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(57) ABSTRACT

A color filter and a manufacturing method thereof are
provided. In the method of the invention, a substrate having
a display area and a non-display area is provided. Thereafter,
a black matrix is formed over the substrate, wherein black
matrix defines the display area into a plurality of sub-pixel
areas, and covers the non-display area, which forms an edge
of the display area. Then, a color filter unit is formed in each
sub-pixel area, and a light shielding layer is formed over the
black matrix simultaneously. Accordingly, the shielding
layer of the color filter provided by the present invention is
capable of effectively reducing the light leakage from the
edge of the display area.
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LIQUID CRYSTAL DISPLAY PANEL, COLOR
FILTER AND MANUFACTURING METHODS
THEREOF

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This is a divisional application of patent applica-
tion Ser. No. 10/709,037, filed on Apr. 8, 2004, which claims
the priority benefit of Taiwan application serial no.
92136978, filed Dec. 26, 2003 and is now allowed. The
entirety of each of the above-mentioned patent applications
is hereby incorporated by reference herein and made a part
of this specification.

BACKGROUND OF THE INVENTION
[0002]

[0003] The present invention generally relates to a color
filter and the manufacturing method thereof. More particu-
larly, the present invention relates to a color filter comprising
a light shielding layer formed on the black matrix of the
non-display area for avoiding the light leakage from the
edge area of the display and the manufacturing method
thereof.

[0004] 2. Description of the Related Art

[0005] As the development of the performance of com-
puter, internet, and multimedia technology, the transforma-
tion of image information has gradually progressed from
analog transformation to digital transformation. In recently
years, the size and weight of many electronic device has
become thin and light. As to a display device, although the
conventional cathode ray tube (CRT) display is widely used,
however, it has the disadvantages of large size, high radia-
tion, heavy weight and high power consumption. Therefore,
the flat panel display (FPD) is being developed having the
advantages of thinner, flatter, lighter, radiation free and low
power consumption, and has gradually become the main-
stream of display devices. The flat panel display (FPD)
including, for example, liquid crystal display (LCD),
organic light emitting display (OLED) or plasma display
panel (PDP).

[0006] In recent year, the liquid crystal display (LCD) is
developed for the application of full-color, larger display
area, higher resolution and low-cost. The color display of the
liquid crystal display (LCD) is generally performed by color
filters. The color filter is generally constructed over a
transparent glass substrate, wherein a black matrix for light
shielding, and color filter units such as red filter unit, green
filter unit and blue filter unit arranged corresponding to each
sub-pixel, are disposed over the transparent glass substrate.
The structure of color filter will be described in detail
hereinafter.

1. Field of the Invention

[0007] FIG. 1 is a cross-sectional view schematically
illustrating the structure of a conventional color filter. Refer-
ring to FIG. 1 a color filter 100 includes a substrate 102,
black matrices 104a and 1044, a plurality of color filter unit
106 and a common electrode 108. The substrate 102
includes a display area 102¢ in the center of the substrate
102 and a non-display area 1025 surrounding the edge of the
display area 102a. The black matrices 104a and 1045 are
disposed on the surface of the substrate 102, wherein a
plurality of sub-pixel area 110 are defined by the black
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matrix 104q in the display area 102q, and the black matrix
1045 covers the non-display area 1024 that adjacent to the
edge of the display area 102a. Furthermore, the color filter
unit 106 is composed of a plurality of photoresists that have
different colors respectively (for example, a red photoresist,
a green photoresist and a blue photoresist). Each color of
photoresist is disposed in the corresponding sub-pixel area
110 defined by the black matrix 104 by performing conven-
tional photolithography, etching and developing process.
Further, a common electrode 108 is further formed on the
surfaces of the black matrices 104a, 1045 and the color filter
unit 106.

[0008] Next, referring to FIG. 1, a variety of color lights
are generated by performing a white light through the color
filter unit 106, wherein the black matrix 104a of the display
area 102q is provided for separating the different light
colors. Therefore, contrast between different light colors and
the purity of each color are enhanced. Furthermore, the
black matrix 1045 covering the non-display area 1025
adjacent to the edge of the display area 102a is provided for
preventing the leakage of light from the non-display area
1025 in order to enhance the image quality of the liquid
crystal display (LCD).

[0009] Inconventional art, the material of the black matrix
generally includes chromium metal. However, use of chro-
mium metal the black matrix is an environmental concern,
and therefore some proposed to replace the chromium metal
by a black resin. It is noted that, because of the light
shielding effect provided by the black resin is poor compared
to the chromium metal, a portion of lights will still leak out
from the non-display area. Thus, the light leakage from the
edge of the display area is still a problem for the color filter.

SUMMARY OF THE INVENTION

[0010] Accordingly, to the present invention provides a
color filter capable of reducing light leakage from the edge
of the display area.

[0011] The present invention also provides a method of
fabricating the color filter mentioned above. A substrate
having a display area and a non-display area formed thereon
is provided. A black matrix is formed over the substrate,
wherein the black matrix defines the display area into a
plurality of first sub-pixel areas, a plurality of second
sub-pixel areas and a plurality of third sub-pixel areas. The
black matrix covers the non-display area, which forms an
edge of the display area edge. Next, a first color filter unit is
formed in each first sub-pixel area, and a first light shielding
layer is formed over the black matrix of the non-display area
simultaneously. Thereafter, at least a second color filter unit
and at least a third color filter unit is correspondingly formed
in each second sub-pixel area and each third sub-pixel area
respectively.

[0012] Furthermore, a second light shielding layer is
optionally formed over the first light shielding layer. Fur-
thermore, a third light shielding layer is further optionally
formed over the second light shielding layer. Moreover,
when the color filter is provided for multi-domain vertical
alignment (MVA) liquid crystal display panel, a plurality of
alignment bumps are further formed over the black matrix,
the first color filter unit, the second color filter unit and the
third color filter unit.
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[0013] The present invention provides a method of form-
ing a color filter for multi-domain vertical alignment (MVA)
liquid crystal display panel. A substrate having a display area
and a non-display area formed thereon is provided. A black
matrix is formed over the substrate, wherein the black matrix
defines the display area into a plurality of first sub-pixel
areas, a plurality of second sub-pixel areas and a plurality of
third sub-pixel areas. The black matrix covers the non-
display area, which forms an edge of the display area edge.
Then, a first color filter unit, a second color filter unit and a
third color filter unit are respectively formed in the first
sub-pixel areas, the second sub-pixel areas and the third
sub-pixel areas. Thus, a plurality of alignment bumps are
formed over the black matrix, the first color filter unit, the
second color filter unit and the third color filter unit. Next,
a first light shielding layer is formed over the black matrix
of the non-display area, which forms an edge of the display
area.

[0014] Further, in the color filter described above, a sec-
ond light shielding layer may be disposed between the black
matrix and the first light shielding layer.

[0015] Furthermore, in the color filter described above, a
third light shielding layer may be disposed between the
second color filter unit and the first light shielding layer.

[0016] Furthermore, in the color filter described above, a
fourth light shielding layer may be disposed between the
third color filter unit and the first light shielding layer.

[0017] The color filter of the present invention comprises
a substrate, a black matrix, a plurality of color filter units and
a light shielding layer. The substrate comprises a display
area and a non-display area. The black matrix is disposed
over the substrate, and the material of the black matrix
includes, for example but not limited to, black resin. The
black matrix defines the display area into a plurality of
sub-pixel areas and covers the non-display area that forms
an edge of the display area. Furthermore, the color filter unit
is disposed in the sub-pixel area, and the light shielding layer
is disposed over the black matrix.

[0018] Furthermore, the color filter unit comprises, for
example but not limited to, a plurality of red photoresist
units, a plurality of green photoresist units and a plurality of
blue photoresist units. The light shielding layer is formed
together with the color filter unit. Accordingly, the light
shielding layer may be comprised of a single layer or a
multi-layer structure. The light shielding layer comprises,
for example but not limited to, red photoresist, green pho-
toresist or blue photoresist, or a combination thereof. Fur-
thermore, the color filter of the present invention may also
be provided for a multi-domain vertical alignment (MVA)
liquid crystal display panel, wherein a plurality of alignment
bumps are disposed over, for example but not limited to, the
color filter unit and the black matrix. The light shielding
layer may be formed together with the alignment bump.
Further, the light shielding layer may be comprised of color
photoresists or the material of the alignment bump.

[0019] Insummary, the color filter of the present invention
provides a light shielding layer over the black matrix of the
non-display area to seal the edge of the display area.
Therefore, the light leakage from the edge of the display area
can be reduced. It is to be noted that, in the manufacturing
method of the color filter of the present invention, only the
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design of the mask of the color photoresist or alignment
bump are required to be modified, however the manufac-
turing process and the materials need not changed.

[0020] Tt is to be understood that both the foregoing
general description and the following detailed description
are exemplary, and are intended to provide further explana-
tion of the invention as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0021] The accompanying drawings are included to pro-
vide a further understanding of the invention, and are
incorporated in and constitute a part of this specification.
The following drawings illustrate embodiments of the inven-
tion and, together with the description, serve to explain the
principles of the invention.

[0022] FIG. 1 is a cross-sectional view schematically
illustrating the structure of a conventional color filter.

[0023] FIG. 2A to FIG. 2F are cross-sectional views
schematically illustrating a process of forming a color filter
according to an embodiment of the present invention.

[0024] FIG. 3 is a cross-sectional view schematically
illustrating a structure of a color filter shown in FIG. 2.

[0025] FIG. 4 is a cross-sectional view schematically
illustrating a color filter having double light shielding layers
according to an embodiment of the present invention.

[0026] FIG. 5 is a cross-sectional view schematically
illustrating a color filter having double light shielding layers
according to another embodiment of the present invention.

[0027] FIG. 6 is a cross-sectional view schematically
illustrating a liquid crystal display panel having a multi-
domain vertical alignment (MVA) structure according to an
embodiment of the present invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0028] The present invention will now be described more
fully hereinafter with reference to the accompanying draw-
ings, in which preferred embodiments of the invention are
shown. This invention may, however, be embodied in many
different forms and should not be construed as limited to the
embodiments set forth herein; rather, these embodiments are
provided so that this disclosure will be thorough and com-
plete, and will fully convey the scope of the invention to
those skilled in the art. Like numbers refer to like elements
throughout.

[0029] FIG. 2A to FIG. 2F are cross-sectional views
schematically illustrating a process of forming a color filter
according to an embodiment of the present invention. Refer-
ring to FIG. 2A, a substrate 202 is provided. The substrate
includes, for example but not limited to, a transparent
substrate comprised of a glass or a plastic material. More-
over, the substrate 202 is defined into a display area 202a
and a non-display area 2025, wherein the non-display area
2025 surrounds the display area 202a. Next, referring to
FIG. 2B, a patterned black matrix layer is formed over the
substrate, wherein portions of the patterned black matrix
204a are formed over the display area 2024 and a portion of
the patterned black matrix 2045 is formed over the non-
display area 202b. The patterned black matrix layer com-
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prises a non-transparent material including, for example but
not limited to, black resin. The patterned black matrix can be
formed by performing conventional photolithography, etch-
ing and developing process. The portions of patterned black
matrix 204a defines the display area 2024 into a plurality of
first sub-pixel areas 210a, a plurality of second sub-pixel
areas 2105 and a plurality of third sub-pixel areas 210c. The
portion of patterned black matrix layer 2045 covers the
non-display area 2025 and forms an edge of the display area
202a.

[0030] Next, referring to FIG. 2C, a first color filter unit
208a is formed in the first sub-pixel areas 210a. For
example, a first color photoresist layer is formed over the
substrate 203 and then a conventional photolithography,
etching and developing process may be performed over the
first color photoresist layer to form the first color filter unit
208a. At the same time, a light shielding layer 212 is formed
on the portion of the patterned black matrix 2045 over the
non-display area 202b.

[0031] Next, referring to FIG. 2D, a second color filter unit
2085 is formed in the second sub-pixel areas 21054. For
example, a second color photoresist layer is formed over the
substrate 202 and then a conventional photolithography,
etching and developing process may be performed over the
second color photoresist layer to form the second color filter
unit 2085.

[0032] Thereafter, referring to FIG. 2E, a third color filter
unit 208¢ is formed in the third sub-pixel areas 210c. For
example, a third color photoresist is formed over the sub-
strate 202 and then a conventional photolithography, etching
and developing process may be performed over the third
color photoresist layer to form the third color filter unit 208c.

[0033] Finally, referring to FIG. 2F, a common electrode
214 is formed over the substrate 202. The common electrode
214 covers the portions of the patterned black matrix 204a,
portion of the patterned black matrix 2045, the light shield-
ing layer 212, the first color filter unit 2084, the second color
filter unit 2085 and the third color filter unit 208c.

[0034] FIG. 3 is a cross-sectional view schematically
illustrating a structure of a color filter shown in FIG. 2.
Referring to FIG. 3, a liquid crystal display panel 250 is
formed by, for example but not limited to, performing the
steps of disposing the glue 216 on the substrate, compressing
the substrate and then injection the liquid crystal 218 into the
color filter 200. Accordingly, the polarization direction of
the white light entering the thin film transistor (TFT) array
substrate is changed by the liquid crystal layer 218. Then the
white light is filtered by the first color filter unit 208a, the
second color filter unit 2085 and the third color filter unit
208c respectively, thus a variety of color lights are gener-
ated. Because a light shielding layer 212 is formed over the
black matrix 20454 of the non-display area 2025, the light
shielding capability of the non-display areca 2026 is
improved, and the light leakage via the edge of the display
area 202a is reduced.

[0035] In an embodiment of the present invention, a light
shielding layer of the color filter is formed over the black
matrix of the non-display area, which forms an edge of the
display area, therefore the transparency of the non-display
area to light is also reduced. In another embodiment of the
present invention, the light shielding layer can be formed
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together with any color filter unit. In an embodiment of the
invention, for example, if the filter units of the color filter is
formed using a red filter unit, a green filter unit and a blue
filter unit, the light shielding layer may be formed, for
example but not limited to, together with the blue filter unit,
by using a blue photoresist layer.

[0036] FIG. 4 is a cross-sectional view schematically
illustrating a color filter having double light shielding layers
according to an embodiment of the present invention. In the
invention, except for providing a color filter having a light
shielding layer formed from the blue filter unit, a color filter
having a double light shielding layer shown in FIG. 4 can
also be provided. As show in FIG. 4, a first light shielding
layer 212 is formed before the first color (red) filter unit
208a is formed. Thereafter, when the second color (blue)
filter unit 2085 is formed, a second light shielding layer 212a
is formed over the first light shielding layer 212. Thus, the
light shielding layer has a double layer structure comprising
red photoresist and blue photoresist layers.

[0037] FIG. 5 is a cross-sectional view schematically
illustrating a color filter having double light shielding layers
according to another embodiment of the present invention.
Moreover, as shown in FIG. 5, when the third color (green)
filter unit 208¢ is formed, a third light shielding layer 2126
is formed over the second light shielding layer 212a. Thus,
the light shielding layer has a triple layer structure compris-
ing red, blue and green photoresist layers. The light shield-
ing layer is comprised of, for example but not limited to, the
combination of red, green or blue photoresist layers (for
example, a combination of red photoresist/blue photoresist
or red photoresist/green photoresist/blue photoresist). The
sequence of the photoresist in the combination may be
dependent on the manufacturing process of the color filter
unit or the design of the mask.

[0038] In another embodiment of the present invention,
the color filter and the manufacturing method of the inven-
tion can be provided for any type of liquid crystal display
panel, for example but not limited to, a multi-domain
vertical alignment (MVA) liquid crystal display panel. FIG.
6 is a cross-sectional view schematically illustrating a liquid
crystal display panel having a multi-domain vertical align-
ment (MVA) structure according to an embodiment of the
present invention. The color filter 300 comprises, for
example but not limited to, a substrate 302, black matrices
304a and 304b, a plurality of color filter units 308, a
plurality of alignment bumps 310, a light shielding layer 312
and a common electrode 314. The substrate 302 comprises
adisplay area 302a and a non-display area 3025, wherein the
black matrices 304a and 304a are disposed-over the sub-
strate 302. The material of the black matrices 304a and 304a
includes, for example but not limited to, a black resin. The
black matrix 304a defines a plurality of sub-pixel area 308a
in the display area 302a, and the black matrix 3045 covers
non-display area 3025, which forms the edge of the display
area 302a.

[0039] Next, referring to FIG. 6, the color filter units 308
are disposed in the sub-pixel area 308a respectively, and are
formed, for example but not limited to, by a variety of
photoresist layers having different colors (such as red pho-
toresist, green photoresist or blue photoresist) using expos-
ing and developing process. Furthermore, the alignment
bump 310 is disposed over the common electrode 314 and
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in the display area 3024, and is formed, for example but not
limited to, by performing photolithography process includ-
ing masking, exposing and developing process on a photo-
sensitive material. Moreover, as shown in FIG. 6, the light
shielding layer 312 of the color filter 300 is formed with the
alignment bump 310qa, and the light shielding layer 312 is
disposed over the common electrode 314 and in the non-
display area 3025 adjacent to the edge of the display area
302a.

[0040] Tt is noted that, except for forming the light shield-
ing layer described above with the alignment bump, a
plurality of color photoresist layers can also be formed
according to the previous embodiments.

[0041] Accordingly, the color filter and the manufacturing
method thereof of the present invention can improve the
problem of light leakage from the edge of the display area
when the black matrix is made of black resin. It is noted that
in an exemplary embodiment of the present invention, the
color filter composed of blue photoresist layer has a better
light shielding effect than that of red photoresist layer, and
whereas the color filter composed of green photoresist layer
has a worse light shielding effect. Furthermore, when the
color filter is provided for a multi-domain vertical alignment
(MVA) liquid crystal display panel, the light shielding layer
can be formed with the alignment bump. Moreover, if the
light shielding layer is provided together with the color
photoresist layer described above, a variety of materials may
be provided for forming the light shielding layer. Further-
more, in the manufacture of the color filter of the present
invention, only the design of the mask is modified, but the
process or and the material used in the manufacture remain
same. Therefore, the light leakage problem can be effec-
tively reduced and also the process is simplified.

[0042] It will be apparent to those skilled in the art that
various modifications and variations can be made to the
structure of the present invention without departing from the
scope or spirit of the invention. In view of the foregoing, it
is intended that the present invention cover modifications
and variations of this invention provided they fall within the
scope of the following claims and their equivalents.

What is claimed is:
1. A color filter, comprising:

a substrate, having a display area and a non-display area;

a black matrix, disposed on the substrate, wherein the
black matrix defines the display area into a plurality of
sub-pixel areas, and the black matrix covers the non-
display area, which forms an edge of the display area;

a plurality of color filter units, disposed in the sub-pixel
areas; and

a light shielding layer, disposed over the black matrix.

2. The color filter of claim 1, wherein the light shielding
layer comprises a red photoresist layer, a green photoresist
layer and a blue photoresist layer.

3. The color filter of claim 1, wherein further comprises:

a plurality of alignment bump, disposed over the color
filter units and the black matrix when the color filter is
provided for a multi-domain vertical alignment (MVA)
liquid crystal display panel.
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4. The color filter of claim 3, wherein the light shielding
layer and the alignment bump are comprised of similar
material.

5. The color filter of claim 1, wherein the black matrix
comprises a black resin.

6. The color filter of claim 1, wherein the color filter units
comprise a plurality of red filter units, a plurality of green
filter units and a plurality of blue filter units.

7. A process of forming a color filter, comprising:

providing a substrate having a display area and a non-
display area;

forming a black matrix over the substrate, wherein the
black matrix defines the display area into a plurality of
first sub-pixel areas, a plurality of second sub-pixel
areas and a plurality of third sub-pixel areas, and the
black matrix covers the non-display area, which forms
an edge of the display area;

simultaneously forming a first color filter unit in each of
the first sub-pixel areas, and forming a first light
shielding layer over the black matrix;

forming a second color filter unit in each of the second
sub-pixel areas; and

forming a third color filter unit in each of the third
sub-pixel areas.
8. The process of claim 7, further comprising:

forming a second light shielding layer over the first light
shielding layer as the second color filter unit is formed.
9. The process of claim 8, further comprising:

forming a third light shielding layer over the second light
shielding layer as the third color filter unit is formed.
10. The process of claim 7, further comprising:

forming a plurality of alignment bumps over the black
matrix, the first color filter unit, the second color filter
unit and the third color filter unit after the third color
filter unit is formed.

11. A liquid crystal display panel comprising:

a thin film transistor array substrate;
a color filter, comprising:

a substrate, comprising a display area and a non-display
area;

a black matrix, disposed on the substrate, wherein the
black matrix defines the display area into a plurality
of sub-pixel areas, and the black matrix covers the
non-display area and forms an edge of the display
area;

a plurality of color filter units, disposed in the sub-pixel
areas;

a light shielding layer, disposed over the black matrix;

a glue disposed between the thin film transistor array
substrate and the black matrix to form a sealed space
therebetween; and

a liquid crystal layer disposed in the space.

12. The liquid crystal display panel of claim 11, wherein
the light shielding layer comprises a red photoresist layer, a
green photoresist layer and a blue photoresist layer.
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13. The liquid crystal display panel of claim 11, further
comprising

a plurality of alignment bumps, disposed over the color
filter units and the black matrix when the color filter is
provided for a multi-domain vertical alignment (MVA)
liquid crystal display panel.

14. The liquid crystal display panel of claim 11, wherein
the light shielding layer and the alignment bump are com-
prised of similar material.

15. The liquid crystal display panel of claim 11, wherein
the black matrix comprises a black resin.

16. The liquid crystal display panel of claim 11, wherein
the color filter units comprise a plurality of red filter units,
a plurality of green filter units and a plurality of blue filter
units.

17. A process of forming a liquid crystal display panel,
comprising:

providing a substrate having a display area and a non-
display area;

forming a black matrix over the substrate, wherein the
black matrix defines the display area into a plurality of
first sub-pixel areas, a plurality of second sub-pixel
areas and a plurality of third sub-pixel areas, and the
black matrix covers the non-display area, which forms
an edge of the display area;

simultaneously forming a first color filter unit in each of
the first sub-pixel areas, and forming a first light
shielding layer over the black matrix;
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forming a second color filter unit in each of the second
sub-pixel areas;

forming a third color filter unit in each of the third
sub-pixel areas;

providing a thin film transistor array substrate;

disposing a glue between the thin film transistor array
substrate and the black matrix to form a sealed space
therebetween; and

injecting liquid crystal into the space to form a liquid
crystal layer therein.

18. The process of claim 17, further comprising:

forming a second light shielding layer over the first light
shielding layer as the second color filter unit is formed.

19. The process of claim 17, further comprising:

forming a third light shielding layer over the second light
shielding layer as the third color filter unit is formed.

20. The process of claim 17, further comprising:

forming a plurality of alignment bumps over the black
matrix, the first color filter unit, the second color filter
unit and the third color filter unit after the third color
filter unit is formed.
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