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G7) ABSTRACT

The present invention relates to a color filter for a liquid
crystal display and a liquid crystal display using the same,
and more particularly to a color filter for a liquid crystal
display comprising a pixel area, a black matrix, and a
transparent overcoating film, wherein the transparent over-
coating film comprises a thermosetting polymer obtained by
mixing a) polyamic acid having siloxane terminal groups;
and b) an epoxy compound having 1 to 4 epoxy groups, and
a liquid crystal display using the same.

The color filter for a liquid crystal display of the present
invention comprises a transparent overcoating film having a
wide pattern formation margin of a transparent electrode and
superior heat resistance, light resistance, and transmissivity.
When applied to a liquid crystal display, this color filter can
offer a liquid crystal display, particularly ITO PVA mode
liquid crystal display with good physical properties and is
capable of realizing a wide view angle.

11 Claims, 5 Drawing Sheets
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COLOR FILTER FOR A LIQUID CRYSTAL
DISPLAY AND A LIQUID CRYSTAL DISPLAY
USING THE SAME

BACKGROUND OF THE INVENTION
(a) Field of the Invention

The present invention relates to a color filter for a liquid
crystal display, and more particularly to a color filter for a
liquid crystal display capable of offering a wide view angle
by dividing a pixel area into a number of smaller domains.

(b) Description of the Related Art

Generally, a liquid crystal display is a device in which
liquid crystal material is injected between an upper substrate
on which common electrodes and color filters, etc. are
formed, and a lower substrate on which a thin film transistor
and pixel electrodes, etc. are formed. Different electric
potentials are applied to the pixel electrodes and the com-
mon electrodes to form an electric field to change arrange-
ment of liquid crystal molecules, thereby controlling trans-
missivity of light to embody images.

The biggest problem of a liquid crystal display is that it
has a narrow view angle. There have been many approaches
to enlarging the view angle. Among them, the method of
aligning liquid crystal molecules perpendicularly to the
upper and the lower substrates and forming an opening
pattern or protrusions on the pixel electrodes or the common
electrodes looks promising.

In such an opening-pattern forming method, an opening
pattern is formed on each of the pixel electrodes and the
common electrodes, and orientations of the liquid crystal
molecules are arranged using the fringe field caused by the
opening patterns to obtain a wide view angle. With this
method, it is a key point to obtain uniform opening patterns.

In the opening pattern method of a transparent electrode
such as ITO, IZO etc., a transparent overcoating film is
formed on a colored film and the transparent electrode is
vacuum-deposited on it. Adhesion of the transparent elec-
trode to the overcoating film is a very important factor that
determines the degree and quality of the opening pattern
formation.

Currently, acrylic epoxy materials are typically used as
the transparent overcoating film. However, acrylic epoxy
materials have problems such as decreased heat resistance
due to the transparent electrode annealing, poor adhesion to
the Cr black matrix (BM), and poor light resistance due to
UV cleaning which is performed to improve adhesion of the
transparent electrode. Accordingly, there is a need for the
development of a new material.

SUMMARY OF THE INVENTION

An object of the present invention is to provide a color
filter for a liquid crystal display having a transparent over-
coating film with a wide a transparent electrode such as ITO,
IZO etc. pattern formation margin, and good heat resistance,
light resistance, and transmissivity.

It is another object of the present invention to provide a
color filter for a liquid crystal display that can offer a wide
view angle to a liquid crystal display, preferably a transpar-
ent electrode PVA mode liquid crystal display.
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It is another object of the present invention to provide a
liquid crystal display, preferably a transparent electrode PVA
mode liquid crystal display that contains such a color filter.

In order to achieve these objects, the present invention
provides a color filter for a liquid crystal display comprising
a pixel area, a black matrix, and a transparent overcoating
film, wherein the transparent overcoating film comprises a
thermosetting polymer obtained by mixing:

a) polyamic acid having siloxane terminal groups; and

b) an epoxy compound having 1 to 4 epoxy groups.

Preferably, the polyamic acid of a) and the epoxy com-
pound of b) are mixed in the weight ratio ranging from about
3:1 to about 3:2.

The present invention also provides a liquid crystal dis-
play that contains such a color filter. In one preferred
embodiment, this liquid crystal display is a PVA liquid
crystal display comprising:

a first insulating substrate;

first wiring formed on the first insulating substrate;

second wiring also formed on the first insulating substrate

and intersecting the first wiring;

pixel electrodes formed on each pixel area defined by the

intersection of the first wiring and the second wiring
and having a first opening pattern; and

a thin film transistor connected to the first wiring, the

second wiring, and the pixel, electrodes.

Preferably, the PVA liquid crystal display also comprises:

a second insulating substrate opposing the first insulating

substrate;

red, green, and blue (R, G, B) color filters formed on the

second insulating substrate;

common electrodes formed on the second insulating sub-

strate and having a second opening pattern; and

a liquid crystal layer between the first insulating substrate

and the second insulating substrate, wherein liquid
crystal molecules are arranged perpendicularly to the
first and the second substrates when no electric field is
applied between the pixel electrodes and the common
electrodes.

Preferably, the liquid crystal display also comprises
pattern-formed a transparent electrodes. The transparent
electrodes is preferably ITO (indium tin oxide), IZO (indium
zinc oxide) electrodes etc. Also, the liquid crystal display
preferably has different thicknesses by color where the red,
green, and blue (R, G, B) color filters are located.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1A is a cross-sectional view of a color filter accord-
ing to one embodiment of the present invention, which
comprises a transparent overcoating film on one side of the
transparent glass substrate.

FIG. 1B is a cross-sectional view along the line in A-A'
of FIG. 1a.

FIG. 2 is a diagrammatic view of a thin film transistor
substrate of the liquid crystal display according to one
embodiment of the present invention.

FIG. 3 is a diagrammatic view of openings formed on the
common electrodes of the liquid crystal display according to
one embodiment of the present invention.

FIG. 4 is a diagrammatic view of openings on the pixel
electrodes and the common electrodes of the liquid crystal
display according to one embodiment of the present inven-
tion.
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FIG. § is a cross-sectional view along the line in IV-IV' The polyamic acid and the epoxy compound are prefer-
of FIG. 4. ably mixed in the weight ratio ranging from about 3:1 to

about 3:2. However, the mixing ratio is not limited as long
DETAILED DESCRIPTION OF THE

PREFERRED EMBODIMENTS 5 as the effect of the present invention is exhibited. Thermo-

setting of the polyamic acid and the epoxy compound occurs

The present inventors have worked to develop an over- during the baking process, which proceeds under the com-

coater that can improve adhesion of a transparent film such
as ITO, or IZO etc. and the transparent overcoating film to
extend the transparent film’s opening pattern margin, and 10
which has good heat resistance, light resistance, and trans-

mon transparent overcoating film formation conditions.

Also, the transparent overcoating film of the present
invention may include an acid anhydride. The acid anhy-

missivity sufficient for a color filter manufacturing process. dride participates in the thermosetting reaction of the epoxy
As a result, they have realized that a transparent overcoating ~ compound. For example, phthalic acid anhydride or pyrom-
film formed by a thermosetting mixture of polyamic acid ellitic dianhydride represented by Chemical Formula 3 can
and an epoxy compound in an adequate ratio has a wide the ' be used for the acid anhydride. However, the structure and
transparent electrode opening pattern margin, and good heat constituents of the acid anhydride are not particularly lim-
resistance, light resistance, and transmissivity, and that it can ited.

be used to obtain a good color filter.
As seen in FIGS. 1A and 1B, the color filter of the present 20

invention comprises a color pixel area consisting of a red

pixel area 1, a green pixel area 2, and a blue pixel area 3; a .
Chemical Formula 3

colored film comprising a transparent glass substrate 4; a 0 0
black matrix 5; a transparent overcoating film 6; and a Il Il

. 25 C C,
transparent electrode 7. The transparent electrode 7 is pref- / \
erably ITO (indium tin oxide), or IZO (indium zinc oxide) O\ /O
etc. C c

The transparent overcoating film is formed over the entire
transparent glass substrate, which is a colored film. The 30
transparent overcoating film comprises a thermosetting film
which is a mixture of polyamic acid having a siloxane
terminal group and an epoxy compound.

o

The transparent overcoater of the present invention may
be one-part or two-part, and any uniformly miscible over-

The polyamic acid offers adhesion to the transparent film. 35 coater can be used if mixing is required. Also, a small

Although any imidizable polyamic acid can be used, the
polyamic acid is preferably a compound represented by
Chemical Formula 1. The terminal group of the polyamic
acid, which has the siloxane structure of trialkoxysilane, is
crosslinked during the baking process, and thereby improves 40 Any solvent may be used, but it is preferable to use solvents
heat resistance and light resistance of the overcoater film and with different boiling points to prevent stains due to evapo-
increases adhesion to the transparent film. ration of solvent during vacuum drying or baking.

amount of additives such as a surfactant, a leveling agent, or
a coupling agent may be added to the transparent overcoater
to improve wettability, leveling properties, or spreadability.

Chemical Formula 1

OCH, 0 o) 0 0 OCH,
| Il Il Il I |
H3CO—T1—R“ -HN—C C—NH (¢] -F--NH—C C—NH—R—Tl—OCH3
OCHj;3 OCH;
Ho—ﬁ ﬁ—OH Ho—ﬁ ﬁ—OH
0 o o) o
m
wherein R is a C,, alkyl, and m is an integer of 10 to 500. Thickness of the transparent overcoating film of the
In addition, the epoxy compound offers flatness to the 55 present invention is not limited, but it is preferably 1.0 to 3.0
transparent overcoating film. Preferably, the epoxy com- um.

pound is an epoxide having 1 to 4 epoxy groups. The
molecular weight, structure, and constituents of the expoxy
compound are not particularly limited. More preferably, the
epoxy compound is a compound represented by Chemical

Also, any transparent glass can be used for the color filter,
but it is preferable to use a low-alkaline or non-alkaline
glass. One coated with silicon oxide to prevent elution of

Formula 2. tal i 1so b d
Chemical Formula 2 metal ions can also be used.
O, THS O, In the present invention, any black matrix (BM) can be
CH,—CHCH,—O Is o-cH,cH—cH, 65 used for the color filter. That is, a Cr BM wherein Cr and

| Cr,0;, or Cr, CrN, and Cr,0; are sputtered on a transparent
CHs glass substrate and openings are prepared by the known
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photo-process, or another metal BM, can be used. Also, an
organic (resin) BM, which is prepared by applying,
exposing, developing, and baking a colored photosensitive
resin composition, wherein black pigments like carbon black
or TiO, are dispersed on a transparent glass substrate, can be
used. The shape and size of the openings, reflectivity, optical
density, transmissivity, color, and the entire panel resolution
of the BM are not restricted.

In the present invention, the material that offers the pixel
color is preferably the commonly used pigment-spray type
colored photosensitive resin composition. Constituents of
the composition, kind and concentration of the pigments,
and viscosity and color characteristics of the composition
are not restricted. Also, the method of preparing pixels using
the colored photosensitive resin composition is not limited.
That is, the colored photosensitive resin composition can be
applied, exposed, developed, and baked on a BM glass
according to the known pigment spray method to obtain a
colored film. The thickness of the colored film is also not
restricted.

The transparent film is obtained by vacuum deposition on
the transparent overcoating film by any known method.
Thickness of the transparent film is preferably 1000 to 2000
A, which is suitable for the transparent film surface resis-
tance and pattern formation that affect the light transmis-
sivity and liquid crystal action. A silicon oxide film may be
formed on the transparent overcoating film before vacuum
deposition of transparent film, in order to improve adhesion
to the transparent film.

Additionally, in the present invention, opening pattern
formation method, shape, density, and position of the pattern
of the transparent film are not restricted. However, it is
preferable to anneal the transparent film at a temperature of
over 200° C. in the presence of oxygen prior to opening-
pattern formation to grow transparent electrode crystals such
as ITO, or IZO etc., thereby enhancing the film properties
and improving the light transmissivity, and to apply the
lithography process using a posi-type photoresist.

Also, in the present invention, for cleaning of the trans-
parent overcoating film prior to lamination and transparent
electrode vacuum deposition, it is preferable to use a wet
cleaning method; a dry cleaning method using UV, plasma,
or ultrasonic waves; or a combination thereof.

In the present invention, a protrusion layer (column
spacer or photo spacer) may be formed instead of a bead-
type spacer, which is inserted prior to assembly of the upper
and lower substrates in order to maintain the panel’s cell
gap. This protrusion layer is preferably formed by making a
positive- or negative-type photoresist in protrusion form on
the BM and baking the same to make a spacer. The protru-
sion layer can be formed on the transparent overcoating film
or beneath the transparent film. When it is formed beneath
the transparent film, the transparent film should be removed
during transparent electrode opening-pattern formation.

In the present invention, the height of each colored film of
the BM openings is not restricted. However, when the blue
pixel area is higher than the green pixel area, and the green
pixel area is higher than the red pixel area, it is advantageous
for obtaining a wide view angle of the final panel.
Accordingly, in the PVA liquid crystal display of the present
invention, the thickness of the liquid crystal is different
depending on its color.
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Now, a PVA liquid crystal display according to a preferred
example of the present invention will be explained in detail
referring to FIGS. 1-5.

FIG. 2 is a diagrammatic view of a thin film transistor
substrate of the liquid crystal display according to a pre-
ferred embodiment of the present invention; FIG. 3 is a
diagrammatic view of openings formed on the common
electrodes of the liquid crystal display according to a pre-
ferred embodiment of the present invention; FIG. 4 is a
diagrammatic view of openings on the pixel electrodes and
the common electrodes of the liquid crystal display accord-
ing to a preferred embodiment of the present invention. FIG.
5 is a cross-sectional view along the line IV-IV' in FIG. 4.

Referring to FIG. 2 and FIG. 5, a thin film transistor
substrate of a liquid crystal display according to a preferred
example of the present invention will be explained.

On a transparent insulating substrate 10 such as glass, etc.,
there is a gate line 20 stretching horizontally, and a main-
tenance capacitor line 30 parallel to the gate line. On the gate
line 20, protruding gate electrodes 21 are formed, and on the
maintenance capacitor line 30, the first to fourth mainte-
nance electrodes 31, 32, 33, 34 and maintenance electrode
connectors 35, 36 are linked in a branch form.

The first maintenance electrode 31 is directly connected to
the maintenance capacitor line 30 and stretch vertically. The
second maintenance electrode 32 and the third maintenance
electrode 33 are connected to the first maintenance electrode
31 and stretch horizontally. The fourth maintenance elec-
trode 34 is connected to the second and the third mainte-
nance electrodes 32, 33, and stretch vertically. The mainte-
nance eclectrode connectors 35, 36 connect the fourth
maintenance electrode 34 to a neighboring pixel’s first
maintenance electrode 31.

On the gate wiring 20, 21 and the maintenance capacitor
wiring 30, 31, 32, 33, 34, 35, 36, there is a gate insulating
film 40. And, on the gate electrode 21 on top of the gate
insulating film 40, there is a semiconductor layer comprising
amorphous silicon. On the semiconductor layer there are
contact layers which comprise amorphous silicon wherein
N-type impurities such as phosphorus, etc. are doped in a
high concentration. On the contact layers, there are source
electrodes 71 and drain electrodes 72. The source electrodes
71 are connected to data lines 70 which stretch vertically on
the gate insulating film 40. On the data wiring 70, 71, 72,
there is a protection film 80 having a contact opening 81
which exposes the drain electrode 72. On the protection film
80, there are pixel electrodes 90 which are connected to the
drain electrodes 72 through the contact opening 81. The
pixel electrodes 90 are composed of transparent conductive
material, such as ITO (indium tin oxide), IZO (indium zinc
oxide), etc.

The pixel electrodes 90 are divided into a first division 91,
a second division 92 and a third division 93. These divisions
are connected to each other through connectors 94, 95, and
96. The first division 91 is located in the lower half of the
pixel area defined by intersection of the two gate lines 20
and two data lines 70, and has the shape of a rectangle whose
four corners are cut off. The first division 91 is directly
connected to the drain electrode 72 through the contact
opening 81. The second division 92 and the third division 93
are located in the upper half of the pixel area, and also have
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the shape of rectangles whose four corners are cut off. The
second division 92 is connected to the first division 91
through a first connector 94 and a second connector 96. The
third division 93 is connected to the second division 92
through the third connector 95. The second maintenance
electrode 33 is located between the first division 91 and the
second division 92. The third maintenance electrode 32 is
located between the second division 92 and the third divi-
sion 93. The first maintenance electrode 31 and the fourth
maintenance electrode 34 are located between the pixel
electrode 90 and the data line 70.

In the first division 91, the side parallel to the data line is
longer than the side parallel to the gate line. In the second
and third divisions, the sides parallel to the data line are
shorter than the sides parallel to the gate line. The second
division 92 and the third division 93 overlap the first
maintenance electrode 31 and the fourth maintenance elec-
trode 34, but the first division 91 does not overlap them.
Additionally, the maintenance capacitor line 30 is located
between the gate line 20 and the third division 93. Usually,
the electric potential applied to the common electrodes of
the color filter substrate, which will be explained below, is
applied to the maintenance capacitor line 30, the mainte-
nance electrodes 31, 32, 33, 34, and the maintenance elec-
trode connectors 35, 36.

As explained above, if a maintenance capacitor line or
maintenance electrode to which a common electric potential
is applied is put between the data line and pixel electrode
and between the gate line and pixel electrode, the mainte-
nance capacitor line or maintenance electrode blocks the
effect of the data line and the gate line on the electric field
of the pixel area, thereby offering a stable domain.

Now, a color filter substrate of the liquid crystal display
according to a preferred example of the present invention
will be explained referring to FIG. 3 and FIG. §.

A black matrix 200 consisting of a Cr/Cr,0; double layer
formed on a transparent substrate 100 such as glass, etc.,
defines a pixel area. On each pixel area 300, red (R), green
(G), and blue (B) color filters 310, 320, 330 are formed as
explained above. The R, G, and B color filters 310, 320, 330
have different thicknesses, wherein the R filter 310 is
thinnest and the B filter 330 is thickest. The difference in
thickness is to make the liquid crystal cell gap different for
each pixel area. An overcoating film 600 covers and protects
the color filters 310, 320, 330, and there is a common
electrode 400 consisting of a transparent conducting mate-
rial on the overcoating film 600. An opening pattern is
formed on the common electrode 400, and it comprises the
first to the third openings 410, 420, 430. The first opening
410 bisects the lower half of the pixel area into left and right
halves, while the second opening 420 and the third opening
430 divide the upper half of the pixel area in three lateral
areas. Both ends of each opening 410, 420, 430 widen to the
form of an isosceles triangle, and each opening 410, 420,
430 is separated from the others.

Now, a liquid crystal display according to a preferred
example of the present invention will be explained referring
to FIG. 4 and FIG. 5.

The thin film transistor substrate of FIG. 2 and the color
filter substrate of FIG. 3 are aligned and assembled, and
liquid crystal material 900 is injected between the two
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substrates, so that liquid crystal molecules included therein
are aligned vertically. Then, two polarizing plates 11, 101
are positioned at right angles outside of the two substrates
10, 100.

When the two substrates 10, 100 are aligned, each divi-
sion 91, 92, 93 of the pixel electrodes 90 of the thin film
transistor substrate and the first to third openings 410, 420,
430 formed on the common electrode 400 of the color filter
substrate overlap to divide the pixel area into many smaller
domains. Each division 91, 92, 93 of the pixel electrode 90
has two long sides and two short sides. The long sides of
each division are parallel to the data line 70 or the gate line
20, and form a 45° angle with the axes of the two polarizing
plates. If the long sides of each division 91, 92, 93 of the
pixel electrode 90 are adjacent to the data line 70 or the gate
line 20, a maintenance capacitor line 30 or maintenance
electrodes 31, 32, 33, 34 are positioned therebetween.
Preferably, no maintenance capacitor wiring 30, 31, 32, 33,
34 is positioned around the short sides of each division 91,
92, 93 of the pixel electrode, but if it is, it is preferable to be
entirely covered by the pixel electrode 90 or separated from
the pixel electrode 90 by more than 3 um. The reason for this
is that in the part where the data line 70 or the gate line 20
is adjacent to the long sides of the divisions 91, 92, 93 of the
pixel electrode, electric potential of the data line 70 or the
gate line 20 hinders domain formation; and in the part where
the data line 70 or the gate line 20 is adjacent to the short
sides, electric potential of the data line 70 or the gate line 20
helps domain formation.

The liquid crystal material 900 is injected between the
common electrode 400 and the pixel electrode division 91.
As explained above, since the thicknesses of the R, G, and
B color filters 310, 320, 330 are different, spacing between
the common electrode 400 and the pixel electrode 90 is also
different for the R, G, and B pixel areas. That is, the cell gaps
of the R, G, and B pixel areas are different from one another.
The cell gap of the R pixel area (R cell gap) is the largest,
and that of the B pixel area (B cell gap) is the smallest. These
different R, G, and B cell gaps reduce color shift according
to gradation.

Hereinafter, the present invention is described in more
detail through EXAMPLES and COMPARATIVE
EXAMPLES. However, the following EXAMPLES are only
for the understanding of the present invention, and the
present invention is not limited to the following
EXAMPLES.

EXAMPLES
Example 1

Preparation of a Color Filter

A transparent glass substrate of 730 mmx920 mmx0.7
mm (Corning’s 1737) was cleaned and dried using a UV
cleaner equipped with a low pressure mercury lamp. A Cr
film with a thickness of 1600 A and a Cr,0; film with a
thickness of 400 A were continuously sputtered to obtain a
Cr glass.

A posi-photoresist (Clariant’s HKT601) was applied at a
thickness of 1.2 um on the Cr glass. After drying, it was
exposed at 50 mJ/cm® using a mask having an opening of
230 umx60 um. The exposed glass was developed with
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alkali. Then, the opening where the posi-photoresist had
been developed was etched with CAN (cerium ammonium
nitrate), and the posi-photoresist was peeled off and cleaned
to obtain a black matrix glass.

A red photoresist (Dongwoo Fine-Chem’s M-R352) was
applied on the prepared black matrix glass, and it was
exposed, developed, and baked to obtain a red pixel. With
the same method, a green pixel was obtained from a green
photoresist (Dongwoo Fine-Chem’s M-G302S), and a blue
pixel from a blue photoresist (Dongwoo Fine-Chem’s
M-B342).

The glass with the colored film formed thereon was
cleaned with a low pressure mercury lamp (effective wave-
length: 254 nm) UV cleaner (Clean Tech’s CT-2000 PPM)
to remove residues and impurities. Then, a transparent
overcoater was applied on the entire surface of the glass, so
that the final film thickness after baking became 1.5 gm, and
the glass was baked at 230° C. for 40 minutes. Here,
polyamic acid represented by Chemical Formula 1a and an
epoxy compound represented by Chemical Formula 2 were
mixed in the weight ratio of 3:1 to obtain the transparent
overcoating film.

OCH, 0 o

Il I
H;CO—Si—R--}-HN—C

OCH,
HO—C C—OH

(6] o

wherein R is a methyl and m is 50.

Chemical Formula 2
o) CH, o)
CH,—CHCH,—0O T O=CH,CH—CH,
CH;

ITO film was vacuum-deposited at a thickness of 1300 A
at 100° C. on the entire surface of the glass with a sputterer
(Woolbaksa). Then, it was annealed at 240° C. for 90 min to
form ITO crystals, an ITO pattern was formed by a photo-
process, and the ITO film was etched with aqua regia.

A protrusion (column spacer) formation material (JSR’s
NN-777) was applied on the pattern-formed glass. It was
then exposed, developed, and baked to form a 3.5 um-thick
protrusion film on the black matrix. As a result, a color filter
for a PVA liquid crystal display was obtained.

Comparative Examples 1 to 3

Comparative Examples 1 to 3 were produced by the same
method as in Example 1, except that two-part epoxy acrylate
(JSR), one-part epoxy acrylate (Dongjin Semichem), and
photocuring acrylate (JSR) were used for the transparent
overcoating film, respectively.
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Experimental Example

For the color filters prepared by Example 1 and Com-
parative Examples 1 to 3, the following physical properties
were tested. The results are shown in Table 1.

1. Transmissivity and Optical Characteristics:

For each color filter, the transmissivity (%) of the trans-
parent part (overcoating film and ITO film) at the wave-
length of 450 nm was measured with an OSP-SP200
(Olympus). Also, in the wavelength range of 400 to 700 nm
(illuminant C), spectroscopic values of each of red, green,
and blue were determined and converted into the CIE white
coordinate system.

2. Heat Resistance:

To evaluate heat resistance of the overcoating film
depending on annealing of the ITO film, a change in
transmissivity of the color filter before and after annealing
was determined (good=below 1%; moderate=1 to 3%; poor=
over 3%). Also, the x, y change in the CIE white coordinate
system was determined (good=below 0.002; moderate=
0.002 to 0.005; poor=over 0.005).

Chemical Formula la

o) o) OCH,

I I I
C—NHOOO""NH—C C—NH—R—Ti—OCHg

OCH,

HO—C C—OH

m

3. Light Resistance:

To evaluate light resistance of the transparent overcoating
film depending on the UV treatment prior to vacuum depo-
sition of the ITO film, the overcoated color filter was treated
with a low pressure mercury lamp (254 nm; accumulated
exposure amount=1000 mJ/cm?) and a change in transmis-
sivity was determined (good=below 1%; moderate=1 to 3%;
poor=over 3%). Also, the x, y change in the CIE white
coordinate system was determined (good=below 0.002;
moderate=0.002 to 0.005; poor=over 0.005).

4. Adhesion to Cr Film:

To evaluate adhesion of the transparent overcoating film
to the Cr film of the BM of the color filter, where a sealant
is applied for assembly of the TFT glass and the color filter,
a cross-cut tape peeling test was carried out according to the
JIS K-5400 standard on the overcoater film of the Cr BM
part of the overcoated color filter. Among 100 lattices,
lattices remaining after tape peeling were determined.

5. ITO Pattern Formation Ability:

To evaluate an opening-pattern formation margin of the
ITO film, opening patterns were repeatedly formed on a
color filter wherein the ITO film annealing had been
completed, using aqua regia at 45° C., with the etching time
of 0 to 300% (25% interval) of the JET (just etching time).
The undercut of the ITO film at the boundary of the
transparent overcoating film and the ITO film was observed
with a scanning electron microscope (SEM) to evaluate the
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etching margin ratio (%) up to the point of the undercut
generation. Additionally, linewidth (CD) of the opening
pattern was determined.

12

TABLE 1
Heat Light Adhesion ITO pattern
resistance resistance to Cr film _formation ability
Transparent No. of
overcoating Transmis- Ax Transmis- Ax remaining ~ CD Margin
film sivity (%) Ay sivity (%) Ay lattices (em)T %
Example  3:1 mixture of Good Good Good Good 100 10.3 250
1 polyamic acid
epoxy compound
Comp. Two-part epoxy Good Moderate Good Moderate 53 12.5 175
Example acrylate
Comp. One-part epoxy Good Good Moderate  Moderate 38 13.7 125
Example acrylate
2
Comp. Photocuring Moderate Poor Moderate Poor 67 13.4 150
Example acrylate
3

TCD (um) size of the ITO opening pattern is 10 gm.

As shown in Table 1, the transparent overcoating film of 25
the color filter according to the present invention (Example
1), comprising a thermosetting mixture of polyamic acid and
epoxy compound, had superior heat resistance and light
resistance to those of Comparative Examples 1 to 3.
Moreover, the transparent overcoating film of Example 1
showed superior adhesion to the Cr film to those of Com-

parative Examples 1 to 3. Also, the transparent overcoating

OCH;4 ﬁ

H3;CO—Si—R--[-HN—C C—NH O

OCH;,

HO—C C—OH

film of Example 1 showed a 75 to 100% higher margin ratio 45

than those of Comparative Examples 1 to 3 even with a low
opening linewidth, which demonstrates that it has a very
good ITO pattern formation ability.

As explained in detail above, a color filter for a liquid
crystal display of the present invention comprises a trans-
parent overcoating film having a wide a pattern formation
margin of a transparent electrode such as ITO (indium tin
oxide), IZO (indium zinc oxide) and superior heat
resistance, light resistance, and transmissivity. When applied
to a liquid crystal display, this color filter can offer a liquid
crystal display, particularly an PVA mode liquid crystal
display with good physical properties and which is capable
of realizing a wide view angle.

What is claimed is:

1. A color filter for a liquid crystal display comprising a
pixel area, a black matrix, and a transparent overcoating
film, wherein the transparent overcoating film comprises a
thermosetting polymer comprising:

polyamic acid having siloxane terminal groups; and

an epoxy compound having 1 to 4 epoxy groups.

50

55

60

2. The color filter for a liquid crystal display according to
claim 1, wherein the polyamic acid and the epoxy compound
are mixed in a weight ratio ranging from about 3:1 to about
3:2.

3. The color filter for a liquid crystal display according to
claim 1, wherein the polyamic acid is a compound having
the structure:

ﬁ ﬁ OCH,
-+--NH—C C— NH—R—Si— OCH;
OCH,
HO—C C—OH
Il I
o} o}

m

wherein r is a C,—C, alkyl, and m is an integer of 10 to
500.
4. The color filter for a liquid crystal display according to
claim 1, wherein the epoxy compound is a compound having
the structure:

o) CHj 0

CH,—CHCH,—0 C O-CH,CH—CH,

5. The color filter for a liquid crystal display according to
claim 1, wherein the transparent overcoating film further
comprises an acid anhydride.

6. A liquid crystal display, comprising the color filter
according to claim 1.

7. The liquid crystal display according to claim 6, wherein
the liquid crystal display is a PVA (patterned vertical
alignment) liquid crystal display, comprising:
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a first insulating substrate;

first wiring formed on the first insulating substrate;

second wiring also formed on the first insulating substrate
and intersecting the first wiring;

pixel electrodes formed on each pixel area defined by the
intersection of the first wiring and the second wiring
and having a first opening pattern; and

a thin film transistor connected to the first wiring, the
second wiring, and the pixel electrodes.

8. The liquid crystal display according to claim 7, wherein
the liquid crystal display is a PVA liquid crystal display,
comprising:

a second insulating substrate opposing the first insulating
substrate, wherein the color filter comprises red, green,
and blue (R, G, B) color filters and is formed on the
second insulating substrate;

common electrodes formed on the second insulating sub-
strate and having a second opening pattern; and

10

15

14

a liquid crystal layer between the first insulating substrate
and the second insulating substrate, wherein liquid
crystal molecules are arranged perpendicularly to the
first and the second substrates when no electric field is
applied between the pixel electrodes and the common
electrodes.

9. The liquid crystal display according to claim 8, wherein
each of R cell gap, G cell gap, and B cell gap is different
from each other.

10. The liquid crystal display according to claim 6,
wherein the liquid crystal display further comprises pattern-
formed a transparent electrodes.

11. The liquid crystal display according to claim 10,
wherein the transparent electrode is ITO (indium tin oxide)
or IZO (indium zinc oxide) electrodes.

#* #* #* #* #*
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