US 20060001802A1

a» Patent Application Publication o) Pub. No.: US 2006/0001802 A1

a9 United States

Kao

(43) Pub. Date: Jan. 5, 2006

(54) COLOR FILTER OF LIQUID CRYSTAL

DISPLAY
(75) Inventor: Wei-Chih Kao, Tainan Science Based
Industrial Park (TW)

Correspondence Address:

HDSL

4331 STEVENS BATTLE LANE

FAIRFAX, VA 22033 (US)
(73) Assignee: Chi Mei Optoelectronics Corp.
(21) Appl. No.: 11/159,176
(22) Filed: Jun. 23, 2005

(30) Foreign Application Priority Data

Publication Classification

(51) Int. CL
GO2F 1/1335 (2006.01)
(52) US. €l oot 349/106

7) ABSTRACT

A color filter of a liquid crystal display includes a substrate,
a first black matrix resin film, a second black matrix resin
film and a light shield layer. The substrate has a border
region surrounding an array region thereof. The first and
second black matrix resin films are disposed in the border
region and the array area respectively. Color photoresist
patterns are formed within the array region. Every two
adjacent color photoresist patterns partially overlap each
other to completely cover the second black matrix resin film.
The light shield layer is located at the first black matrix resin

Jun. 24, 2004 (TW)eorcrercroeccrrieonscerreens 093118598 film to substantially cover the first black matrix resin film.
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COLOR FILTER OF LIQUID CRYSTAL DISPLAY

BACKGROUND OF THE INVENTION
[0001]

[0002] The present invention relates in general to a color
filter of a display, and more particularly, to a color filter of
a liquid crystal display that has a black matrix (BM).

[0003] 2. Related Art

[0004] The liquid crystal display panel is operative to
generate color images by using three colors (red, green and
blue) photoresist patterns. Currently, the main stream for
fabricating the color filter includes color distribution method
involved with the black matrix technique and RGB color
photoresist technique. The conventional black matrix tech-
nique sputters a chromium (Cr) or a chromium oxide metal
film on a glass substrate. By applying exposure, develop-
ment and etching processes, the black matrix is formed,
followed by the RGB color photoresist technique. The color
photoresist technique uses exposure and development to a
color photoressist pattern in the opening of the black matrix.
Thereby, the adjacent photoresist patterns of red (R), green
(G) and blue (B) are isolated by black matrix, such that the
color contrast for display is improved, while the impurity of
color light is avoided.

1. Field of Invention

[0005] In recent year, resin has been used to replace
chromium for forming black matrix due to the environment
consideration. The resin is typically mixed with carbon. The
applicable black matrix array does not only resolve the
pollution caused by forming the metal black matrix, but also
reduce reflection and promote color contrast to have better
color performance. However, the resin black matrix has a
relative lower optical density (OD) compared to the same
thickness of metal black matrix. Therefore, the light shicld-
ing effect of the metal black matrix is much superior to that
of the resin black matrix. Typically, the required optical
density of a color filter has to be over 4.0, which for the
chromium black matrix to achieve needs only 0.15 microns
in thickness, while the resin black matrix needs more than
1.1 microns. With regard to the liquid crystal display tele-
vision products that have brightness requirement, the optical
density has to be over 4.5 to completely shield the light
source. Such requirement of optical density ultimately
increases the thickness of the resin black matrix up to 1.3
microns. When the optical density is achieved simply by
increasing the thickness of the resin black matrix, the
overlap between the black matrix and the color photoresist
patterns protrude significantly to degrade the planarity of the
substrate layers. Therefore, the thickness uniformity cannot
be obtained to cause abnormal orientation of liquid crystal
molecules.

SUMMARY OF THE INVENTION

[0006] The present invention is to provide a color filter of
a liquid crystal display. The optical density of a border of the
color filter is increased to improve the leakage of light at the
border, while the over planarity of the substrate is improved
to avoid abnormal orientation of the liquid crystal mol-
ecules.

[0007] According to one aspect of the present invention,
the color filter of a display comprises a substrate, a first black
resin film, a second black resin film and a light shield layer.
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The substrate includes an array region and a border region.
The border region surrounds the array region. The array
region includes a plurality of color photoresist patterns
arranged in form of an array. The first black resin film is
formed on the border region. The second black resin film is
formed on the array region. The light shield layer substan-
tially covers the first black resin film.

[0008] According to second aspect of the present inven-
tion, the color filter of a display comprises a substrate, a first
black resin film, a second black resin film and a light shield
layer. The substrate includes an array region and a border
region. The border region surrounds the array region. The
array region includes a plurality of color photoresist patterns
arranged in form of an array. The first black resin film is
disposed in the border region. The second black resin film is
disposed in the array region and includes a plurality of
openings filled with the color photoresist patterns. Two
adjacent photoresist patterns are partially overlapped with
each other to substantially completely cover the second
black resin film. The light shield layer is located on and
substantially covering the first black resin film.

[0009] According to third aspect of the present invention,
the color filter of a display comprises a substrate, a first black
resin film and a second black resin film. The substrate
includes an array region and a border region. The array
region includes a plurality of color photoresist patterns. The
border region surrounds the array region. The first black
resin film is disposed in the border region. The second black
resin film is disposed in the array region and includes a
plurality of openings filled with the color photoresist pat-
terns. Two adjacent photoresist patterns are partially over-
lapped with each other to substantially completely cover the
second black resin film. The first black resin film and the
second black resin film are about 0.2 to about 1.1 microns in
thickness.

[0010] Finally, a liquid crystal display provide by the
present invention comprises a liquid crystal layer, a thin-film
transistor array, a color filter substrate, a first black resin
film, a second black resin film and a light shield layer. The
thin-film transistor array substrate is disposed at one side of
the liquid crystal layer. The color filter substrate is disposed
at the opposite side of the liquid crystal layer. The color filter
includes an array region and a border region surrounding the
array region. The array region includes a plurality of color
photoresist patterns arranged in form of an array. The first
black resin film is formed on the border region. The second
black resin film is formed on the array region. The light
shield layer substantially covers the first black resin film.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] The present invention will become more fully
understood from the detailed description given hereinbelow
illustration only, and thus are not limitative of the present
invention, and wherein:

[0012] FIG. 1FIG. 1 shows a schematic drawing of a
color filter;
[0013] FIG. 2 shows the cross sectional view of the color

filter as shown in FIG. 1 along line 2-2;

[0014] FIG. 3 shows the cross sectional view of the array
of the color filter;
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[0015] FIG. 4A shows a local cross sectional view of a
first embodiment of the border region of the color filter;

[0016] FIG. 4B shows a local cross sectional view of a
second embodiment of the border region of the color filter;
and

[0017] FIG. 5 schematically shows an exemplary liquid
crystal display.

DETAILED DESCRIPTION OF THE
INVENTION

[0018] The color filter of the liquid crystal display as
provided includes a light shield layer overlaid on the resin
black matrix of a border region thereof to increase the
optical density of the border region. As a result, the border
region with at least two layers of resin is fabricated.

[0019] Referring to FIG. 1, the substrate 100 of the color
filter includes a border region 110 and an array region 120
surrounded by the border region 110.

[0020] To fabricate the color filter, black matrix technique
is adapted followed by RGB color photoresist technique.
Referring to FIG. 2, a black matrix is formed on a substrate
100. The black matrix includes a first black resin film 210
formed on the border region 110 and a second black resin
film 220 formed on the array region 120. The thickness of
the first and second black resin films 210 and 220 is between
0.2 microns and 1.1 microns. In the stage of black matrix
technique, the adjacent second black resin films 220 in the
array region 120 include openings 222 and 224, respectively.

[0021] By the RGB color photoresist technique, RGB
color photoresist patterns are formed in the openings of the
array region 120. Referring to FIGS. 2 and 3, by exposure
and development processes, the color photoresist patterns
322 are formed to fill the openings 222 of the array region
120 and partially cover the second black matrix film 220.
The color photoresist patterns 324 are then formed to fill the
opening 224 and partially cover the opening 224 of the
second resin matrix film 220. Particularly, as shown in FIG.
3, the color photoresist pattern 324 on the second black resin
film 220 further covers a part of the color photoresist pattern
322, so as to form an overlap portion between the first and
second photoresist patterns 322 and 324. The overlap of the
adjacent photoresist patterns 322 and 324 on the second
black resin film 220 has a thickness preferably larger than
0.3 microns. Accordingly, every second black matrix film
220 is located between two adjacent color photoresist pat-
terns. The adjacent color photoresist patterns 322 and 324
are also overlapping each other to cover the second black
resin film 220.

[0022] Referring to FIG. 4A, the light shield layer 310 of
the border region is also formed during the color photoresist
process stage to cover the first black resin film 210, so as to
increase the optical density of the border region 110. The
light shield layer 310 has a thickness larger than 0.3 microns.
The light shield layer 310 is preferably selected from a red
film, a green film, a blue film or a combination thereof The
red film, blue film and green film can also be formed
simultaneously with the red pattern, blue pattern and green
pattern of the array region. Therefore, the light shield layer
210 is preferably formed simultaneously with the color
photoresist patterns of the array region 120. The experiment
shows that the optical density of the blue film is larger than
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that of the red film, while the red film has larger optical
density compared to the green film. Therefore, the blue film
is preferably selected as the light shield layer to effective
increase the overall optical density of the border region. In
one embodiment, a black resin film 210 with a thickness of
about 0.9 microns and a blue film with a thickness of about
2 micron are selected as the light shield layer 310 to obtain
an optical density of about 4.7. Thereby, the protrusion
caused by the overlap of the thicker black matrix and the
color photoresist patterns is avoided, while sufficient optical
density of the border region can be obtained. As the light
shield layer 310 is also a resin layer and the border region
110 includes the first black resin film 210 and the light shield
layer 310, a frame with at least two resin films is formed in
the border region 110, and the light shield layer 310 sub-
stantially covers all the first black resin film 210.

[0023] Referring to FIG. 4B, the light shield of the border
region is also formed in the color photoresist pattern pro-
cessing stage. The first black resin film 210 covering the
border region 110 increases the optical density of the border
region 110. The thickness of the light shield layer 310 is
preferably larger than 0.3 microns. As shown in FI1G. 4B, the
light shield layer is comprised of a plurality of color films,
including a red film 312, a green film 313 and a blue film
314. The adjacent color films are spaced with each other by
a gap, and the width of the gap is the same as the distance
between the adjacent red pattern, blue pattern and green
pattern. Therefore, the red film 312, the green film 313 and
the blue film 314 can be formed simultaneously with the red
pattern, green pattern and blue pattern, respectively. Further,
only displacement is required during exposure, such that the
photomask of the red pattern, green pattern and blue pattern
can be used. Therefore, the light shield formed by this
embodiment can achieve the same light shielding effect
without extra cost. As the light shield layer is also a resin
layer, and the border region includes the first black resin film
210 and the light shield layer, a frame with at least two resin
films is formed, while the light shield layer 310 is substan-
tially distributed all over the first black resin film 210.

[0024] Referring to FIG. 5, the liquid crystal display
includes a thin-film transistor array substrate 20, a liquid
crystal layer 30, a color filter substrate 10, a first black resin
film 210, a second black resin film 220 and a light shield
layer 310. The color filter substrate 10 and the thin-film
transistor array substrate 20 are arranged to face each other,
while the liquid crystal layer 30 is sandwiched between the
thin-film transistor array substrate 20 and the color filter
substrate 10. The color filter substrate includes an array
region 120 that comprises a plurality of color photoresist
patterns 320 and a border region 110 surrounding the array
region 120. The color photoresist patterns 320 are arranged
as an array. The first black resin film 210 is disposed on the
border region 110, while the second black resin film 220 is
located in the array region 120. The light shield layer 310 is
disposed on the first black resin film 210 to substantially
cover the first black resin film 210.

[0025] 1In the above embodiment, the color filter of the
liquid crystal display includes a light shield layer overlying
the black matrix film formed on the border region, such that
the optical density of the border region is increased to
prevent the light leakage without increasing the thickness of
the black matrix. Therefore, the light leakage is prevented
without degrading the planarity of the substrate; and con-
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sequently, the abnormal orientation of the liquid crystal
molecules is prevented without extra cost.

[0026] The invention being thus described, it will be
obvious that the same 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.

1. A color filter of a display, comprising:
a substrate comprising:

an array region including a plurality of color photore-
sist patterns arranged in form of an array; and

a border region surrounding said array region,
a first black resin film formed on said border region;
asecond black resin film formed on said array region; and

a light shield layer located on and substantially covering

said first black resin film.

2. The color filter of claim 1, wherein said light shield
layer includes a resin layer.

3. The color filter of claim 2, wherein said light shield
layer is formed simultaneously with said color photoresist
patterns.

4. The color filter of claim 3, wherein said light shield
layer 1s selected from a red film, a green film, a blue film or
any combination thereof.

5. The color filter of claim 3, wherein said light shield
layer includes a plurality of color films of a red film, a green
film and a blue film spaced with each other by a gap of which
a width is the same as a distance between two adjacent color
photoresist patterns.

6. The color filter of claim 5, wherein said color films are
arranged in form of an array as the same as of said color
photoresist patterns.

7. The color filter of claim 1, wherein said first black resin
film and said second black resin film are about 0.2 to about
1.1 microns in thickness.

8. The color filter of claim 1, wherein said light shield has
a thickness larger than 0.3 microns.

9. A color filter of a display, comprising:

a substrate, comprising:

an array region including a plurality of color photore-
sist patterns arranged in form of an array; and

a border region surrounding said array region,
a first black resin film disposed in said border region;

a second black resin film disposed in said array region,
wherein said second black resin film includes a plural-
ity of openings filled with said color photoresist pat-
terns, and two adjacent photoresist patterns are partially
overlapped with each other to substantially completely
cover said second black resin film; and

a light shield layer located on and substantially covering
said first black resin film.
10. The color filter of claim 9, wherein said light shield
layer includes a resin layer.
11. The color filter of claim 10, wherein said light shield
layer is formed simultaneously with the color photoresist
patterns.
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12. The color filter of claim 11, wherein said light shield
layer is selected from a red film, a green film, a blue film or
any combination thereof.

13. The color filter of claim 11, wherein said light shield
layer includes a plurality of color films of a red film, a green
film and a blue film spaced with each other by a gap of which
a width is the same as a distance between two adjacent color
photoresist patterns.

14. The color filter of claim 13, wherein said color films
are arranged in form of an array as the same as of said color
photoresist patterns.

15. The color filter of claim 9, wherein said first black
resin film and said second black resin film are about 0.2 to
about 0.9 microns in thickness.

16. The color filter of claim 9, wherein said light shield
has a thickness larger than 0.3 microns.

17. The color filter of claim 9, wherein the overlap of the
adjacent photoresist patterns on said second black resin film
220 has a thickness larger than 0.3 microns.

18. A color filter of a display, comprising:

a substrate, comprising:

an array region including a plurality of color photore-
sist patterns; and

a border region surrounding said array region,
a first black resin film disposed in said border region; and

a second black resin film disposed in said array region,
wherein said second black resin film includes a plural-
ity of openings filled with said color photoresist pat-
terns, and two adjacent photoresist patterns are partially
overlapped with each other to substantially completely
cover said second black resin film,

wherein said first black resin film and said second resin
film are about 0.2 to about 1.1 microns in thickness.

19. The color filter of claim 18, wherein said first black
resin film and said second resin film are about 0.2 to about
0.5 microns 1n thickness.

20. The color filter of claim 18, wherein said light shield
has a thickness larger than 0.3 microns.

21. A liquid crystal display comprising:

a liquid crystal layer;

a thin-film transistor array substrate disposed at one side
of said liquid crystal layer;

a color filter substrate disposed at the opposite side of said
liquid crystal layer, said color filter comprising:

an array region having a plurality of color photoresist
patterns arranged in form of an array; and

a border region surrounding said array region,
a first black resin film disposed in said border region;

a second black resin film disposed in said array region;
and

a light shield layer disposed on said first black resin film
to substantially cover said first black resin film.
22. The liquid crystal display of claim 21, wherein said
light shield layer includes a resin layer.
23. The liquid crystal display of claim 22, wherein said
light shield layer is formed simultaneously with said color
photoresist patterns.
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24. The liquid crystal display of claim 23, wherein said
light shield layer is selected from a red film, a green film, a
blue film or any combination thereof.

25. The liquid crystal display of claim 23, wherein said
light shield layer includes a plurality of color films of a red
film, a green film and a blue film spaced with each other by
a gap of which a width is the same as a distance between two
adjacent color photoresist patterns.
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26. The liquid crystal display of claim 25, wherein said
color films are arranged in form of an array as the same as
of said color photoresist patterns.

27. The liquid crystal display of claim 21, wherein said
first black resin film and said second black resin film are
about 0.2 to about 1.1 microns in thickness.

28. The liquid crystal display of claim 21, wherein said
light shield has a thickness larger than 0.3 microns.
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