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layers; a stacked layer protruding in comparison with the
colorized layer; an opposing electrode covering the colorized
layer and the stacked layer; an alignment layer formed at least
on a part of the opposing electrode covering the colorized
layer; and an insulating layer stacked on an entire surface of
another part of the opposing electrode covering the stacked
layer. With this, the short circuit between the opposing elec-
trode and a pixel electrode is prevented, so that a color filter
substrate, a liquid crystal display apparatus including the
color filter substrate, and a method of manufacturing the color
substrate, those being able to improve the yield of the liquid
crystal display apparatus, are provided.
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COLOR FILTER SUBSTRATE, LIQUID
CRYSTAL DISPLAY APPARATUS
INCLUDING COLOR FILTER SUBSTRATE,
AND METHOD OF MANUFACTURING
COLOR FILTER SUBSTRATE

[0001] This application is a Divisional application of U.S.
application Ser. No. 11/017,831, filed Dec. 22, 2004. Appli-
cation Ser. No. 11/017,831 claims priority under 35 U.S.C.§
119(a) to patent application No. 2003-0432632 filed in Japan
on Dec. 26, 2003 and application No. 2004-344645 filed in
Japan on Nov. 29, 2004, all of which are hereby expressly
incorporated by reference into the present application.

FIELD OF THE INVENTION

[0002] The present invention relates to a color filter sub-
strate, a liquid crystal display apparatus including the same,
and a method of manufacturing the color filter substrate.

BACKGROUND OF THE INVENTION

[0003] A liquid crystal display apparatus is typically
arranged in such a manner that liquid crystal is enclosed
between a pair of substrate opposing to each other. That is, in
a liquid crystal display apparatus shown in FIG. 13, liquid
crystal 75 is enclosed between a TFT (Thin Film Transistor)
array substrate 70 and a color filter substrate 80. The TFT
array substrate 70 is arranged such that a TFT circuit layer 72
including TFT elements and the like, an insulative layer 73,
and pixel electrodes 74 are provided on a transparent sub-
strate 71, and an alignment layer (not illustrated) is further
provided. The color filter layer 83 (834, 83b, and 83¢) having
three colors, a protruding structure section 84 where a plural-
ity of color filter layers 83 are stacked, and an opposing
electrode 85 are formed on a substrate 81, and an alignment
layer (not illustrated) is further provided. In the liquid crystal
display apparatus, a predetermined cell gap is maintained
between the TFT array substrate 70 and the color filter sub-
strate 80, by a spacer (not illustrated) made of plastic bead,
glass fiber, and the like.

[0004] As FIG. 14 shows, Japanese Laid-Open Patent
Application No. 2003-14917 (Tokukai 2003-14917; pub-
lished on Jan. 15, 2003) and Japanese Laid-Open Patent
Application No. 2001-201750 (Tokukai 2001-201750; pub-
lished on Jul. 7, 2001) have disclosed a liquid crystal display
apparatus in which, instead of the spacer made of plastic bead,
glass fiber, and the like, resin layers 86 formed by photoli-
thography and the like are formed as spacers between the
pixel electrodes 74 and the opposing electrode 85.

[0005] Inthe liquid crystal display apparatus shown in FIG.
13 and the liquid crystal display apparatus (shown in F1G. 14)
disclosed by the above-mentioned patent publications, how-
ever, said at least one protruding structure section 84 made up
of the color filter layers 83 being stacked is provided, so that
the opposing electrode 85 on the top of said at least one
protruding structure section 84 is in close vicinity of the pixel
electrodes 74. That is to say, a cell gap between the pixel
electrodes 74 and the opposing electrode 85 on the color filter
layer 83 is 3 pm-6 um wide, except at the color filter layers 83
constituting said at least one protruding structure section 84.
Each color filter layer 83 is 0.8 pm-2 pm thick. On this
account, at said at least one protruding structure section 84
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where the color filter layers 83 are stacked, the distance
between the opposing electrode 85 and the pixel electrodes 74
is 0.1 pum-2 pm.

[0006] Because ofthis arrangement, at a space between the
opposing electrode 85 on said at least one protruding struc-
ture section 84 and the pixel electrodes 74, short circuit tends
to occur due to a minute conductive matter 76 adhered to the
opposing electrode 85, said at least one protruding structure
section 84, the pixel electrodes 74, and the like, as shown in
FIGS. 13 and 14. As described above, the conductive align-
ment layers are formed on the opposing electrode 85 and the
pixel electrodes 74. These alignment layers are very thin
(each 0.05 um-0.08 pm thick), so that these alignment layers
are easily ripped by the conductive matter 76.

[0007] To solve this problem, Japanese Laid-Open Patent
Application No. 2002-55349 (Tokukai 2002-55349; pub-
lished on Feb. 20, 2002) discloses a liquid crystal display
apparatus that prevents the short circuit between the opposing
electrode 85 and the pixel electrodes 74 by removing either (i)
an area of the opposing electrode 85 formed on said at least
one protruding structure section 84 on the color filter sub-
strate 80 shown in FIG. 14, the area facing the pixel electrodes
74 (hereinafter, this area will be referred to as a facing area of
the opposing electrode 85) or (ii) an area of the pixel elec-
trodes 74, the area facing the opposing electrode 85 formed
on said at least one protruding structure section 84 (hereinaf-
ter, this area will be referred to as a facing area of the pixel
electrodes 74).

[0008] Furthermore, in order to prevent the short circuit
between the opposing electrode 85 and the pixel electrodes
74, the above-identified document also discloses a liquid
crystal display apparatus in which an electric insulation film
1s sandwiched between the opposing electrode formed on the
protruding structure 84 and the pixel electrodes 74 opposing
to the opposing electrode.

[0009] However, among the liquid crystal display appara-
tuses disclosed by Japanese Laid-Open Patent Application
No.2002-55349, the liquid crystal display apparatus in which
either the opposing area of the opposing electrode 85 or the
opposing area of the pixel electrodes 74 is removed requires
that the opposing electrode 85 and the pixel electrodes 74 are
sufficiently detached from each other, in order to prevent the
short circuit between the opposing electrode 85 and the pixel
electrodes 74 on account of the misalighment between the
TFT array substrate and the color filter substrate, when these
members are laminated. Moreover, in the aforesaid opposing
areas, no voltage is applied to liquid crystal so that the liquid
crystal is not aligned. On this account, the alignment of the
liquid crystalis spoiled and the leakage of light occurs, so that
the image quality and display contrast deteriorate.

[0010] Also, in theliquid crystal display apparatus in which
the electric insulation film is interposed between the opposing
electrode 85 formed on said at least one protruding structure
section 84 and the pixel electrodes 74, the insulation at the
area where the opposing electrode 85 faces the pixel elec-
trodes 74 is maintained. However, as shown in FIG. 14, short
circuit by way of a conductive matter 76 may occur between
(1) a part of the opposing electrode 85 along the direction of
stacking the color filter layers 83 of said at least one protrud-
ing structure section 84 and (ii) the pixel electrodes 74. That
is to say, the opposing electrode 85 on said at least one
protruding structure section 84 in which the color filter layers
83 are stacked is closer to the pixel electrodes 74 than the
opposing electrode 85 on the color filter layer 83 rather than
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on said at least one protruding structure section 84. On this
account, the opposing electrode 85 covering said at least one
protruding structure section 84 is liable to short-circuit with
the pixel electrodes 74 on account of the conductive matter
76.

SUMMARY OF THE INVENTION

[0011] The objective of the present invention is to provide
(1) a color filter substrate that can improve the yield of aliquid
crystal display apparatus by preventing an opposing electrode
from short-circuiting with a pixel electrode and can provide a
liquid crystal display apparatus that excels in display quality
and display contrast, (ii) a liquid crystal display apparatus
including the color filter substrate, and (iii) a method of
manufacturing the color filter substrate.

[0012] To achieve the aforesaid objective, a color filter
substrate of the present invention comprises a substrate, on
the substrate, at least one protruding structure section in
which a plurality of color layers are stacked, an opposing
electrode, and an alignment layer being formed, and an insu-
lating layer being stacked on an entire surface of a part of the
opposing electrode, the part covering said at least one pro-
truding structure section.

[0013] To achieve the aforesaid objective, a color filter
substrate ofthe present invention comprises: a colorized layer
that is formed on a substrate and includes a plurality of color
layers being aligned side by side; at least one protruding
structure section that is formed on the substrate, includes a
plurality of color layers being stacked, and protrudes in com-
parison with the colorized layer; an opposing electrode cov-
ering the colorized layer and said at least one protruding
structure section; and an alignment layer stacked on at least a
part of the opposing electrode, the part covering the colorized
layer, aninsulating layer being stacked on an entire surface of
another part of the opposing electrode, said another part cov-
ering said at least one protruding structure section.

[0014] According to the arrangements above, on the sub-
strate, said at least one protruding structure section in which
the color layers are stacked protrudes in comparison with the
colorized layer. On this account, when the color filter sub-
strate is adopted as one of a pair of opposing substrates
adopted in a liquid crystal display apparatus and the like, a
part of the opposing electrode on said at least one protruding
structure section is close to the pixel electrode substrate that
is another one of the pair of the opposing substrate and faces
the color filter substrate, in comparison with another part of
the opposing electrode on the colorized layer. On this
account, when a foreign matter existing between the pair of
the opposing substrates enters the space where the part of the
opposing electrode is close to the pixel electrode, the part of
the opposing electrode on said at least one protruding struc-
ture section tends to touch the pixel electrode on the pixel
electrode substrate, on account of the (conductive) foreign
matter.

[0015] For this reason, in the above-described arrange-
ment, the insulating layer is stacked on the entire surface of
the part of the opposing electrode covering said at least one
protruding structure section. With this, it is possible to pre-
vent the opposing electrode on said at least one protruding
structure section from being in touch with the foreign matter.
[0016] The short circuit between the opposing electrode
and the pixel electrode is prevented as above, so that the color
filter substrate that can improve the yield of the liquid crystal
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display apparatus and can provide the liquid crystal display
apparatus that excels in the display quality and the display
contrast can be provided.

[0017] To solve the aforesaid problem, the liquid crystal
display apparatus of the present invention is provided with the
aforesaid color filter substrate.

[0018] According to this arrangement, even if a conductive
matter and the like exists in liquid crystal being in touch with
the color filter substrate, it is possible to prevent the conduc-
tive matter from being in touch with the part of the opposing
electrode on said at least one protruding structure section
protruding from the substrate of the color filter substrate.
[0019] To solve the aforesaid problem, the method of
manufacturing the color filter substrate of the present inven-
tion comprises the steps of: (I) forming, on a substrate, at least
one protruding structure section in which a plurality of color
layers are stacked; (II) forming an opposing electrode at least
on said at least one protruding structure section; and (I1I)
stacking an insulating layer, which is different from an align-
ment layer, on an entire surface of the opposing electrode on
said at least one protruding structure section.

[0020] To solve the aforesaid problem, the method of
manufacturing the color filter substrate of the present inven-
tion comprises: (I) forming, on a substrate, (i) a colorized
layer including a plurality of color layers being aligned side
by side, and (i1) at least one protruding structure section that
includes a plurality of color layers being stacked and pro-
trudes in comparison with the colorized layer; (II) forming an
opposing electrode covering the colorized layer and said at
least one protruding structure layer; (III) forming an align-
ment layer on a part of the opposing electrode, the part cov-
ering the colorized layer; and (IV) stacking an insulating
layer on an entire surface of another part of the opposing
electrode, said another part covering said at least one protrud-
ing structure section.

[0021] According the methods, the insulating layer is
formed on the entire surface of the opposing electrode, so that
itis possible to provide the method of manufacturing the color
filter substrate that can prevent a foreign matter from being in
touch with the part of the opposing electrode on said at least
one protruding structure section protruding from the substrate
of the color filter substrate.

[0022] For a fuller understanding of the nature and advan-
tages of the invention, reference should be made to the ensu-
ing detailed description taken in conjunction with the accom-
panying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0023] FIG. 1 is a cross section of an embodiment of a
liquid crystal display apparatus including a color filter sub-
strate of the present invention.

[0024] FIG. 2 is a plan view showing an example of the
color filter substrate, so as not necessarily to correspond to
FIG. 1.

[0025] FIG. 3 is a plan view showing an example of how a
protruding structure section of the color filter substrate is
structured, so as not necessarily to correspond to FIG. 1.
[0026] FIGS. 4(a)-4(d) are cross sections showing a manu-
facturing process of the color filter substrate.

[0027] FIGS. 5(a)-5(c) are cross sections further showing
the manufacturing process of the color filter substrate.
[0028] FIGS. 6(a) and 6(b) are cross sections further show-
ing the manufacturing process of the color filter substrate.
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[0029] FIG. 7 is a cross section of an embodiment of a
liquid crystal display apparatus including another color filter
substrate of the present invention.

[0030] FIGS. 8(a) and 8(b) are cross sections showing a
manufacturing process of the color filter substrate.

[0031] FIGS. 9(a) and 9(b) are cross sections showing
another manufacturing process of the color filter substrate.
[0032] FIG. 10 is a cross section of an embodiment of a
liquid crystal display apparatus including a further color filter
substrate of the present invention.

[0033] FIGS. 11(a)-11(d) are cross sections showing a
manufacturing process of the color filter substrate.

[0034] FIGS. 12(a)-12(d) are cross sections further show-
ing the manufacturing process of the color filter substrate.
[0035] FIG. 13 is a cross section showing a conventional
liquid crystal display apparatus.

[0036] FIG. 14 is a cross section showing another conven-
tional liquid crystal display apparatus.

DESCRIPTION OF THE EMBODIMENTS
Embodiment 1

[0037] The following will describe an embodiment of the
present invention in reference to FIGS. 1-6. FIG. 1 is a cross
section of a liquid crystal display apparatus 1 of the present
embodiment. FIG. 2 is a plan view of a color filter substrate of
the present embodiment. Note that the liquid crystal display
apparatus 1 of the present embodiment has a MVA (Multi-
domain Vertical Alignment) structure. The structure of the
liquid crystal display apparatus 1, however, is not limited to
this MVA. Note that, the MVA structure is such an arrange-
ment that liquid crystal molecules between a pair of substrate
are vertically aligned when no voltage is applied, and one
pixel is partitioned into more than one domain. That is, in the
MVA structure, one pixel is partitioned into more than one
domain in order to improve the viewing angle characteristics
of a vertically-aligned liquid crystal display apparatus, and
there are such methods of forming the domains as: cutting off,
in a slit-shape, a pixel electrode of a TFT array substrate or an
opposing electrode of a color filter substrate, so as to form an
electrode opening section; and forming, in a rib-shape, a
liquid crystal alignment controlling protrusion (correspond-
ing to a protruding section 27 shown in FIG. 1 and a V-shaped
pattern in FIG. 2) on a substrate. According to the MVA
structure, the viewing angle is widened by dispersing the
direction of the alignment of liquid crystal molecules in the
pixel, by utilizing a fringe field effect on account of the
electrode opening section and the liquid crystal alignment
controlling protrusion, or by utilizing the tilted alignment of
the liquid crystal molecules in the protruding tilted section.

[0038] This liquid crystal display apparatus 1 is arranged in
such a manner that, as FIG. 1 illustrates, liquid crystal (liquid
crystal layer) 15 such as vertically-aligned liquid crystal is
enclosed between a TFT (Thin Film Transistor) array sub-
strate (opposing substrate, pixel electrode substrate) 10 and a
color filter substrate 20. Although not being illustrated, the
liquid crystal display apparatus 1 is further provided with
polarizing plates formed on the respective surfaces of the TFT
array substrate 10 and the color filter substrate 20, the sur-
faces both not facing the liquid crystal 15. In these polarizing
plates, the polarizing axis of the polarizing plate opposing to
the TFT array substrate 10 is orthogonal to the polarizing axis
ofthe polarizing plate opposing to the color filter substrate 20.
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[0039] As shown in FIG. 1, the TFT array substrate 10 is
arranged in such a manner that a TFT circuit layer 12 is
provided on a transparent substrate 11, a TFT-side insulative
layer 13 is formed so as to cover the surface of the transparent
substrate 11 and the TFT circuit layer 12, and on the TFT-side
insulative layer 13, pixel electrodes 14 are formed in a matrix
manner. Furthermore, an alignment layer 8 made of polyim-
ide resin and the like is formed so as to cover the pixel
electrodes 14 and the surface of the TFT-side insulative layer
13 exposing between the pixel electrodes 14. The alignment
layer 8 controls the alignment of the liquid crystal 15 on the
alignment layer 8.

[0040] Thetransparentsubstrate 11 is made of a transparent
material such as glass, plastic, and the like. In the TFT circuit
layer 12, wires and TFT elements are connected. The wires
are, for instance, made of metal such as aluminum, tantalum,
titan, molybdenum, copper, and the like, or made of alloy of
these metals. The TFT elements are made of amorphous
silicon, polysilicon, and the like. The TFT-side insulative
layer 13 is, for instance, made of an insulative material that is
electrically insulative. The examples of this insulative mate-
rial include a silicon compound such as silicon nitride and
silicon oxide, and a resin material such as polyimide resin and
acrylic resin. The pixel electrodes 14 are transparent conduc-
tive films made of ITO (Indium Tin Oxide) and the like, and
these pixel electrodes 14 correspond to the respective pixels.
[0041] As shown in FIG. 1, the color filter substrate 20 is
arranged such that a black matrix layer (color layer; protrud-
ing structure section forming layer) 22, a color layer (col-
orized layer) 23, and a stacked layer (protruding structure
section) 24 are formed on a substrate 21. Also, an opposing
electrode 25 is formed so as to entirely cover the black matrix
layer 22, the color layer 23, and the stacked layer 24. Further-
more, an alignment layer 9 (not illustrated) that is made of
polyimide and the like and controls the alignment of the liquid
crystal 15 is formed so as to entirely cover the opposing
electrode 25, an insulative resin film (insulative layer) 26, and
protruding sections 27.

[0042] The substrate 21 is made of a transparent material
such as glass and plastic. The black matrix layer 22 is pro-
vided for keeping the TFT elements away from the leakage of
light at around the gap between the pixel electrodes 14 on the
TFT array substrate 10 and from the outside light, so as to
improve the display contrast of the liquid crystal display
apparatus 1. On this account, the black matrix layer 22 is
formed in a matrix manner on the substrate 21, so that the
black matrix layer 22 faces (i) the gaps between the pixel
electrodes 14 and (ii) the TFT elements, when the TFT array
substrate 10 and the color filter substrate 20 are superposed so
as to face each other. The black matrix layer 22 is made of a
material such as black photosensitive resin in which carbon
fine particles are dispersed in photosensitive resin, a metal
film made of chromium, molybdenum and the like, and pho-
tosensitive resin colored using colorants having colors like
red and blue.

[0043] The color layer 23 includes, as shown in FIG. 1, a
first color layer (color layer, protruding structure section
forming layer) 23a, a second color layer (color layer, protrud-
ing structure section forming layer) 235, and a third color
layer (color layer, protruding structure section forming layer).
These first to third color layers 21a-23c¢ are colored with, for
instance, red (R), green (G), and blue (B) or cyan (C),
magenta (M), and yellow (Y). A color image is reproduced by
appropriately mixing these colors. The color layer 23 faces
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the pixel electrodes 14 formed on the TFT array substrate 10,
and the color layers 23a-23¢ correspond to the respective
pixel electrodes 14, in an one-by-one manner.

[0044] Inthis manner, on the surface of the substrate 21, the
black matrix layer 22 and the color layer 23 are adjacent to
each other, so as to cover the entire surface of the substrate 21,
as shown in FIG. 1. Note that, at the border between the black
matrix layer 22 and the color layer 23, the end of the color
layer 23 is superposed onto the end of the black matrix layer
22, in order to prevent the leakage of light. In this manner, at
the borders between the color layers 23a-23¢ and the borders
between the color layers 23a-23¢ and the black matrix layer
22, parts of these layers are superposed onto each other, so
that color layer superposition sections 28 are formed in order
to prevent the leakage of light.

[0045] As shown in FIGS. 1-3, the stacked layer 24 is
formed by stacking, on the black matrix layer 22, the first
color layer 23a, the second color layer 23a, and the third color
layer 23¢. On this account, the stacked layer 24 protrudes
toward the TFT array substrate 10, in comparison with the
black matrix layer 22 and the color layer 23 (hereinafter, these
layers are referred to as other layers) that do not constitute the
stacked layer 24.

[0046] The stacked layer 24 functions as a part of a spacer
for keeping the distance between the color filter substrate 20
and the TFT array substrate 10 to be consistent. In the present
embodiment, the stacked layer 24 is formed on the black
matrix layer 22, so that a light transmitting area on the color
filter substrate 20 is not obstructed by the stacked layer 24.
The transmittance of the light passing through the transmit-
ting area is therefore not decreased. It is not necessary to form
the stacked layer 24 on the whole surface of the black matrix
layer 22 on the substrate 21, as long as the stacked layer 24 is
formed on a predetermined part of the black matrix layer 22.
For instance, a part of the black matrix layer 22 is selected,
and on this selected part, the first to third color layers are
stacked as one unit, i.e. the first to third color layers are
provided so as to form the stacked layer 24.

[0047] The opposing electrode 25 is formed so as to
entirely cover the surfaces of the black matrix layer 22, the
color layer 23 including the first to third color layers 23a-23c,
and the stacked layer 24. The opposing electrode 25 can be
made of any types of materials. For example, the opposing
electrode 25 is formed by a transparent conductive film made
of ITO, IZ0 (Indium Zinc Oxide), zinc oxide, tin oxide, and
the like, which has predetermined resistance and transmit-
tance.

[0048] Each of the insulative resin film 26 and the protrud-
ing sections 27 is made of electrically insulative material, for
instance, organic insulative resin such as polyimide-based or
acrylic negative photosensitive resin and acrylic or phenol-
novolac-based positive photosensitive resin, and an inorganic
silicon compound such as silicon nitride and silicon oxide.
When the inorganic silicon compound material is adopted, it
is necessary to form the insulative resin film 26 and the
protruding sections 27 by a photolithography step and an
etching step such as dry etching. Note that, the insulative resin
film 26 and the protruding sections 27 are preferably made of
an identical material, in view of the simplification of the
manufacturing process.

[0049] The insulative resin film 26 is formed so as to cover
at least the entire surface of the opposing electrode 25 (here-
inafter, this surface will be referred to as protruding surface)
that covers the entire surface of the stacked layer 24 that
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includes the black matrix layer 22 and the first to third color
layers 23a-23¢. That is to say, on the part of the opposing
electrode 25 that covers the stacked layer 24, the insulative
resin film 26 is formed so as to cover at least an area (top
portion) facing the TFT array 10 and also an area along the
direction of stacking the first to third color layers 23a-23c¢.
[0050] As described above, the stacked layer 24 protrudes
in comparison with the other layers. On this account, the
distance between (i) a part of the opposing electrode 25 on the
top portion of the stacked layer 24, the top portion facing the
TFT array substrate 10, and (ii) the pixel electrode 14 on the
TFT array substrate 10 is shorter than the distance between
(iii) parts of the opposing electrode 25 on the other layers such
as the first to third color layers 23a-23¢ and the color layer
superposition sections 28 and (iv) the pixel electrode 14. For
this reason, the opposing electrode 25 is liable to short-circuit
with the pixel electrode 14 on account of a conductive matter,
in/around a space between the pixel electrode 14 and the part
of the opposing electrode 25 corresponding to the top portion
of the stacked layer 24. This short circuit between the oppos-
ing electrode 25 and the pixel electrode 14 may lower the
vield of the liquid crystal display apparatus 1.

[0051] To prevent the short circuit between the opposing
electrode 25 and the pixel electrode 14 on account of the
conductive matter, the liquid crystal display apparatus 1 is
provided with the insulative resin film 26 that covers a part of
the opposing electrode 25 covering the stacked layer 24. This
insulative resin film 26 is preferably at least 0.1 pm thick, in
order to prevent the conductive matter from penetrating the
insulative resin film 26.

[0052] In this manner, the insulative resin film 26 is pro-
vided for preventing the short circuit between the opposing
electrode 25 and the pixel electrode 14 on account of the
conductive matter. Therefore, the insulative resin film 26 that
covers the part of the opposing electrode 25 covering the
stacked layer 24 is preferably thicker than insulative films
(e.g. the alignment layer 9) covering the other layers (the
other surfaces) such as the black matrix layer 22 and the color
layer 23.

[0053] The protruding sections 27 are formed on the sur-
face of parts of the opposing electrode 25 on which the insu-
lative resin film 26 is not formed. The protruding sections 27
are provided for controlling the alignment of the liquid crystal
15 enclosed between the TFT array substrate 10 and the color
filter substrate 20. For this reason, the protruding sections 27
are formed on parts of the opposing electrode 25 on the first to
third color layers 23a-23¢ constituting the color layer 23.
[0054] In the liquid crystal display apparatus 1 being this
described, as shown in FIG. 1, the TFT array substrate 10 and
the color filter substrate 20 are arranged so as to face each
other in such a manner as to cause the top portion of the
insulative resin film 26 covering the part of the opposing
electrode 25 on the stacked layer 24 to be in touch with the
surface of the pixel electrode 14. That is to say, (i) the stacked
layer 24, (ii) the part of the opposing electrode 25 covering the
top portion of the stacked layer 24, and (iii) the insulative
resin film 26 function as a spacer 29 that maintains the cell
gap in which the liquid crystal 15 is enclosed. To suitably
keep this cell gap between the TFT array substrate 10 and the
color filter substrate 20, the insulative resin film 26 covering
the top portion of the stacked layer 24 is preferably 2 um thick
or less.

[0055] To prevent the short circuit between the opposing
electrode 25 and the pixel electrode 14 and to function as a
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part of the spacer 29 as described above, the thickness of the
insulative resin film 26 preferably falls within the range
between 0.1 m and 2 um.

[0056] In this manner, the stacked layer 24, the part of the
opposing electrode 25 covering the top portion of the stacked
layer 24, and the insulative resin film 26 function as the spacer
29, so that a step of, for instance, dispersing spacer members
such as plastic bead and glass fiber is unnecessary. This makes
it possible to simplify the manufacturing process and reduce
the manufacturing costs. Note that, being similar to the pro-
truding sections 27, the spacer 29 also controls the alignment
of the liquid crystal 15, thereby preventing the display failure
due to the disorder of the alignment of the liquid crystal,
which often occur in the vicinity of the spacer.

[0057] As described above, in the color filter 20, not only
the top portion of the opposing electrode 25 covering the
stacked layer 24 but also the remaining parts of the opposing
electrode 25 covering the stacked layer 24 are covered with
the insulative resin film 26. On this account, it is possible to
prevent the pixel electrode 14 from short-circuiting, on
account of the conductive matter, with the surface (hereinaf-
ter, side surface) of the opposing electrode 25, the side surface
being close to the pixel electrode 14 on the color filter sub-
strate 20 and covering the stacked layer 24 along the direction
of stacking the color layers 23a-23c.

[0058] A method of manufacturing the color filter substrate
20 will be specifically described in reference to FIGS. 4(a)-
4(d), 5(a)-5(c), and 6(a)-6(b). FIGS. 4(a)-4(d), 5(a)-5(c), and
6(a)-6(b) are cross sections illustrating a manufacturing pro-
cess of the color filter substrate 20.

[0059] As shown in FIG. 4(a), for instance, on the substrate
21, ablack photosensitive resin layer 22p is formed by apply-
ing a black photosensitive liquid by a spin coat method and
drying the liquid. Subsequently, the black photosensitive
resin layer 22p is exposed to light using a photo mask 31 and
then developed, and consequently the black matrix layer 22 is
formed as shown in FIG. 4(5). In the meanwhile, areas on
which the black photosensitive resin layer 22p is formed but
not being subjected to the exposure are used as openings
where the first color layer 23a, the second color layer 235, and
the third color layer 23c¢ that constitute the color layer 23
shown in FIG. 1 will be formed.

[0060] Subsequently, as shown in FIG. 4(c), to the whole
surface of the substrate 21 on which the black matrix layer 22
has been formed, a photosensitive resin liquid for the first
color layer 23a is applied by the spin coat method, and then
the applied liquid is dried. As a result a first resin layer 23p is
formed. Then the first resin layer 23p is exposed to light and
developed, using a photo mask 32 with which an area on the
substrate 21 where the first color layer 23a will be formed, the
end of the black matrix layer 22 neighboring to the area, and
an area on the black matrix layer 22 where the stacked layer
24 (see F1G. 1) will be formed are exposed to light. With this,
as shown in FIG. 4(d), the first color layer 234 is formed on
the opening for the first color layer 23a, on the end of the
black matrix layer 22 neighboring to the opening, and on the
area of the black matrix layer 22 where the stacked layer 24
will be formed, and then parts of the first resin layer 23p
where the exposure is not performed are removed.

[0061] Subsequently, as in a manner similar to the forma-
tion of the first color layers 23a, the second color layer 235
and the third color layer 23¢ are successively formed as
shown in FIGS. 5(a) and 5(b). That is to say, after a photo-
sensitive resin liquid for the second color layer 235 is applied
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and dried, the exposure and development are performed using
a photo mask. With this, as shown in FIG. 5(a), the second
color layers 23b are formed on the opening for the second
color layer 235, on the end of the black matrix layer 22
neighboring to the opening, and on the first color layer 234 on
the black matrix layer 22 where the stacked layer 24 will be
formed. On this occasion, the layer of the photosensitive resin
liquid, which has been applied to the unexposed areas, is
removed. The second color layer 235 which becomes a part of
the stacked layer 24 is formed so as to be narrower than the
first color layer 23a.

[0062] Subsequently, in the same manner as above, a pho-
tosensitive resin liquid for the third color layer 23¢ is applied
and dried, and then the exposure and development are pet-
formed using a photo mask. With this, as shown in FIG. 5(b),
the third color layer 23¢ is formed on the opening for the third
color layer 23¢, on the end of the black matrix layer 22
neighboring to the opening, and on the first and second color
layers 23a and 235 that become parts of the stacked layer 24.
On this occasion, the layer of the photosensitive resin liquid,
which has been applied to the unexposed areas, is removed.
At this stage, as shown in FIG. 5(b), the third color layer 23¢
is adjacent to the black matrix layer 22 constituting the
stacked layer 24. On this account, the third color layer 23¢ is
formed so as to cover (i) the third color layer 23¢ formed on
the opening that is formed on the substrate 21 and for the third
color layer 23¢, and (ii) the black matrix layer 22 and the first
and second color layers 23a and 235 that become the parts of
the stacked layer 24.

[0063] Inthis manner, on the substrate 21, the colorlayer 23
and the stacked layer 24 made up of the black matrix layer 22
and the first to third color layers are formed. Note that, as
described above, (i) the first to third color layers 23a-23¢
constituting the color layer 23 formed on the substrate 21 and
(i1) the first to third color layers 23a-23c¢ constituting the
stacked layer 24 are formed by an identical process.

[0064] Subsequently, as shown in FIG. 5(c), on the color
layer 23 and the stacked layer 24, the opposing electrode 25 1s
formed by, for instance, vapor-depositing a transparent con-
ductive film by sputtering. Then on this opposing electrode
25, a photosensitive insulative resin layer (photosensitive
resin layer) 26p 1s formed by applying, by the spin coat
method, a photosensitive insulative resin liquid and drying
this liquid. In the next place, the photosensitive insulative
resin layer 26p is, using a photo mask 33, exposed to light and
developed, in such a manner as to expose (i) an area covering
the entire surface of the part of the opposing electrode 25
covering the stacked layer 24 and (ii) an area on parts of the
color layer 23 where the protruding sections 27 are supposed
to be formed.

[0065] With this, as shown in FIG. 6(5), the insulative resin
film 26 is formed on the entire surface of the part of the
opposing electrode 25 covering the stacked layer 24, while
the protruding sections 27 are formed in the parts on the color
layer 23, and consequently the photosensitive insulative resin
layer 26p formed in the unexposed areas is removed. In this
manner, the insulative resin film 26 and the protruding sec-
tions 27 are formed by an identical manufacturing process.
Note that, the insulative resin film 26 may be formed by
performing a process (a) by which a photosensitive insulative
resin liquid is applied and dried and the photosensitive insu-
lative resin layer 26p is exposed to light and developed. Also,
in order to obtain a suitable height, the insulative resin film 26
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may be formed as a combination of two or more layers, by
performing the process (a) twice or more.

[0066] Then on the surfaces of the opposing electrode 25,
the insulative resin film 26, and the protruding sections 27, the
alignment layer 9 is formed. Consequently, the color filter
substrate 20 is obtained. Note that, although the black matrix
layer 22, the first color layer 234, the second color layer 23,
the third color layer 23¢, and the insulative resin film 26 are
formed by applying the resins by the spin coat method, other
methods such as a dry film method, a die coat method, and a
printing method may be used for the application of the resins.
[0067] To obtain the liquid crystal display apparatus 1
shown in FIG. 1, the TFT array substrate 10, in which the TFT
circuit layer 12, the pixel electrodes 14, and the alignment
layer 8 are formed, is pasted, using a sealing material and the
like, onto the color filter substrate 20 in which the alignment
layer 9 is formed. That is to say, the color layer 23 and the
pixel electrodes 14 are aligned so as to face each other, and a
cell gap is formed by causing the pixel electrode 14 to be in
touch with the insulative resin film 26 covering the top portion
of the part of the opposing electrode 25 formed on the stacked
layer 24. With this, the color filter substrate 20 and the TFT
array substrate are fixed. Then the liquid crystal 15 is injected
to a space between the color filter substrate 20 and the TFT
array substrate, and the opening through which the liquid
crystal 15 is injected is sealed by a sealing material (not
illustrated). As a result, the liquid crystal display apparatus 1
shown in FIG. 1 is obtained.

[0068] Although the color filter substrate 20 of the present
embodiment is provided with the black matrix layer 22, this
black matrix layer 22 is not prerequisite. That is, in place of
the black matrix layer 22, not less than two color layers
having different colors may be stacked for the sake of shad-
ing. Also, it is possible to adopt such an arrangement that the
color filter substrate 20 is not provided with the black matrix
layer 20, so that the shading is performed by the TFT circuit
layer 12 provided on the TFT array substrate 10 side. The
stacked layer 24 of the present embodiment includes the black
matrix layer, the first color layer 23a, the second color layer
23b, and the third color layer 23¢. However, the stacked layer
24 may include at least one of these layers and protrude in
comparison with the black matrix layer 22 and the color layer
23 that are formed on the substrate 21 but do not constitute the
stacked layer 24.

[0069] Inthe present embodiment, as shown in FIG. 1, the
shape of the stacked layer 24 at cross section is rectangular.
However, the shape at cross section may be triangular, semi-
circular, trapezoidal, and the like. That is, the shape of the
stacked layer 24 is not limited as long as the stacked layer 24
protrudes in comparison with the black matrix layer 22 and
the color layer 23 formed on the substrate 21, and the entire
surface of the protruding stacked layer 24 is covered with the
insulative resin film 26.

[0070] Also, in the present embodiment, as shown in FIG.
1, the pixel electrode 14 is in touch with the top portion of the
insulative resin film 26 covering the part of the opposing
electrode 25 on the stacked layer 24. The present invention is,
however, not limited to this arrangement. The top portion of
the insulative resin film 26 of the color filter substrate 20 may
be in touch with the TFT array substrate 10, in an area where
the pixel electrode 14 is not provided.

Embodiment 2

[0071] Another embodiment of the present invention will
be described in reference to FIGS. 7-9. By the way, members
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having the same functions as those described in Embodiment
1 with figures are given the same numbers, so that the descrip-
tions are omitted for the sake of convenience.

[0072] Being similar to the liquid crystal display apparatus
illustrated in Embodiment 1, a liquid crystal display appara-
tus of the present embodiment is arranged such that an insu-
lative resin film is provided on a stacked layer of a color filter
substrate, and the stacked layer and the insulative resin film
function as a spacer so that a cell gap is formed. The cell gap
is formed with the spacer being elastically deformed to an
appropriate degree, by suitably setting the size of the contact
region between the insulative resin film on the color filter
substrate and a pixel electrode of a TFT array substrate.
[0073] When the contact region between the insulative
resin film and the pixel electrode is too large, the spacer rarely
elastically deforms, so that the cell gap cannot be easily
controlled. As a result, the following problems occur: low-
temperature bubbles that are formed in the cell gap; and
underpart swelling that is nonuniformity of brightness occurs
because the liquid crystal is biased downwards by gravitation
when the liquid crystal display apparatus props against a wall.
On the other hand, when the contact region between the
insulative resin film and the pixel electrode is too small, the
insulative resin film constituting the spacer is crushed by a
slight pressure by, for instance, a finger, and consequently
visual nonuniformity occurs. For these reasons, the contact
region between the insulative resin film of the color filter
substrate and the TFT array substrate must have an appropri-
ate size.

[0074] The liquid crystal display apparatus 2 of the present
embodiment is shown in FIG. 7. This liquid crystal display
apparatus 2 is provided with a color filter substrate 30 includ-
ing aninsulative resin film (insulative layer) 36, in place of the
color filter substrate 20 including the insulative resin film 26,
which is included in the liquid crystal display apparatus 1
shown in FIG. 1.

[0075] As shown in FIG. 7, the liquid crystal display appa-
ratus 2 is arranged such that the insulative resin film 36 covers
a part of the opposing electrode 25 covering the stacked layer
24. Also, a part of the insulative resin film 36 opposing to the
TFT array substrate 10 is thicker than the remaining parts of
the insulative resin film 36. That is, in an area (hereinafter,
contact area) 36a that is in touch with the pixel electrode 14 on
the TFT array substrate 10, the thickness of the insulative
resin film 36 is relatively thick. On the other hand, in an area
(non-contact area) 365 that is not in touch with the pixel
electrode 14, the thickness of the insulative resin film 36 is
relatively thin. In this manner, the insulative film 36 has two
stages of thickness.

[0076] Withthis arrangement, the cell gap between the TEFT
array substrate 10 and the color filter substrate 30 is sustained
at the contact area 364 of the insulative resin film 36. In this
manner, the contact area 36a and the non-contact area 365 of
the insulative resin film 36 are formed, so that the size of the
contact area 36a can be suitably set even if the size of the area
of the stacked layer 24 opposing to the TFT array substrate 10
is large. With this, the size of the contact region between the
insulative resin film 36 and the pixel electrode 14 is opti-
mized.

[0077] In the meanwhile, at the non-contact area of the
insulative resin film 36, the short circuit between the part of
the opposing electrode 25 on the stacked layer 24 and the
pixel electrode 14, which is caused by a conductive member,
is prevented. That is to say, a space between the opposing
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electrode 25 on the stacked layer 24 and the pixel electrode 14
is narrower than the distance between a part of the opposing
electrode 25 on the color layer 23 and the pixel electrode 14
on the TFT array substrate 10, so that short circuit on account
of the conductive matter tends to occur in the space. To
prevent the short circuit on account of the conductive matter
between the part of the opposing electrode 25 on the stacked
layer 24 and the pixel electrode 14, the liquid crystal display
apparatus 2 is arranged such that the insulative resin film 36 is
formed on the entire surface of the stacked layer 24. On this
account, the short circuit between the opposing electrode 25
and the pixel electrodes 14 does not occur neither in the
contact area 36a nor in the non-contact area 36b.

[0078] In this manner, using the insulative resin film 36
having the contactarea and the non-contact area, it is possible
to optimize the size of the contact region between the pixel
electrode 14 on the TFT array substrate 10 and the insulative
resin layer 36 that opposes to the TFT array substrate 10 and
is on the part of the opposing electrode 25 on the stacked layer
24. On this account, the spacer is allowed to elastically
deform, and hence the cell gap between the TFT array sub-
strate 10 and the color filter substrate 30 is suitably formed.
[0079] Now, a method of manufacturing the color filter
substrate 30 is described in reference to FIGS. 8(a) and 8(b).
Note that the steps until forming the insulative resin film 36
are identical with those described in the manufacturing steps
of'the color filter substrate 20 illustrated in Embodiment 1, so
as to be omitted here.

[0080] As shown in FIG. 6(b), after forming the insulative
resin film 26 covering the stacked layer 24, a photosensitive
resin liquid made of acrylic resin and the like is applied and
dried by, for instance, a spin coat method, in such a manner as
to cover the opposing electrode 25, the protruding sections
27, and the insulative resin film 26. Further, an insulative resin
layer 6p 1s formed (see FIG. 8(a)). This resin layer 6p may be
made of a photosensitive insulative resin liquid identical with
that for the insulative resin film 26.

[0081] Subsequently, the exposure and development of the
resin layer 6p is performed using the photo mask 35, in such
amanner as to expose a region where the contact area 36a of
the insulative resin film 36 shown in FIG. 7 will be formed.
On this account, as FIG. 8(b) shows, the contact area 36a is
formed on a part of the insulative resin film 26, and conse-
quently the insulative resin film 36 is formed. In other words,
according to the above-described manufacturing method, the
insulative resin film 36 is made up of the insulative resin film
26 shown in FIG. 6(4) and the contact area 36a. In the mean-
while, the photosensitive insulative resin layer 6p applied to
the areas not being exposed to light is removed from the
opposing electrode 25, so that the opposing electrode 25 is
exposed to the outside.

[0082] In this manner, the non-contact area 365 (insulative
resin film 26) of the insulative resin film 36 and the contact
area 36a of the insulative resin film 36, these areas being
shown in FIG. 7, are successively formed, so that the color
filter substrate 30 including the insulative resin film 36 having
two-staged thickness is obtained.

[0083] Alternatively, it is possible to obtain the color filter
substrate 30 by integrally forming the contact area 36a and
the non-contact area 365 of the insulative resin film 36. A
method of manufacturing the color filter substrate 30 in this
case is described in reference to FIGS. 9(a) and 9(b). Note
that, the steps until forming the opposing electrode 25 are
identical with the steps of manufacturing the color filter sub-

Oct. 15, 2009

strate 20 shown in Embodiment 1 in reference to FIGS. 4(a)-
4(d) and 5(a)-5(c), so that the description on these steps is
omitted.

[0084] On the first to third color layers 23a-23¢ and the
stacked layer 24 formed on the substrate 21, the opposing
electrode 25 is formed. Subsequently, a photosensitive resin
liquid is applied by the spin coat method and dried, so that, as
shown in FIG. 9(a), a photosensitive insulative resin layer 26p
is formed. Then the photosensitive insulative resin layer 26p
1s exposed to light and developed using the photo mask 34, in
such a manner as to expose the area covering the entire sur-
face of the part of the opposing electrode 25 on the stacked
layer 24 and the areas on the color layer 23 where the pro-
truding sections 27 shown in FIG. 27 are formed. On this
occasion, in order to cause light exposure amounts to be
different between areas on the top portion of the part of the
opposing electrode 25 on the stacked layer 24, for instance, a
slit mask having an exposure section 34¢ and a half-exposure
section 34b, at these sections 34a and 344 the light exposure
amounts being different, is adopted as the photo mask 34.
With this photo mask 34, the exposure at the half-exposure
section 345 can be performed with a smaller light exposure
amount than the exposure at the exposure section 34a.
[0085] Thus, as FIG. 8(b) shows, the insulative resin film 36
is formed on the entire surface of the part of the opposing
electrode 25 covering the stacked layer 24, and the thickness
of the part of the insulative resin film 36 on the top portion of
the part of the opposing electrode 25 on the stacked layer 24
is two-staged. The thicker part of the insulating resin film 36
is the contact area, and this contact area is formed by per-
forming the exposure using the exposure section 33a of the
photo mask 34. On the other hand, the thinner part of the
insulative resin film 36 is the non-contact area, and this non-
contact area is formed by performing the exposure using the
half-exposure section 345 of the photo mask 34.

[0086] On the color layer 23, the protruding sections 27 are
formed. These protruding sections 27 may be formed using
either the exposure section 34a or the half-exposure section
3454 of the photo mask 34. In the meanwhile, the photosensi-
tive insulative resin layer 26p formed on the areas not being
exposed to light is removed from the opposing electrode 25,
so that the opposing electrode 25 is exposed to the outside.
[0087] In this manner, the insulative resin film 36 and the
protruding sections 27 are formed in an identical process.
Subsequently, on the opposing electrode 25, the insulative
resin film 36, and the protruding sections 27, the alignment
layer 9 is formed, and consequently the color filter substrate
30 is obtained.

[0088] Note that, the protruding sections 27 may be formed
concurrently with the non-contact area 365 (insulative resin
film 26) in the step of forming the non-contact area 3654. Also,
the protruding sections 27 may be formed concurrently with
the contact area 36a in the step of forming the contact area
36a.

[0089] As described above, the insulative resin film 36 of
the color filter substrate 30 may be, as shown in FIGS. 8(a)
and 8(b), formed in such a manner that the contact area 36a
and the non-contact area 365 are formed one after another, or
the insulative resin film 36 may be, as shown in FIGS. 9(a)
and 9(b), formed in such a manner that the contact area 36a
and the non-contact area 36b are concurrently formed.
[0090] As discussed in Embodiment 1, the liquid crystal
display apparatus 2 is obtained by pasting the color filter
substrate 30 onto the TFT array substrate 10 by using, for
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instance, a sealing material, after the TFT array substrate 10
in which the alignment layers 8 and 9 are formed is aligned
with the color substrate 30. On this occasion, these substrates
are fixed by causing the contact area on the color filter sub-
strate 30 to be in touch with the pixel electrode 14 of the TFT
array substrate 10 (see FIG. 7). Then the liquid crystal 15 is
enclosed in a space between the color filter substrate 30 and
the TFT array substrate 10, and the opening for injecting the
liquid crystal 15 is sealed by a sealing material.

[0091] Inthe present embodiment, the thickness of the part
of the insulative resin film 36 opposing to the TFT array
substrate 10 is two-staged. However, the insulative resin film
in the area opposing to the TFT array substrate 10 may be not
less than three-staged in thickness.

[0092] Thedistance between the parts of the opposing elec-
trode 25 on the color layer superposition section 28 and the
pixel electrode 14 on the TFT array substrate 10 is narrower
than the distance between the pixel electrode 14 and the part
of the opposing electrode 25 on the color layer 23. On this
account, in order to prevent the short circuit between the
opposing electrode 25 and the pixel electrode 14 on account
of the conductive matter, an insulative resin film may be
formed on the color layer superposition section 28 and on the
superposed section side.

Embodiment 3

[0093] The following will discuss a further embodiment of
the presentinvention in reference to FIGS. 10-12. By the way,
members having the same functions as those described in
Embodiment 1 with figures are given the same numbers, so
that the descriptions are omitted for the sake of convenience.
[0094] Inthestackedlayer24 as said at least one protruding
structure section of Embodiments 1 and 2, not less than color
layers (including the black matrix layer 22) are stacked.
Present invention, however, is not limited to this, so that said
atleast one protruding structure section may include only two
layers.

[0095] FIG. 10 shows aliquid crystal display apparatus 3 of
the present embodiment. The liquid crystal display apparatus
3 does not include the black matrix layer 22 described in
Embodiments 1 and 2, while includes a color filter substrate
40 that includes a stacked layer 44 in place of the stacked layer
24 and includes an insulative resin film (insulating layer) 46
in place of the insulative resin film 26 or 36.

[0096] As shown in FIG. 10, the color filter substrate 40 is
arranged such that the first color layer 23a, the second color
layer 23b, and the third color layer 23¢ are formed on the
substrate 21, and between these first to third color layers, a
stacked layer 44 made up of the first and third color layers 23a
and 23c¢. The stacked layer 44 in the present embodiment is
made up of the first and third color layers 23a and 23c.
However, the stacked layer 44 may be made up of another
combination of the color layers, e.g. the first and second color
layers 23a and 235 and the second and third color layers 235
and 23c¢. The stacked layer 44 may be formed by causing the
respective ends of the neighboring color layers 23 to overlap
with each other. That is, the stacked layer 44 may be formed
by causing: the first and second color layers 23a and 235 to be
overlapped; the second and third color layers 235 and 23c¢ to
be overlapped; or the first and third color layers 23a and 23¢
to be overlapped.

[0097] On the stacked layer 44, as shown in FIG. 10, the
opposing electrode 25 is formed. Also, the insulative resin
film 46 is formed so as to cover the entire surface of a part of
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the opposing electrode 25 on the stacked layer 44. The insu-
lative resin film 46 is provided for preventing the short circuit
between the opposing electrode 25 and the pixel electrode 14
on account of a conductive matter.

[0098] In the liquid crystal display apparatus 3 including
the color filter substrate 40, a cell gap between the color filter
substrate 40 and the TFT array substrate 10 is controlled by
spacers made of plastic bead, glass fiber, and the like (not
illustrated). In other words, while in Embodiments 1 and 2 the
cell gap is sustained by the contact between the insulative
resin film 26 or 36 and the pixel electrode 14, the insulative
resin film 46 of the present embodiment is not in touch with
the pixel electrodes 14 of the TFT array substrate 10. On this
account, when the color filter substrate 40 and the TFT array
substrate 10 are fixed, the spacers are dispersed so that the cell
gap is sustained, and hence the substrates are fixed with a
predetermined gap being formed therebetween. On this
account, the stacked layer 44 and the insulative resin film 46
covering the part of the opposing electrode 25 on the stacked
layer 44 are not used as the spacers.

[0099] However, as described above, the distance between
the part of the opposing electrode 25 on the stacked layer 44
and the pixel electrode 14 is narrower than the distance
between the parts of the opposing electrode 26 on the color
layer 23 and the pixel electrodes 14. On this account, the short
circuit on account of the existence of the conductive matter is
likely to occur in a space between the part of the opposing
electrode 25 on the stacked layer 44 and the pixel electrode
44, in comparison with a space between the parts of the
opposing electrode 25 on the color layer 23 and the pixel
electrodes 14. In view of this, as shown in FIG. 10, the
insulative resin film 46 is provided on the entire surface of the
part of the opposing electrode 25 on the stacked layer 44, in
order to prevent the short circuit between the opposing elec-
trode 25 and the pixel electrodes 14 on account of the pres-
ence of the conductive matter.

[0100] A method of manufacturing the color filter substrate
40 will be specifically described in reference to FIGS. 11(a)-
11(d) and 12(a)-12(d). FIGS. 11(a)-11(d) and 12(a)-12(d) are
cross sections illustrating the manufacturing process of the
color filter substrate 40.

[0101] As shown in FIG. 11(a), on the substrate 21, for
instance, a photosensitive resin liquid for the first color layer
23ais applied by the spin coat method and dried, so that a first
resin layer 23p is formed. Subsequently, the first resin layer
23p is exposed to light and developed, using a photo mask 51
that is arranged in such a manner as to expose areas on the
substrate 21 where the first color layer 23a and the stacked
layer 44 are formed. With this, as shown in FIG. 11(5), the
first resin layer 23p is removed from the areas where the
second and third color layers 235 and 23¢ will be formed, and
consequently the first color layer 23a is formed.

[0102] Subsequently. by steps similar to the step for form-
ing the aforesaid first color layer 23a, the second color layer
23b and the third color layer 23¢ are successively formed as
shown in FIGS. 11(¢), 11(d), 12(a), and 12(b). That is, by the
spin coat method and the like, a photosensitive resin liquid for
the second color layer 235 is applied and dried, a second resin
layer 23¢ is formed as shown in FIG. 11(c). Then, using a
photo mask 52, the exposure and the development are per-
formed. The photo mask 52 is formed in such a manner as to
expose the second resin layer 234 in an area where the second
color layer 23 will be formed. With this, as FIG. 11(d)
shows, the second resin layer 23¢ in the areas on the substrate
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21 where the first and third color layers 23a and 23¢ will be
formed is removed, and consequently the second color layer
234 is formed.

[0103] In the next place, by the spin coat method and the
like, a photosensitive resin liquid for the third color layer 23¢
is applied and dried, so that a third resin layer 23r is formed as
shown in FIG. 12(a). Then, using a photo mask 53, the expo-
sure and the development are performed. The photo mask 53
is formed in such a manner as to expose (i) an area where the
third color layer 23¢ will be formed and (ii) the third resin
layer 23r on the first color layer 23a where the stacked layer
44 will be formed. With this, as shown in FIG. 12(5), the third
resin layer 237 (1) on the first color layer 23a where the
stacked layer 44 is formed and (2) in an area on the substrate
21 where the third color layer 23¢ will be formed turns to the
third color layer 23¢. In this manner, on the substrate 21, the
firstcolor layer 23a, the second color layer 235, the third color
layer 23c¢, and the stacked layer 44 are formed.

[0104] Subsequently, as shown in FIG. 12(¢), on the first to
third color layers 23a-23¢ and the stacked layer 44, a trans-
parent conductive film is vapor-deposited by, for instance,
sputtering, so that the opposing electrode 25 is formed. Then,
on the opposing electrode 25, aphotosensitive insulative resin
liquid is applied by the spin coat method and dried. As a
result, a photosensitive insulative resin layer (photosensitive
resin layer) 46p is formed as shown in FIG. 12(d). Then, using
a photo mask 54, the exposure and development of the pho-
tosensitive insulative resin layer 46p are performed in such a
manner as to expose an area covering the entire surfaces of
part ofthe opposing electrode 25 on the stacked layer 44. With
this, as shown in FIG. 10, the insulative resin film 46 is formed
on the entire surface of the part of the opposing electrode 25
covering the stacked layer 44, while the photosensitive insu-
lative resin layer 46p applied to unexposed areas is removed.
Subsequently, the alignment layer 9 is formed and conse-
quently the color filter substrate 40 is obtained.

[0105] Note that, the stacked layer 44 may be made up of
two layers having different colors, or three layers having
different colors. Alternatively, a black matrix layer may be
included. In summary, the stacked layer 44 is formed by
deposing different colors of layers so that an OD value for
obtaining sufficient shielding is obtained. This OD value typi-
cally indicates light transmission density in a visible light
range between 400 nm and 700 nm, and is calculated by the
following equation:

OD Value=-log(I’/)

[0106] In this equation, I indicates the light intensity of
incoming light and I' indicates the light intensity of outgoing
light

[0107] The larger the OD value is, the lower the light trans-
mittance is and the higher the shielding property is.

[0108] As described above, in the color filter substrate of
the present invention, the insulating layer is thicker than the
alignment layer.

[0109] According to this arrangement, since the insulating
layer on said at least one protruding structure section is
thicker than the alignment layer, the part of the opposing
electrode covering said at least one protruding structure sec-
tion is not easily exposed to the outside, even if the insulating
layer on said at least one protruding structure section is dam-
aged by a foreign matter and the like.

[0110] In the color filter substrate of the present invention,
a part of the insulating layer, the part being formed on a top
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portion of said at least one protruding structure section with
the opposing electrode being interposed between the part and
the top portion, is at least partially thicker than a remaining
part of the insulating layer.

[0111] According to this arrangement, when the aforesaid
color filter substrate is adopted as one of a pair of opposing
electrodes adopted in a liquid crystal display device and the
like, the contact area of the insulating layer, where the insu-
lating layer is in touch with a pixel electrode substrate that is
the other one of the pair of the opposing electrodes, can be
controlled. That is to say, a part of the area of the insulating
layer covering the top portion of said at least one protruding
structure section is relatively thicker than the remaining part,
so that, at the aforesaid part of the area, the insulating layer
can be in touch with the pixel electrode. On this account, it is
possible to cause the insulating layer and the pixel electrode
substrate to be in touch with each other, at the contact area
having a desired size.

[0112] In the color filter substrate of the present invention,
said at least one protruding structure section is arranged such
that protruding structure section forming layers having dif-
ferent colors are stacked.

[0113] In the color filter substrate of the present invention,
said at least one protruding structure section forming layers
include at least one of the color layers constituting the col-
orized layer.

[0114] Inthe color filter substrate of the present invention,
the protruding structure section forming layer is arranged
such that more than one of the color layers constituting the
colorized layer are stacked.

[0115] According to the arrangements above, the protrud-
ing structure section is formed by the color layers constituting
the colorized layer. With this, for forming the protruding
structure section, it is possible to adopt materials used for
forming the color layers of the colorized layer, so that the
types of materials for manufacturing the color filter substrate
do not increase.

[0116] The color filter substrate of the present invention
includes a black matrix layer as one of the color layers con-
stituting the colorized layer.

[0117] In the color filter substrate of the present invention,
the protruding structure section includes a black matrix layer.
[0118] According to the arrangement above, since the black
matrix layer is provided, it is possible to form, in the color
filter substrate, a shading area for preventing the leakage of
light and blocking outside light. This makes it possible to
improve the display contrast. In particular, when the protrud-
ing structure section includes the black matrix layer, the pre-
vention of the leakage of light and the blocking of the outside
light are suitably performed at the protruding structure sec-
tion, so that the display contrast is further improved. When the
protruding structure section is formed by superposing the
color layers on the black matrix layer, the transmittance in the
transmitting area on the color filter substrate does not dete-
riorate. On this account, it is possible to provide the color
filter substrate that excels in the display contrast and the
display quality.

[0119] In the color filter substrate of the present invention,
the insulating layer is made of photosensitive resin. Accord-
ing to this arrangement, since the insulating layer is made of
photosensitive resin, the insulating layer can be easily formed
by carrying out patterning by photolithography. Furthermore,
when the insulating layer is made of photosensitive resin, the
thickness of the insulating layer can be easily controlled by
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adjusting an amount of light for the exposure, on the occasion
of the photolithography. For this reason, the manufacturing
process of the color filter substrate is simplified and the manu-
facturing cost is reduced.

[0120] In the aforesaid color filter substrate of the present
invention, the insulating layer is made of an inorganic silicon
compound.

[0121] The inorganic silicon compound has such hardness
that the compound is not easily broken on the occasion of the
contact with a foreign matter and the like. For this reason, it is
possible to provide the insulating layer that is not easily
broken on the occasion of the contact with a foreign matter
and the like.

[0122] Inthe color filter substrate of the present invention,
the insulating layer is not less than 0.1 pum thick.

[0123] That is, when the thickness of the insulating layer is
set as above, the breakage on account of a foreign matter and
the like and the exposure of the opposing electrode to the
outside can be prevented. Also, when the insulating layer of
the color filter substrate is pasted on another opposing sub-
strate, it is possible to keep the color filter substrate and the
opposing substrate to be suitably distanced from each other.
[0124] Inthe color filter substrate of the present invention,
the protruding structure section includes atleast 3 color layers
being stacked.

[0125] Thatisto say, the opposing electrode on the protrud-
ing structure section tends to contact the pixel electrode of the
pixel electrode substrate, when a foreign (conductive) matter
exists between a pair of opposing substrate and the foreign
matter enters an area, where the protruding structure section
is high. According to the arrangement above, it is possible to
surely prevent the opposing electrode from short-circuiting
with the pixel electrode, even if the protruding structure is
high because of the not less than 3 color layers being stacked
therein.

[0126] More specifically, when a typical color filter sub-
strate, in which color layers are formed using photo resist in
which colorants are dispersed, adopts, as a spacer, a protrud-
ing structure section in which color layers are stacked, the
protruding structure section is typically made up of not less
than three layers, in consideration of the relationship between
the thickness of the color layers and the cell gap. This is
because, no additional members such as plastic bead, which is
required for sustaining the cell gap, is necessary, as the pro-
truding structure section functions as the spacer.

[0127] When not less than three color layers are stacked,
however, the short-circuit tends to occur in comparison with
the case where two color layers are stacked so that the pro-
truding structure section is used as a color-superposed black
matrix (BM). This is because, in the case where not less than
three color layers are stacked, the part of the opposing elec-
trode on the protruding structure section of the color filter
substrate is close to the pixel electrode of the pixel electrode
substrate. Moreover, when not less than three color layers are
stacked, the size of the base of these layers is large in consid-
eration of the misalignment of the layers, so that the area
where the part of the opposing electrode on the protruding
structure section of the color filter substrate is close to the
pixel electrode of the pixel electrode substrate is large.
According to the above-described arrangement, however, the
short-circuit between the opposing electrode and the pixel
electrode is certainly prevented, even if the protruding struc-
ture section is high on account of not less than three color
layers being stacked.
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[0128] In the color filter substrate of the present invention,
a protruding section for controlling the alignment of liquid
crystal is provided on a part of the colorized layer, and the
protruding section is made of a material identical with that of
the insulating layer.

[0129] According to this arrangement, when the aforesaid
color filter substrate is, for instance, adopted as one of a pair
of opposing substrates of a liquid crystal display apparatus,
the alignment of the liquid crystal can be controlled by the
protruding section. Moreover, since the protruding section is
made of a material identical with that of the insulating layer,
it is unnecessary to use an additional material for forming the
protruding section.

[0130] The liquid crystal display apparatus of the present
invention, in which a color filter substrate and a pixel elec-
trode substrate including pixel electrodes face each other with
a liquid crystal layer being interposed therebetween, is
arranged such that, the color filter substrate is one of the
above-described color filter substrates, and in an insulating
layer provided on the protruding structure section of the color
filter substrate, at least a part of an area covering a part of the
opposing electrode on the top portion of the protruding struc-
ture section is in touch with the pixel electrode substrate.

[0131] According to this arrangement, the insulating layer
covering the entire surface of the part of the opposing elec-
trode covering the protruding structure section is provided,
i.e. the insulating layer is provided in the area where the part
of the opposing electrode on the surface of the protruding
structure section is close to a pixel electrode of the pixel
electrode substrate. On this account, even if a conductive
matter and the like exists in a liquid crystal layer provided
between the color filter substrate and the pixel electrode sub-
strate at a predetermined distance (cell gap) therebetween, it
is possible to prevent the opposing electrode from short-
circuiting with the pixel electrode via the conductive matter.
Therefore the yield of the liquid crystal display apparatus is
improved.

[0132] Theprotruding structure section, a part of the oppos-
ing electrode covering the top portion of the protruding struc-
ture section, and the insulating layer can be used as a spacer
for obtaining the cell gap between the color filter substrate
and the opposing substrate that opposes to the color filter
substrate. This makes it possible to do away with a step of
manufacturing the spacer, so that the manufacturing process
is simplified and the manufacturing cost is reduced.

[0133] The liquid crystal display apparatus of the present
invention, in which a color filter substrate and a pixel elec-
trode substrate including pixel electrodes face each other with
a liquid crystal layer being interposed therebetween, is
arranged such that, the color filter substrate is one of the
aforesaid color filter substrates each covering the part of the
opposing electrode covering the protruding structure section,
in such a manner as to form at least two areas that are different
in thickness, and the thickness ofa part of the insulating layer
formed on the protruding structure section of the color filter
substrate, at which the insulating layer contacts the pixel
electrode substrate, is thicker than the remaining parts of the
insulating layer.

[0134] According to this arrangement, it is possible to con-
trol the size of the contact area between the pixel electrode
and the insulating layer, and hence the cell gap of the liquid
crystal display apparatus is suitably obtained. With this, it is
possible to prevent the formation of bubbles in the liquid
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crystal layer and the occurrence of the irregularity of bright-
ness on account of the biased liquid crystal.

[0135] In the method of manufacturing the color filter sub-
strate of the present invention, the insulating layer is formed
so as to be thicker than the alignment layer.

[0136] According to this method, even if the insulating
layer on the protruding structure section is damaged by a
foreign matter and the like, a part of the opposing electrode
covering the protruding structure section is not easily exposed
to the outside.

[0137] In the method of manufacturing the color filter sub-
strate of the present invention, at least a part of the area of the
insulating layer on the top portion of the protruding section is
formed so as to be thicker than the remaining parts of the area
of the insulating layer.

[0138] According to this method, when the color filter sub-
strate is adopted as one of a pair of opposing substrates used
in a liquid crystal display apparatus and the like, the contact
area between the insulating layer and the pixel electrode
substrate that is the other one of the pair of the opposing
substrates can be controlled. Thatisto say, at least a part of the
area of the insulating layer on the top portion of the protruding
structure section is relatively thicker than the remaining parts,
and at this part the insulating layer is in contact with the pixel
electrode substrate. Therefore, it is possible to cause the insu-
lating layer and the pixel electrode substrate to contact each
other, at the contact area having a desired size.

[0139] In the method of manufacturing the color filter sub-
strate of the present invention, in the step of forming the
insulating layer, a photosensitive resin layer is formed on the
surface of the opposing electrode, and the photosensitive
resin layer is exposed to light and developed.

[0140] According to this method, the insulating layer can
be easily formed by carrying out patterning by photolithog-
raphy.

[0141] Inthe aforesaid method of manufacturing the color
filter of the present invention, in the step of forming the
insulating layer, a resin layer area of the photosensitive resin
layer, the resin layer area being formed on the protruding
structure section, is exposed to at least two sets of light of
different amounts.

[0142] According to this method, the thickness of the insu-
lating layer can be easily controlled by adjusting the amount
of light for the exposure, on the occasion of the photolithog-
raphy.

[0143] The invention being thus described, it will be obvi-
ous that the same way may be varied in many ways. Such
variations are not to be regarded as a departure from the spirit
and scope of the invention, and all such modifications as
would be obvious to one skilled in the art are intended to be
included within the scope of the following claims.
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What is claimed is:
1. A color filter substrate, comprising:
acolorized layer that is formed on a substrate and includes
a plurality of color layers being aligned side by side;

at least one protruding structure section that is formed on
the substrate, includes a plurality of color layers being
stacked, and the protruding structure section includes all
of the stacked color layer structure that protrudes beyond
the layer of color layers of the colorized layer aligned
side by side;

an opposing electrode covering the colorized layerand said

at least one protruding structure section; and
an alignment layer stacked on at least a piece of the oppos-
ing electrode, the piece covering the colorized layer,

an insulating layer being stacked on an entire surface part
of the opposing electrode, said part entirely covering an
entire surface portion of said at least one protruding
structure section, the portion protruding in comparison
with another part of the opposing electrode.

2. The color filter substrate as defined in claim 1, wherein,
the insulating layer is thicker than the alignment layer.

3. The color filter substrate as defined in claim 1, wherein,
a part of the insulating layer, the part being formed on a top
portion of said at least one protruding structure section with
the opposing electrode being interposed between the part and
the top portion, is at least partially thicker than a remaining
part of the insulating layer.

4. The color filter substrate as defined in claim 1, wherein,
said at least one protruding structure section is arranged such
that protruding structure section forming layers having dif-
ferent colors are stacked.

5. The color filter substrate as defined in claim 4, wherein,
the protruding structure forming layers include at least one of
the color layers constituting the colorized layer.

6. The color filter substrate as defined in claim 4, wherein,
the protruding structure section forming layers include more
than one of the color layers constituting the colorized layer.

7. The color filter substrate as defined in ¢laim 1, whetein,
one of the color layers constituting the colorized layer is a
black matrix layer.

8. The color filter substrate as defined in claim 1, wherein,
a protruding section for controlling alignment of liquid crys-
tal is provided on a part of the colorized layer, and the pro-
truding section is made of a material identical with a material
of the insulating layer.

9. The color filter substrate of claim 1, wherein a maximum
width ofthe insulating layer is greater than a maximum width
of the protruding structure.
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