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(57) ABSTRACT

In a liquid crystal display panel, in case that a seal pattern is
formed on a black matrix and an over-coat layer which are
made of an organic material, the over-coat layer is formed to
have a thickness of about 1.2 pm to about 5 pm thereby
preventing the black matrix from being depressed as the sup-
port member added to the seal pattern is pressed by the outer
pressure caused in or after attaching the liquid crystal display
panel, so that a crack can be prevented from occurring at
interfaces between the over-coat layer and the black matrix,
and between the black matrix and the substrate, and also, a
break of the seal pattern may be prevented.

15 Claims, 7 Drawing Sheets
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LIQUID CRYSTAL DISPLAY PANEL HAVING
SEAL PATTERN SUPPORT MEMBER

This application claims the benefit of the Korean Applica-
tion No. P2003-023768 filed on Apr. 15, 2003, which is
hereby incorporated by reference for all purposes as if fully
set forth herein.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a liquid crystal display
panel, and more particularly, to a liquid crystal display panel
capable of preventing air from flowing into an image display
part of a liquid crystal display panel where a thin film tran-
sistor array substrate and a color filter substrate are attached to
each other.

2. Discussion of the Related Art

In general, a liquid crystal display device is a display
device where data signals including picture information are
individually supplied to liquid crystal cells arranged in a
matrix form. The light transmittance of the liquid crystal cells
is controlled based on these data signals to display a desired
picture.

Thus, the liquid crystal display device includes a liquid
crystal display panel where the pixels are arranged in a
matrix, and where a driver integrated circuit (IC) drives the
pixels.

In the liquid crystal display panel, a thin film transistor
array substrate and a color filter substrate face each other, but
they are separated from each other by a certain predetermined
distance generally referred to as a cell-gap. A liquid crystal
layer is formed in this cell gap.

The thin film transistor array substrate and the color filter
substrate are attached to each other by a seal pattern formed
along the outer edge of an effective image display portion of
the LCD panel. When the seal pattern is formed, a spacer is
formed on the thin film transistor array substrate or on the
color filter substrate, to provide the desired cell-gap therebe-
tween.

On outer surfaces of these substrates, other components
such as a polarizing plate, a retardation plate and the like are
installed. These other components are selected so as to vary
the propagation of light and the refraction ratio in order to
construct a liquid crystal display device having a high bright-
ness and contrast characteristics.

On the portion of the liquid crystal display panel where the
thin film transistor array substrate and the color filter sub-
strate face each other, a common electrode and a pixel elec-
trode are formed. These electrodes are used to apply an elec-
tric field to the liquid crystal layer. That is, a voltage applied
to the pixel electrode is controlled by the voltage applied to
the common electrode. In doing so the light transmittance of
the pixels can be individually controlled. In order to indepen-
dently control the voltage applied to the pixel electrode of
each pixel by unit pixel, a thin film transistor formed at each
pixel is used as a switching device.

Liquid crystal display devices are generally classified into
two categories: twisted nematic (TN) mode liquid crystal
displays and in-plane switching (IPS) mode liquid crystal
display panel.

Inthe TN mode liquid crystal display, a pixel electrode for
each individual pixel is formed on a thin film transistor array
substrate. In addition, a common electrode is formed on an
entire surface of a color filter substrate. Thus, the liquid
crystal layer is driven by an electric field between the pixel
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electrodes formed on the thin film transistor array substrate
and the common electrode formed on the color filter sub-
strate.

In the TIPS mode liquid crystal display, both a pixel elec-
trode and a common electrode are formed on a thin film
transistor array substrate a certain distance apart. The liquid
crystal layer is driven by the horizontal electric field between
the pixel electrode and the common electrode formed on the
thin film transistor array substrate.

FIG. 1 is a plane view illustrating the typical structure
illustrates a plane structure of a TN mode liquid crystal dis-
play panel in which the thin film transistor array substrate and
the color filter substrate face each other and are attached to
each other by a seal pattern.

InFIG. 1, the thin film transistor array substrate 101 faces
and is attached to the color filter substrate, with an edge ofone
long side thereof and an edge of one short side thereof ate
protruded beyond the respective edges of the color filter sub-
strate 102.

In a region where the substrates 101 and 102 face each
other, an image display part 113 is provided, where pixels are
formed in a matrix. A seal pattern 116 is formed along the
outer edge of this image display part 113.

A gate pad part 114 connected to gate lines of the image
display part 113 is provided at an edge region of the short side
of the thin film transistor array substrate 101 that protrudes
beyond the color filter substrate 102.

A data pad part 115 connected to data lines of the image
display part 113 is provided at an edge region of the long side
of the thin film transistor array substrate 101 that protrudes
beyond the color filter substrate 102.

The gate pad part 114 supplies a scan signal from a gate
driver integrated circuit to the gate lines of the image display
part 113. The data pad part 115 supplies image information
from a data driver integrated circuit to the data lines of the
image display part 113.

The gate lines to which the scan signal is applied and the
data lines to which the image information is applied intersect
one another on the thin film transistor array substrate 101 to
define a matrix of pixels. A thin film transistor is provided at
each intersection for switching the pixel at that intersection.

A red, green or blue color filter corresponding to a pixel is
provided on the color filter substrate 102. A black matrix is
also provided to prevent the leakage of light generated by a
back-light and to prevent the mixing of colors from adjacent
unit pixels.

In the TN mode liquid crystal display panel, a pixel elec-
trode is provided at the thin film transistor array substrate 101,
and a common electrode is provided at the color filter sub-
strate 102 to drive aliquid crystal layer. In the IPS mode liquid
crystal display panel, both pixel electrode and a common
electrode are provided at the thin film transistor array sub-
strate 101 to drive a liquid crystal layer.

The thin film transistor array substrate 101 and the color
filter substrate 102 a cell-gap separating them. The cell-gap is
maintained by aspacer so that the substrates remain separated
from each other. The substrates are attached to each other by
a seal pattern 116 formed along the outer edge of the image
display part 113. A liquid crystal injection hole is provided on
one side of the seal pattern 116 for injecting liquid crystal
between the thin film transistor array substrate 101 and the
color filter substrate 102. The liquid crystal injection hole is
sealed after the injection of the liquid crystal is complete.

The cell-gap between the thin film transistor array sub-
strate 101 and the color filter substrate 102 is constant at the
image display part 113, but it varies in the region where the
seal pattern 116 is formed because the sealant is pressed and
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spread by the pressure applied during assembly to attach the
thin film transistor array substrate 101 to the color filter sub-
strate 102.

In order to prevent the size of the cell-gap from varying, a
glass fiber or a glass ball is added to the seal pattern 116 as a
support member for maintaining the cell-gap.

FIG. 2 is asectional view illustrating a color filter substrate
foraregion ‘A’ of FIG. 1 in an IPS mode liquid crystal display
panel.

With reference to FIG. 2, a color filter substrate of an IPS
mode liquid crystal display panel includes a black matrix 202
made of a resin material patterned at a region separated by a
fixed distance from one end portion of a transparent substrate
201 and a boundary region of pixels. The black matrix pre-
vents leakage of light generated from a back-light and pre-
vents a mixture of colors from adjacent pixels. A red, green, or
blue color 203 partially overlaps the black matrix correspond-
ing to a unit pixel. An over-coat layer 204 is formed on an
entire surface of an upper portion of the transparent substrate
201, including the black matrix 202 and the color filter 203. A
seal pattern 206 is formed on an upper surface ofthe over-coat
layer 204 formed on the edge of the transparent substrate 201
$0 as to partially overlap the black matrix 202.

The black matrix 202 formed at the color filter substrate of
the TIPS mode liquid crystal display panel is made of a resin
material.

The over-coat layer 204 is formed on an entire surface of
the upper portions of the black matrix 202 and the color filter
203 to planarize a surface. That is, because a black matrix 202
formed of an organic film such as a resin material is applied as
a thick film, the over-coat layer 204 is also formed of an
organic material in order to prevent a deficiency in driving a
liquid crystal layer which is caused by a step occurring at the
region where the black matrix 202 and the color filter 203
overlap with each other.

As stated above, a glass fiber or a glass ball is added to the
seal pattern 206 as a support member for maintaining a cell-
gap.

FIG. 3 illustrates a magnified view of the distribution of
glass fibers added to the inside of the seal pattern 206.

A seal pattern 206 is formed at an upper surface of a black
matrix 202 or at an over-coat layer 204 formed of an organic
film material. As the glass fiber 207 added to the seal pattern
206 it depresses the black matrix 202 and the over-coat layer
204 from external pressure caused during or after attaching
the thin film transistor array substrate to the color filter sub-
strate cracks form at the interfaces between the over-coat
layer 204 and the black matrix 202, and between the black
matrix 202 and the transparent substrate 201. Outside air
flows into the image display part through the cracks, thereby
degrading the quality of the liquid crystal display panel. This
will be described in detail with reference to FIGS. 4a and 44.

FIGS. 44 and 4b illustrate an organic film black matrix 302
formed of a resin material patterned at a region separated by
a fixed distance from one end portion of a first transparent
substrate 301 and at a boundary region of pixels so as to
prevent leakage of light generated from a back-light and so as
to prevent a mixture of colors from adjacent pixels. A red,
green or blue color filter 303 is formed so as to partially
overlap with the black matrix 302 such that it corresponds to
apixel. An over-coat layer 304 formed of an organic film, and
is formed at an entire surface of an upper portion of the first
transparent substrate 301 including the black matrix 302 and
the color filter 303. A seal pattern 306 is formed on an upper
surface of the over-coat layer 304 that is formed along an edge
portion of the first transparent substrate 301 so as to partially
overlap with the black matrix 302. A glass ball or glass fiber
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307 is added to the seal pattern 306, thereby maintaining a
cell-gap distance in the region where the seal pattern 306 is
formed. The glass ball or glass fiber 307 has a diameter which
is the same as or greater than the cell-gap.

First, as shown in FIG. 44, 1n a normal state the glass ball or
the glass fiber 307 added to the seal pattern 306 can maintain
a cell-gap distance by coming in contact with a thin film
transistor array substrate (not shown) and the over-coat layer
304 therebetween.

However, as shown in F1G. 4b, as the glass ball or the glass
fiber 307 is pressed by external pressure during or after
assembly of the liquid crystal display panel, the black matrix
302 and the over-coat layer 304 are compressed. As the black
matrix 302 and the over-coat layer 304 formed of an organic
material are compressed, cracks form at interfaces between
the over-coat layer 304 and the black matrix 302, and between
the black matrix 302 and a first transparent substrate 301.
Outside air flows into the image display part through the
cracks, thereby degrading and contaminating the liquid crys-
tal display panel, and the seal pattern 306.

As described above, in the related art IPS mode liquid
crystal display panels, a glass fibers or a glass balls maintain-
ing a cell-gap distance between the thin film transistor array
substrate and the color filter substrate are added to the seal
pattern that attaches the thin film transistor array substrate to
the color filter substrate. But, when external pressure is used
during or after attaching the thin film transistor array sub-
strate to the color filter substrate, outside air flows into the
image display part, degrading the quality and performance of
the liquid crystal display panel and breaking the seal pattern.

SUMMARY OF THE INVENTION

Accordingly, the present invention is directed to a liquid
crystal display device that substantially obviates one or more
of the problems due to limitations and disadvantages of the
related art.

Therefore, an advantage of the present invention is to pro-
vide a liquid crystal display panel capable of preventing air
from flowing into an image display part of a liquid crystal
display panel by outer pressure caused in or after attaching the
liquid crystal display panel.

To achieve these and other advantages and in accordance
with the purpose of the present invention, as embodied and
broadly described herein, there is provided a liquid crystal
display panel according to a first embodiment including a
black matrix formed of a resin material, and formed at a
predetermined region of a first substrate and at a boundary
region of pixels; a color filter on the black matrix so as to
correspond to the pixels; an over-coat layer on the first sub-
strate having the black matrix and the color filter; a seal
pattern on the over-coat layer; and a second substrate attached
to the first substrate by the seal pattern, wherein a thickness of
the over-coat layer is between about 1.2 pm and 5 pm.

To achieve these and other advantages and in accordance
with the purpose of the present invention, as embodied and
broadly described herein, there is provided a liquid crystal
display panel according to a second embodiment including a
black matrix formed of a resin material, and formed at a
predetermined region of a first substrate; a color filter on the
black matrix so as to correspond to the pixels; an over-coat
layer on the first substrate having the black matrix and the
color filter; acommon electrode on the over-coat layer; a seal
pattern on the common electrode; and a second substrate
attached to the first substrate by the seal pattern, wherein the
thickness of the over-coat layeris about 1.2 pm to about 5 pm.



US 7,426,007 B2

5

It is to be understood that both the foregoing general
description and the following detailed description are exem-
plary and explanatory and are intended to provide further
explanation of the invention as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are included to pro-
vide a further understanding of the invention and are incor-
porated in and constitute a part of this specification, illustrate
embodiments of the invention and together with the descrip-
tion serve to explain the principles of the invention.

In the drawings:

FIG. 1is an exemplary view illustrating the planar structure
of a liquid crystal display panel according to the related art
where a thin film transistor array substrate and a color filter
substrate face into and are attached to each other;

FIG. 2 is an exemplary view illustrating a sectional struc-
ture of a color filter substrate for a region ‘A’ of FIG. 1 in case
of an IPS mode liquid crystal display panel;

FIG. 3 is an exemplary view illustrating a distribution state
ofa glass fiber added in a seal pattern at a weight ratio of about
1%, in FIG. 2;

FIGS. 4a and 45 are exemplary views illustrating the defect
that occurs when a glass fiber is added to a seal pattern in FIG.
3

FIG. 5 is an exemplary view illustrating a sectional struc-
ture of an IPS mode liquid crystal display panel according to
a first embodiment of the present invention;

FIG. 6 is an exemplary view illustrating a sectional struc-
ture of an IPS mode liquid crystal display panel in which a
seal pattern is formed so as to partially overlap with a black
matrix, in FIG. 5;

FIG. 7 is an exemplary view illustrating a TN mode liquid
crystal display panel according to a second embodiment of
the present invention; and

FIG. 8 is an exemplary view illustrating a sectional struc-
ture in which a seal pattern is formed so as to partially overlap
with a black matrix, in FIG. 7.

DETAILED DESCRIPTION OF THE
ILLUSTRATED EMBODIMENTS

Reference will now be made in detail to the illustrated
embodiments of the present invention, examples of which are
illustrated in the accompanying drawings.

FIG. 5 is an exemplary view illustrating a sectional struc-
ture of a liquid crystal display panel according to a first
embodiment of the present invention.

With reference to FIG. 5, a liquid crystal display panel
includes a black matrix 502 formed of an organic film such as
a resin material, patterned at a region constantly separated
from one end portion of a first transparent substrate 501 and at
a boundary region of pixels to prevent a leakage of light
generated from a back-light, and to prevent a mixture of
colors from adjacent pixels; a red, green or blue color filter
503 partially overlapping with the black matrix 502 and
formed to correspond to a unit pixel; an over-coat layer 504
formed at an entire surface of an upper portion of the first
transparent substrate 501 including the black matrix 502 and
the color filter 503; a seal pattern 506 formed on a structure
that the black matrix 502 and the over-coat layer 504 are
laminated; a support member 507 added to the seal pattern
506; and a second transparent substrate 508 attached to the
first transparent substrate 501 by the seal pattern, wherein the
thickness of the over-coat layer 504 is about 1.2 um to about
5 pm.
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As described above, on the first transparent substrate 501,
the black matrix 502, the color filter 503 and the over-coat
layer 504 are formed, and the first transparent substrate is
applied as a color filter substrate of an IPS mode liquid crystal
display panel.

On the second transparent substrate 508, gate lines to
which the scan signal is applied, and data lines to which the
image information is applied, intersect one another, so that
the unit pixels are defined in a matrix form. At the intersec-
tion, a thin film transistor for switching a unit pixel is pro-
vided, and at the unit pixel, a common electrode and a pixel
electrode for driving a liquid crystal layer are provided. Thus,
the second transparent substrate is applied as a thin film
transistor array substrate of the IPS mode liquid crystal dis-
play panel.

For the black matrix 502, an organic film formed of a resin
material is used. For example, a colored organic series mate-
rial such as acryl, epoxy or polyimide resin or the like includ-
ing one of a carbon black material or a black pigment may be
applied as the black matrix 502.

The over-coat layer 504 is formed at an entire surface of an
upper portion of the black matrix 502 and the color filter 503
to planarize the surface. That is, as a black matrix 502 formed
of an organic film such as a resin material is applied as a thick
film, the over-coat layer 504 is formed of an organic material
in order to prevent deficiency in driving a liquid crystal layer,
which is caused by a step deficiency occurring at a region
where the black matrix 502 and the color filter 503 overlap
with each other. For example, as the over-coat layer, a resin
such as epoxy, acryl, polyimide or the like may be formed at
a thickness of about 1.2 um to about 5 pm.

As stated above, the second transparent substrate 508
applied as the thin film transistor array substrate faces and is
attached to the first transparent substrate 501 applied as the
color filter substrate, so that an edge of one long side thereof
and an edge of one short side thereof are protruded compared
to the first transparent substrate 501. A gate pad part con-
nected to the gate lines is provided at the edge portion of one
short side of the second transparent substrate 508, which is
protruded compared to the first transparent substrate 501. A
data pad part connected to the data lines is provided at the
edge portion of one long side of the second transparent sub-
strate 508, which is protruded compared to the first transpar-
ent substrate 501.

The gate pad part supplies a scan signal supplied from a
gate driver integrated circuit to the gate lines formed on the
thin film transistor array substrate, and the data pad part
supplies image information supplied from a data driver inte-
grated circuit to the data lines formed on the thin film tran-
sistor array substrate.

The first transparent substrate 501 and the second transpar-
ent substrate 508 constructed as above are provided with a
cell-gap therebetween. The cell-gap is maintained by a spacer
which is attached to each of the transparent substrates by the
seal pattern, thus forming an IPS mode liquid crystal display
panel. Furthermore, a liquid crystallayer is formed ata region
where the first transparent substrate 501 and the second trans-
parent substrate 508 are separated from each other. The seal
pattern 506 may be formed either on the first transparent
substrate 501 or the second transparent substrate 508.

The seal pattern 506 may be formed of various planar
shapes depending on a method used to form the liquid crystal
layer. The method of forming the liquid crystal layer may be
classified as a vacuum injection method or a dropping
method.

The vacuum injection method forms an LCD panel by
dipping a liquid crystal injection hole of a liquid crystal
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display panel into a container in a vacuum chamber filled with
liquid crystal. Liquid crystal is then forced into the liquid
crystal display panel by the pressure difference between the
inner side and the outer side of the liquid crystal display
panel, and can be controlled by varving the degree of vacuum.
After the liquid crystal fills in the liquid crystal display panel,
the liquid crystal injection hole is sealed to form a liquid
crystal layer of the liquid crystal display panel.

The liquid crystal injection hole in the vacuum injection
method is defined as an open region of one side of the seal
pattern 506. Accordingly, in the case of forming a liquid
crystal layer on the liquid crystal display panel through the
vacuum injection method, a portion of the seal pattern 506 is
formed open so that it functions as a liquid crystal injection
hole.

However, the vacuum injection method as described above
has a number of problems.

1n the vacuum injection method, it takes a long time to fill
the liquid crystal in the liquid crystal display panel. In gen-
eral, a liquid crystal display panel with an area of several
hundred square-centimeters (cm?) has a cell gap of a few
micrometers (um). Thus, even with the pressure difference of
vacuum injection method, the amount of liquid crystal
injected into the panel unit time is quite small. In addition, as
the size of the liquid crystal display panel increases, the time
required to fill the liquid crystal is lengthens accordingly
making the possibility that deficiencies in filling the liquid
crystal may arise. Therefore, the vacuum injection method
cannot be used for a large-scale maintaining of liquid crystal
display panels.

In addition, alarge quantity ofliquid crystal is consumed in
the vacuum injection method. In general, the actual amount of
liquid crystal that enters the panel is very small compared to
the amount of the liquid crystal filling in the container. But
when the liquid crystal on the container is exposed to airor a
specific gas, it reacts with the gas and becomes degraded.
Thus, even if the liquid crystal in the container is used to fill
a plurality of liquid crystal display panels, a large amount of
the liquid crystal will still be remaining after the filling pro-
cess and must be discarded. As a result, the unit price of the
liquid crystal display is increased.

In order to overcome these problems of the vacuum injec-
tion method, a dropping method has recently been adopted.

The dropping method forms an LCD panel by dropping
and dispensing liquid crystal on an image display part of the
first transparent substrate 501 or the second transparent sub-
strate 508, of the LCD panel so that the liquid crystal is
uniformly distributed on the entire image display part by the
pressure generated when the first transparent substrate 501
and the second transparent substrate 508 are attached to each
other, thereby forming a liquid crystal layer.

1n the case of forming a liquid crystal layer through the
dropping method, the liquid crystal is not filled from the
outside but is directly dropped on the substrate. Thus, the seal
pattern 506 is formed to have a closed shape that encompasses
the outer edge of the image display part in order to prevent the
external leakage of the liquid crystal from the image display
part.

1n the dropping method, the liquid crystal may be dropped
within a short time compared to the vacuum injection method.
Thus, for a large-sized liquid crystal display panel, a liquid
crystal layer can be quickly formed between the substrates.

In addition, since only a required amount of the liquid
crystal is dropped on the substrate, the unit price of the liquid
crystal display panel as in the vacuum injection method can
be kept low.
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Unlike the vacuum injection method, the first transparent
substrate 501 and the second transparent substrate 508 are
attached to each other after the liquid crystal layer is formed
by the dropping method.

In the dropping method, if the seal pattern 506 is formed of
a thermo-hardening sealant, the seal may flowed out in the
later process of attaching the first transparent substrate to the
second transparent substrate, whereby the dropped liquid
crystal may be contaminated. Accordingly, in the dropping
method, a ultraviolet (UV)-hardening sealant may be used for
a seal pattern 506, or a mixture of the ultraviolet-hardening
sealant and the thermo-hardening sealant may be used.

Between the first transparent substrate 501 and the second
transparent substrate 508 as described above, a constant cell-
gap is maintained at a region where a spacer is formed. Butat
a region where the seal pattern 506 is formed, the sealant is
pressed and widely spread by pressure caused when the first
transparent substrate 501 and the second transparent substrate
508 are attached to each other. This cause the cell-gap to vary.
For a spacer, a ball spacer or a column spacer may be used,
and a column spacer may be formed by applying an organic
film such as acryl, BCB (BenzoCycloButene) or the like, and
patterning the organic film through a photolithography pro-
cess.

Accordingly, in order to prevent the cell-gap from varying
asupport member 507 for maintaining the cell-gap is added to
the seal pattern 506. A spherical or cylindrical glass ball or
glass fiber having a diameter of about +1 mm compared to the
cell-gap is used as a support member 507, between the first
transparent substrate 501 and the second transparent substrate
508. The cylindrical glass fiber may prevent aggregation
compared to the spherical glass ball.

The support member 507 may be added to the seal pattern
at a weight ratio of about 1% or less to a sealant of the seal
pattern 506, or the support member 507 may be added to the
seal pattern so that about 550 or fewer support members are
distributed in at least one of unit areas of about 1 mmx1 mm
of the seal pattern 506. The number of support members may
be varied according to a specific gravity or a weight ratio
thereof.

A diameter of the spherical glass ball may be varied
according to that of the spacer. For example, if the diameter of
the spacer is about 4.8 um, a spherical glass ball having a
diameter of about 3.8 to about 7.5 um is generally used. A
diameter of such a spherical glass ball is the same as or greater
than the cell-gap. In addition, when the spherical glass ball,
(the support member 507) is added to the seal pattern 506,
about 150 to about 550 glass balls may be distributed in at
least one of unit area of 1 mmx1 mm of the seal pattern 506.

A diameter of the cylindrical glass fiber may be varied
according to that of the spacer as well. For example, if the
diameter of the spacer is about 4.8 um, a cylindrical glass fiber
having a diameter of about 3.8 um to about 7.5 um and a
length of about 20 pum is generally used. A diameter of such a
cylindrical glass fiber is the same as or greater than the cell-
gap. ln addition, when the cylindrical glass fiber (the support
member 507) is added 1o the seal pattern 506, about 30 to
about 200 glass fibers may be distributed in at least one 1
mmx1 mm unit area of the seal pattern 506.

The number of cylindrical glass fibers can be varied
according the diameter of the length thereof. For example, on
the assumption that about 100 glass fibers are distributed in at
least one 1 mmx1 mm unit area of the seal pattern when the
length thereof is about 20 wm, about 200 glass fibers may be
distributed-when its length is about 10 um, and about 450
glass fibers may be distributed when its length is about 5 pm.
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As described in detail with reference to the exemplary view
ofthe related art of FIG. 45, as a glass ball or a glass fiber 307
added to a seal pattern 306 is pressed by the outer pressure, a
black matrix 302 and an over-coat layer 304 made of an
organic material are likewise depressed. So, a crack may be
generated at interfaces between the over-coat layer 304 and
the black matrix 302, and between the black matrix 302 and
the first transparent substrate 301. Through the crack, outside
air can flow into an image display part thereby causing defi-
ciency in the liquid crystal display panel, and generating a
break of the seal pattern 306.

But, in the IPS mode liquid crystal display panel according
to one embodiment of the present invention, in order to pre-
vent deficiency in driving a liquid crystal layer, which is
caused by step deficiency occurring at a region where the
black matrix 502 and the color filter 503 overlap with each
other, the over-coat layer 504 formed of an organic material is
formed to have a thickness of about 1.2 pm to about 5 pum,
thereby preventing depression of the black matrix 502.

That is, when the support member 507 added to the seal
pattern 506 is pressed by the outer pressure caused in or after
attaching the liquid crystal display panel, the over-coat layer
504 with a thickness of about 1.2 pm to about 5 pm functions
as a buffer layer absorbing the external pressure and thereby
preventing depression of the black matrix 502. Therefore,
cracks can be prevented from occurring at interfaces between
the over-coat layer 504 and the black matrix 502, and between
the black matrix 502 and the first transparent substrate 501.

Furthermore, outer air is prevented from flowing into the
image display part thereby minimizing deficiency in the lig-
uid crystal display panel, and preventing a break of the seal
pattern S06.

InFIG. 5, the seal pattern 506 is formed on a structure that
the black matrix 502 and the over-coat layer 504 are lami-
nated. But, the IPS mode liquid crystal display panel accord-
ing to one embodiment of the present invention can be also
applied when the seal pattern 506 is formed so as to partially
overlap with the black matrix 502.

FIG. 6 is an exemplary view illustrating a sectional struc-
ture of the IPS mode liquid crystal display panel in which the
seal pattern is formed so as to partially overlap with the black
matrix.

With reference to FIG. 6, the IPS mode liquid crystal dis-
play panel includes a black matrix 602 formed of an organic
film such as a resin material, patterned at a region constantly
separated from one end portion of a first transparent substrate
601 and at a boundary region of pixels to prevent a leakage of
light generated from a back-light, and preventing the mixture
of colors from adjacent pixels; a red, green or blue color filter
603 partially overlapping with the black matrix 602, and
formed to correspond to a unit pixel; an over-coat layer 604
formed at an entire surface of an upper portion of the first
transparent substrate 601 including the black matrix 602 and
the color filter 603; a seal pattern 606 formed at an upper
portion of the over-coat layer 604 formed on the edge portion
of the first transparent substrate 601 so as to partially overlap
with the black matrix 602; a support member 607 added to the
seal pattern 606, and a second transparent substrate 608
attached to the first transparent substrate by the seal pattern
606, wherein the thickness of the over-coat layer 604 is about
1.2 um to about 5 um.

The over-coat layer 604 is formed to have a thickness of
about 1.2 um to about 5 pm in the same manner as the
over-coat layer 504 of FIG. 5, thereby preventing depression
ofthe black matrix 602 that partially overlaps the seal pattern
606.

10

15

20

25

30

35

40

45

50

55

60

65

10

That is, when the support member 607 added to the seal
pattern 606 is pressed by the outer pressure caused in or after
attaching the liquid crystal display panel, the over-coat layer
604 with a thickness of about 1.2 um to about 5 um functions
as a buffer absorbing the pressure, thereby preventing depres-
sion of the black matrix 602 which partially overlaps the seal
pattern 606. As the depression of the black matrix 602 is
prevented, a crack can be prevented from occurring at inter-
faces between the over-coat layer 504 and the black matrix
502, and between the black matrix 502 and the first transpar-
ent substrate 501.

Accordingly, the outer air is prevented from flowing into
the image display part thereby minimizing deficiency in the
liquid crystal display panel, and preventing a break of the seal
pattern 606.

FIG. 7 is an exemplary view illustrating a sectional struc-
ture of a TN mode liquid display panel according to a second
embodiment of the present invention.

With reference to FIG. 7, the TN mode liquid crystal dis-
play panel includes a black matrix 702 formed of an organic
film such as a resin material, patterned at a region constantly
separated from one end portion of a first transparent substrate
701 and at a border region of pixels to prevent a leakage of
light generated from a back-light, and preventing a color
mixture of the adjacent pixels; a red, green or blue color filter
703 partially overlapping with the black matrix 702 and
formed to correspond to a unit pixel; an over-coat layer 704
formed at an entire surface of an upper portion of the first
transparent substrate 701 including the black matrix 702 and
the color filter 703; a common electrode 705 formed at an
upper portion of the over-coat layer 704; a seal pattern 706
formed on a structure that the black matrix 702, the over-coat
layer 704 and the common electrode 705 are laminated; a
support member 707 added to the seal pattern 706; and a
second transparent substrate 708 attached to the first trans-
parent substrate 701 by the seal pattern 706, wherein a thick-
ness of the over-coat layer 704 is about 1.2 pm to about 5 pm.

On the first transparent substrate 701, the black matrix 702,
the color filter 703, the over-coat layer 704 and the common
electrode 705 are formed. The first transparent substrate is
applied as a color filter substrate of the TN mode liquid crystal
display panel. The common electrode 705 can be formed of
ITO (indium tin oxide) or IZO (indium zinc oxide), a trans-
parent conductive material.

On the second transparent substrate 708, gate lines to
which the scan signal is applied and data lines to which the
image information is applied intersect one another, so that the
unit pixels are defined in a matrix form. A thin film transistor
for switching a unit pixel is provided. At the intersection a
pixel electrode for driving a liquid crystal layer with the
common electrode 705 formed at the first substrate 701 is
provided at the unit pixel. Thus, the second transparent sub-
strate is applied as a thin film transistor array substrate of the
TN mode liquid crystal display panel.

For the black matrix 702, an organic film formed of a resin
material is used. For example, a colored organic series mate-
rial such as acryl, epoxy or polyimide resin or the like includ-
ing one of a carbon black material or a black pigment may be
used.

The over-coat layer 704 is formed at an entire surface of an
upper portion of the black matrix 702 and the color filter 703
to planarize the surface. That s, as a black matrix 702 formed
of an organic film such as a resin material is applied as a thick
film, the over-coat layer 704 is formed of an organic material
in order to prevent problems driving a liquid crystal layer
caused by a step deficiency occurring at a region where the
black matrix 702 and the color filter 703 overlap with each
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other. For example, as the over-coat layer, a resin such as
epoxy, acryl, polyimide or the like can be formed at a thick-
ness of about 1.2 um to about 5 pum.

The first transparent substrate 701 and the second transpar-
ent substrate 708 constructed as above are provided with a
cell-gap therebetween so as to be constantly separated from
each other by a spacer. The substrates are attached to each
other by the seal pattern, thus forming a TN mode liquid
crystal display panel. A liquid crystal layer is formed at a
region where the first transparent substrate 701 and the sec-
ond transparent substrate 708 are separated from each other.
Andthe seal pattern 706 may be formed at the first transparent
substrate 701 or the second transparent substrate 708.

In the case of forming a liquid crystal layer through a
vacuum injection method, one portion of the seal pattern 706
is formed open so that it functions as a liquid crystal injection
hole. 1n the case of forming a liquid crystal layer through a
dropping method, the seal pattern 706 is formed to have a
closed pattern shape to encompass the outer edge of the image
display part.

1n the first transparent substrate 701 and the second trans-
parent substrate 708 as described above, a constant cell-gap is
maintained therebetween at a region where a spacer is
formed. But, as is the case a region where the seal pattern 706
1s formed, the sealant is pressed and spreads widely by pres-
sure caused during or after attaching the first transparent
substrate 701 and the second transparent substrate 708 to each
other. Thus the cell-gap varies. A ball spacer or a column
spacer may be used as the spacer. The column spacer is
formed by forming an organic film such as acryl, BCB (Ben-
zoCycloButene) or the like, and patterning the organic film
through a photolithography process.

Accordingly, in order to prevent the cell-gap from varying,
a support member 77 is added to the seal pattern 76 for
maintaining the cell-gap. At this time, a spherical or cylindri-
cal glass ball or glass fiber having a diameter of about =1 pm
compared to the cell-gap between the first transparent sub-
strate 701 and the second transparent substrate 708 may be
applied as a support member 707. The cylindrical glass fiber
may prevent aggregation compared to the spherical glass ball.

The support member 707 may be added to the seal pattern
at a weight ratio of about 1% or less to sealant of the seal
pattern 706, or the support member 707 may be added to the
seal pattern so that 550 or fewer support members are distrib-
uted in at least one | mmx1 mm unit areas of the seal pattern
706. The number of support members 707 may be varied
according to specific gravity or weight ratio thereof.

A diameter of the spherical glass ball may be varied
according to that of the spacer. For example, if the diameter of
the spacer is about 4.8 um, a spherical glass ball having a
diameter of about 3.8 pm to about 7.5 pm is generally used. A
diameter of such a spherical glass ball is the same as or greater
than the cell-gap. 1n addition, when the spherical glass balls,
the support member 707 are added to the seal pattern 706,
approximately about 150to 550 glass balls may be distributed
in at least one 1 mmx1 mm unit area of the seal pattern 706.

A diameter of the cylindrical glass fiber may be varied
according to that of the spacer as well. For example, if the
diameter of the spaceris about 4.8 um, a cylindrical glass fiber
having a diameter of about 3.8 um to about 7.5 pm and a
length of about 20 um is generally used. A diameter of such a
cylindrical glass fiber is the same as or greater than the cell-
gap. In addition, when the cylindrical glass fiber, the support
member 707 is added to the seal pattern 706, approximately
about 30 to 200 glass fibers may be distributed in at least one
1 mmx1 mm unit area of the seal pattern.
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In addition, the number of cylindrical glass fibers can be
varied according the diameter of the length thereof. For
example, if about 100 glass fibers to be distributed in at least
one 1 nmx1 mm unit area of the seal pattern require a length
thereof of about 20 pum, then about 200 glass fibers may be
distributed when their length is about 10 pm, and about 450
glass fibers may be distributed when their length is about 5
pm.
As described in detail with reference to the related art of
F1G. 45, as a glass ball or a glass fiber 307 added to a seal
pattern 306 is pressed by external pressure, a black matrix 302
and an over-coat layer 304 made of an organic material are
compressed. So, cracks may be generated at interfaces
between the over-coat layer 304 and the black matrix 302, and
between the black matrix 302 and the first transparent sub-
strate 301. Thus, through the cracks, outside air may flow into
an image display part causing quality defects in the liquid
crystal display panel and generating a break in the seal pattern
306.

But, in the TN mode liquid crystal display panel according
to the second embodiment of the present invention the over-
coat layer 704 is formed of an organic material having a
thickness of about 1.2 um to about 5 um, thereby preventing
compression of the black matrix 702. In order to prevent
deficiencies in driving a liquid crystal layer, which are caused
by step deficiencies occurring at a region where the black
matrix 702 and the color filter 703 overlap with each other.

That is, when the support member 707 added to the seal
pattern 706 is pressed by external pressure caused during or
after assembly the liquid crystal display panel, the over-coat
layer 704, having a thickness of about 1.2 pm to about 5 um,
functions as a buffer layer absorbing the pressure, thereby
preventing compression or depression of the black matrix
702. Therefore, a crack may be prevented from occurring at
interfaces between the over-coat layer 704 and the black
matrix 702, and between the black matrix 702 and the first
transparent substrate 701.

Accordingly, outside air is prevented from flowing into the
image display part thereby minimizing quality deficiencies in
the liquid crystal display panel, and preventing a break of the
seal pattern 706.

In the F1G. 7, the seal pattern 706 is formed on a structure
so that the black matrix 702 and the over-coat layer 704 are
laminated. But, the TN mode liquid crystal display panel
according to the second embodiment of the present invention
may be also applied when the seal pattern 706 is formed so as
to partially overlap with the black matrix 702.

F1G. 8 is an exemplary view illustrating a sectional struc-
ture of the TN mode liquid crystal display panels according to
the present invention in which the seal pattern is formed so as
to partially overlap with the black matrix.

With reference to F1G. 8, the TN mode liquid crystal dis-
play panel includes a black matrix 802 formed of an organic
film such as a resin material, patterned at a region constantly
separated from one end portion of a first transparent substrate
801 and at a boundary region of pixels to prevent a leakage of
light generated from a back-light, and preventing mixture of
colors from adjacent pixels; a red, green or blue color filter
803 partially overlapping with the black matrix 8§02, and
formed to correspond to a unit pixel; an over-coat layer 804
formed at an entire surface of an upper portion of the first
transparent substrate 801 including the black matrix 802 and
the color filter 803; a common electrode 805 formed at an
upper portion of the over-coat layer 804; a seal pattern 8§06
formed at an upper portion of the over-coat layer 804 formed
on the edge portion of the first transparent substrate 801 so as
to partially overlap with the black matrix 802; a support
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member 807 added to the seal pattern 806; and a second
transparent substrate 808 attached to the first transparent sub-
strate 801 by the seal pattern 806, wherein the thickness of the
over-coat layer 804 is about 1.2 um to about 5 um. At this
time, the common electrode 805 is formed of a transparent
conductive material.

The over-coat layer 804 is formed to have a thickness of
about 1.2 um to about 5 pm in the same manner as the
over-coat layer 704 of F1G. 7, thereby preventing depression
of the black matrix 802 partially overlapping with the seal
pattern 806.

That is, when the support member 807 added to the seal
pattern 806 is pressed by external pressure caused during or
after attaching the liquid crystal display panel, the over-coat
layer 804 with a thickness of about 1.2 um to about 5 pm
functions as a buffer layer thereby preventing compression of
the black matrix 802 which partially overlaps with the seal
pattern 806. As the depression of the black matrix 802 is
prevented, a crack may be prevented from occurring at inter-
faces between the over-coat layer 804 and the black matrix
802, and between the black matrix 802 and the first transpar-
ent substrate 801.

Accordingly, outside air is prevented from flowing into the
image display part thereby minimizing deficiency in the lig-
uid crystal display panel, and preventing a break of the seal
pattern 806.

As so far described, in a liquid crystal display panel accord-
ing to the present invention, when a seal pattern is formed on
a black matrix and an over-coat layer which are an organic
film, the over-coat layer is formed to have a thickness of about
1.2 um to about 5 pm thereby preventing the black matrix
from being compressed as the support member added to the
seal pattern is pressed by the outer pressure caused in or after
attaching the liquid crystal display panel. So, a crack may be
prevented from occurring at interfaces between the over-coat
layer and the black matrix and between the black matrix and
the substrate, and also, the seal pattern is prevented from
being broken.

Accordingly, the outer air is prevented from flowing into
the image display part, thereby minimizing deficiency in the
liquid crystal display panel, improving a yield, and thus
reducing the cost of the a product.

1t will be apparent to those skilled in the art that various
modifications and variations can be made in the liquid crystal
display panel of the present invention without departing from
the spirit or scope of the inventions. Thus, it is intended that
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 liquid crystal display panel, comprising:

a black matrix formed of an organic resin material, at a
predetermined region of a first substrate and at a bound-
ary region of pixels;

a color filter on the black matrix corresponding to the
pixels;

an over-coat layer formed of an organic material on the first
substrate having the black matrix and the color filter;

aseal pattern on the over-coat layer, the seal pattern includ-
ing a support member and is entirely overlapped with the
black matrix, the support member including a glass ball
or glass fiber;

a second substrate having a thin film transistor, the second
substrate being attached to the first substrate by the seal
pattern; and

aspacer between the first and second substrates to maintain
uniformly a cell gap,
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wherein a thickness(t) of the over-coat layer is 3 pm<t<5
um, said thickness on the first substrate absorbing an
external force, to prevent the compression or depression
of the black matrix and the glass ball or glass fiber
having a diameter of about +1 pm compared to the cell
gap between the first and second substrates,

wherein the black matrix is extended to an end portion of
the first substrate so that the side surface of black matrix
is exposed to the outside of the attached first and second
substrates.

2. The liquid crystal display panel of claim 1, wherein the
black matrix is formed one of acryl, epoxy and polyimide
resin.

3. The liquid crystal display panel of claim 1, wherein the
black matrix is formed of a resin including one of a carbon
black material and a black pigment.

4. The liquid crystal display panel of claim 1, wherein the
over-coat layer is one of epoxy, acryl or polyimide resin.

5. The liquid crystal display panel of claim 1, wherein the
support member is added to seal pattern in a weight ratio of
about 1% or less of a sealant of the seal pattern.

6. The liquid crystal display panel of claim 1, wherein
about 500 or fewer support members are in at least one unit
area of the seal pattern.

7. The liquid crystal display panel of claim 1, wherein
about 150 or fewer support members are in at least one unit
area of the seal pattern.

8. A liquid crystal display panel, comprising:

a black matrix made of an organic resin material, and at a
predetermined region of a first substrate and a boundary
region of pixels;

a color filter on the black matrix so as to correspond to the
pixels;

an over-coat layer formed of an organic material on the first
substrate having the black matrix and the color filter;

a common electrode on the over-coat layer;

a seal pattern on the common electrode, the seal pattern
including a support member and is entirely overlapped
with the black matrix, the support member including a
glass ball or glass fiber;

a second substrate having a thin film transistor, the second
substrate being attached to the first substrate by the seal
pattern; and

aspacer between the first and second substrates to maintain
uniformly a cell gap,

wherein thickness(t) of the over-coat layer 3 pm«<t<5 pm,
said thickness on the first substrate absorbing an external
force to prevent the compression or depression of the
black matrix and the glass ball or glass fiber having a
diameter of about 1 um compared to the cell gap
between the first and second substrates,

wherein the black matrix is extended to an end portion of
the first substrate so that the side surface of black matrix
is exposed to the outside of the attached first and second
substrates.

9. The liquid crystal display panel of claim 8, wherein the
black matrix is formed one of acryl, epoxy and polyimide
resin.

10. The liquid crystal display panel of claim 8, wherein the
black matrix is formed of a resin including one of a carbon
black material and a black pigment.

11. The liquid crystal display panel of claim 8, wherein the
over-coat layer is formed of one of epoxy, acryl and polyim-
ide resin.

12. The liquid crystal display panel of claim 8, wherein the
common electrode is formed of one of 1TO (indium tin oxide)
or 170 (indium zinc oxide).
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13. The liquid crystal display panel of claim 8, wherein the 15. The liquid crystal display panel of claim 8, wherein
support member is added to seal pattern at a weight ratio of ~ about 150 or fewer support members are applied in at least
about 1% or less to sealant. one of unit areas of the seal pattern.

14. The liquid crystal display panel of claim 8, wherein
about 500 or fewer support members are applied in at least $
one of unit areas of the seal pattern. L
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