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(57) ABSTRACT

A color filter is provided which is formed by using a small
mask continuous exposure method in which a portion
between adjacent exposed areas is shielded from light by a
blind shutter, and which has dummy photo spacers formed on
a colored layer outside a display pixel area at a uniform
height. Firstly, by using the small mask continuous exposure
method, a colored layer is formed which extends in the X-axis
direction astride the display pixel area and a frame area. At
this time, the edges of the blind shutter which are parallel to
the'Y axis are each positioned so as to be distant by 500 pm to
1000 pm from a side which forms the outer circumference of
the outermost opening and which is closest to the frame area
extending in the Y-axis direction. Next, photo spacers are
formed on the colored layer such that the central axis of each

(30) Foreign Application Priority Data photo spacer is positioned in a range of positions that are
distant by 300 um or less from a side which is closest to the
Apr. 28,2009 (IP) oo 2009-109037 frame area extending in the Y-axis direction.
AN
L]




Patent Application Publication  Feb. 16,2012 Sheet 1 of 6 US 2012/0038863 A1

. =]
_—
=
== <
] ~
—
==
ey
=
=
[ —1
=]
—
ey
o—m
===
ey
g ———1
=
——"
[— ]
[}
—
[ i |
[———"]
[ariores }
===
=
[=——] ——
=1
- )
e
St
<: ] [
===
=
o]
=
—
ey
=
b
=
—
oy
p———]
Ememy
=
(==
—_
—— 1]
[———]
I —— ]
=
=
[——1
[——]
——
-]
[——]
[——]
|——]
—
< L ©

FIG.1



Patent Application Publication  Feb. 16,2012 Sheet 2 of 6 US 2012/0038863 A1

B R AR

;
‘ :
R




Patent Application Publication

FIG.3

Feb. 16,2012 Sheet 3 of 6

-
3

« ¥ L
Ndie La

iy

US 2012/0038863 A1



Patent Application Publication  Feb. 16,2012 Sheet 4 of 6 US 2012/0038863 A1

m
4

~

LSS S AL
77777 f/,gf/:f?///f/f///;%a

J

L Ll Ll

FIG.4



US 2012/0038863 A1

Feb. 16,2012 Sheet 5 of 6

Patent Application Publication

rd
(wp JYjsue| ueog

0S4} 600L B3l loel 991 SoOl £58 €0L 166  00p L1 /4

08'0-

== 520-

Tﬂ#{ly,

NOILHOd dIL

ONINIJO TaXId ~=
..../4, $2°0

he e I
YIUY AVND 7

A

6¥'0

R {2

© 660

(W 1T ) SSANMOIHL NI

w1 g0E

YAV NOILLYYANID
VYUY AVHD

i

ge'l

\L 0g't
Vr NOLLISOd 1HY1S

NOLLVHINTYD VIHV AVHUD

= T1H40dd SSIANMOIHL W4 TYNOILO3S-SSOHD

SO



Patent Application Publication

Feb. 16,2012 Sheet 6 of 6

US 2012/0038863 A1

g

iy




US 2012/0038863 A1l

COLOR FILTER, LIQUID CRYSTAL DISPLAY
DEVICE,AND COLOR FILTER PRODUCTION
METHOD

TECHNICAL FIELD

[0001] The present invention relates to color filters for use
in, for example, liquid crystal display devices, and a color
filter production method.

BACKGROUND ART

[0002] For display devices such as liquid crystal display
devices, color filters are widespread for the purposes of color
image display, reflectance reduction, contrast adjustment,
spectral characteristic control, and the like. In order to pro-
duce a color filter, colored pixels need to be formed on a
substrate so as to be aligned in a matrix. In order to form the
colored pixels on the substrate, photolithography method is
typically used widely. Specifically, photosensitive resin
(hereinafter, referred to as a “resist”) having coloring agent
such as pigment and dye dispersed therein is firstly applied to
a substrate by using a spin coating or a spinless coating
method, and thereafter excessive solvent in the resist is
removed by pre-baking. Subsequently, a photomask having
an opening pattern (in the case of a negative type resist)
corresponding to the colored pixels is used to expose the resist
to light for representing the opening pattern. The exposure to
light is performed by, for example, applying active energy ray
from a high-pressure mercury lamp acting as a light source, to
the resist through the photomask. Finally, the resist and devel-
oper are brought into contact with each other, to dissolve and
remove unnecessary resist, and thereafter rinsing and post-
baking are performed. These are repeated the number oftimes
corresponding to the number of colors of the colored pixels.
[0003] Inorderto expose the resist to light for representing
the opening pattern, a proximity exposure (close exposure)
method in which the entire surface of the substrate can be
exposed to light at one time may be used. In an exposure
device used in the proximity exposure method, distribution of
illuminance of light applied from an ultrahigh pressure met-
cury lamp acting as a light source is made uniform by using a
fly-eye lens. Thereafter, light emitted from the fly-eye lens is
transformed into parallel light beams by using a collimator
lens. The photomask is positioned so as to be spaced from the
substrate (to form a gap) by several tens of um to several
hundreds of pm. The parallel light beams are applied to the
entire surface of the photomask. As a result, the opening
pattern is transferred to the resist on the substrate at the same
magnification.

[0004] The exposure device used for the proximity expo-
sure method has a simple device structure as compared to, for
example, an exposure device including a projection optical
system. Therefore, use of the proximity exposure method is
advantageous in that cost for the devices can be reduced.
Further, the same area as that of the photomask can be
exposed to light at one time. Therefore, use of a photomask
corresponding to a size of an exposed area on the substrate is
advantageous also in that process tact for the exposure pro-
cess steps can be reduced.

[0005] However, in recent years, sizes of a color filter sub-
strate and a TFT (Thin Film Transistor) substrate included in
a liquid crystal panel tend to be increased. Exemplary sub-
strate sizes are 1500 mmx1800 mm (the sixth generation),
2160 mmx2400 mm (the eighth generation), and 2850
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mmx3050 mm (the tenth generation). The increase in size of
acolor filter substrate, and the like inevitably require increase
in size of a photomask and increase in size of an illumination
optical system of the proximity exposure device. As a result,
a problem arises that production cost for photomasks is
increased. Further, the increase in size of a color filter sub-
strate leads to enlargement of a light-applied area, so that a
problem also arises that energy efficiency of the applied light
is reduced.

[0006] Inorder to solve the above-mentioned problems, an
exposure method (hereinafter, referred to as a “maskless
exposure method”) may be used in which a pattern is directly
formed on a substrate by using laser light without using a
photomask. In this method, while laser light is being applied
to the resist on the substrate, the laser light is modulated as
necessary according to a pattern to be formed. Therefore, the
maskless exposure method is advantageous in that use of
expensive photomasks is unnecessary. However, for the
maskless exposure method, development of a modulation
device for modulating the laser light and/or a resist suitable
for laser light to be used is difficult. The maskless exposure
method has a lot of problems to be solved for realizing expo-
sure to light for a color filter having a large size with reduced
production cost.

[0007] Therefore, a method (hereinafter, referred to as a
“small mask continuous exposure method) may be used in
which a plurality of small masks are aligned, and a resist on a
substrate is repeatedly exposed to light for representing an
opening pattern of a photomask while the substrate is being
conveyed. In the small mask continuous exposure method, a
blind shutter positioned between the photomasks and a light
source is opened or closed in synchronization with the con-
veying of the substrate, and thus switching between applica-
tion of light to the resist and shielding of the resist from the
light is controlled as necessary. As a result, the resist on the
substrate is freely separated into an area (hereinafter, referred
to as an “exposed area”) which is exposed to light and an area
(hereinafter, referred to as an “unexposed area”) which is not
exposed to light.

CITATION LIST
Patent Literature

[0008] Patent Literature 1: Japanese Laid-Open Patent
Publication No. 2007-11231

[0009] Patent Literature 2: Japanese Laid-Open Patent
Publication No. 2007-281317

[0010] Patent Literature 3: Japanese Laid-Open Patent
Publication No. 2007-121344

SUMMARY OF THE INVENTION
Problems to be Solved by the Invention

[0011] Whena color filter is formed on a substrate by using
the small mask continuous exposure method, a plurality of
color filters are formed on the same substrate by exposure to
light in order to reduce production cost. In an exposed area on
the substrate corresponding to a display pixel area of each
color filter, a colored layer forming a colored pixel pattern is
sequentially formed by exposure to light in a substrate con-
veying direction. On the other hand, a portion between
exposed areas which are adjacent to each other along the
substrate conveying direction is not exposed to light by the
blind shutter being closed. At this time, below each of the
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edges of the blind shutter along the substrate conveying direc-
tion, an area (hereinafter, this area is referred to as a “gray
area”) in which an amount of applied light is insufficient is
generated near the exposed area along the substrate convey-
ing direction due to influence of diffraction of applied light
and a collimation angle. A film thickness of a colored layer
formed in the gray area is relatively small as compared to a
film thickness of colored layers in the other exposed areas,
and is gradually reduced toward each end of the colored layer
along the substrate conveying direction.

[0012] Onthedisplay pixel area of the color filter substrate,
photo spacers as well as the colored layers as described above
are formed. Further, the photo spacers are generally provided
also in an area outside the display pixel area (hereinafter,
photo spacers which are provided outside the display pixel
area are referred to as “dummy photo spacers” for conve-
nience sake). When the dummy photo spacers are provided, a
space (cell gap) which is formed, outside the display pixel
area, between a substrate and an opposing substrate is main-
tained so as to be uniform.

[0013] Depending on specifications of a product, it is
desired that the dummy photo spacers be provided on the
colored layer outside the display pixel area. However, the film
thickness of the colored layer outside the display pixel area is
not uniform in the color filter produced by using the small
mask method. Therefore, a problem may arise that the
dummy photo spacers are not formed at the same height, and
display quality is likely to be deteriorated.

[0014] Therefore, an object of the present invention is to
make available: a color filter that is formed by using an
exposure method for shielding a portion between adjacent
exposed areas from light with a blind shutter, and that has, on
a colored layer outside a display pixel area, dummy photo
spacers formed at almost the same height; and a liquid crystal
display device including the color filter. Further, another
object of the present invention is to make available a method
for producing, by using an exposure method for shielding a
portion between adjacent exposed areas from light with a
blind shutter, a color filter which has, on a colored layer
outside a display pixel area, dummy photo spacers formed at
almost the same height.

Solution to the Problems

[0015] A color filter according to the present invention has
aplurality of pixels aligned in a matrix in a first direction and
in a second direction orthogonal to the first direction, and has
pixels of the same color aligned in the first direction. The
color filter includes: a substrate; a light shielding layer which
is lattice-shaped for separating, on the substrate, a plurality of
openings corresponding to the plurality of pixels, respec-
tively: a plurality of colored layers formed so as to cover the
plurality of openings; and a plurality of photo spacers formed
on the plurality of colored layers. Thickness of the colored
layers is not uniform at least near both end portions in the first
direction in a pair of areas extending, outside a rectangular
area in which the plurality of openings are aligned, along
sides of the rectangular area in the second direction, and the
plurality of photo spacers are formed on the plurality of
colored layers such that the central axis of each photo spacer
is positioned only in a range of positions that are distant by
300 pum or less from a side which forms an outer circumfer-
ence of the openings, and which is closest to a corresponding
one of the pair of areas.
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[0016] 1In acolor filter production method according to the
present invention, a plurality of color filters each of which has
a plurality of colored pixels aligned in a matrix in a first
direction and in a second direction orthogonal to the first
direction, and has pixels of the same color aligned in the first
direction, are aligned on a single substrate in at least the first
direction. Specifically, a plurality of rectangular areas in
which the plurality of color filters, respectively, are formed,
are formed intermittently in the first direction such that the
plurality of rectangular areas each include a light shielding
layer which is lattice-shaped for separating, on the substrate,
a plurality of openings corresponding to the plurality of col-
ored pixels, respectively. A plurality of colored layers that
cover the plurality of openings are formed by repeating, mul-
tiple times, a process for continuously or intermittently
exposing, to light, the substrate having a resist applied thereto
while conveying the substrate in the first direction, and a
process forpartially shielding, from light, an area between the
rectangular areas adjacent to each other in the first direction
by using a blind shutter. The plurality of colored layers of a
plurality of colors are formed by repeating formation of the
colored layers the number of times corresponding to the num-
ber of colors of the colored pixels forming each color filter.
Photo spacers are formed on the plurality of colored layers. In
a process of partially shielding, from light, the area between
the rectangular areas by using the blind shutter, a pairofedges
ofthe blind shutter along the second direction s positioned so
as to be each distant by 500 pm to 1000 um from a side which
forms the outer circumference of the openings, and which is
closest to a corresponding one of a pair of areas extending,
outside a corresponding one of the plurality of rectangular
areas in which the plurality of openings are aligned, along a
side of the corresponding one of the plurality of rectangular
areas in the second direction. The photo spacers are posi-
tioned, when the photo spacers are formed, such that the
central axis of each photo spacer is positioned only in a range
of positions that are distant by 300 um or less from a side
which forms the outer circumference of the openings, and
which is closest to a corresponding one of the pair of areas.

Advantageous Effects of the Invention

[0017] According to the present invention, production of a
color filter having dummy photo spacers formed at a uniform
height on a colored layer outside a display pixel area, and a
liquid crystal display device including the color filter can be
realized by using an exposure method in which an area
between adjacent exposed areas is shielded from light by a
blind shutter.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] FIG. 1 is a schematic diagram illustrating an expo-
sure method according to an embodiment of the present
invention.

[0019] FIG. 2 is a partially enlarged view of a photomask
shown in FIG. 1.

[0020] FIG. 3 is a cross-sectional view illustrating a state in
which exposure to light is performed in a small mask con-
tinuous exposure method.

[0021] FIG. 4 is a cross-sectional view illustrating a gray
area generation mechanism.

[0022] FIG. 5 is a diagram illustrating a profile of an end
portion of a colored layer.
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[0023] FIG. 6 is a partially enlarged view of a color filter
according to the embodiment of the present invention.

DESCRIPTION OF EMBODIMENTS
Embodiment

[0024] FIG.1 is a schematic diagram illustrating an expo-
sure method according to an embodiment of the present
invention. FIG. 2 is a partially enlarged view of a photomask
shown in FIG. 1. FIG. 3 is a cross-sectional view illustrating
astate in which exposure to light is performed in a small mask
continuous exposure method. It is to be noted that a substrate
conveying direction is defined as the X-axis positive direction
in all the following drawings.

[0025] A color filter production method according to an
embodiment of the present invention is used for forming a
plurality of color filters on the same substrate so as to be
intermittently aligned in at least the X-axis direction.

[0026] In the present embodiment, as shown in FIG. 1,
twelve photomasks b are separated into and aligned in two
rows, and patterning is performed on a resist placed on a
substrate by using these photomasks b. More specifically, six
photomasks b are positioned in the first row (on a substrate
entering side) so as to be spaced from each other by a prede-
termined distance, and six photomasks b are positioned in the
second row so as to complement the space portions between
the photomasks in the first row. As shown in FIG. 2, stripe-
shaped slits aare formed on each of the photomasks b, and the
slits a are formed by openings e extending in the X-axis
direction being aligned in the Y-axis direction. The twelve
photomasks b enable each of the four display pixel areas
aligned in the Y-axis direction to be intermittently or continu-
ously exposed to light in the X-axis direction.

[0027] Further, in the present embodiment, as shown in
FIG. 3, a substrate g is conveyed in the X-axis positive direc-
tion (an arrow i in the drawings) by a substrate conveying
device (not shown). Each of the photomasks b is fixed in an
exposure head within a range in which light (not shown) from
a light source is applied. Further, a blind shutter m is posi-
tioned between the photomasks b and the light source so as to
be freely movable in the X-axis direction by means of a
not-illustrated movement mechanism.

[0028] In order to produce a color filter substrate, firstly,
black matrixes (not shown) are formed as light shielding
layers on the substrate g. More specifically, a lattice-shaped
black matrix is formed in a rectangular display pixel area h on
the substrate g so as to separate a plurality of openings from
each other. Further, in a rectangular frame-and-band-shaped
area (a frame area) surrounding the display pixel area h, the
black matrix is formed on the entire surface of the substrate g.
Further, outside the display pixel area h, peripheral dummy
patterns and alignment marks are simultaneously formed.
[0029] A black matrix forming method is not limited to any
specific one, and various methods including a photolithogra-
phy method are applicable. Further, as the substrate g, any
substrate can be used which has transparency, strength, heat
resistance, and weather resistance which are required when
used as a color filter. For example, a glass substrate, a quartz
substrate, or a transparent resin substrate such as an acrylic
substrate can be preferably used.

[0030] Next, while the substrate g having a color resist of a
first color (for example, red) applied thereto, is being con-
veyed in the X-axis positive direction, a colored layer of the
first color is formed on the display pixel area h. More specifi-
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cally, while the substrate g is being continuously conveyed in
the X-axis positive direction in a state where the blind shutter
m is opened, light from the light source is applied to the
photomasks b. When the light from the light source is con-
tinuously applied, the stripe-shaped patterns of the slits a are
continuously baked onto the color resist of the display pixel
area h in the X-axis direction. At this time, a relative position
between the substrate g and the photomasks b is sequentially
adjusted while positions of the black matrixes and the slits a
of the photomasks b are read by a CCD camera. On the other
hand, a portion between a pair of display pixel areas h which
are adjacent to each other in the X-axis direction is partially
shielded from light by the blind shutter the width of which is
set so as to be narrower than a distance between the display
pixel areas which are adjacent to each other in the X-axis
direction. It is to be noted that the width of the blind shutter is
variable in the X-axis direction, and is adjusted as necessary
according to a kind of the resist and exposure condition (an
amount of applied light, a development time). At this time, the
blind shutter m in a closed state is moved in synchronization
with the conveying of the substrate g (a direction n indicated
by an arrow in FIG. 3). After these continuous exposure
process step and light shielding process step are repeatedly
performed multiple times, predetermined process steps such
as development and rinsing are performed. By performing the
process steps described above, the colored layer of the first
color is formed so as to extend in the X-axis direction, and
continuously cover the openings which extend in the X-axis
direction in the display pixel area h. It is to be noted that the
opening pattern may be baked onto the color resist in a dotted
manner by applying light from the light source which is being
blinked.

[0031] After the colored layer of the first color has been
formed, the colored layer forming process described above is
repeatedly performed for a colored layer of a second color
(for example, blue) and a colored layer of a third color (for
example, green), and thus the colored layers are formed in the
same manner as that for the colored layer of the first color. As
a result, the red, blue, and green colored layers extending in
the X-axis direction are aligned in the Y-axis direction so as to
be repeated in a predetermined order (for example, the order
of the red, blue, and green ones). Also when a colored layer of
a fourth color (for example, yellow) is formed in addition to
the red, blue, and green colored layers, the similar exposure
method can be used.

[0032] Thereafter, a transparent electrode film is formed by
using indium tin oxide (ITO) in a sputtering method so as to
cover the entire surfaces of the colored layer and the black
matrixes on the substrate.

[0033] Finally, on the substrate on which the colored layer
has been formed, for regulating a space between the substrate
and the opposing substrate, photo spacers are formed in the
display pixel area and dummy photo spacers are formed out-
side the display pixel area. The dummy photo spacers are
formed on the colored layer such that the central axes of the
photo spacers are positioned only in a range of positions
which are distant by 300 pm or less from a side which forms
the outer circumference of the openings and which is closest
to an area shielded from light by the blind shutter (the posi-
tions at which the dummy photo spacers are formed will be
described below in detail). In order to form the photo spacers
on the substrate, resist for forming the photo spacers and the
dummy photo spacers by exposure to light is applied. The
entire surface of the substrate is exposed to light at one time
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by using a photomask having formed thereon patterns corre-
sponding to the photo spacers and the dummy photo spacers.
[0034] Hereinafter, the positions at which the dummy
photo spacers are formed on the colored layer described
above will be described in detail.

[0035] FIG. 4 is a cross-sectional view illustrating a gray
area generation mechanism.

[0036] When light-shielding is performed by the blind
shutter m, light is diffracted due to the edges of the blind
shutter m which are parallel to theY axis, and an intensity of
light applied to an area indicated by q is reduced as compared
to an intensity of light applied to the display pixel area h.
Further, since the applied light forms a collimation angle o (an
angle of light incident on the light applied surface), light
enters the bottom side of the blind shutter m, and, in contrast,
a portion of the applied light is blocked by the blind shutter m
(in an area indicated by p). As a result, an area (gray area) q is
generated in which an amount of applied light is insufficient.
An amount of applied light in the gray area q is reduced
toward the outside of the display pixel area h in the X-axis
direction (in the X-axis positive direction in FIG. 4). In FIG.
4, for limitations of space on sheet, only the vicinity of one of
the edges of the blind shutter m which are parallel to the Y axis
is shown. However, in the other of the edges of the blind
shutter m which are parallel to the Y axis, a similar gray area
is generated.

[0037] FIG. 5is a diagram illustrating a profile of the col-
ored layer in the gray area.

[0038] The blind shutter is positioned above a position
outside the display pixel area when exposure to light is per-
formed, and thus the colored layer (a portion corresponding to
a gray area generation area indicated in FIG. 5) formed in the
gray area q described above is positioned in the frame area.
The colored layer formed in the gray area has a relatively
reduced film thickness as compared to the colored layer
formed in the display pixel area. More preferably, the film
thickness of the colored layer is abruptly reduced toward the
tip portion of the gray area from a position which is distant
from a gray area start position by 300 um or more in the
X-axis positive direction. On the other hand, a degree of
reduction in film thickness of the colored layer is small in a
range of positions which are distant from the gray area gen-
eration start position by 300 pum or less in the X-axis positive
direction. This is because the influence of the diffraction
described with reference to FIG. 4 is relatively small in the
range 0f300 um or less. Itis to be noted that the colored layers
having their film thicknesses reduced are similarly formed in
any other portions which are shielded from light near the
edges of the blind shutter.

[0039] Further, the length (in the X axis direction) of the
colored layer formed in the gray area q is about 600 um at a
maximum, and the length ofthe colored layer actually formed
varies in a range of 300 pm to 600 pm. Therefore, in consid-
eration of the positional accuracy of the blind shutter, the edge
of the blind shutter which is parallel to the Y axis is posi-
tioned, when exposure to light is performed, so as to be distant
by 500 pm to 1000 um from a side (a side w shown in FIG.
6(c)) forming the outer circumference of the outermost open-
ing. When the position of the blind shutter is thus adjusted, if
an error in positioning the blind shutter occurs, the gray area
canbe constantly positioned outside the display pixel area. As
a result, regardless of the positional accuracy of the blind
shutter, it is possible to reduce variation in film thickness of
the colored layer in a range of positions which are distant by
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300 pum or less outwardly in the X axis direction from the side
w (FIG. 6(c)) forming the outer circumference of the open-
ings.

[0040] The film thickness of the colored layer in an area of
positions distant from the gray area generation start position
by 300 um or less was measured at optionally selected five
positions (n:1 to 5). As the result, values by which the film
thicknesses were reduced from the film thickness of the col-
ored layer in the display pixel area are indicated in Table 1.

TABLE 1

n MEASURED VALUE (um)

1 0.043

2 0.054

3 0.050

4 0.046

5 0.049
AVERAGE 0.048

[0041] As indicated in Table 1, it was confirmed that in the
area of positions distant from the gray area generation start
position by 300 pm or less, the reduced value of the film
thickness of the colored layer was approximately 0.05 pm or
less.

[0042] FIG. 6 is a partially enlarged view of a color filter
according to the embodiment of the present invention. More
specifically, FIG. 6(a) is adiagram illustrating a portion of the
color filter, and FIG. 6(b) is an enlarged view of a portion
indicated as r in FIG. 6(a), and FIG. 6(c) is a cross-sectional
view taken along a line C-C of FIG. 6(b).

[0043] In the color filter produced according to the present
embodiment, dummy photo spacers v are formed on the col-
ored layer such that the central axis of each dummy photo
spacer v is positioned only in a range of positions distant by
300 um or less (a range indicated by x in FIG. 6 corresponds
to the range of positions distant by 300 um or less) from a
corresponding one of a pair of sides w which form the outer
circumference of the openings and which are closest to frame
areas s extending in the Y-axis direction (in FIG. 6, only one
of the pair of sides w is indicated). It is to be noted that
reference character u represents a virtual line obtained by
connecting side w of each colored layer. As a result, the
dummy photo spacers v can be positioned assuredly outside
an area in which the film thickness of the colored layer is not
uniform.

[0044] As described above, when the color filter production
method according to the present embodiment is used, the
dummy photo spacers can be formed at a uniform height on
the colored layer outside the display pixel area by use of the
small mask continuous exposure method in which a portion
between adjacent exposed areas is shielded from light by
using the blind shutter. As a result, production of a display
device having a preferable display quality can be realized.
[0045] It is to be noted that, although black matrixes are
used as light shielding layers in the present embodiment, the
present invention is not limited thereto. Any light shielding
layer can be used which can separate a plurality of openings
corresponding to the pixels, respectively. For example, an
electrode layer that is formed of thin metal film and formed on
the substrate may be used.

[0046] Further, in the embodiment described above, the
colored layer of each color is formed in a band shape which
continuously extends in the X-axis direction. However, the
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colored layer may be formed of dots of the same color so as to
extend in the X-axis direction.

[0047] A liquid crystal display device using the color filter
according to the embodiment described above can be pro-
duced such that the color filter and the opposing substrate are
bonded to each other, and liquid crystal is sealed between
both of the substrates.

INDUSTRIAL APPLICABILITY

[0048] Thepresentinvention can beused for producing, for
example, a color filter for use in a liquid crystal display device
and the like.

DESCRIPTION OF THE REFERENCE

CHARACTERS
[0049] aslit
[0050] b photomask
[0051] d a portion of slits
[0052] e opening
[0053] g substrate
[0054] h display pixel area
[0055] m blind shutter
[0056] collimation angle
[0057] plow illuminance area generated due to collimation
angle
[0058] qgray area
[0059] s frame area
[0060] t edge of colored layer
[0061] w outer circumference of opening
[0062] wu virtual line
[0063] v dummy photo spacer

1. A color filter that has a plurality of pixels aligned in a
matrix in a first direction and in a second direction orthogonal
to the first direction, and that has pixels of the same color
aligned in the first direction, the color filter comprising:

a substrate;

a light shielding layer which is lattice-shaped for separat-
ing, on the substrate, a plurality of openings correspond-
ing to the plurality of pixels, respectively;

a plurality of colored layers formed so as to cover the
plurality of openings; and

a plurality of photo spacers formed on the plurality of
colored layers, wherein

thickness of the colored layers is not uniform at least near
both end portions in the first direction in a pair of areas
extending, outside a rectangular area in which the plu-
rality of openings are aligned, along sides of the rectan-
gular area in the second direction, and the plurality of
photo spacers are formed on the plurality of colored
layers such that the central axis of each photo spacer is
positioned only in a range of positions that are distant by
300 pum or less from a side which forms an outer circum-
ference of the openings, and which is closest to a corre-
sponding one of the pair of areas.

2. A liquid crystal display device having a plurality of
pixels aligned in a first direction and in a second direction
orthogonal to the first direction, the liquid crystal display
device comprising;

a color filter,

an opposing substrate which opposes the color filter; and

liquid crystal sealed between the color filter and the oppos-
ing substrate, wherein
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the color filter includes:

a substrate;

a light shielding layer which is lattice-shaped for sepa-
rating, on the substrate, a plurality of openings corre-
sponding to the plurality of pixels, respectively;

a plurality of colored layers formed so as to cover the
plurality of openings; and

a plurality of photo spacers formed on the plurality of

colored layers, wherein thickness of the colored layers is
not uniform at least near both end portions in the first
direction in a pair of areas extending, outside a rectan-
gular area in which the plurality of openings are aligned,
along sides of the rectangular area in the second direc-
tion, and the plurality of photo spacers are formed on the
plurality of colored layers only in a range of positions
that are distant by 300 pm or less from a side which
forms an outer circumference of the openings, and
which is closest to a corresponding one of the pair of
areas.

3. A color filter production method for forming a plurality
of color filters each of which has a plurality of colored pixels
aligned in a matrix ina first direction and in a second direction
orthogonal to the first direction, and has pixels of the same
color aligned in the first direction, such that the plurality of
color filters are aligned on a single substrate in at least the first
direction, the color filter production method comprising:

forming a plurality of rectangular areas in which the plu-

rality of color filters, respectively, are formed, intermit-
tently in the first direction, such that the plurality of
rectangular areas each include a light shielding layer

which is lattice-shaped for separating, on the substrate, a

plurality of openings corresponding to the plurality of

colored pixels, respectively,

forming a plurality of colored layers that cover the plurality

of openings by repeating, multiple times, a process for
continuously or intermittently exposing, to light, the
substrate having a resist applied thereto while conveying
the substrate in the first direction, and a process for
partially shielding, from light, an area between the rect-
angular areas adjacent to each other in the first direction
by using a blind shutter,

forming the plurality of colored layers of a plurality of

colors by repeating formation of the colored layers the

number of times corresponding to the number of colors
of the colored pixels forming each color filter,

forming photo spacers on the plurality of colored layers,

positioning, in a process of partially shielding, from light,

the area between the rectangular areas by using the blind
shutter, a pair of edges of the blind shutter along the
second direction so as to be each distant by 500 pm to

1000 um from a side which forms the outer circumfer-

ence of the openings, and which is closest to a corre-

sponding one of a pair of areas extending, outside a

corresponding one of the plurality of rectangular areas in

which the plurality of openings are aligned, along a side
of the corresponding one of the plurality of rectangular
areas in the second direction, and

positioning, when the photo spacers are formed, the photo

spacers such that the central axis of each photo spacer is

positioned only in a range of positions that are distant by

300 um or less from a side which forms the outer cir-

cumference of the openings, and which is closest to a

corresponding one of the pair of areas.
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