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LIQUID CRYSTAL DISPLAY DEVICE AND
METHOD OF MANUFACTURING THE SAME

[0001] The present invention claims the benefit of Korean
Patent Application No. P2000-0069277 filed on Nov. 21,
2000, which is hereby incorporated by reference.

BACKGROUND OF THE INVENTION
[0002] 1. Field of the Invention

[0003] The present invention relates to a liquid crystal
display (LCD) device and a method of manufacturing the
same, and more particularly, to a seal for a liquid crystal
display device and a method of manufacturing a seal for a
liquid crystal display device.

[0004] 2. Background of the Related Art

[0005] FIGS. 1A-1C show a structure of a related art seal
pattern 1 between first and second substrates 20 and 30 of a
liquid crystal display device.

[0006] In FIG. 1A, a liquid crystal injection method is
shown. During the liquid crystal injection method, the seal
pattern 1 having an injection hole is printed on one or both
of the first and second substrates 20 and 30, and an end-seal
pattern is formed thereon. In FIG. 1B, a liquid crystal
dispensing method is shown. During the liquid crystal
dispensing method, the seal pattern 1 having no injection
hole is printed on one or both the first and second substrates
20 and 30, and then the liquid crystal is uniformly dispensed
on an active region at an inner side of the seal pattern 1.

[0007] A method for forming the seal pattern 1 will be
described as follows.

[0008] In a first process step, an epoxy resin 2 is mixed
with a glass fiber 3 to maintain a cell gap ratio of 100:1 in
a beaker for ten minutes. The epoxy resin 2 includes a
thermo-hardening hardening epoxy resin, a photo hardening
epoxy resin, or a thermo-and photo-hardening epoxy resin,
for example. The epoxy resin has a viscosity between 30,000
cp and 600,000 cp.

[0009] In a second process step, a seal compound of the
epoxy resin 2 and the glass fiber 3 is stirred to remove
bubbles for two hours under a vacuum of 760 mmHg.

[0010] TIn a third process step, the seal compound void of
any bubbles is hermetically maintained in a cylinder at a
temperature below 0° C.

[0011] In a fourth process step, the seal compound and
cylinder are maintained at an ambient temperature for three
hours or more. Then, a dispensing or printing process step is
performed, thereby forming the seal pattern 1 on the sub-
strate.

[0012] In FIG. 1C, the glass fiber 3 is mixed with the
epoxy resin 2 between the first and second substrates 20 and
30 by the seal pattern. Spacers 4 are disposed around a
peripheral region within an active region “A.”

[0013] However, the related art method for forming the
seal pattern has the following problems. When the glass fiber
3 is mixed with the epoxy resin 2, gas bubbles are generated.
The gas bubbles are removed under vacuum during the
second process step. However, when a high viscosity epoxy
resin is used to make the seal compound, the gas bubbles are
not completely removed during the second process step.
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Accordingly, the seal pattern 1 may be compromised due to
the gas bubbles being present in the seal pattern 1, or due to
out-gassing of the gas bubbles inside the seal pattern 1.
Therefore, external moisture may penetrate into the liquid
crystal display device through the seal pattern 1, thereby
degrading picture quality.

SUMMARY OF THE INVENTION

[0014] Accordingly, the present invention is directed to a
liquid crystal display device that substantially obviates one
or more problems due to limitations and disadvantages of
the related art.

[0015] An object of the present invention is to provide a
liquid crystal display device using a seal material that does
not generate gas bubbles.

[0016] Another object of the present invention is to pro-
vide a liquid crystal display device having spacers formed in
an active region provided with liquid crystal material.

[0017] Another object of the present invention is to pro-
vide a method of manufacturing a liquid crystal display
device having spacers formed in an active region provided
with liquid crystal material.

[0018] Additional features and advantages of the inven-
tion will be set forth in part 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.

[0019] To achieve these objects and other advantages and
in accordance with the purpose of the invention, as embod-
ied and broadly described herein, a liquid crystal display
device includes a first substrate, a second substrate having a
seal region and an active region, a seal pattern on the seal
region between the first and second substrates, a plurality of
spacers in the active region and in the seal region, and a
liquid crystal layer between the first and second substrates.

[0020] In another aspect, a liquid crystal display device
includes a first substrate, a second substrate opposite to the
first substrate, a seal region along a periphery of the second
substrate, an active region within the seal region, at least one
seal pattern disposed within the seal region between the first
and second substrates, a plurality of spacers within the active
region and within the seal region, and a liquid crystal layer
between the first and second substrates.

[0021] In another aspect, a method of manufacturing a
liquid crystal display panel includes forming a seal region
along a periphery of one of first and second substrates,
forming an active region within the seal region, forming at
least one seal pattern within the seal region between the first
and second substrates, forming a plurality of spacers within
the active region and within the seal region, and forming a
liquid crystal layer between the first and second substrates.

[0022] It is to be understood that both the foregoing
general description and the following detailed description of
the present invention are exemplary and explanatory and are
intended to provide further explanation of the invention as
claimed.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0023] The accompanying drawings, which are included
to provide a further understanding of the invention and are
incorporated in and constitute a part of this application,
illustrate embodiments of the invention and together with
the description serve to explain the principles of the inven-
tion. In the drawings:

[0024] FIGS. 1A and 1B show a seal pattern between first
and second substrates according to a related art liquid crystal
display device,

[0025] FIG. 1C is a sectional view of FIG. 1A;

[0026] FIG. 2A shows an exemplary seal pattern of a
liquid crystal injection method according to the present
invention;

[0027] FIG. 2B shows another exemplary seal pattern of
a liquid crystal dispensing method according to the present
invention;

[0028] FIG. 3A is a sectional view taken along I-I' of
FIGS. 2A and 2B according to the present invention;

[0029] FIG. 3B is a sectional view of another exemplary
seal pattern according to the present invention; and

[0030] FIG. 3C is a sectional view of another exemplary
seal pattern according to the present invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

[0031] Reference will now be made in detail to the pre-
ferred embodiments of the present invention, examples of
which are illustrated in the accompanying drawings.

[0032] FIGS. 2A and 2B show exemplary seal patterns of
a liquid crystal display device according to the present
invention. FIG. 3A is a cross sectional view taken along
A-A' of FIGS. 2A and 2B.

[0033] A second substrate 30 (as shown in FIG. 3A) may
be formed as various structures. In a color filter on transistor
(COT) structure, a color filter, a TFT, and conductive signal
lines are sequentially formed on a transparent substrate,
thereby forming the second substrate. In a transistor on color
filter (TOC) structure, a TFT, conductive signal lines, and a
color filter are sequentially formed on a transparent sub-
strate. Alternatively, the color filter may be formed on the
first substrate 20, and the TFT may be formed on the second
substrate 30.

[0034] InFIGS. 2A and 2B, first and second substrates 20
and 30 may include a seal region “S” and an active region
“A.” The seal pattern 10 may be formed at least within the
seal region “S,” and the active region “A” may include thin
film transistor (TFTs) (not shown) formed in unit pixels 11.
The seal region “S” may be circumferentially disposed about
the active region “A.” Within the active region “A,” a
plurality of pixel regions 11 are defined by orthogonal gate
lines and data lines, and a TFT may be formed in a portion
where the gate line crosses the data line, wherein one TFT
is arranged in each unit pixel 11.

[0035] The TFT (not shown) may include a gate electrode,
a gate insulating film, a semiconductor film, an ohmic
contact film, and source/drain electrodes. The gate electrode
connects with the gate line and is formed on the transparent
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substrate simultaneously with the gate line. The gate insu-
lating film may be deposited on an entire surface of the
substrate including the gate electrode. The semiconductor
film and the ohmic contact film may be sequentially formed
on the gate insulating film. The source and drain electrodes
may be formed on the ohmic contact film simultaneously
with the data line, and the source electrode may be con-
nected with the data line.

[0036] Then, a passivation film may be formed on the
entire surface of the substrate including the TFT. A portion
of the passivation film disposed on the drain electrode may
be removed and a corresponding portion of the drain elec-
trode may be exposed. A transparent conductive film may be
connected with the drain electrode through the exposed
portion, thereby forming a pixel electrode in the pixel
region.

[0037] A method for forming the seal pattern 10 may be
classified as a liquid crystal injection method and a dispens-
ing method. FIG. 2A shows an exemplary liquid crystal
injection method according to the present invention. FIG.
2B shows an exemplary liquid crystal dispensing method
according to the present invention.

[0038] In FIG. 2A, a first seal pattern including the
injection hole may be printed on the substrate, and liquid
crystal molecules may be injected through the injection hole.
Then, a second seal pattern for the end seal pattern may be
formed thereon.

[0039] In FIG. 2B, a seal pattern having no injection hole
may be printed on the substrate, and then a liquid crystal
material may be uniformly dispersed on an active region at
an inner side of the seal pattern. The seal pattern 10 may be
formed by a dispenser or printing method, for example.

[0040] In both the exemplary injection and dispensing
methods, spacers 12 may be formed on the first substrate 20
as shown in FIG. 3A, and the seal pattern 10 may be formed
on the second substrate 30, thereby maintaining a cell gap of
the seal pattern 10. The seal pattern 10 may be formed using
a seal material that does not generate gas bubbles. The
spacers 12 may be formed on a circumferential region of the
first substrate 20 as well as within an active region “A”
except for corresponding pixel regions of the second sub-
stratc 30. A cleaning process, a process for forming an
alignment film, and a rubbing process may be performed.
Then, the seal pattern 10 is printed on the second substrate
30, and the first and second substrates 20 and 30 are attached
to each other, thereby forming a panel.

[0041] Each of the spacers 12 is a column spacer of an
organic resin material such as photo-acryl resin, for
example, that may be formed on the first substrate 20 by
exposing and developing processes, for example. The seal
pattern 10 may be formed of a thermo-hardening resin, a
photo ultraviolet hardening resin, and a thermo- and photo-
hardening resin, for example.

[0042] The spacers 12 may be formed among at least
twelve unit pixels 11 (see FIGS. 2A and 2B) to uniformly
maintain the cell gap. The column spacer 12 may be formed
having a width between about 10 xm and about 20 gm, and
a height between about 2 ym and about 5 um. Although the
spacers 12 and the seal pattern 10 may be formed on either
the first or second substrates the seal pattern 10 may be
formed after forming the spacers 12.
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[0043] Since the liquid crystal display device is an electro-
optical device wherein a voltage is applied to liquid crystal
molecules injected between the substrates, it is necessary to
maintain a constant distance between the substrates to assure
application of a uniform electric field. Accordingly, if the
cell gap is not constant, transmittance of light is not spatially
uniform, thereby generating a uniformity defect. Further-
more, the spacers 12 may be arranged among several pixel
regions on the active region “A”. With large-sized display
panels, it may not be sufficient to form the spacers only in
the seal pattern.

[0044] FIG. 3A is a cross sectional view taken along I-T'
of FIGS. 2A or 2B showing exemplary spacer pattern
according to the present invention. In FIG. 3A, spacers 12
may be arranged within the seal pattern 10 and within a
liquid crystal layer 5 of the active region “A” to maintain the
cell gap between the first and second substrates 20 and 30.
The seal pattern 10 may be formed by using a seal material
that does not generate gas bubbles, thereby preventing a seal
defect, moisture penetration, and out-gassing.

[0045] FIG. 3B is a cross sectional view of another
exemplary seal pattern according to the present invention. In
FIG. 3B, spacers 12 may be formed within a seal region “S”
between seal patterns 10, thereby forming a double seal
pattern. The double seal pattern is effective for preventing
external moisture from penetrating into the active region
“A.” Furthermore, while dispensing the seal pattern 10, a
disconnection of the double seal pattern is prevented. The
seal pattern 10 may be formed of a material that does not
generate a significant amount of gas bubbles. Although gas
bubbles may be generated, the spacers 12 formed within the
double seal pattern prevent any moisture from penetrating
into the active region “A.”

[0046] FIG. 3C is another exemplary spacer pattern
according to the present invention. In FIG. 3C, spacers 12
may be formed within a seal region “S” at lateral opposing
sides of a seal pattern 10 to maintain a constant cell gap
between first and second substrates 20 and 30.

[0047] Tt will be apparent to those skilled in the art that
various modifications and variations can be made in the
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:

a first substrate;

a second substrate having a seal region and an active
region,;

a seal pattern on the seal region between the first and
second substrates,

a plurality of spacers in the active region and in the seal
region; and

a liquid crystal layer between the first and second sub-
strates.
2. The device according to claim 1, wherein the seal
pattern has a double seal structure.
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3. The device according to claim 1, wherein the seal
pattern includes one of a thermo-hardening resin, a photo-
hardening resin, and a thermo- and photo-hardening resin.

4. The device according to claim 1, wherein the plurality
of spacers are formed of an organic resin.

5. The device according to claim 4, wherein the organic
resin is a photo-acryl resin.

6. The device according to claim 1, wherein the plurality
of spacers are column spacers.

7. The device according to claim 6, wherein a width of the
column spacers is between about 10 gm and about 20 um.

8. The device according to claim 6, wherein a height of the
column spacers is between about 2 ym and about 5 pm.

9. The device according to claim 1, wherein the active
region includes a plurality of pixel units.

10. The device according to claim 1, wherein each of the
plurality of spacers in the active region is disposed within
the liquid crystal layer.

11. The device according to claim 1, wherein the plurality
of spacers are formed on the active region except for pixel
regions.

12. The device according to claim 1, wherein the liquid
crystal layer is formed by one of a liquid crystal injection
method and a dispensing method.

13. The device according to claim 1, wherein the seal
pattern is formed by one of a dispensing process and a
printing process.

14. The device according to claim 1, wherein the plurality
of spacers are formed on the active region and an outer
region of the seal pattern.

15. A liquid crystal display device, comprising:

a first substrate;

a second substrate opposite to the first substrate;

a seal region along a periphery of the second substrate;
an active region within the seal region;

at least one seal pattern within the seal region between the
first and second substrates;

a plurality of spacers within the active region and within
the seal region; and

a liquid crystal layer between the first and second sub-

strates.

16. The device according to claim 15, wherein the plu-
rality of spacers disposed within the seal region are arranged
within the at least one seal pattern.

17. The device according to claim 16, wherein the plu-
rality of spacers abut the at least one seal pattern.

18. The device according to claim 15, wherein the at least
one seal pattern includes two seal patterns disposed parallel
to each other.

19. The device according to claim 18, wherein the plu-
rality of spacers disposed within the seal region are arranged
between the two seal patterns.

20. The device according to claim 19, wherein the plu-
rality of spacers are disposed at a distance from the two seal
patterns.

21. The device according to claim 15, wherein the plu-
rality of spacers disposed within the seal region laterally
oppose the at least one seal pattern.

22. A method of manufacturing a liquid crystal display
panel, comprising:
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forming a seal region along a periphery of one of first and
second substrates;

forming an active region within the seal region;

forming at least one seal pattern within the seal region
between the first and second substrates;

forming a plurality of spacers within the active region and
within the seal region; and

forming a liquid crystal layer between the first and second

substrates.

23. The device according to claim 22, wherein the plu-
rality of spacers within the seal region are arranged within
the at least one seal pattern.

24. The device according to claim 23, wherein the plu-
rality of spacers abut the at least one seal pattern.
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25. The device according to claim 22, wherein the at least
one seal pattern includes two seal patterns disposed parallel
to each other.

26. The device according to claim 25, wherein the plu-
rality of spacers disposed within the seal region are arranged
between the two seal patterns.

27. The device according to claim 26, wherein the plu-
rality of spacers are disposed at a distance from the two seal
patterns.

28. The device according to claim 22, wherein the plu-
rality of spacers disposed within the seal region laterally
oppose the at least one seal pattern.
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