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7) ABSTRACT

In a method of manufacturing a color filter for an in-plane
switching mode liquid crystal display a black matrix for
light-shielding and color filter layers of red, green and blue
are formed on a glass substrate and an overcoat layer is

(22) Filed: Dec. 14, 2000 coated thereon for minimizing a stepped difference of an
(30) Foreign Application Priority Data overlapped part between the black matrix and the color filter
layers, the overcoat layer being formed of a non-exposing
Dec. 14, 1999 (KR) coccvcervevorvcerveemecneiemcerceens 1999-57489  type material.
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METHOD OF MANUFACTURING A COLOR
FILTER FOR IN-PLANE SWITCHING MODE
LIQUID CRYSTAL DISPLAY DEVICE

[0001] This application claims the benefit of Korean
Patent Application No. 1999-57489, filed on Dec. 14, 1999,
which is hereby incorporated by reference for all purposes as
if fully set forth herein.

BACKGROUND OF THE INVENTION
[0002]

[0003] The present invention relates to liquid crystal dis-
play device and, more particularly, to a method of manu-
facturing an in-plane switching mode liquid crystal display
device.

[0004]

[0005] An in-plane switching mode liquid crystal display
device, which is widely used as a flat panel display device
having a wide viewing angle, uses a color filter consisting of
red R, green G and blue B filters for a color display.

[0006] In order to manufacture such an in-plane switching
mode liquid crystal display device, methods such as dye,
pigment dispersion, electrodeposition, and print have been
generally utilized, which will be described below.

[0007] First, the dye method refers to a method of dying
a dyable and photosensitive resin on a transparent substrate
with a dying solution after exposing and developing. The
pigment dispersion method is typically divided into a
method of exposing and developing a photosensitive color
resin dispersed with a pigment on a photosensitive resin
after coating, and a method of etching a non-photosensitive
material dispersed with a pigment in a polyimide by using a
photoresist. The electrodeposition method refers to a method
of depositing a polymer resin on an electrode by dissolving
and dispersing in a solvent. The print method refers to a
method of transferring an ink dispersed with a pigment to a
resin.

[0008] In the above described related art methods of
manufacturing a color filter, the step of forming an overcoat
layer is employed for preventing leakage of light by mini-
mizing a stepped difference (or surface unevenness) of an
overlapped part between a light-shielding black matrix and
a color filter layer.

[0009] The in-plane switching mode liquid crystal display
and a method of manufacturing a color filter in the related art
will be described in more detail with reference to the
accompanying drawings.

[0010] FIG. 1 is a view showing a related art in-plane
switching mode liquid crystal display device. In FIG. 1, the
in-plane switching mode liquid crystal display device
includes a gate line 1 and a data line 2 arranged longitudi-
nally and transversely on a transparent first substrate 10
(refer to FIG. 2). Even though the gate line 1 and the data
line 2 define a pixel area and a liquid crystal display panel
is composed of a plurality of pixel areas, only a single pixel
area is shown in FIG. 1 for the sake of convenience of
explanation. In the pixel area, the gate line 1 and a parallel
common line 16 are arranged and a thin film transistor is
formed on a crossing point of the gate line 1 and the data line
2.

1. Field of the Invention

2. Description of the Related Art
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[0011] FIG. 2 is a cross-sectional view taken along line
A-A' of FIG. 1. In FIG. 2, the thin film transistor TFT
includes a gate electrode 3, a gate insulation film 19, a
source electrode 4a, a drain electrode 4b, a semiconductor
layer 12, and an ohmic contact layer 13. The gate electrode
3 and the source electrode 4a are respectively connected to
the gate line 1 and the data line 2 (refer to FIG. 1), and the
gate insulation film 19 is deposited over the whole substrate.

[0012] The pixel area is formed with a common electrode
7 and a data electrode 8 which are arranged in parallel to
each other for applying horizontal or in-plane electric fields.
The common electrode 7 is formed on the first substrate 10
simultaneously with the gate electrode 3 and connected to
the common line 16, and the data electrode 8 is formed on
the gate insulation film 19 simultaneously with the source
electrode 4a and the drain electrode 4b and connected to the
drain electrode 4b of the TFT. Further, a protective layer 22
and a first alignment film 20a are formed on the whole first
substrate 10.

[0013] Aseccond substrate 11 is formed with a black matrix
15 and a color filter layer 25 for preventing leakage of light
in the vicinity of the TFT, the gate line 1 and the data line
2 (refer to FIG. 1). A second alignment film 20b is formed
thereon. Further, a liquid crystal layer 30 is formed between
the first substrate 10 and the second substrate 11.

[0014] In the in-plane switching liquid crystal display
device of the above described structure, liquid crystal ele-
ments in the liquid crystal layer 30 are aligned according to
the alignment directions of the first alignment film 20a and
the second alignment film 205 when no voltage is applied.
On the other hand, if a voltage is applied between the
common ¢lectrode 7 and the data electrode 8, an electric
field that is parallel to the surface of the first substrate 10 is
applied between the common electrode 7 and the data
electrode 8, such that the liquid crystal elements in the liquid
crystal layer 30 are switched by the transverse electric field.
Accordingly, the liquid crystal elements in the liquid crystal
layer 30 are aligned almost vertically to an extension direc-
tion of the common electrode 7 and the data electrode 8. As
described above, since the liquid crystal elements in the
liquid crystal layer 30 always switch on the same surface,
grey level conversion does not occur when viewing from
angles in the vertical and horizontal directions.

[0015] FIG. 3A to FIG. 3G are views for showing a
related art process of coating an overcoat layer for removing
a stepped difference between a black matrix for light-
shielding and a color filter layer. First, as shown in FIG. 3A,
the black matrix 15 is formed on the first substrate 11, a
dyable photosensitive film 100 is coated thereon as shown in
FIG. 3B and front exposed to UV light using a mask 101 as
shown in FIG. 3C. A color filter layer 25 is thus formed as
shown in FIG. 3D. Desired colors R, G and B are dyed and
fixed as shown in FIG. 3E. By repeating the steps of FIG.
3B to FIG. 3E continuously, color filter layers of R, G and
B 25 are formed on the glass substrate 11. However, it is
very difficult to maintain a uniform thickness since such
color filter layers R, G, and B 25 are formed separately.
Accordingly, an overcoat layer 102 is coated thereon to
planarize the color filter layer 25 and remove the stepped
difference or unevenness of the overlapped part of the black
matrix for light-shielding 15 and the color filter layer 25.

[0016] FIG. 4A to FIG. 4C are detailed views showing a
related art process of coating an overcoat layer. The glass
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substrate, including the black matrix 15 and the color filter
layer 25, is coated with the overcoat layer 102 with a
polymer as shown in FIG. 4A. A mask 101 forms a pattern
on the substrate which is coated with the overcoat layer 102
and exposed to ultraviolet light as shown in FIG. 4B. The
overcoat layer 102 is removed by dispersing a developing
solution on the substrate of which UV exposure is complete
for forming a pattern. The overcoat layer 102 on the pattern
is cured by post baking as shown in FIG. 4C. The overcoat
layer 102 also functions to protect the color filter layer 25.

[0017] To planarize the color filter layer using the related
art coating process of the overcoat layer, various processes
are required including an exposing process, as described
above. That is, to prevent the overcoat layer from being
damaged during a rubbing process, an exposing process
using an exposing type material and a developing process
are used. However, such exposing and developing process is
complicated and increases manufacturing cost, thereby
decreasing productivity.

SUMMARY OF THE INVENTION

[0018] Accordingly, the present invention is directed to a
color filter for a liquid crystal display that substantially
obviate one or more of the problems due to limitations and
disadvantages of the related art.

[0019] An advantage of the present invention is a color
filter for a liquid crystal display in which a stepped differ-
ence of an overlapped part between a black matrix for
light-shielding and a color filter layer is minimized by a
simple process at a low cost.

[0020] Additional features and advantages of the inven-
tion will be set forth in the description which follows, and
in part will be apparent from the description, or may be
learned by practice of the invention. The objectives and
other advantages of the invention will be realized and
attained by the structure particularly pointed out in the
written description and claims thereof as well as the
appended drawings.

[0021] To achieve these and other advantages and in
accordance with the purpose of the present invention, as
embodied and broadly described, a method of manufactur-
ing a color filter for an in-plane switching mode liquid
crystal display includes an overcoat layer using a non-
exposing type material. Using such non-exposing type mate-
rial eliminates the steps of mask blocking, exposing, devel-
oping, cleaning and drying when coating the overcoat layer
for surface planarization.

[0022] The present invention forms the overcoat layer
with a polymer and cures the overcoat layer by post baking.

[0023] Therefore, according to the present invention, the
stepped difference in the overlapped part between the black
matrix for light-shielding and the color filter layer is mini-
mized by a simple step as compared to the related art, and
a high resolution liquid crystal display can be made using a
simple process at a low cost.

[0024] In the present invention, the productivity may be
improved at a low cost by reducing the number of processes,
mask defects, manufacturing cost of the mask, and con-
sumption of developing and cleaning solutions by improv-
ing materials for an overcoat layer and using a non-exposing
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type process to eliminate mask blocking, exposing, devel-
oping, cleaning and drying steps for coating the overcoat
layer for minimizing surface unevenness from overlapping
portions between a black matrix for light-shielding and a
color filter.

BRIEF DESCRIPTION OF THE DRAWINGS

[0025] The accompanying drawings, which are included
to provide a further understanding of the invention and are
incorporated in and constitute a part of this specification,
illustrate embodiments of the invention and together with
the description serve to explain the principles of the inven-
tion.

[0026]

[0027] FIG.1 is a plane view showing an in-plane switch-
ing mode liquid crystal display device in the related art;

[0028] FIG. 2 is a cross-sectional view taken along line
A-A' of FIG. 1;

[0029] FIG. 3A to FIG. 3G show a related art process of
coating an overcoat layer for removing a stepped difference
between a black matrix for light shielding and a color filter;

[0030] FIG. 4A to FIG. 4C are detailed views showing a
related art process of coating an overcoat layer for removing
a stepped difference of a black matrix for light shielding and
a color filter;

[0031] FIG. 5A to FIG. 5F are views showing a process
of coating an overcoat layer for removing a stepped differ-
ence of a black matrix for light shielding and a color filter
according to the present invention; and

[0032] FIG. 6 is a sectional view of an in-plane switching
mode liquid crystal display device according to an embodi-
ment of the present invention.

In the drawings:

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

[0033] Reference will now be made in detail to the pre-
ferred embodiments of the present invention, examples of
which are illustrated in the accompanying drawings.

[0034] FIG. 5A to FIG. 5F are views for explaining a
method of coating an overcoat layer for removing a stepped
difference between a black matrix for light-shielding and a
color filter layer according to a preferred embodiment of the
present invention.

[0035] First, a black resin is coated and patterned on a
substrate 40 (which may be an upper plate or a lower plate
of a liquid crystal panel) for forming a black matrix 15 with
predetermined intervals for light-shielding, as shown in
FIG. 5A. A photosensitive film 100 is coated thereon as
shown in FIG. 5B.

[0036] As shown in FIG. 5C, the substrate is exposed to
ultraviolet light using a mask 101 to form a specific (R, G,
or B) color filter layer. As shown in FIG. 5D, a pattern for
the specific color filter layer 25 is formed and desired colors
of red R, green G and blue B are dyed and fixed. Subse-
quently, the steps as shown in FIG. 5B and FIG. 5C are
repeated to form the complete color filter layer 25 on the
substrate 40. Next, as shown in FIG. 5E, an overcoat layer
102 is formed with a non-exposing type polymer material
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for surface planarization between the color filter layers 25.
As shown in FIG. 5F, the substrate formed with the overcoat
layer 102 is subject to curing.

[0037] A thermo-hardening material is preferably used as
the overcoat layer 102. The thermo-hardening material
includes a solvent, a binder, a hardener, a multi-functional
monomer, and an additive. The solvent material includes
PGMEA(propylene glycol monomethyl bis acetate) and
EEP(cthoxy ethyl propionate). The binder material includes
epoxy acrylate based material. The hardener material
includes Amine based material. The multi-functional mono-
mer material includes DPHA. The additive includes a sur-
face transformer.

[0038] Also, a photo-hardening material can be used as the
overcoat layer 102. The photo-hardening material includes a
solvent, a binder, a photo inducer, a multi-functional mono-
mer, and an additive. The solvent material includes
PGMEA(propylene glycol monomethyl bis acetate) and
EEP(ethoxy ethyl propionate). The binder material includes
acrylate based material. The photo-inducer includes a ben-
zophenone based material, an acetophenone based material,
and a triazine based material. The multi-functional monomer
material includes DPHA. The additive includes surface
transformer and an adhesive stiffening agent.

[0039] Accordingly, it is possible to minimize the stepped
difference between the color filter layers and the black
matrix for light-shielding.

[0040] FIG. 6 is a sectional view of an in-plane switching
mode liquid crystal display device according to an embodi-
ment of the present invention.

[0041] As shown in FIG, 6, the in-plane switching mode
liquid crystal display device includes a data electrode 8 and
a common e¢lectrode 7 formed on a first substrate 10, a
plurality of light-shielding layers 15 formed on a second
substrate 40, a color filter layer 25 formed over the second
substrate 40, an overcoat layer 102 formed on the second
substrate 40, the overcoat layer 102 including a non-expos-
ing material, and a liquid crystal layer 30 formed between
the first and second substrates 10 and 40. Polarized films 264
and 26b are respectively formed outside the first and second
substrates 10 and 40. An alignment film for aligning the
liquid crystal layer 30 is formed at an inner side of at least
one of the first and second substrates 10 and 40. FIG. 6
shows the alignment films 20z and 205 formed inside the
first and second substrates 10 and 40. The alignment films
20a and 20b are formed of polyamic acid and polyimide.

[0042] A method for fabricating the in-plane switching
mode liquid crystal display device according to the embodi-

ment of the present invention will be described with refer-
ence to FIG. 6.

[0043] First, the data electrode 8 and the common elec-
trode 7 are formed on the first substrate 10, a plurality of the
light-shielding layers 15 are formed on the second substrate
40. The color filter layer 25 is formed over the second
substrate 40 including the light-shielding layer 15. The
overcoat layer 102 is formed on the second substrate 40 and
includes a non-exposing material. The liquid crystal layer 30
is formed between the first and second substrates 10 and 40.

[0044] The data electrode 8 and the common electrode 7
may be the same layer or different layers. The data and
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common electrodes 8 and 7 may be different layers if, for
example, one is formed on the gate insulation layer 19 or the
passivation layer 22. Also, the common electrode 7 is
formed together with a gate electrode of a thin film transistor
(not shown). The transparent conductive film 20 can be
formed on the first substrate 10 or the second substrate 40.
The transparent conductive film 20 can be formed on both
the first and second substrates 10 and 40. The data electrode
8 is formed together with a source/drain electrode of the thin
film transistor (not shown). Also, the common electrode 7
can be formed on the gate insulation layer 19 and the data
electrode 8 can be formed on the passivation layer 22.

[0045] Atleast one of the data electrode 8 and the common
electrode 7 is formed of a transparent conductive film or a
metal. The metal includes Al, Mo, Cr, Ta, Ti, Al alloy, and
their alloys.

[0046] A transparent conductive film can be formed out-
side the second substrate 40 to prevent static electricity from
occurring on a surface of the substrate. It is also possible to
perform the color filter forming process on the substrate 40
formed with the transparent conductive film 20 or to form
the transparent conductive film 20 outside the substrate 40
after the color filter forming process. That is, the transparent
conductive film 20 can be formed on the substrate 40 after
the light-shielding layer 15 is formed. Also, the transparent
conductive film 20 can be formed outside the first substrate
10.

[0047] According to the process of forming the overcoat
layer of the present invention, the stepped difference
between the color filter layers and the black matrix is
minimized. Also, the overcoat layer is not damaged due to
the rubbing process.

[0048] Further, the present method of manufacturing a
color filter for an in-plane switching mode liquid crystal
display uses a non-exposing type material as the overcoat
layer. Using a non-exposing type material simplifies the
overcoat layer forming process by eliminating such steps as
mask mounting, exposing, developing, cleaning and drying.

[0049] Accordingly, the color filter for the in-plane
switching mode liquid crystal display of the present inven-
tion is manufactured through a simple process, and has
advantages of reducing mask cost, consumption of the
developing and cleaning solutions, and mask defects. Also,
the thickness of the black matrix and the color filter layers
are uniformly maintained, thereby maintaining a liquid
crystal display of a high resolution with improved produc-
tivity at a low cost.

[0050] Tt will be apparent to those skilled in the art that
various modifications and variations can be made to the
present invention without departing from the spirit and
scope of the invention. The present invention covers the
modifications and variations of this invention provided they
come within the scope of the appended claims and their
equivalents.

What is claimed is:
1. A method of manufacturing of an in-plane switching
mode liquid crystal display device comprising:

forming a data electrode and a common electrode on a
first substrate;

forming a light-shielding layer on a second substrate;
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forming a color filter layer over the second substrate;

forming an overcoat layer over the second substrate, the
overcoat layer including a non-exposing material; and

forming a liquid crystal layer between the first and second

substrates.

2. The method of claim 1, further comprising forming a
transparent conductive film on a surface of the second
substrate.

3. The method of claim 1, further comprising forming a
transparent conductive film on a surface of the substrate
before forming the light-shielding layer.

4. The method of claim 1, wherein the light-shielding
layer includes a resin.

5. The method of claim 4, wherein the resin includes a
black resin.

6. The method of claim 1, wherein the data electrode and
the common electrode are in the same layers.

7. The method of claim 1, wherein the data electrode and
the common electrode are in different layers.

8. The method of claim 1, wherein at least one of the data
electrode and the common electrode includes a transparent
conductive film.

9. The method of claim 1, wherein at least one of the data
electrode and the common electrode includes a metal.

10. The method of claim 9, wherein the metal includes a
material selected from the group consisting of Al, Mo, Cr,
Ta, Ti, Al alloy and an alloy thereof.

11. The method of claim 1, further comprising forming a
first alignment layer on the first substrate.

12. The method of claim 11, wherein the first alignment
layer includes at least one of polyamic acid and polyimide.

13. The method of claim 1, further comprising forming a
second alignment layer on the second substrate.

14. The method of claim 13, wherein the second align-
ment layer includes at least one of polyamic acid and
polyimide.

15. The method of claim 1, further comprising curing the
overcoat layer.

16. The method of claim 1, wherein the overcoat layer
includes a thermo-hardening material.

17. The method of claim 16, wherein the thermo-harden-
ing material includes a binder.

18. The method of claim 17, wherein the binder includes
an epoxy acrylate based material.

19. The method of claim 16, wherein the thermo-harden-
ing material includes a hardener.

20. The method of claim 19, wherein the hardener
includes an amine based material.
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21. The method of claim 1, wherein the overcoat layer
includes a photo-hardening material.

22. The method of claim 21, wherein the photo-hardening
material includes a binder.

23. The method of claim 22, wherein the binder includes
an acrylate based material.

24. The method of claim 19, wherein the photo-hardening
material includes a photo-inducer.

25. The method of claim 24, wherein the photo-inducer
includes at least one of a benzophenone based material, an
acetophenone based material, and a triazine based material.

26. A method of manufacturing a color filter substrate of
a liquid crystal display device comprising:

forming a light-shielding layer on a substrate;
forming a color filter layer over the second substrate; and

forming an overcoat layer over the second substrate
including the light-shielding layer and the color filter
layer, the overcoat layer including a non-exposing
material.
27. The method of claim 26, further comprising forming
a transparent conductive film on a surface of the second
substrate.
28. The method of claim 26, further comprising forming
a transparent conductive film on a surface of the substrate
before forming the light-shielding layer.
29. The method of claim 26, further comprising forming
an alignment layer on the substrate.
30. The method of claim 29, wherein the alignment layer
includes at least one of polyamic acid and polyimide.
31. The method of claim 26, further comprising curing the
overcoat layer.
32. The method of claim 26, wherein the overcoat layer
includes a thermo-hardening material.
33. The method of claim 32, wherein the thermo-harden-
ing material includes a binder.
34. The method of claim 33, wherein the binder includes
an epoxy acrylate based material.
35. The method of claim 26, wherein the overcoat layer
includes a photo-hardening material.
36. The method of claim 35, wherein the photo-hardening
material includes a binder.
37. The method of claim 36, wherein the binder includes
an epoxy acrylate based material.
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