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(57) ABSTRACT

A liquid crystal display device includes first and second
substrates, a plurality of gate lines and data lines on the first
substrate, a plurality of switching devices at cross portions
of the gate and data lines, a passivation layer on the plurality
of switching devices, a plurality of ball spacers on the
passivation layer, a color filter layer on the second substrate,
and a plurality of column spacers on the color filter layer.
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LIQUID CRYSTAL DISPLAY DEVICE AND
METHOD OF FABRICATING THE SAME

[0001] The present invention claims the benefit of Korean
Patent Application No. 88470/2002 filed in Korea on Dec.
31, 2002, which is hereby incorporated by reference.

BACKGROUND OF THE INVENTION
[0002]

[0003] The present invention relates to a spacer for main-
taining a cell gap between an upper substrate and a lower
substrate of a liquid crystal display device, and in particular
to a liquid crystal display device using both a ball spacer and
a patterned spacer having a patterned shape.

[0004] 2. Description of the Related Art

[0005] Aliquid crystal display device commonly includes
a lower substrate upon which a plurality of switching
devices are arranged in a matrix configuration and an upper
substrate upon which a plurality of color resins are arranged
in a matrix configuration for displaying image data. The
plurality of switching devices commonly includes a thin film
transistor (TFT) array substrate having a plurality of gate
lines arranged in rows along a horizontal direction, a plu-
rality of data lines arranged in columns along a vertical
direction so as to cross the gate lines, and a TFT is
commonly formed at each cross point of the gate and data
lines to function as a switching device.

[0006] The color filter substrate includes a black matrix
for shielding unwanted light that proceeds directly from a
lower portion of the liquid crystal display, a sub-color filter
having red, green, and blue colors, and a common electrode
for supplying an electric field to liquid crystal molecules of
a liquid crystal material. In addition, a cell gap between the
color filter substrate and the TFT array substrate is com-
monly maintained by a spacer, and the liquid crystal material
fills the cell gap.

[0007] FIG. 1 is a flow chart of a fabrication method of a
liquid crystal display device according to the related art. In
FIG. 1, the fabrication method includes preparing a color
filter substrate, forming an alignment layer on a TFT array
substrate, rubbing the alignment layer for freely aligning
subsequently-formed liquid crystal of a liquid crystal mate-
rial, forming a seal pattern, scattering spacers for maintain-
ing a uniform cell gap between the TFT array substrate and
the color filter substrate, bonding the TFT array and color
filter substrates together, cutting the bonded substrate into a
plurality of unit cells, and injecting the liquid crystal mate-
rial into each of the unit cells.

[0008] During a first step, a transparent substrate is pre-
pared, and a plurality of switching devices and gate and data
lines are arranged on the transparent substrate in a matrix
configuration. In addition, a pixel electrode corresponding to
each of the switching devices is formed.

[0009] During the second step, the alignment layer is
formed on the lower substrate using a coating process for
coating a polymer substance, and a rubbing process for
alignment of liquid crystal molecules of the liquid crystal
material is performed. The alignment layer is a thin polymer
film, such as a polyimide, and is uniformly deposited onto
the lower substrate. The rubbing process includes rubbing
the alignment layer along a certain direction with a fabric,
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whereby the liquid crystal molecules are aligned along the
certain direction according to the rubbing direction. The
rubbing process is important to determine the initial align-
ment of the liquid crystal molecules so that the liquid crystal
display device can perform normally and have uniform
display characteristics.

[0010] During a third step, the seal pattern is formed to
maintain a cell gap between the upper and lower substrates
in which the liquid crystal material is injected. In addition,
the seal pattern prevents the injected liquid crystal material
from leaking out between the TFT array and color filter
substrates. The seal pattern commonly includes a thermo-
setting resin and is formed as a pattern along a perimeter
region of an active region of the lower substrate using a
screen printing method.

[0011] During the fourth step, the spacers are formed to
have a certain size to maintain the uniform cell gap between
the TFT array and color filter substrates, and are scattered
uniformly onto the color filter substrate. The scattering
method can be commonly divided into a wet scattering
method for mixing the spacers in an alcohol solution, and
spraying the mixture, and a dry scattering method for
scattering only the spacers. In addition, the dry scattering
method is commonly divided into an electrostatic scattering
method using static electricity and an anti-static scattering
method using gas pressure. The anti-static scattering method
is mostly used for a liquid crystal cell structure having weak
static electricity.

[0012] During the fifth step, after the spacer scattering is
completed, the bonding process for attaching the color filter
substrate and the TFT array substrate is performed. A
uniform cell gap generated during the bonding process is
determined by an error margin between the upper color filter
and lower substrates for individually designing liquid crystal
display devices with an accuracy of several um. When the
uniform cell gap exceeds the error margin, light leaks from
the device, thereby decreasing image quality display of the
liquid crystal cell.

[0013] During the sixth step, the bonded lower and upper
glass substrates are cut into a plurality of unit cells. During
prior cutting processes, liquid crystal material is simulta-
neously injected into the plurality of cells, and the cutting is
performed. However, with the presently increased size of
liquid crystal display devices, the liquid crystal material is
injected after the cutting is performed.

[0014] During the seventh step, the liquid crystal material
is injected into each of the plurality of unit cells. Each of the
unit cells has a cell gap of several um per several hundreds
of cm®. Accordingly, a vacuum injection method for effi-
ciently injecting the liquid crystal material into the liquid
crystal cell is commonly used. The vacuum injection method
uses a pressure difference between interior and exterior of
the liquid crystal cell through an injection hole in the seal
pattern. After the injection of the liquid crystal material,
excess liquid crystal material on a liquid crystal injection
hole is removed and the injection is sealed. Accordingly, a
panel of the liquid crystal display device is fabricated.

[0015] However, during the vacuum injection process, an
excessive amount of the liquid crystal material is injected
into the liquid crystal display panel. Accordingly, shifting of
the liquid crystal material, caused by gravity and the like,
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may occur in subsequent testing processes. Thus, a fabrica-
tion process for injecting limited amounts of liquid crystal
material into the liquid crystal display panel is required. In
addition, a sealing method for removing any of the excessive
liquid crystal material has been developed by applying
mechanical pressure onto the liquid crystal display panel, or
by using high gas pressure gas.

[0016] FIG. 2A is a schematic view of a ball spacer
scattering method in according to the related art. In FIG. 2A,
according to size increase of a panel, spacers 202 are
uniformly scattered on an entire surface of a substrate 201 in
order to maintain a uniform cell gap. However, since an
alignment layer of the substrate 201 may be damaged,
scattering of the spacers 202 must be performed carefully.

[0017] In response to demands for high display capacity
and high display quality, providing the spacers not only
functions to maintain a uniform cell gap but also functions
to prevent color tone variations according to temperature
variations or movement of the spacers or creation of voids.
Accordingly, the spacers are commonly divided into glass
spacers, which are fabricated by discharging non-alkali
glass, and plastic spacers. In comparison with hard glass ball
spacers, the plastic ball spacers are unstable to maintain the
uniform cell gap. However, performance of the plastic ball
spacers is dependent upon elastic body variables directly
related to a load applied to the plastic ball spacers. Thus, it
is appropriate that a substance for forming the plastic ball
spacers can maintain a minute cell thickness.

[0018] By using a material for the plastic spacers that has
a thermal coefficient of expansion close to the thermal
coefficient of expansion of the liquid crystal material, it is
possible to prevent the plastic spacers from migrating within
the cell gap when the unit cells are exposed to relatively high
temperatures. Conversely, the plastic spacers prevent cre-
ation of voids when the unit cells are exposed to relatively
low temperatures.

[0019] FIG. 2B is a cross sectional view of a liquid crystal
display panel in according to the related art. In FIG. 2B, a
color filter substrate 203 is overlapped with a TFT array
substrate 201 to contact the plastic ball spacers 202, and the
two substrates 201 and 203 are bonded together by the seal
pattern 204. Accordingly, since the plastic ball spacers 202
have a thermal coefficient of expansion similar to that of the
liquid crystal material, the unit cell may be operated under
varying temperature conditions. However, by spraying the
plastic ball spacers 202 onto the TFT array substrate 201
having an alignment layer, it is impossible to adjust the
scattering position of the plastic ball spacers 202. Accord-
ingly, the scattering density is not uniform across an entire
surface of the lower TFT array substrate 201. Thus, when the
plastic ball spacers 202 are scattered onto the pixel region of
the TFT array substrate 201, contrast of the liquid crystal
display device may decrease.

[0020] In addition, since the scattering density of the
plastic ball spacers 202 varies according to positions of the
unit cells, external impact and corresponding impact absorp-
tion degrees differ according to positions of the unit cells.
Accordingly, vibration generation ratios vary. Thus, the
individual liquid crystal display devices will have different
trembles according to the positions of the unit cells such that
a ripple phenomenon is displayed by the device.

[0021] In order to solve the above-described problem, a
patterned spacer forming method capable of scattering spac-
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ers formed of photosensitive resin at certain positions on the
substrate has been developed, wherein a shape of the pat-
terned spacer is controlled. During a fabrication process of
the liquid crystal display device, formation of the patterned
spacers is nearly the same as the formation of the ball
spacers except for an additional spacer patterning process.
Accordingly, formation of the spacers allows for position
adjustment and patterning of the spacers.

[0022] Tt is possible to form the patterned spacers any-
where on the upper substrate or the lower substrate. How-
ever, in general, the patterned spacers are formed on the
upper substrate. The upper substrate and the lower substrate
are fabricated separately and are bonded together during a
subsequent process. Accordingly, by forming the spacers on
the upper substrate using a comparatively simple process, it
is possible to simultaneously fabricate the two substrates.

[0023] The step of forming the patterned spacers on the
upper substrate includes preparing the substrate, forming a
black matrix for shielding unnecessary light on the substrate,
forming a color filter made of red, green, and blue color
resins, forming an overcoat layer for plating the surface of
the color filter layer; forming a common electrode for
supplying an electric field to a liquid crystal material formed
on the overcoat layer, forming patterned spacers made of
photosensitive resin on the common electrode, and forming
an alignment layer made of a polyimide group material for
alignment of the liquid crystal material on the patterned
spacers.

[0024] FIGS. 3A and 3B are cross sectional views of
forming patterned spacers according to the related art. In
FIG. 3A, the patterned spacers are formed using a photo-
lithographic method, wherein a photosensitive resin 306 is
deposited on the common electrode 305. Then, a mask 307,
which includes a spacer pattern, is positioned to cover the
photosensitive resin 306, and ultraviolet light is irradiated
through the spacer pattern onto the photosensitive resin 306.
Accordingly, subsequent processing provides that regions of
the photosensitive resin 306 that have been exposed to the
ultraviolet light remains while other regions of the photo-
sensitive resin 306 not exposed to the ultraviolet light are
removed, thereby forming the patterned spacers on the
common electrode 305. Thus, by providing the spacers on
specific portions of the common electrode 303, it is possible
to scatter the spacer on the black matrix region except where
the pixel regions are formed. Accordingly, contrast ratio and
aperture ratio may not be reduced.

[0025] However, at high operating temperatures, use of
the patterned spacers causes gravity inferiority in which the
liquid crystal material is inclined to migrate along the
gravity direction. Accordingly, the liquid crystal material
may pool at a bottom most region of the liquid crystal
display device. However, thermal expansion of the patterned
spacers is smaller the thermal expansion of the liquid crystal
material and glass used to form the upper and lower sub-
strates. Accordingly, when the liquid crystal display device
is tested at relatively high temperatures, a gap is created
between the glass substrate and the patterned spacers due to
the difference in the thermal expansion of the patterned
spacer material and the glass substrates. Thus, the liquid
crystal material leaks through the gap and migrates toward
the gravity direction.

[0026] In FIG. 3B, upper and lower substrates 32 and 31
are bonded together using a sealant 33. Patterned spacers 34
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are positioned to maintain a uniform gap between the upper
and lower substrates 32 and 31, and a liquid crystal material
35 is injected into the gap between the upper and lower
substrates 32 and 31 through an injection hole (not shown).
Accordingly, an increase in the amount of the liquid crystal
material 35 filling the gap results in increasing the effects of
gravity inferiority. Thus, excessive amounts of the injected
liquid crystal material are removed by applying pressure on
the both exterior surfaces of the liquid crystal display panel
with a flat metal plate using a mechanical method after
injecting the liquid crystal material 35 into the gap and
before encapsulating the injection hole (not shown). Alter-
natively, the excessive amounts of the injected liquid crystal
material may be removed by injecting gas into a chamber in
which the liquid crystal material injection process is per-
formed to form a high pressure state on both of the exterior
surfaces of the liquid crystal display panel using a sealing
method.

[0027] By using the sealing method, small amounts of the
liquid crystal material are injected into the liquid crystal
display panel. Accordingly, negative pressure imparted onto
the glass substrates along an interior direction is formed
between the upper and lower substrates of the liquid crystal
display panel. Thus, it is possible to prevent the liquid
crystal material from migrating toward the gravity direction
at high temperatures. However, although the sealing method
is used, it is impossible to completely prevent the gravity
inferiority between the patterned spacers.

SUMMARY OF THE INVENTION

[0028] Accordingly, the present invention is directed to a
liquid crystal display device and method of fabricating the
same that substantially obviates one or more of the problems
due to limitations and disadvantages of the related art.

[0029] An object of the present invention is to provide a
liquid crystal display device having quality display charac-
teristics at high temperatures.

[0030] Another object of the present invention is to pro-
vide a liquid crystal display device having quality display
characteristics during heavy vibrations.

[0031] 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 hereof as well as the
appended drawings.

[0032] To achieve these and other advantages and in
accordance with the purpose of the present invention, as
embodied and broadly described, a liquid crystal display
device includes first and second substrates, a plurality of
gate lines and data lines on the first substrate, a plurality of
switching devices at cross portions of the gate and data lines,
a passivation layer on the plurality of switching devices, a
plurality of ball spacers on the passivation layer, a color filter
layer on the second substrate, and a plurality of column
spacers on the color filter layer.

[0033] In another aspect, a method of fabricating a liquid
crystal display device includes forming a first substrate
including a plurality of ball spacers, forming a second

Jul. 1,2004

substrate including a plurality of column spacers, bonding
the first and second substrates together by pressure-harden-
ing, cutting the bonded first and second substrates into a
plurality of unit liquid crystal display cells, forming a liquid
crystal material layer within each of the unit liquid crystal
display cells through an injection hole, and pressure-sealing
the injection hole of each of the unit liquid crystal display
cells.

[0034] Tt is to be understood that both the foregoing
general description and the following detailed description
are exemplary and explanatory and are intended to provide
further explanation of the invention as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0035] 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. In the drawings:

[0036] FIG. 1 1is a flow chart of a fabrication method of a
liquid crystal display device according to the related art;

[0037] FIG. 2A is a schematic view of a ball spacer
scattering method in according to the related art.

[0038] FIG. 2B is a cross sectional view of a liquid crystal
display panel in according to the related art.

[0039] FIGS. 3A and 3B are cross scctional views of
forming patterned spacers according to the related art;

[0040] FIGS. 4A to 4F are cross sectional views of an
exemplary fabrication process for forming an upper sub-
strate according to the present invention;

[0041] FIG. 5 is a table and graph showing exemplary test
results according to the present invention; and

[0042] FIG. 6 is a schematic view of a sealing method
according to the present invention.

DETAILED DESCRIPTION OF THE
EXEMPLARY EMBODIMENTS

[0043] Reference will now be made in detail to the exem-
plary embodiments of the present invention, examples of
which are illustrated in the accompanying drawings.

[0044] FIGS. 4A to 4F are cross sectional views of an
exemplary fabrication process for forming an upper sub-
strate according to the present invention. In FIG. 4A, a
black matrix 42 may be formed on a transparent substrate
(upper substrate) 41 at positions opposite to gate and data
lines and switching devices formed on a lower substrate (not
shown) of the liquid crystal display device. The black matrix
42 may be formed between sub-color filters in order to shield
light passing a reverse tilt domain formed at a circumference
of a pixel electrode formed on the lower substrate. The black
matrix 42 may include a metal thin film formed of Cr or an
organic substance, and a dual layer such as Cr/CrOx, for
example, may be used for low reflection.

[0045] 1In FIG. 4B, steps for forming a color filter on the
transparent substrate 41 having the black matrix 42 may
include a pigment distribution method, for example. Alter-
natively, a dying method, an electro-deposition method, and
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a printing method may be used to form the color filter.
During the pigment distribution method, one of a red, green,
and blue color resin may be coated on an entire surface of
the transparent substrate 41 upon which the black matrix 42
has been previously formed. Then, using a selective expo-
sure process, a red sub-color filter 432 may be formed on a
desired region of the transparent substrate 41 between
adjacent portions of the black matrix 42. Next, a green color
resin may be coated on the transparent substrate 41 upon
which the red sub-color filter 432 has been previously
formed, and the green sub-color filter 43b may be formed on
the transparent substrate 41 between other adjacent portions
of the black matrix 42 using a selective exposure process.
Next, a blue color resin may be coated on the transparent
substrate 41 upon which the red sub-color filter 43a and the
green sub-color filter 43 have been previously formed, and
the blue sub-color filter 43¢ may be formed on the trans-
parent substrate 41 between other adjacent portions of the
black matrix 42 using a selective exposure process. Alter-
natively, the red, green, and blue sub-color filters 43a, 43b,
and 43¢ may be formed in different orders.

[0046] InFIG.4C, anovercoat layer 44 may be formed on
the transparent substrate 41 to cover the red, green, and blue
sub-color filters 43a, 43b, and 43c. The overcoat layer 44
may include a transparent resin having insulating character-
istics. Alternatively, formation of the overcoat layer 44 may
be deleted. For example, when using a Cr group metal to
form the black matrix 42, the black matrix may have a very
low thickness on the order of several thousand A. Accord-
ingly, there may be no need to form overcoat layer 44.
However, when using a resin material to form the black
matrix 42, the black matrix may have a comparatively higher
thickness on the order of 1.0 to 1.5 um, whereby the overcoat
layer 44 may be required.

[0047] In FIG. 4D, a common electrode 45 may be
formed on the overcoat layer 44. The common electrode 45
may include indium tin oxide (ITO) in order to operate
liquid crystal together using a pixel voltage supplied to a
pixel electrode on a TFT array substrate when a common
voltage is supplied to the common electrode 45.

[0048] In FIG. 4E, a plurality of spacers 46 may be
formed on the common electrode 45 using photolithographic
and etching processes. For example, a transparent organic
layer may be formed on the common electrode 45, and then
patterned to form the plurality of spacers 46. In addition,
although not shown, a plurality of ball spacers are formed
between the transparent substrate 41 and an additional
transparent substrate. Accordingly, gravity inferiority may
be prevented.

[0049] The plurality of patterned spacers have thermal
expansion characteristics comparatively smaller than the
thermal expansion characteristics of the transparent sub-
strates and the liquid crystal material. Accordingly, tremble
of the liquid crystal material due to impact from an exterior
of the liquid crystal display device may be prevented,
thereby reducing the ripple phenomenon of the liquid crystal
display panel.

[0050] In addition, the plurality of ball spacers have rela-
tively good thermal expansion characteristics. During high
temperature testing, although the transparent substrates may
expand, formation of a gap between the transparent sub-
strates and the plurality of ball spacers may be prevented
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since the plurality of ball spacers expand together with the
transparent substrates. Accordingly, leakage of the liquid
crystal material may be prevented. Moreover, the plurality of
ball spacers may not migrate to contribute to the gravity
inferiority.

[0051] In FIG. 4F, an alignment layer 47 may be formed
by coating a transparent organic insulating layer, such as
polyimide, on the patterned spacers 46 and the common
electrode 45. Next, a rubbing process may be performed on
the alignment layer 47 for determining initial alignment of
the liquid crystal material. Accordingly, initial processing of
the transparent substrate of the liquid crystal display device
may be completed.

[0052] During the above-detailed processes, it may be
possible to form the patterned spacers after forming the
alignment layer. However, the alignment layer may be
damaged due to chemicals or etchants during the etching
process for the patterned spacers. Accordingly, the align-
ment layer may be formed after forming the patterned
spacers.

[0053] Alternatively, it may be possible to form the pat-
terned spacers on the upper substrate and form the ball
spacers on the lower substrate. However, the forming posi-
tions of the patterned and ball spacers may be everywhere on
the upper and lower substrates.

[0054] FIG. 5 is a table and graph showing exemplary test
results according to the present invention. In FIG. 5, there
are a first test group for measuring gravity inferiority
through a liquid crystal display panel using only patterned
spacers on a substrate, a second test group for measuring
gravity inferiority by spraying a plurality of ball spacers
having a density of not greater than 50 ball spacers per
square centimeter with the patterned spacers on a substrate,
a third test group for measuring gravity inferiority by
spraying the plurality of ball spacers with a density range of
50 to 100 ball spacers per square centimeter with the
patterned spacers on a substrate, and a fourth test group for
measuring gravity inferiority by spraying the plurality of
ball spacers within a density range of 100 to 150 ball spacers
per square centimeter with the patterned spacers on a sub-
strate. In addition, each test group is divided into several
different groups according to patterned spacers having area
densities of 0.24%, 0.58%, and 1.2%.

[0055] 1InFIG. 5, the X-axis is a temperature axis, and the
Y-axis is an area density of the patterned spacers. The area
density is a spacer scattering area of the total active region,
and is based on an area in which the spacers are grounded
within the active region. A K-region at an upper right end of
the graph represents a target region in which there is no
ripple phenomenon and gravity inferiority as observed with
the naked eye. In addition, each indication point displays a
gravity inferiority occurrence point.

[0056] In the panel of the first test group using only the
patterned spacers without using the ball spacers, sample al
indicates a temperature at which a sample having a patterned
spacer density of 0.24% shows the gravity inferiority,
wherein the gravity inferiority occurs at 90° C. The sample
al satisfies the condition of the gravity inferiority limitation
temperature 85° C., however, the ripple phenomenon occurs
as observed by the naked eye.

[0057] In the first test group, sample a2 indicates a gravity
inferiority occurrence temperature of the sample having a
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patterned spacer density of 0.58%, the gravity inferiority
occurs at 80° C. Accordingly, sample a2 does not satisfy the
gravity inferiority limitation temperature required for a
liquid crystal display device.

[0058] In the first test group, sample a3 indicates gravity
inferiority occurrence temperature of the sample having a
patterned spacer density of 1.2%, the gravity inferiority
occurs at 70° C. Accordingly, sample a3 does not satisfy the
gravity inferiority limitation temperature required for a
liquid crystal display device.

[0059] In the second test group, which includes samples
having a ball spacer scattering density less than 50 ball
spacers per square centimeter, sample bl indicates a tem-
perature at which a sample having a patterned spacer density
of 0.24% shows the gravity inferiority, and the gravity
inferiority occurs at 90° C. The sample bl satisfies the
condition of the gravity inferiority limitation temperature
85° C., however, the ripple phenomenon occurs.

[0060] In the second test group, sample b2 indicates
gravity inferiority occurrence temperature of the sample
having a patterned spacer density of 0.58%, the gravity
inferiority occurs at a temperature not less than 90° C. In
addition, sample b2 is placed within the target region in
which the ripple phenomenon does not occur as observed
with the naked eye.

[0061] In the second test group, sample b3 indicates
gravity inferiority occurrence temperature of the sample
having a patterned spacer density of 1.2%, the gravity
inferiority occurs at a temperature not less than 90° C. In
addition, sample b3 is placed within the target region in
which the ripple inferiority does not occur as observed with
the naked eye.

[0062] In the third test group, which includes a ball spacer
scattering density within a range of 50 to 100 ball spacers
per square centimeter, sample ¢l indicates a temperature at
which a sample having a patterned spacer density of 0.24%
shows the gravity inferiority, and the gravity inferiority
occurs at 90° C. The sample ¢l satisfies the condition of the
gravity inferiority limitation temperature 85° C., however,
the ripple phenomenon occurs.

[0063] In the third test group, sample c2 indicates gravity
inferiority occurrence temperature of the sample having a
patterned spacer density of 0.58%, the gravity inferiority
occurs at a temperature not less than 90° C. In addition,
sample ¢2 is placed within the target region in which the
ripple inferiority does not occur as observed with the naked
eye.

[0064] In the third test group, sample c3 indicates gravity
inferiority occurrence temperature of the sample having a
patterned spacer density of 1.2%, the gravily inferiority
occurs at a temperature not less than 90° C. In addition,
sample ¢3 is placed within the target region in which the
ripple inferiority does not occur as observed with the naked
eye.

[0065] Each test of the above test samples were performed
in a thermohygrostat chamber, and were performed for at
least 5 hours.
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[0066] Below, Table 1 shows the gravity inferiority occur-
rence of each test sample having a patterned spacer area
density of 0.24% according to temperature and ball spacer
scattering density of the sample.

TABLE 1

Scattering density of ball

spacers (number/cm?)

0 ~50 50~100 100~150
Test sample Sample 1~ Sample 2 Sample 3 Sample 4
TEMPERATURE
¢c)
60 Normal Normal Normal Normal
70 Normal Normal Normal Normal
80 Normal Normal Normal Normal
Not less Impossible to judge due to
than 90 deformation of a back light sheet

[0067] In Table 1, there are four test samples having a ball
spacer scattering density of 0%, less than 50, within the
range of 50~100 and within the range of 100~150, and
gravity inferiority occurrence of the test samples having a
scattering density of 0.24% is shown. In addition, each
sample does not show the gravity inferiority until 90° C. At
a temperature higher than 90° C., it was impossible to judge
gravity inferiority due to deformation of a back light sheet
of the liquid crystal display device.

[0068] Table 2 shows gravity inferiority occurrence of test
samples obtained by mixing ball spacers with a liquid crystal
display panel having a patterned spacer density of 0.58%
according to variations of temperature.

TABLE 2

Scattering density of ball
spacers (number/cm?)

0 ~50 50~100 100~150
Test sample Sample 1 Sample 2 Sample 3 Sample 4
TEMPERATURE
(@1))
60 Normal Normal Normal Normal
70 Normal Normal Normal Normal
80 Abnormal  Normal Normal Normal
Not less Impossible to judge due to
than 90 deformation of a back light sheet
[0069] In Table 2, a test sample not using ball spacers

indicates the gravity inferiority occurrence at a temperature
not less than 80° C., and the other samples in Table 2 do not
show the gravity inferiority occurrence.

[0070] Table 3 shows gravity inferiority occurrence of test
samples obtained by mixing ball spacers with a liquid crystal
display panel having a patterned spacer density of 1.2%
according to variations of temperature.
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TABLE 3

Scattering density of ball
spacers (number/cm?)

0 ~50 50~100 100~150
Test sample Sample 1 ~ Sample 2 Sample 3 Sample 4
TEMPERATURE
e
60 Normal Normal Normal Normal
70 Abnormal Normal Normal Normal
80 Abnormal Normal Normal Normal
Not less Impossible to judge due to
than 90 deformation of a back light sheet
[0071] In Table 3, a test sample not using the ball spacer

shows the gravity inferiority occurrence at a temperature not
less than 70° C., and the other samples in Table 3 do not
show the gravity inferiority occurrence. In particular, in the
second test group, a ball spacer scattering density is main-
tained to be not less than 25 ball spacers per square centi-
meter.

[0072] There may be two ball spacer scattering methods:
a wet scattering method wherein ball spacers are mixed with
alcohol and sprayed; and a dry scattering method wherein
the ball spacers are positively charged with electricity and
maintained within an active region in a grounded state
during scattering. However, the dry scattering method is
capable of uniformly scattering the ball spacers.

[0073] In addition, the ball spacers may be formed almost
anywhere on the lower substrate. Moreover, since the upper
substrate and the lower substrate may be separately fabri-
cated, it may also be possible to form the ball spacers on a
substrate different from a substrate upon which the patterned
spacers are formed, thereby improving fabrication effi-
ciency.

[0074] In order to prevent the gravity inferiority and the
ripple phenomenon, both the patterned spacers and the ball
spacers may be used, and the sealing method may be used
as a sealing method.

[0075] FIG. 6 is a schematic view of a sealing method
according to the present invention. In FIG. 6, during a
pressurizing-sealing method, a liquid crystal injection hole
62 is formed at a unit liquid crystal cell 61 obtained by
attaching an upper substrate and a lower substrate using
sealant material. A unit liquid crystal cell 61 may be moved
into a liquid crystal injecting vacuum chamber 63 that may
include a liquid crystal tray 64. In the liquid crystal injecting
vacuum chamber 63, pressure within a gap between the unit
liquid crystal cells 61 may be reduced to about 10~ Torr
using a vacuum pump 65 positioned at a certain side of the
injecting chamber 63. An injection hole 62 of the unit liquid
crystal cell 61 may be separated from the liquid crystal tray
64. When the pressure reduction is completed, a valve (not
shown) attached to the vacuum pump 65 may be closed.
Then, the unit liquid crystal cell 61 may be positioned onto
the liquid crystal tray 64, and the liquid crystal injection hole
62 is dipped into the liquid crystal tray 64. Next, nitrogen
(N,) gas may be gradually introduced into the injecting
chamber 63, wherein liquid crystal material filled in the
liquid crystal tray 64 may be injected into the unit liquid
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crystal cell 61. The introduction of the nitrogen (N,,) gas may
continue until internal pressure of the injecting chamber 63
reaches atmospheric pressure.

[0076] When the liquid crystal material is injected, as
described above, excess amounts of the liquid crystal mate-
rial may be injected into the unit liquid crystal cell 61.
Accordingly, a thickness of a central portion of the unit
liquid crystal cell 61 may be relatively large when compared
to a thickness of outer portions of the unit liquid crystal cell
61. Thus, the excessive amounts of the liquid crystal mate-
rial may cause gravity inferiority during test processes of the
unit liquid crystal cell 61. However, the excessive amounts
of the liquid crystal material may be removed from the liquid
crystal cell 61 after the liquid crystal injecting process is
completed by using a mechanical method or a gas pressure
application method.

[0077] As described above, during the sealing method, by
introducing the nitrogen (N,) gas into the vacuum chamber
63 at a pressure greater than atmospheric pressure, such as
0.5 kg/cm?, the excessive amounts of the liquid crystal
material may be removed from the unit liquid crystal cell 61.
Afterward, the sealing may be performed by irradiating
ultraviolet light onto the liquid crystal injection hole 62 of
the unit liquid crystal cell 61.

[0078] In the pressurizing-sealing method, the liquid crys-
tal display panel internally contracts due to negative pres-
sure within the unit liquid crystal cell 61, thereby reducing
gravity inferiority during high temperature testing.

[0079] In the present invention, the pressurizing-sealing
method may be used as the sealing method of the liquid
crystal display panel, and all tests have been performed by
using the pressurizing-sealing method.

[0080] It will be apparent to those skilled in the art that
various modifications and variations can be made in the
liquid crystal display device and method of fabricating a
liquid crystal display device of the present invention without
departing from the spirit or scope of the invention. Thus, it
is intended that the present invention cover 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 device, comprising:

first and second substrates;

a plurality of gate lines and data lines on the first sub-
strate;

a plurality of switching devices at cross portions of the
gate and data lines;

a passivation layer on the plurality of switching devices;
a plurality of ball spacers on the passivation layer;
a color filter layer on the second substrate; and

a plurality of column spacers on the color filter layer.

2. The device according to claim 1, wherein a density of
the plurality of column spacers is at least 0.6%.

3. The device according to claim 1, wherein the plurality
of ball spacers are formed on the second substrate with the
plurality of column spacers.

4. The device according to claim 1, wherein the plurality
of ball spacers have a density of at least 25/cm?.
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5. A method of fabricating a liquid crystal display device,
comprising:

forming a first substrate including a plurality of ball
spacers;

forming a second substrate including a plurality of col-
umn spacers;

bonding the first and second substrates together by pres-
sure-hardening;

cutting the bonded first and second substrates into a
plurality of unit liquid crystal display cells;

forming a liquid crystal material layer within each of the
unit liquid crystal display cells through an injection
hole; and

pressure-scaling the injection hole of each of the unit

liquid crystal display cells.

6. The method according to claim 5, wherein the plurality
of ball spacers have a density of at least 25/cm>.

7. The method according to claim 5, wherein the plurality
of column spacers have a density of at least 0.6%.

8. The method according to claim 5, wherein the plurality
of ball spacers are formed on the second substrate together
with the plurality of column spacers.

9. The method according to claim 5, wherein forming a
first substrate includes:
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forming the plurality of gate lines on the first substrate;
forming an insulating layer on the plurality of gate lines;
forming a semiconductor layer on the insulating layer;

forming the plurality of data lines on the semiconductor
layer;

forming a passivation layer on the plurality of data lines;

forming a plurality of pixel electrodes on the passivation
layer; and

forming the plurality of ball spacers on the passivation
layer.
10. The method according to claim 5, wherein forming a
second substrate includes:

forming a black matrix layer on the second substrate;
forming a color filter layer on the black matrix layer;

forming the plurality of column spacers on the color filter
layer;

forming an alignment layer on the plurality of column
spacers; and

forming a sealant on the alignment layer.

* ok %k



THMBW(EF)

[ i (S RIR) A ()
e (S IR) A (%)

HAT R E (TR AGE)

FRI& B A

KRN

IPCH XS
CPCHRF
R 54X
Hfth 237 STk
EIN-E 22

BWE(R)

RBETEEESREE-NEER , £F - ERLHSRMRENBE
% , ERABELANIXBO LS REMH , ESNTTXRFMHL
HELE | afitE LS KERY , F-ERELNECRENRER
B LEHZSMERERY.

REETEREREHES

US20040125319A1 NI (»&E)B
US10/447954 RiEHR
REETRERAF

LG.PHILIPS LCD CO., LTD.

LG DISPLAY CO. , LTD.

LIM BYOUNG HO
JUNG TAE YONG
KANG SUNG GU

LIM, BYOUNG-HO
JUNG, TAE-YONG
KANG, SUNG-GU

GO02F1/1339

GO02F1/13394 G02F1/13392
1020020088470 2002-12-31 KR
US6985204

Espacenet USPTO

N

patsnap

2004-07-01

2003-05-30

Lo

T 7%



https://share-analytics.zhihuiya.com/view/6b141471-2b10-44ef-a20e-619963453b17
https://worldwide.espacenet.com/patent/search/family/032653289/publication/US2004125319A1?q=US2004125319A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220040125319%22.PGNR.&OS=DN/20040125319&RS=DN/20040125319

