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(57) ABSTRACT

A color filter substrate and a fabrication method thereof, and
atransflective liquid crystal display device are provided. The
color filter substrate comprises: a transparent base substrate;
aplurality of separators formed on a surface of the transparent
base substrate and separating the surface of the transparent
base substrate into a plurality of color filter regions; a plural-
ity of color filter patterns that arrange alternatively with the
separators, wherein each color filter pattern covers one color
filter region; an aperture formed in the color filter pattern on
at least one of the color filter regions; a flat protective layer at
least disposed on the color filter pattern and the aperture,
wherein an upper surface of a portion of the flat protective
layer above the color filter pattern is even with an upper
surface of a portion of the flat protective layer above the
aperture.
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COLOR FILTER SUBSTRATE AND
FABRICATION METHOD THEREOF,
TRANSFLECTIVE LIQUID CRYSTAL

DISPLAY DEVICE

TECHNICAL FIELD

[0001] Embodiments of the present invention relate to a
color filter substrate and a fabrication method thereof, and a
transflective liquid crystal display device comprising the
color filter substrate.

BACKGROUND

[0002] Asliquid crystal display is a non-self-luminous dis-
play, the liquid crystal display panel must be provided with a
light source such as backlight, front light or external light
source in order to display images. In accordance with differ-
ent ways of using the light source, the liquid crystal display is
divided into three kinds of transmissive liquid crystal display,
reflective liquid crystal display and transflective liquid crystal
display. Currently, the transflective liquid crystal display gets
more concern as it can simultaneously use light from the
external light source and the backlight, which is helpful for
application in portable products.

[0003] The normal transflective liquid crystal display
includes a color filter substrate, and a color filter layer is
provided on the color filter substrate. The transflective liquid
crystal display includes a transmissive region and a reflective
region, wherein the reflective region has a reflecting electrode
or a reflecting layer for reflecting light from the external light
source. The light from outside is incident on the reflecting
electrode or reflecting layer through the color filter layer, and
the light reflected by the reflecting electrode or reflecting
layer returns to outside through the color filter layer, that is,
the light runs through the color filter layer twice. In contrast,
the light in the transmissive region is emitted from the back-
light and runs through the color filter layer only once. There-
fore, colors displayed in the reflective region and the trans-
missive region of the transflective liquid crystal display
device may be incongruous.

[0004] To solve the problem described above, an aperture
may be provided in the color filter pattern corresponding to
the reflective region in the color filter layer. The light from
outside is incident into the reflective region via the aperture,
and the reflecting electrode or reflecting layer disposed in the
reflective region has a diffuse reflection effect. The light
underwent the diffuse reflection by the reflecting electrode or
reflecting layer is incident on the color filter pattern around
the aperture, so in the reflective region, the incident light runs
through the color filter layer only once and then is emitted to
outside. Thereby, the problem that colors displayed in the
reflective region and the transmissive region are incongruous
can be alleviated. In addition, the process of providing the
aperture in the color filter pattern corresponding to the reflec-
tive region in the color filter layer is easy and simple. How-
ever, after coating a flat protective layer on the color filter
layer, the aperture becomes a pit 440, as shown in FIG. 1. In
order to reduce the depth of the pit, the conventional method
is to increase the thickness of the flat protective layer. Within
a certain range, the depth of the pit decreases as the thickness
of'the flat protective layer increases. However, after the thick-
ness of the flat protective layer increases to a certain degree,
the depth of the pit will not decrease along with the increase
of'the thickness of the flat protective layer. The presence of the
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pit causes the flat protective layer not able to be completely
flat, so that the cell gap is uneven after the cell assembly
process of the transflective liquid crystal display is per-
formed, resulting in the issues of grayscale deflection, reduc-
tion of reflectivity of the reflective region and the like.

SUMMARY

[0005] According to one embodiment of the present inven-
tion, a color filter substrate is provided. The color filter sub-
strate comprises: a transparent base substrate; a plurality of
separators formed on a surface of the transparent base sub-
strate and separating the surface of the transparent base sub-
strate into a plurality of color filter regions; a plurality of color
filter patterns that arrange alternatively with the separators,
wherein each color filter pattern covers one color filter region;
an aperture formed in the color filter pattern on at least one of
the color filter regions; a flat protective layer at least disposed
on the color filter pattern and the aperture, wherein an upper
surface of a portion of the flat protective layer above the color
filter pattern is even with an upper surface of a portion of the
flat protective layer above the aperture.

[0006] For example, the color filter substrate further com-
prises a columnar spacer disposed above the separator, and an
upper surface of the columnar spacer is higher than an upper
surface of the flat protective layer.

[0007] For example, the columnar spacer and the flat pro-
tective layer are integrally formed.

[0008] Forexample, the separator is a photoresist separator
or a black matrix.

[0009] According to another embodiment of the present
invention, a fabrication method of a color filter substrate is
provided. The method includes steps of:

[0010] forming a plurality of separators on a surface of a
transparent base substrate, wherein the separators sepa-
rate the surface of the transparent base substrate into a
plurality of color filter regions;

[0011] forming a plurality of color filter patterns that
arrange alternatively with the separators, wherein each
color filter pattern covers one color filter region;

[0012] forming an aperture in the color filter pattern on at
least one of the color filter regions;

[0013] forming a photoresist layer covering the separa-
tors, the color filter patterns and the aperture; and

[0014] performing exposing and developing processes
on the photoresist layer through a dual-tone mask to
form a flat protective layer at least disposed on the color
filter pattern and the aperture,

[0015] wherein an upper surface of a portion of the flat
protective layer above the color filter pattern is even with
an upper surface of a portion of the flat protective layer
above the aperture.

[0016] For example, at the same time of performing expos-
ing and developing processes on the photoresist layer through
a dual-tone mask, a columnar spacer disposed above the
separator is also formed. An upper surface of the columnar
spacer is higher than an upper surface of the flat protective
layer.

[0017] For example, the photoresist over the separator is
completely exposed with a complete exposure amount of A,
an exposure amount for exposing the photoresist over the
color filter pattern is H4/H3x A, and an exposure amount for
exposing the photoresist over the aperture is (H2+H4)/H3x A,
where H2 is a thickness of the color filter pattern, H3 is a
thickness of the photoresist over the separator, H4 is a thick-
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ness of the portion of the flat protective layer above the color
filter pattern, and H2+H4 is a thickness of the portion of the
flat protective layer above the aperture.

[0018] For example, the separator is a photoresist separator
or a black matrix.

[0019] According to still another embodiment of the
present invention, a transflective liquid crystal display device
is provided. The transflective liquid crystal display device
comprises the color filter substrate as described above.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020] Inorder to clearly illustrate the technical solution of
the embodiments of the invention, the drawings of the
embodiments will be briefly described in the following; it is
obvious that the described drawings are only related to some
embodiments of the invention and thus are not limitative of
the invention.

[0021] FIG.1isaschematic diagram of pits present ona flat
protective layer in a conventional color filter substrate;

[0022] FIG. 2 is a schematic diagram after forming a sepa-
rator, a color filter pattern and an aperture in a fabrication
method of a color filter substrate according to a first embodi-
ment of the present invention;

[0023] FIG. 3 is a schematic diagram after forming a pho-
toresist layer covering the separator, the color filter pattern
and the aperture in the fabrication method of the color filter
substrate according to the first embodiment of the present
invention;

[0024] FIG. 4 is a schematic diagram of a color filter sub-
strate comprising a fiat protective layer after performing
exposing and developing processes on the photoresist layer
through a dual-tone mask in the fabrication method of the
color filter substrate according to the embodiment of the
present invention;

[0025] FIG. 5 is a partially enlarged view of the color filter
substrate shown in FIG. 4.

[0026] FIG. 6 is a schematic diagram of a color filter sub-
strate comprising a columnar spacer and a flat protective layer
after performing exposing and developing processes on the
photoresist layer through a dual-tone mask in the fabrication
method of the color filter substrate according to the embodi-
ment of the present invention.

DETAILED DESCRIPTION

[0027] In order to make objects, technical details and
advantages of the embodiments of the invention apparent, the
technical solutions of the embodiment will be described in a
clearly and completely understandable way in connection
with the drawings related to the embodiments of the inven-
tion. It is obvious that the described embodiments are just a
part but not all of the embodiments of the invention. Based on
the described embodiments herein. those skilled in the art can
obtain other embodiment(s), without any inventive work,
which should be within the scope of the invention.

[0028] A first embodiment of the present invention pro-
vides a fabrication method of a color filter substrate. The
method comprises steps of:

[0029] Forming a plurality of separators on a surface of a
transparent base substrate, wherein the separators are used for
separating the surface of the transparent base substrate into a
plurality of color filter regions;
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[0030] Forming a plurality of color filter patterns that
arrange alternatively with the separators, wherein each color
filter pattern covers one color filter region;

[0031] Forming an aperture in the color filter pattern on at
least one of the color filter regions; at this time, as shown in
FIG. 2, the separators 200, the color filter patterns 300 and the
apertures 310 are formed on the transparent base substrate
100;

[0032] Forming a photoresist layer covering the separators,
the color filter patterns and the aperture; at this time, as shown
in FIG. 3, a pit 440 is formed on a portion of the photoresist
layer 400 corresponding to the aperture;

[0033] Performing exposing and developing processes on
the photoresist layer 400 through a dual-tone mask such as a
gray-tone mask to form a flat protective layer; at this time, as
shown in FIG. 4, the photoresist layer after the exposing and
developing processes forms a flat protective layer. The flat
protective layer includes a portion 410 located above the color
filter pattern and a portion 420 located above the aperture. An
upper surface of the portion 410 of the flat protective layer
above the color filter pattern is even with an upper surface of
the portion 420 of the flat protective layer above the aperture.
[0034] Inthe fabrication method of the color filter substrate
according to the present embodiment, the flat protective layer
is formed by performing exposing and developing processes
on the photoresist layer, and the upper surface of the portion
of'the flat protective layer above the color filter pattern is even
with the upper surface of the portion of the flat protective
layer above the aperture, so that the problem that the flat
protective layer of the conventional color filter substrate has
pits is solved.

[0035] Further, at the same time of performing exposing
and developing processes on the photoresist layer through a
dual-tone mask such as a gray-tone mask, a columnar spacer
430 above the separator may also be formed, and an upper
surface of the columnar spacer 430 is higher than an upper
surface of the flat protective layer. In this way, the columnar
spacer and flat protective layer can be obtained by one pat-
terning process, and thus the conventional manufacturing
process for the columnar spacer can be omitted.

[0036] For example, the photoresist is a positive photore-
sist. The photoresist over the separator is completely exposed,
an exposure amount for exposing the photoresist over the
color filter pattern is equal to H4/H3xA, and an exposure
amount for exposing the photoresist over the aperture is equal
to (H2+H4)/H3xA, where A is an exposure amount of com-
plete exposure. As shown in FIG. 5, H1 is a thickness of the
separator, H2 is a thickness of the color filter pattern, H3 is a
thickness of the photoresist over the separator, H4 is a thick-
ness of the portion 410 of the flat protective layer above the
color filter pattern, and H2+H4 is a thickness of the portion
420 of the flat protective layer above the aperture.

[0037] After the exposing and developing processes, the
height of the removed photoresist over the color filter pattern
H=H1+H3-(H2+H4), and H>h, where h is the depth of the
pit. That is to say, the height of the removed photoresist over
the color filter pattern is greater than the depth of the pit.
[0038] Inthe fabrication method of the color filter substrate
according to the present embodiment, with a precise control
of'the exposure amount for exposing the photoresist over the
color filter pattern and the exposure amount for exposing the
photoresist over the aperture, the columnar spacer, the portion
of the flat protective layer above the color filter pattern with
the thickness of H4, and the portion of the flat protective layer
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above the aperture with the thickness of H2+H4 are obtained
through one single patterning process. Thus, the pits in the flat
protective layer of the conventional color filter substrate are
eliminated. Meanwhile, the columnar spacer and the flat pro-
tective layer are obtained through one single patterning pro-
cess, and thus the fabrication process for the color filter sub-
strate can be simplified.

[0039] The separator may be a photoresist separator or a
black matrix. However, the form of the separator is not limited
to the types listed above, and the separator can adopt any other
forms as long as it can separate the surface of the transparent
base substrate into the plurality of color filter regions.
[0040] A specific example will be described below with
reference to FIG. 5.

[0041] For example, the thickness of the separator is H1=1
um the thickness of the color filter pattern is H2=1.5 um, the
thickness of the photoresist over the separator is H3=4.5 um,
and the depth of the pit is h=0.5 um.

[0042] For example, it is required the thickness of the por-
tion 410 of the flat protective layer above the color filter
pattern to be H4=1.5 um, and the thickness of the portion 420
of the flat protective layer above the aperture to be
H2+H4=1.5 pm+1.5 pm=3 pm.

[0043] The photoresist over the separator is completely
exposed with an exposure amount of A, and all the photoresist
over the separator with the thickness of 4.5 um is used to form
the columnar spacer.

[0044] The thickness of the portion 410 of the flat protec-
tive layer above the color filter pattern is H4=1.5 um, that is,
the portion 410 of the flat protective layer above the color
filter pattern with the thickness of 1.5 um is formed after the
photoresist above the color filter pattern is exposed and devel-
oped. The exposure amount for exposing the photoresist
above the color filter pattern is H4/H3x A=1.5/4.5xA=1/3xA.
[0045] The thickness of the portion 420 of the flat protec-
tive layer above the aperture is H2+H4=3 pm, that is, the
portion 420 ofthe flat protective layer above the aperture with
the thickness of’3 um is formed after the photoresist above the
aperture is exposed and developed. The exposure amount for
exposing the photoresist above the aperture is (H2+H4)/H3x
A=3/4.5xA=2/3xA.

[0046] A second embodiment of the present invention pro-
vides a color filter substrate. The color filter substrate is
obtained by the fabrication method according to the first
embodiment.

[0047] As shown in FIG. 6, the color filter substrate com-
prises: a transparent base substrate 100; a plurality of sepa-
rators 200 formed on a surface of the transparent base sub-
strate and separating the surface of the transparent base
substrate into a plurality of color filter regions; a plurality of
color filter patterns 300 that arrange alternatively with the
separators 200, wherein each color filter pattern covers one
color filter region; an aperture formed in the color filter pat-
tern on at least one of the color filter regions; a flat protective
layer at least disposed on the color filter pattern and the
aperture, wherein an upper surface of a portion 410 of the flat
protective layer above the color filter pattern is even with an
upper surface of a portion 420 of the flat protective layer
above the aperture.

[0048] In the color filter substrate according to the present
embodiment, the upper surface of the portion 410 of the flat
protective layer above the color filter pattern is even with the
upper surface of the portion 420 of the flat protective layer
above the aperture, thereby the problem that the pits cause the
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flat protective layer unable to be completely flat in the con-
ventional technology can be solved.

[0049] For example, as shown in FIG. 6, the color filter
substrate according to the present embodiment further com-
prises a columnar spacer 430 disposed above the separator
200, and an upper surface of the columnar spacer 430 is
higher than an upper surface of the flat protective layer.
[0050] For example, the columnar spacer and the flat pro-
tective layer are integrally formed. When the columnar spacer
and the flat protective layer are integrally formed, the colum-
nar spacer can be firmly fixed, thus uneven display effect
caused by dislocation of the columnar spacer can be pre-
vented.

[0051] Forexample, the separator is a photoresist separator
or a black matrix.

[0052] A third embodiment of the present invention pro-
vides a transflective liquid crystal display device. The trans-
flective liquid crystal display device comprises an array sub-
strate and a color filter substrate, wherein the color filter
substrate is the color filter substrate according to the second
embodiment of the present invention.

[0053] The transflective liquid crystal display device
employs the color filter substrate according to the second
embodiment, so that the cell gap of the transflective liquid
crystal display device is uniform after the cell assembly pro-
cess of the transflective liquid crystal display is performed.
Therefore, the possibilities of grayscale deflection, reduction
of reflectivity of the reflective region and other issues can be
reduced.

[0054] The foregoing embodiments merely are exemplary
embodiments of the invention, and not intended to define the
scope of the invention, and the scope of the invention is
determined by the appended claims.

What is claimed is:

1. A color filter substrate, comprising:

a transparent base substrate;

a plurality of separators formed on a surface of the trans-
parent base substrate and separating the surface of the
transparent base substrate into a plurality of color filter
regions;

a plurality of color filter patterns that arrange alternatively
with the separators, wherein each color filter pattern
covers one color filter region;

an aperture formed in the color filter pattern on at least one
of the color filter regions;

a flat protective layer at least disposed on the color filter
pattern and the aperture,

wherein an upper surface of a portion of the flat protective
layer above the color filter pattern is even with an upper
surface of a portion of the flat protective layer above the
aperture.

2. The color filter substrate according to claim 1, wherein
the color filter substrate further comprises a columnar spacer
disposed above the separator, and an upper surface of the
columnar spacer is higher than an upper surface of the flat
protective layer.

3. The color filter substrate according to claim 2, wherein
the columnar spacer and the flat protective layer are integrally
formed.

4. The color filter substrate according to claim 1, wherein
the separator is a photoresist separator or a black matrix.

5. A fabrication method of a color filter substrate, compris-
ing steps of:
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forming a plurality of separators on a surface of a transpar-
ent base substrate, wherein the separators separate the
surface of the transparent base substrate into a plurality
of color filter regions;

forming a plurality of color filter patterns that arrange
alternatively with the separators, wherein each color
filter pattern covers one color filter region;

forming an aperture in the color filter pattern on at least one
of the color filter regions;

forming a photoresist layer covering the separators, the
color filter patterns and the aperture: and

performing exposing and developing processes on the pho-
toresist layer through a dual-tone mask to form a flat
protective layer at least disposed on the color filter pat-
tern and the aperture,

wherein an upper surface of a portion of the flat protective
layer above the color filter pattern is even with an upper
surface of a portion of the flat protective layer above the
aperture.

6. The fabrication method of a color filter substrate accord-

ing to claim 5, wherein at the same time of performing expos-
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ing and developing processes on the photoresist layer through
a dual-tone mask, a columnar spacer disposed above the
separator is also formed, and

an upper surface of the columnar spacer is higher than an

upper surface of the flat protective layer.

7. The fabrication method of a color filter substrate accord-
ing to claim 6, wherein the photoresist over the separator is
completely exposed with a complete exposure amount of A,
an exposure amount for exposing the photoresist over the
color filter pattern is H4/H3x A, and an exposure amount for
exposing the photoresist over the aperture is (H2+H4)/H3x A,
where H2 is a thickness of the color filter pattern, H3 is a
thickness of the photoresist over the separator, H4 is a thick-
ness of the portion of the flat protective layer above the color
filter pattern, and H2+H4 is a thickness of the portion of the
flat protective layer above the aperture.

8. The fabrication method of a color filter substrate accord-
ing to claim 5, wherein the separator is a photoresist separator
or a black matrix.

9. A transflective liquid crystal display device, comprising
the color filter substrate according to claim 1.

#* #* #* #* #*



