This slurry product was then
subjected to repeated filtration and water washing to remove
common salt and the solvent and dried for 24 hours at a
temperature of 80° C. to obtain 117 parts of a salt milling-
treated pigment (G2).

[Preparation Example of Pigment Y2]

[0288] 150 parts of water was put into a separable flask and
then 63 parts of 35% hydrochloric acid was put into the
separable flask with stirring to prepare a solution of hydro-
chloric acid. Then, while taking care of the generation of
foaming, 38.7 parts of benzenesulfonyl hydrazide was poured
into the solution and then ice was added to the resultant
solution until the liquid temperature of the resultant solution
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was cooled to not higher than 0° C. After this cooling step, 19
parts of sodium nitrite was put into the resultant solution
taking 30 minutes and stirred for 30 minutes at a temperature
ranging from 0 to 15° C. Thereafter, sulfamic acid was added
to the resultant solution until the coloring of a potassium
iodide-starch paper was no longer admitted.

[0289] Then, after the addition of 25.6 parts of barbituric
acid to the resultant solution, the temperature thereof was
raised to 55° C. and stirred at this temperature for two hours.
Then, 25.6 parts of barbituric acid was further added to the
resultant solution and heated to 80° C. Then, sodium hydrox-
ide was added to the resultant solution until the pH thereof
became 5. After being stirred for 3 hours at 80° C., the tem-
perature of the solution was allowed to cool down to 70° C.
and then subjected to filtration and hot-water washing.

[0290] The press-cake thus obtained was poured into 1200
parts of hot water to form slurry, which was then stirred for
two hours at a temperature of 80° C. Thereafter, while keep-
ing the temperature, the slurry was subjected to filtration and
to hot-water washing using 2000 parts of hot water of a
temperature of 80° C., thereby confirming that benzene-
sulfone amide was moved to the filtrate thus obtained. The
press-cake thus obtained was then dried at a temperature of
80° C., thus obtained 61.0 parts of disodium azobarbiturate.

[0291] Then, 200 parts of water was put into a separable
flask and then 8.1 parts of disodium azobarbiturate powder
thus obtained was put into the separable flask with stirring to
disperse the powder. After being uniformly dispersed, the
resultant solution was heated to a temperature of 95° C. and
mixed with 5.7 parts of melamine and 1.0 parts of dially-
lamino melamine to obtain a mixed solution. Further, 6.3
parts of cobalt(I) chloride hexahydrate was dissolved in 30
parts of water to obtain a green solution, which was then
added drop-wise to the aforementioned mixed solution over
30 minutes. After finishing the addition of the green solution,
the resultant solution was subjected to complexation for 1.5
hours at 90° C.

[0292] Subsequently, the pH of the resultant solution was
adjusted to 5.5 and then 20.4 parts of an emulsion-like solu-
tion consisting of 4 parts of xylene, 0.4 parts of sodium oleate
and 16 parts of water, which were agitated in advance, was
added to the pH-adjusted solution and agitated under heating
for 4 hours. After being cooled to a temperature of 70° C., the
solution was immediately subjected to filtration and to water
washing using water of a temperature of 70° C. until the
inorganic salts was completely washed.

[0293] Thereafter, the product thus obtained was subjected
to the steps of drying and grinding to obtain 14 parts of
azo-based yellow pigment (Y2).

[Preparation Example of Pigment B2]

[0294] 100 parts of a copper phthalocyanine-based blue
pigment PB15:6 (Toyo Ink Manufacturing Co.; Lionol Blue
ES), 800 parts of pulverized common salt and 100 parts of
diethylene glycol were put into a one-gallon stainless steel
kneader (Inoue Seisakusho Co., Ltd.) and kneaded for 12
hours at a temperature of 70° C.

[0295] Theresultant mixture was then introduced into 3000
parts of hot water and stirred for about one hour by means of
a high-speed mixer while heating it at a temperature of about
70° C. to obtain a slurry product. This slurry product was then
repeatedly subjected to filtration and water washing to
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remove the common salt and the solvent and dried for 24
hours at a temperature of 80° C. to obtain 98 parts of a salt
milling-treated pigment (B2).

[Preparation Example of Pigment V2]

[0296] 300 parts of Lionogen Violet RL (Toyo Ink Manu-
facturing Co.) was mixed with 3000 parts of 96% sulfuric acid
and agitated for one hour. Then, the resultant mixture was
poured into water of 5° C. After being agitated for one hour,
the mixture was subjected to filtration and hot-water washing
until the washing liquid became neutral. Thereafter, the resi-
due was dried at a temperature of 70° C.

[0297] 120 parts of the acid pasting-treated pigment thus
obtained, 1600 parts of sodium chloride and 100 parts of
diethylene glycol (Tokyo Kasei Co., Ltd.) were put into a
one-gallon stainless steel kneader (Inoue Seisakusho Co.,
Ltd.) and kneaded for 18 hours at a temperature of 90° C. The
resultant mixture was then introduced into about 5 L. of hot
water and stirred for about one hour by means of a high-speed
mixer while heating it at a temperature of about 70° C. to
obtain a slurry product. This slurry product was then sub-
jected to filtration and water washing to remove the sodium
chloride and the diethylene glycol and dried for 24 hours at a
temperature of 80° C. to obtain 118 parts of a salt milling-
treated pigment (V2).

[0298] (Preparation of Resin Solution (P2))

[0299] 800 g of cyclohexanone was poured into a reaction
vessel and then heated to 100° C. while continuing the blow-
ing of nitrogen gas into the reaction vessel. Then, while
keeping this temperature, a mixture of the monomers and a
thermal polymerization initiator described below was added
drop-wise to the cyclohexanone taking one hour, thereby
allowing a polymerization reaction to take place.

Styrene 70.0 parts
Methacrylic acid 10.0 parts
Methyl methacrylate 65.0 parts
Butyl methacrylate 65.0 parts
Azobis-isobutyronitrile 10.0 parts

[0300] After finishing the drop-wise addition, the reaction
of the resultant mixture was allowed to take place for three
hours at 100° C. Then, a solution obtained by dissolving 2.0
parts of azobis-isobutyronitrile in 50 parts of cyclohexanone
was added to the mixture, thereby allowing the reaction to
take place additionally for one hour at 100° C. to synthesize a
solution of resin.

[0301] After being cooled to room temperature, 2 g of the
solution of resin was taken up as a sample and heated to dry
for 20 minutes at 180° C. Then, nonvolatile matters was
measured and, based on this measurement, cyclohexanone
was added appropriately to the previously synthesized solu-
tion of resin so as to prepare a solution (P2) of acrylic resin
containing 20% of nonvolatile matters.

[0302] (Preparation of Pigment Dispersion and Coloring
Composition Solution)

[0303] The mixtures having the compositions (weight part)
shown in the following Table 4 were respectively uniformly
agitated to form a mixture, which was then subjected to
dispersion for 5 hours by means of a sand mill using zirconia
beads each having a diameter of 1 mm. The resultant disper-
sion was then subjected to filtration using a 5-um filter,
thereby obtaining pigment dispersions of red, green, and blue.
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TABLE 4

Pigment dispersion

RP-5 GP-4  BP-1
Kind First pigment R2 G2 B1
Second pigment R4 Y2 V1
Third pigment R3 — —
Fourth pigment Y2
Pigment derivative 1 D-1 D-3 D-4
Pigment derivative 2 D-2
Pigment derivative 3 D-3
Composition First pigment 0.5 8.3 9.4
(weight part) Second pigment 4.2 54 0.6
Third pigment 3.9 0 0
Fourth pigment 2.1
Total of pigment derivatives 1.3 1.8 1.8
Acrylic resin solution 40 36.5 40.2
Organic solvent 48 48 48
Total 100 100 100
[0304] Subsequently, as shown in the following Table 5, an

acrylic resin solution (P2) containing pigment dispersion, a
monomer, a photopolymerization initiator, a sensitizer, and
an organic solvent were agitated and mixed to obtain a mix-
ture. This mixture was then subjected to filtration using a
5-um filter, thereby obtaining coloring compositions of red,
green and blue. In Examples described below, a red pixel,
green pixel and blue pixel were formed using the following
coloring compositions shown in Table 5.

TABLE 5
Photosensitive color
composition

RP-5 GP-4 BP-1
Pigment dispersion (kind) RP-5 GP-4 BP-1
Pigment dispersion (amount) 34 35 28
Acrylic resin solution 13.2 12.2 19.2
Monomer 4.0 4.08 5.6
Photopolymerization initiator 34 2.8 2.0
Sensitizer 0.4 0.2 0.2
Organic solvent 45.0 45.0 45.0
Total 100 100 100

[0305] There will be explained the present invention based

on the following Examples.

Example 1
Production of Color Filter Substrate

[0306] There will now be described production of a color
filter substrate of Example 1 with reference to FIGS. 1, 3, and
5.

[0307] A light shielding layer 2 of picture frame shape and
pedestal 4 shown in FIGS. 1, 3, and 5 were formed using the
black composition described above on a transparent substrate
made of glass. The thickness of the light shielding layer 2 was
1.6 pm, and the thickness of the pedestal 4 was 0.6 um. The
light shielding layer 2 and pedestal 4 were produced by mak-
ing use of the method described below. The surface of a glass
substrate was coated with a black composition described
above and then dried. Then, the coated film was exposed to
light through a gray tone photomask (photomask having a
light shielding layer pattern and a pedestal pattern which are
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different from each other in transmittance). Thereafter, the
resultant film was subjected to development and cured,
thereby forming the light shielding layer 2 and pedestal 4.
[0308] Subsequently, a red pixel 3R, green pixel 3G, blue
pixel 3B, and a spacer 5 consisting of a red laminate portion
5R, green laminate portion 5G, and blue laminate portion 5B
were formed on the transparent substrate 1. Gray tone pho-
tomask was employed as an exposure photomask for forming
pixels and spacer. As a result, a recess was formed in the
reflective section of the color pixel.

[0309] The thickness of that portion of the coloring layer
(red pixel 3R, green pixel 3G, blue pixel 3B) which was
directly formed on the transparent substrate 1, was 3.2
um=+0.2 um. The thickness of the coloring layer in the reflec-
tive section (recess) was 1.6 um=0.2 um. Since, in the present
Example, a wall of the color pixel having a height of about 1.6
um was formed so as to surround the recess that was a reflec-
tive section of the color pixel, an alignment film could be
formed by ink-jet process without flowing-out of ink droplets
outside the recess on landing of ink droplets.

[0310] Next, alignment treatment was performed in the
following manner as a pretreatment before a retardation layer
was formed. Namely, alignment film material “Sunever” pro-
duced by Nissan Chemical Industries Ltd. having adjusted
viscosity was selectively jetted on the color pixel in a reflec-
tive section by means of ink-jet coating apparatus such that
thickness of dried film becomes 0.1 um.

[0311] In order to properly jet ink without non-jet, misdi-
rection, and generation of mist, it is necessary to control
rheological properties of ink in the case of non-jet. Rheologi-
cal properties showing excellent jet properties of ink filled in
ink-jet apparatus are as follows:

[0312] When frequency is changed 100 Hz to 0.1 Hz, initial
value of complex viscosity of ink at a temperature of 23 to 25°
C. is 20 mPa-s or less, and maximum value of that is 1000
mPa-s or less. Tangent loss in frequency of 10 Hz to 50 Hz is
1t0 20. In this case, when amount of ink jetted through ink-jet
nozzle was 2 to 10 pl (pico liter), ink jets one time for one
pixel.

[0313] After the film was heated and dried on a hot plate for
1 minute at a temperature of 90° C., it was fired in a clean oven
for 40 minutes at a temperature of 260° C. Thereafter, the film
was subjected to rubbing treatment in one direction as a
pretreatment.

[0314] A retardation layer 11 having a retardation function
of changing a phase by Y4 wavelength was formed on the
color pixel in the reflective section in a film thickness of 1.6
um=0.1 pm.

[0315] A mixture of the following composition for a retar-
dation layer was uniformly mixed and agitated. The resultant
solution was then subjected to filtration using a 0.6 um filter,
thereby obtaining polymerizable liquid crystal compound.
This polymerizable liquid crystal compound was applied to
the pretreated color pixel such that a thickness of a dried film
becomes 1.6 um, and the resultant film was heated on a hot
plate for 2 minutes at a temperature of 90° C., thus obtaining
a liquid crystal alignment substrate.

Parallel alignment polymerizable liquid crystal 39.7 parts
(Palicolor LC 242; produced by BASK Japan Co.)
photopolymerizable initiator 0.3 parts

(IRGACURE-907; produced by Ciba-Geigy Co., Ltd.)
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-continued
Surfactant 6.0 parts
(BYK-111; 2% cyclohexanone splution; produced by
Bick Chemee Co., Ltd.)
Cyclohexanone 154.0 parts

[0316] Subsequently, polymerizable liquid crystal com-
pound was applied to the substrate, and the coated film was
exposed to ultraviolet rays through a photomask using an
exposure apparatus provided with semiconductor laser as a
light source, for every color pixel in the reflective section.
Exposure dose of ultraviolet rays was 500 mJ/cm? to the red
pixel region, 200 mJ/cm? to the green pixel region, 5 mJ/cm?>
to the blue pixel region, by changing number of shot of laser.
Thereafter, the exposed film on the substrate was subjected to
development to form a pattern of a retardation layer.

[0317] Next, the substrate was introduced into a clean oven
and fired for 40 minutes at a temperature of 230° C., thereby
obtaining a color filter substrate having the retardation layer
that is %4 wavelength layer formed thereon.

[0318] The sum of retardations of the color pixel and retar-
dation layer in the obtained color filter substrate were deter-
mined as follows: That is, the sum of retardations in the red
pixel portion was 166 nm in light of wavelength 630 nm, the
sum of retardations in the green pixel portion was 136 nm in
light of wavelength 550 nm, and the sum of retardations in the
blue pixel portion was 112 nm in light of wavelength 450 nm.
These results are shown in the following Table 6.

TABLE 6
Green
Region Red pixel pixel Blue pixel

Exposure dose to retardation layer 500 mJ 200 mJ 5 ml
Measurement wavelength of 630 nm 550 nm 450 nm
retardation
Retardation  Color filter (CF) layer 5 nm 0 nm 0 nm

CF layer + retardation 166 nm 136 nm 112 nm

layer

Retardation layer 161 nm 136 nm 112 nm
Thickness of retardation layer 1.6 pm 1.6 1.5 pm
Birefringence of retardation layer 0.100 0.085 0.072

[0319] A retardation layer 11' was formed also on the light
shielding layer 2 of picture frame shape, with the retardation
layer 11' having the same picture frame shape pattern as that
of the light shielding layer 2. The sum of the thickness of the
light shielding layer 2 and the thickness of the retardation
layer 11' formed on the light shielding layer 2 is about 3.2 nm
and the same as the thickness of the green pixel 3G.

[0320] Subsequently, a light scattering layer (cell gap
adjusting layer) 12 having a thickness of 1.9 um was formed
using the light-scattering composition described above. The
forming method is as follows: The film of the light-scattering
composition was exposed to ultraviolet rays in a dose of 200
mJ/cm? through a photomask having a pattern of the light
scattering layer 12, and was subjected to development using
analkali developing solution, followed by firing 40 minutes at
a temperature of 230° C. to cure it. The exposure and devel-
opment lead to stabilization in the additional curing of the
retardation layer arranged under the light scattering layer 12.
Due to lamination of the light scattering layer 12, oxygen
inhibition of the retardation layer was cancelled, and the light
scattering layer 12 can be stabilized by exposure to ultraviolet
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rays and curing. In the present Example, since the retardation
layer was heated to cure after recess was formed in the color
pixel, the retardation layer can be advantageously formed
without deformation regardless difference in exposure dose.
[0321] Heightd of the protrusion on the pedestal 4 shown in
FIG. 4 was small, namely 0.1 pm in the blue pixel side, and
0.14 pm in the green pixel side, and flatness was excellent.
[0322] The  size of the bottom surface of the spacer 5 shown
in FIG. 3 was 25 um, and the height of the entire laminate of
coloring layers constituting the spacer 5 was about 3.9 pm.
The thickness of the liquid crystal layer in the liquid crystal
display device was 3.8 pm. The thickness of liquid crystal
layer on the reflective section shown in FIG. 12 described
later was 1.8 pm.

Example 2
Production of Color Filter Substrate

[0323] There will be described Example 2 with reference to
FIG. 7 which is a model plan view of a color filter substrate,
and FIGS. 2 and 3 which are partial sectional views of FIG. 7.
Example 2 is different from Example 1 in that black matrix is
formed and cell gap adjusting layer is made of transparent
resin.

[0324] A light shielding layer 2 and pedestal 4 shown in
FIGS. 2, and 7 were formed using the black composition
described above on a transparent substrate made of glass. The
thickness of the light shielding layer 2 was 1.6 um, and the
thicknesses of the black matrix 8 and pedestal 4 were 0.6 pm.
The light shielding layer 2, black matrix 8 and pedestal 4 were
produced by making use of the method described below. The
surface of a glass substrate was coated with black composi-
tion described above and then dried. Then, the coated film was
exposed to light through a gray tone photomask (photomask
having light shielding layer pattern and pedestal pattern
which are different from each other in transmittance). There-
after, the resultant film was subjected to development and heat
treatment once, thereby forming the light shielding layer 2,
black matrix 8 and pedestal 4.

[0325] Subsequently, a light shielding layer 11, red pixel
3R, green pixel 3G, blue pixel 3B, spacer 5 consisting of
laminate of coloring layers, and sub spacer 6 were formed on
the transparent substrate 1. Gray tone photomask having a
pattern portion of low transmittance was employed as an
exposure photomask for forming spacer 5 and sub spacer 6.
[0326] The thickness of that portion of the coloring layer
(red pixel 3R, green pixel 3G, blue pixel 3B) which was
directly formed on the transparent substrate 1, was 3.2
pm=0.2 pm.

[0327] A retardationlayer 11 having a function of changing
phase by Y4 wavelength was formed on the color pixel 3G in
the reflective section (recess) shown in FIG. 2 in a film thick-
ness of 1.6 um=+0.1 um. Pretreatment of the surface of the
color pixel for imparting a retardation function through align-
ment treatment, forming of the retardation layer and materials
used in these process were the same as those of Example 1.
[0328] Subsequently, a cell gap adjusting layer 15 having a
thickness of 1.9 um was formed using acryl based photosen-
sitive resin that can be developed by alkali. A cell gap adjust-
ing layer 15' was formed also on the light shielding layer 2 of
picture frame shape with the same picture frame shape pat-
tern. The sum of the thickness of the light shielding layer 2
and the thickness of the cell gap adjusting layer 15' formed on
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the light shielding layer 2 was about 3.2 nm and was the same
as the thickness of the green pixel 3G.

[0329] Thesize of the bottom surface of the spacer 5 shown
in FIG. 3 was 25 pm, and the height of the laminate of coloring
layers constituting the spacer 5 was about 3.9 um. The thick-
ness of the liquid crystal layer in the liquid crystal display
device was 3.8 pm.

Example 3
Production of Color Filter Substrate

[0330] There will be described Example 3 with reference to
FIG. 7 which is a model plan view of a color filter substrate,
and FIGS. 2 and 3 which are partial sectional views of FIG. 7.

[0331] A light shielding layer 2 and pedestal 4 shown in
FIGS. 2, and 7 were formed using the black composition
described above on a transparent substrate made of glass. The
thickness of the light shielding layer 2 was 1.6 um, and the
thicknesses of the black matrix 8 and pedestal 4 were 0.6 pum.
Thelight shielding layer 2, black matrix 8 and pedestal 4 were
produced by making use of the method described below. The
surface of a glass substrate was coated with a black compo-
sition described above and then dried. Then, the coated film
was exposed to light through a gray tone photomask (photo-
mask having light shielding layer pattern and pedestal pattern
which are different from each other in transmittance). There-
after, the resultant film was subjected to development and
curing by heat treatment once, thereby forming the light
shielding layer 2, black matrix 8 and pedestal 4.

[0332] Subsequently, a red pixel 3R, green pixel 3G, blue
pixel 3B, spacer 5 consisting of laminate of coloring layers,
and sub spacer 6 were formed on the transparent substrate 1.
Gray tone photomask having a pattern portion of low trans-
mittance was employed as an exposure photomask for form-
ing spacer 5 and sub spacer 6.

[0333] The thickness of that portion of the coloring layer
(red pixel 3R, green pixel 3G, blue pixel 3B) which was
directly formed on the transparent substrate 1, was 3.2
um=0.2 pm.

[0334] A retardation layer 11 having a function of changing
phase by %2 wavelength was formed on the color pixel 3G in
the reflective section (recess) shown in FIG. 2 in a film thick-
ness of 2.6 um=0.15 pm, as shown in Table 7 described below.
Pretreatment of the surface of the color pixel for imparting a
retardation function through alignment treatment was the
same as those of Example 1. Retardations corresponding to
the color pixels was adjusted by exposure dose. Polymeriz-
able liquid crystal compound to be a retardation layer 11 has
the following composition.

Parallel alignment polymerizable liquid crystal
(UCL-017; produced by DIC Co.)
Photopolymerizable initiator

(IRGACURE-OXEO1; produced by Ciba Speciality
Chemicals Co., Ltd.)

Surfactant

(BYK-330; 2% cyclohexanone splution; produced by
Bick Chemee Co., Ltd.)

Cyclohexanone

49.5 parts

0.5 parts

2.0 parts

148.0 parts
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TABLE 7
Green

Region Red pixel pixel Blue pixel

Retardation Color filter (CF) layer 5 nm 0 nm 0 nm

CF layer + retardation 305 nm 275 nm 238 nm

layer
Retardation layer 300 nm 275 nm 238 nm
Thickness of retardation layer 2.7 um 2.6 um 2.5 um

[0335] Subsequently, a cell gap adjusting layer 15 having a
thickness of 0.9 um was formed using acryl based photosen-
sitive resin that can be developed by alkali. A cell gap adjust-
ing layer 15' was formed also on the light shielding layer 2 of
picture frame shape with the same picture frame shape pat-
tern. The height and shape were the same as those of Example
1.

[0336] Incidentally, in the liquid crystal display device
obtained in Example 3 described above, the thickness of the
retardation layer 11 is 2.6 pum. When the retardation layer 11
is formed in the recess of the color pixel (for example, green
pixel 3G) having a thickness of 3.2 um, it protrudes from the
surface of the color pixel. Practically, the structure shown in
FIG. 11 can be obtained.

Example 4

[0337] The liquid crystal display device shown in FIG. 12
was manufactured.

[0338] The color filter substrate 31 manufactured in
Example 3 and TFT substrate 32 were arranged so as to
oppose to one another and bonded with liquid crystal of
parallel alignment system (IPS system), in which liquid crys-
tal molecules were aligned in parallel to the surface of the
substrate, interposed therebetween to provide a liquid crystal
display device. Incidentally, a polarizing film, a retardation
layer, and an alignment film were omitted in the figures.
[0339] A pixel electrode 35 electrically connected with
TFT elements was a comb teeth pattern made of transparent
conductive film. A common electrode (not shown) was
arranged under the pixel electrode through an insulating
layer.
[0340]
3.8 pm.

The thickness of the liquid crystal layer was set to

Example 5
Manufacture of Liquid Crystal Display Device

[0341] The color filter substrate 31 manufactured in
Example 1 and TFT substrate 32 were arranged so as to
oppose to one another and bonded with liquid crystal of
vertical alignment system (VA system), in which liquid crys-
tal molecules were aligned in vertical with the surface of the
substrate, interposed therebetween to provide a liquid crystal
display device. Incidentally, a polarizing film, a retardation
layer, and an alignment film were omitted in the figures.

[0342] Inthe present Example, the sum of the thickness of
the light shielding layer and the thickness of the cell gap
restricting layer is the same as that of the coloring layer which
is a green pixel 3G, and there is not redundant protrusion. For
that reason, liquid crystal could be filled smoothly and uni-
formly, thereby to display uniform image. There was no tur-
bulence of liquid crystal alignment near the color pixels and at
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the boundary between the light shielding layer and display
region to provide a liquid crystal display device without light
leakage and of high quality.

[0343] Incidentally, FIG. 13 shows the enlarged part of a
liquid crystal display device shown in FIG. 12 which posi-
tions near TFT elements 34. Where the thickness of the insu-
lating layer 41 is small, liquid crystal can be driven more
effectively by means of arched line of electric force generated
between the pixel electrode 42 and the common electrode 43
through the insulating layer 41. In the present Example, there
was not difference in display quality between the reflective
section and the transmitting section to provide a liquid crystal
display device having high transmittance.

What is claimed is:

1. A color filter substrate for a transflective liquid crystal
display device, in which a light shielding layer is arranged at
a periphery of an effective display region on a transparent
substrate, and color pixels of a plurality of colors including
green pixels, a spacer, and a first retardation layer are formed
in an effective display region,

wherein a recess is formed in each of the color pixels, the

first retardation layer is formed in the recess, and the first
retardation layer has a function for 90 degree polariza-
tion rotation of incident light, which has been converted
to linearly polarized light, in one passage of the incident
light back and forth in a thickness direction of the first
retardation layer.

2. The color filter substrate according to claim 1, wherein a
ratio of a thickness of the color pixel with the recess to a
thickness of the color pixel without the recess is a range of 14
and V4.

3. The color filter substrate according to claim 1, wherein
the green pixel contains zinc phthalocyanine halide as a main
colorant.

4. The color filter substrate according to claim 1, wherein a
first cell gap adjusting layer is formed on the first retardation
layer.

5. The color filter substrate according to claim 4, wherein a
level difference between a surface of the first cell gap adjust-
ing layer and a surface of the color pixel without the recess is
about Y% of a thickness of a liquid crystal layer of a liquid
crystal display device.

6. The color filter substrate according to claim 4, wherein
the first cell gap adjusting layer is a light scattering layer.

7. The color filter substrate according to claim 1, which
further comprises a black matrix arranged in the effective
display region so as to partition the color pixels and formed of
the same material as that of the light shielding layer.

8. The color filter substrate according to claim 7, wherein a
thickness of the black matrix is smaller than that of the light
shielding layer.

9. The color filter substrate according to claim 1, wherein
the light shielding layer contains a mixture of a plurality of
organic pigments as a main colorant.

10. The color filter substrate according to claim 1, which
further comprises a second retardation layer laminated on the
light shielding layer, and a sum of the thickness of the light
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shielding layer and a thickness of the second retardation layer
is about the same as a thickness of the green pixel.

11. The color filter substrate according to claim 1, which
further comprises a second cell gap adjusting layer laminated
on the light shielding layer, and a sum of the thickness of the
light shielding layer and a thickness of the second cell gap
adjusting layer is about the same as a thickness of the green
pixel.

12. The color filter substrate according to claim 1, wherein
the color pixels of the plurality of colors includes at least red
pixels, green pixels, and blue pixels, and retardation values of
the color pixels have a relation represented by the retardation
value of the red pixelZthe retardation value of the green
pixel=the retardation value of the blue pixel.

13. The color filter substrate according to claim 1, wherein
the color pixels of the plurality of colors includes at least red
pixels, green pixels, and blue pixels, and total values of retar-
dation value of each of the color pixels and the retardation
value of the first retardation layer laminated on the color pixel
have a relation represented by the total value regarding the red
pixel=the total value regarding the green pixel=the total
value regarding the blue pixel.

14. The color filter substrate according to claim 1, wherein
the spacer is formed of a laminate of a plurality of coloring
layers.

15. The color filter substrate according to claim 1, wherein
the spacer exerts also a function of adjusting alignment of
liquid crystal molecules, and arranged in a center of the color
pixel in the longitudinal direction thereof.

16. A transflective liquid crystal display device compris-
ing: a color filter substrate, an opposed substrate arranged so
as to face the color filter substrate, and a liquid crystal layer
disposed between the color filter substrate and the opposed
substrate,

wherein a light shielding layer is arranged at a periphery of

an effective display region on a transparent substrate,
color pixels of a plurality of colors including green pix-
els, a spacer, and a first retardation layer are formed in
the effective display region, a recess is formed in each of
the color pixels, the first retardation layer is formed in
the recess, and has a function for 90 degree polarization
rotation of incident light, which has been converted to
linearly polarized light, in one passage of the incident
light back and forth in a thickness direction of the first
retardation layer.

17. A method of producing a color filter substrate for a
transflective liquid crystal display device, in which a light
shielding layer is arranged at a periphery of an effective
display region on a transparent substrate, and color pixels of
a plurality of colors including green pixels, a spacer, and a
first retardation layer are formed in the effective display
region, which comprises:

forming a recess in each of the color pixels, and

forming an alignment film for aligning the retardation layer

in the recess by ink-jet process.
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