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(57) ABSTRACT

A method of fabricating a liquid crystal display device
includes forming a thin film transistor array on an active area
of a first substrate, forming a color filter layer and a black
matrix layer on a second substrate, forming a sealant along
a peripheral portion of the second substrate, bonding the first
and second substrates, and hardening the sealant by expo-
sure to light, wherein the black matrix layer and the sealant
are offset and do not overlap each other.
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METHOD OF FABRICATING LIQUID CRYSTAL
DISPLAY DEVICE

[0001] The present invention claims the benefit of Korean
Patent Application Nos. P2001-66560 filed in Korea on Oct.
27,2001, and P2001-85173 filed in Korea on Dec. 26, 2001,
which are hereby incorporated by reference.

BACKGROUND OF THE INVENTION
[0002]

[0003] The present invention relates to a method of fab-
ricating a liquid crystal display device, and more particu-
larly, to a method of fabricating a liquid crystal display
device by liquid crystal dropping or vacuum injection using
a UV-hardening and thermo-hardening sealant.

[0004]

[0005] 1In response to an increasing demand for various
types of displays devices, flat panel type displays such as
liquid crystal display (LCD), plasma display panel (PDP),
electro-luminescent display (ELD), and vacuum fluorescent
display (VFD) have been developed. In particular, LCD
devices have been commonly used because of their high
resolution, light weight, thin profile, and low power con-
sumption. In addition, LCD devices have been implemented
in mobile devices such as monitors for notebook computers,
and for monitors of computers and televisions. Accordingly,
efforts to improve image quality of LCD devices contrast
with benefits of their high resolution, light weight, thin
profile, and low power consumption. In order to incorporate
LCD devices as a general image display, image qualities
such as sharpness, brightness, and large-sized area, for
example, must be maintained.

[0006] FIG. 1is a plane view of a liquid crystal display
device having a C/F substrate bonded onto a TFT substrate
according to the related art. In FIG. 1, a thermo-hardening
sealant is used to bond a second substrate (i.¢., color filter
(C/F) substrate) 150 on top of a first substrate (i.¢., thin film
transistor (TFT) substrate) 100 by conventional hot-press
equipment. Although a single bonded glass panel is shown
in FIG. 1, a plurality of glass panels are simultaneously
bonded, the thermo-hardening sealant 110 is hardened, and
the panels are cut into a plurality of individual unit panels.
Then, liquid crystal material is injected into each of the unit
panels by a vacuum injection process.

[0007] FIGS. 2A to 2D are cross-sectional views of a
fabrication process of the liquid crystal display device along
I-I' of FIG. 1 according to the related art. In FIG. 2A, a first
alignment layer 101 is formed on a first substrate 100, where
an active area 120 is defined. Although not shown, the first
substrate includes a thin film transistor array having a
plurality of gate lines, data lines, pixel electrodes, and thin
film transistors formed i the active area 120. In addition,
metal patterns 140 are formed along one peripheral side of
the active area 120 to function as a common line.

[0008] A second alignment layer 151 is formed on a
second substrate 150. Although not shown, the second
substrate 150 includes a black matrix, a plurality of color
filter layers, and a common electrode formed in the active
area 120. In addition, a black matrix layer 130 is formed on
a periphery of the active area 120.

1. Field of the Invention

2. Discussion of the Related Art
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[0009] 1In FIG. 2B, spacers 102 are positioned on the first
alignment layer 101, and a thermo-hardening sealant 110 is
formed on the second alignment layer 151 along the periph-
ery of the active area 120. The thermo-hardening sealant 110
is formed as a wide bead along the periphery of the active
area 120 when a line width of the black matrix layer 130 is
relatively large.

[0010] In FIG. 2C, the second substrate 150 is aligned
over the first substrate 100 so that a surface of the second
substrate 150 on which the thermo-hardening sealant 110 is
formed faces downward. The first and second substrates 100
and 150 are then bonded to each other, and the thermo-
hardening sealant 110 is hardened for one hour at 140° C. in
a conventional hot press 170.

[0011] In FIG. 2D, after a cutting process is performed to
create individual unit panels (not shown), a liquid crystal
material 103« is injected into each of the unit panels through
an injection inlet 111 (in FIG. 1) using a vacuum injection
method. The liquid crystal material injection is performed by
vacuum injection using a pressure difference between an
interior of the unit panel at an ambient pressure of the
processing chamber. The injection inlet for the liquid crystal
material injection is sealed after completion of the liquid
crystal injection process.

[0012] FIG. 3 is a planc view of another liquid crystal
display device having a TFT substrate bonded onto a C/F
substrate according to the related art. In FIG. 3, spacers (not
shown) are positioned on a second substrate 150 having a
color filter array formed in an active area 120 and a black
matrix layer (not shown) is formed along a periphery of the
active area 120. In addition, a thermo-hardening sealant 110
is formed on a portion of a metal pattern 140 outside the
active area 120 of a first substrate 100 having a thin film
transistor array formed in the active area 120 and the metal
pattern 140 at one side of the periphery of the active arca
120. The first and second substrates 100 and 150 are then
bonded to each other so that the thermo-hardening sealant
110 faces a lower direction, and the thermo-hardening
sealant 110 is thermo-hardened in a hot press. Accordingly,
the thermo-hardening sealant 110 is formed thereon so as to
have an injection inlet for injecting liquid crystals.

[0013] FIGS. 4A to 4D are cross-sectional views of a
fabrication process of the along II-II' of FIG. 3 according to
the related art. In FIG. 4A, a first alignment layer 101 is
formed on a first substrate 100 having a thin film transistor
array (not shown) formed in an active arca 120 and a metal
pattern 140 formed along one side of a periphery of the
active area 120. In addition, a second alignment layer 151 is
formed on a second substrate 150 having a color filter array
(not shown) formed in the active area 120 and a black matrix
130 formed along the periphery of the active area 120.

[0014] In FIG. 4B, a thermo-hardening scalant 110 is
formed along the periphery of the active area 120 on the first
alignment layer 101, and spacers 102 are positioned on the
second alignment layer 151. The thermo-hardening sealant
110 is formed of a narrow bead since a line width of a black
matrix (not shown) formed along the periphery of the active
area 120 of the first substrate 100 is relatively narrow.

[0015] In FIG. 4C, the first substrate 100 is aligned over
the second substrate 150 so that a surface of the first
substrate 100 on which the thermo-hardening sealant 110 is
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formed faces a lower direction. The first and second sub-
strates 100 and 150 are then bonded to each other, and the
thermo-hardening sealant 110 is hardened for one hour at
140° C. in a conventional hot press 170.

[0016] In FIG. 4D, after the bonded substrates have been
cut into a plurality of individual unit panels, a liquid crystal
material 103« is injected in each of the unit panels through
an injection inlet 111 by a vacuum injection process. The
liquid crystal injection is carried out by the vacuum injection
process using a pressure difference between an interior of the
unit panel and an ambient pressure of the processing cham-
ber. The injection inlet for the liquid crystal material injec-
tion is sealed after completion of the liquid crystal injection
process.

[0017] The thermo-hardening sealant is commonly
selected from a group including of epoxy resin, urethane
resin, and phenol resin. An epoxy ring of the epoxy resin is
opened by a hardener such as amine or amide, and the
opened epoxy ring becomes a reactive site so as to open
another epoxy ring as a chain reaction, whereby a polymer
chain is generated. This reaction is called “hardening.” A
room-temperature-type hardening epoxy resin becomes
active immediately at a room temperature, while a thermo-
hardening type epoxy resin is hardened within 30~60 min-
utes by being heated at 120~140° C. In order to complete the
above reaction, a heat application method is commonly
used. A hardened epoxy compound enables sufficient bond-
ing of the two substrates to each other, and the hardened
epoxy compound has a relatively large density.

[0018] Unfortunately, the method of fabricating the liquid
crystal display device according to the related art has
disadvantages. First, as panel size increases, the liquid
crystal material injection process is time consuming,
whereby insufficient liquid crystal material injection may
occur leading to failure of the device. Second, unhardened
sealant may leak into the active area of the unit panel,
thereby contaminating the liquid crystal material and caus-
ing stains.

SUMMARY OF THE INVENTION

[0019] Accordingly, the present invention is directed to a
method of fabricating a liquid crystal display that substan-
tially obviates one or more problems due to limitations and
disadvantages of the related art.

[0020] An object of the present invention is to provide a
method of fabricating a liquid crystal display device using a
photo-hardened scalant, thereby preventing contamination
of liquid crystal material.

[0021] 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.

[0022] To achieve these objects and other advantages and
in accordance with the purpose of the invention, as embod-
ied and broadly described herein, a method of fabricating a
liquid crystal display device includes forming a thin film
transistor array on an active area of a first substrate, forming
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a color filter layer and a black matrix layer on a second
substrate, forming a sealant along a peripheral portion of the
second substrate, bonding the first and second substrates,
and hardening the sealant by exposure to light, wherein the
black matrix layer and the sealant are offset and do not
overlap each other.

[0023] 1In another aspect, a method of fabricating a liquid
crystal display device includes forming a thin film transistor
within an active area of a first substrate, forming a color filter
layer on a second substrate, forming a photo-hardening
sealant along a periphery of the active area, bonding the first
and second substrates, and hardening the sealant by expo-
sure to light, wherein the active area is bounded by a metal
pattern having a plurality of through-holes.

[0024] In another aspect, a method of fabricating a liquid
crystal display device includes forming a thin film transistor
within an active area of a first substrate, forming a color filter
layer on a second substrate, forming a photo-hardening
sealant along a periphery of the active area, bonding the first
and second substrates, and hardening the sealant by expo-
sure to light, wherein the active area is bounded by a metal
pattern having at least one slit.

[0025] 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

[0026] 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 principle of the inven-
tion. In the drawings:

[0027] FIG. 1 is a plane view of a liquid crystal display
device having a C/F substrate bonded onto a TFT substrate
according to the related art;

[0028] FIGS. 2A to 2D are cross-sectional views of a
fabrication process of the liquid crystal display device along
I-I' of FIG. 1 according to the related art;

[0029] FIG. 3 is a plane view of another liquid crystal
display device having a TFT substrate bonded onto a C/F
substrate according to the related art;

[0030] FIGS. 4A to 4D are cross-sectional views of a
fabrication process of the along II-II' of FIG. 3 according to
the related art;

[0031] FIG. 5 is a plane view of an exemplary liquid
crystal display device having a C/F substrate bonded onto a
TFT substrate according to the present invention,

[0032] FIGS. 6A to 6E are cross-sectional views of an
exemplary fabrication process of the liquid crystal display
device along III-III' of FIG. 5 according to the present
invention;

[0033] FIG. 7A is a plane view of another exemplary
liquid crystal display device having a TFT array substrate
placed at an upper side according to the present invention;

[0034] FIG. 7B is an expanded plane view of region A of
FIG. 7A according to the present invention;
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[0035] FIG. 8A is a plane view of another exemplary
liquid crystal display device having a TFT array substrate
placed at an upper side according to the present invention,

[0036] FIG. 8B is an expanded plane view of region B of
FIG. 8A according to the present invention;

[0037] FIG. 9A is a plane view of another exemplary
liquid crystal display device having a TFT array substrate
placed at an upper side according to the present invention,

[0038] FIG. 9B is an expanded plane view of region C of
FIG. 9A according to the present invention;

[0039] FIG. 10A is a plane view of another exemplary
liquid crystal display device having a TFT array substrate
placed at an upper side according to the present invention;

[0040] FIG. 10B is an expanded plane view of region D
of FIG. 10A according to the present invention,

[0041] FIGS. 11A to 11E are cross-sectional views of
another exemplary fabrication process for a liquid crystal
display device by having a TFT array substrate placed at an
upper side according to the present invention,

[0042] FIGS. 12A to 12E are cross-sectional views of
another exemplary fabrication process for a liquid crystal
display device according to the present invention; and

[0043] FIGS. 13A to 13H are plane and cross-sectional
views of exemplary liquid crystal dropping processes
according to the present invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

[0044] 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.

[0045] FIG. 5 is a plane view of an exemplary liquid
crystal display device having a C/F substrate bonded onto a
TFT substrate according to the present invention. In FIG. 5,
a UV- and thermo-hardening sealant 310 may be coated on
a second substrate 350 having a color filter array formed in
an active area 320 and a black matrix layer 330 may be
formed along a periphery of the active area 320. Liquid
crystal material may be dropped onto a first substrate 300
having a thin film transistor array formed in the active area
320 and a metal pattern may be formed along one side of the
periphery of the active layer 320. Then, the second substrate
350 may be inverted so that a portion of the second substrate
350 having the sealant 310 coated thereon faces a lower
direction, and the second substrate 350 may be aligned over
the first substrate 300. Next, the first and second substrates
300 and 350 are bonded to each other, and the UV- and
thermo-hardening sealant 310 may be hardened.

[0046] A line width of the black matrix layer 330 formed
along the periphery of the active area 320 may be reduced
so that the UV- and thermo-hardening sealant 310 may be
spaced apart from the black matrix layer 330, whereby UV
light may be applied to the UV- and thermo-hardening
sealant 310. In addition, a plurality of spacers (not shown)
may be formed between the first and second substrates 300
and 350 for maintaining a constant cell gap between the first
and substrates 300 and 350.
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[0047] The UV- and thermo-hardening sealant may
include a resin having an acrylate functional group selected
from a group including an epoxy acrylate resin, a urethane
acrylate resin, and a polyester acrylate. The epoxy acrylate
resin becomes relatively hard during the hardening process,
while the urethane acrylate resin becomes soft during the
hardening process. Accordingly, the epoxy acrylate and
urethane acrylate resins may be reacted with UV-hardeners
to create polymers. Thus, the UV-hardener forms active
radicals when exposed to UV light, whereby each of the
active radicals may react with double bonds of the acrylate
functional group to radicalize the acrylate. Then, the active
acrylate radical may be reacted with double bonds of another
acrylate for polymerization. Accordingly, the series of reac-
tions is commonly called a photo-hardening process.

[0048] FIGS. 6A to 6E are cross-sectional views of an
exemplary fabrication process of the liquid crystal display
device along III-III' of FIG. 5 according to the present
invention. In FIG. 6A, a first alignment layer 301 may be
formed on a first substrate 300. Although not shown, the first
substrate 300 may include a thin film transistor array having
a plurality of gate lines, data lines, pixel electrodes, and thin
film transistors formed within an active area 320. In addi-
tion, the first substrate 300 may include metal patterns 340
formed along one peripheral side of the active area 320,
wherein the metal patterns may include a common line.
Moreover, an adherence type spacer (not shown) may be
formed on the first alignment layer 301. Alternatively, a
column spacer (not shown) may be formed on the first
substrate 300 before formation of the first alignment layer
301, wherein the first alignment layer 301 may be formed on
an entire surface of the first substrate 300 including the
column spacer.

[0049] Further in FIG. 6A, a second alignment layer 351
may be formed on a second substrate 350. Although not
shown, the second substrate 350 may include a black matrix
layer, a plurality of color filter layers, and a common
electrode formed within the active area 320. In addition, the
second substrate 350 may include a black matrix layer 330
formed along the periphery of the active area 320.

[0050] In FIG. 6B, liquid crystal material 303 may be
dropped onto the first alignment layer 301 within the active
area 320. Accordingly, the liquid crystal material may be
dropped in a predetermined amount suitable for a size of a
corresponding panel using a liquid crystal dispenser (not
shown). A UV- and thermo-hardening sealant 310 may be
formed along a periphery of the active area 320 on the
second alignment layer 351, whereby the UV- and thermo-
hardening sealant 310 may not directly overlie the black
matrix layer 330. Accordingly, the UV- and thermo-harden-
ing sealant 310 may be exposed to UV light through the
second substrate 350 without the black matrix layer 330
acting as a mask for the UV- and thermo-hardening sealant
310.

[0051] In FIG. 6C, the second substrate 350 may be
inverted so that the UV- and thermo-hardening sealant 310
faces a lower direction. Next, the second substrate 350 may
be placed over the first substrate 300, upon which the liquid
crystal material 303 has been dropped, so as to be aligned
with the first substrate 300. Then, the first and second
substrates 300 and 350 may be initially bonded to each other
in a vacuum chamber (not shown), and then removed from
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the vacuum chamber so that the initially bonded first and
second substrates 300 and 350 are subjected to an atmo-
spheric pressure. Thus, an additional bonding is performed
due to a pressure differential between an interior and exterior
of the initially bonded first and second substrates 300 and
350.

[0052] In FIG. 6D, UV light may be applied to the UV-
and thermo-hardening sealant 310 of the initially bonded
first and second substrates 300 and 350 using a mask 360,
thereby partially hardening the UV- and thermo-hardening
sealant 310 and further bonding the first and second sub-
strates 300 and 350. Accordingly, relative placement of the
UV- and thermo-hardening sealant 310 and the black matrix
layer 330 allows the mask 360 to prevent the black matrix
layer 330 from being exposed to the UV light. Namely, since
a width of the black matrix layer 330 formed along the
periphery of the active area 320 of the second substrate 350
is reduced and the UV- and thermo-hardening sealant 310 is
not directly formed overlying the black matrix layer 330, the
the UV- and thermo-hardening sealant 310 may be exposed
to the UV light.

[0053] In FIG. 6E, the bonded first and second substrates
300 and 350 may be even further bonded using a thermo-
hardening process at about 140° C. for about one hour in a
thermo-hardening furnace. Accordingly, the liquid crystal
material may spread evenly between the bonded first and
second substrates 300 and 350.

[0054] FIG. 7A is a plane view of another exemplary
liquid crystal display device having a TFT array substrate
placed at an upper side according to the present invention,
and FIG. 7B is an expanded plane view of region A of FIG.
7A according to the present invention. In FIG. 7A, a first
substrate 300 may include a thin film transistor array formed
within an active area 320 and metal patterns 340 may be
formed along one side of a periphery of the active area 320,
wherein the metal patterns 340 may include a common line.
Although not shown, the first substrate 300 may be aligned
over a second substrate having a color filter array formed in
the active area 320 and a black matrix layer may be formed
along the periphery of the active area 320. Then, the first
substrate 300 and the second substrate (not shown) may be
bonded to each other.

[0055] InFIG. 7A, liquid crystal material may be dropped
onto an active area of the second substrate (not shown) and
a UV- and thermo-hardening sealant 310 may be formed on
the metal patterns 340 along the periphery of the active area
320 of the first substrate 300. Accordingly, since the UV- and
thermo-hardening sealant 310 may be formed on the metal
patterns 340, a light irradiation path may be required for
exposing the UV- and thermo-hardening sealant 310 to UV
light.

[0056] In FIGS. 7A and 7B, a plurality of through-holes
341 may be formed in the metal patterns 340 along a central
portion that will be coated with the UV- and thermo-
hardening sealant 310. For example, each of the through-
holes 341 may be rectangular to have a long axis along a
direction normal to a direction of the UV- and thermo-
hardening sealant 310. Although the through-holes 341 are
shown to be rectangular, most any shape may be sufficient
to provide exposure of the UV- and thermo-hardening seal-
ant 310 to UV light.

[0057] FIG. 8A is a plane view of another exemplary
liquid crystal display device having a TFT array substrate
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placed at an upper side according to the present invention,
and FIG. 8B is an expanded plane view of region B of FIG.
8A according to the present invention. In FIG. 8A, liquid
crystal material may be dropped onto an active area of the
second substrate (not shown) and a UV- and thermo-hard-
ening sealant 310 may be formed on the metal patterns 340
along the periphery of the active area 320 of the first
substrate 300. Accordingly, since the UV- and thermo-
hardening sealant 310 may be formed on the metal patterns
340, a light irradiation path may be required for exposing the
UV- and thermo-hardening sealant 310 to UV light.

[0058] In FIGS. 8A and 8B, a slot 342 may be formed in
the metal patterns 340 along a central portion that will be
coated with the UV- and thermo-hardening sealant 310. For
example, the slot 342 may be rectangular to have a long axis
along a direction parallel to a direction of the UV- and
thermo-hardening sealant 310. Although the slot 342 is
shown to be rectangular, most any shape may be sufficient
to provide exposure of the UV- and thermo-hardening seal-
ant 310 to UV light.

[0059] FIG. 9A is a plane view of another exemplary
liquid crystal display device having a TFT array substrate
placed at an upper side according to the present invention,
and FIG. 9B is an expanded plane view of region C of FIG.
9A according to the present invention. In FIG. 9A, a first
substrate 300 may include a thin film transistor array formed
within an active area 320 and metal patterns 340 may be
formed along one side of a periphery of the active area 320,
wherein the metal patterns 340 may include a common line.
Although not shown, the first substrate 300 may be aligned
over a second substrate having a color filter array formed in
the active area 320 and a black matrix layer may be formed
along the periphery of the active area 320. Then, the first
substrate 300 and the second substrate (not shown) may be
bonded to each other.

[0060] InFIG.9A, liquid crystal material may be dropped
onto an active area of the second substrate (not shown) and
a UV- and thermo-hardening sealant 310 may be formed on
the metal patterns 340 along the periphery of the active area
320 of the first substrate 300. Accordingly, since the UV- and
thermo-hardening sealant 310 may be formed on the metal
patterns 340, a light irradiation path may be required for
exposing the UV- and thermo-hardening sealant 310 to UV
light.

[0061] In FIGS. 9A and 9B, a plurality of through-holes
343 may be formed in the metal patterns 340 along a central
portion that will be coated with the UV- and thermo-
hardening sealant 310. For example, each of the through-
holes 343 may be circular and may be positioned along
directions both normal and parallel to a direction of the UV-
and thermo-hardening sealant 310. Although the through-
holes 343 are shown to be circular, most any shape may be
sufficient to provide exposure of the UV- and thermo-
hardening sealant 310 to UV light.

[0062] FIG. 10A is a plane view of another exemplary
liquid crystal display device having a TFT array substrate
placed at an upper side according to the present invention,
and FIG. 10B is an expanded plane view of region D of
FIG. 10A according to the present invention. In FIG. 10A,
liquid crystal material may be dropped onto an active area of
the second substrate (not shown) and a UV- and thermo-
hardening sealant 310 may be formed between metal pat-
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terns 340 along the periphery of the active area 320 of the
first substrate 300. Accordingly, since the UV- and thermo-
hardening sealant 310 may be formed between the metal
patterns 340, a light irradiation path may be required for
exposing the UV- and thermo-hardening sealant 310 to UV
light.

[0063] InFIGS.10A and 10B, the metal patterns 340 may
be formed of a plurality of equally-spaced parallel lines
along a central portion. Then, the UV- and thermo-hardening
sealant 310 may be placed between each of the metal
patterns 340. If the metal patterns 340 are to function as a
common line, then the metal patterns 340 should have a
minimum width to provide a specific resistance to supply a
common voltage. In addition, a distance between adjacent
metal patterns 340 should greater than at least about 50 um
to sufficiently expose the UV- and thermo-hardening sealant
310 to UV light. Accordingly, the plurality of equally-spaced
parallel lines should be about 50~100 um wide and be
equally-spaced at an interval of about 50~100 um. For
example, the metal pattern 340 may be the common line of
a TN or VA mode liquid crystal display device or a black
matrix layer cutting off backlight in an IPS mode liquid
crystal display device. Moreover, a material of the metal
pattern 340 may be a material from which to form gate lines
in a liquid crystal display device such as Al, Cr, Mo, Cu, Nd,
and an Al alloy.

[0064] FIGS. 11A to 11E are cross-sectional views of
another exemplary fabrication process for a liquid crystal
display device by having a TFT array substrate placed at an
upper side according to the present invention. In FIG. 114,
a first substrate may include a thin film transistor array may
be formed in an active area 320, metal patterns 340 formed
along a peripheral side of the active area 320, and a first
alignment layer 301. Although not shown, the thin film
transistor array may include a plurality of gate lines, data
lines, pixel electrodes, and thin film transistors. The metal
patterns 340 may include any of the metal patterns 340
shown in any of FIGS. 7A-10B, and may include through-
holes, slits, or fine lines. Alternatively, the metal patterns
340 may include a combination of through-holes, slits,
and/or fine lines.

[0065] In FIG. 11A, a second substrate 350 may include
a second alignment layer 351 and a black matrix layer 330
formed along a periphery of the active 320. Although not
shown, the second substrate 350 may include a plurality of
color filter layers and a common electrode formed in the
active area 320. In addition, an adherence type spacer (not
shown) may be formed on one or both of the first and second
alignment layers 301 and 351. Alternatively, a column
spacer (not shown) may be formed one or both of the first
and second substrates 300 and 350 before formation of the
first and second alignment layers 301 and 351, wherein the
first and second alignment layers 301351 may be formed on
an entire surface of the first and second substrates 300 and
350, respectively.

[0066] In FIG. 11B, liquid crystal material 303 may be
dropped onto the second alignment layer 351 within the
active area 320. Accordingly, the liquid crystals may be
dropped in a predetermined amount suitable for a size of a
corresponding panel using a liquid crystal dispenser (not
shown). Then, a UV- and thermo-hardening sealant 310 may
be formed on the first alignment layer 301 along a periphery
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of the active areca 320. The metal patterns 340 may be
formed so that the UV- and thermo-hardening sealant 310
may be sufficiently exposed to UV light. Accordingly, the
metal patterns 340 may include through-holes, slit, and/or
fine lines formed in the metal patterns 340.

[0067] InFIG.11C,the first substrate 300 may be inverted
so that the UV- and thermo-hardening sealant 310 faces a
lower direction. Next, the first substrate 300 may be placed
over the second substrate 350, upon which the liquid crystal
material 303 has been dropped, to be aligned with the second
substrate 350. Then, the first and second substrates 300 and
350 may be initially bonded to each other in a vacuum
chamber (not shown), and then removed from the vacuum
chamber so that the initially bonded first and second sub-
strates 300 and 350 are subjected to an atmospheric pressure.
Thus, an additional bonding is performed due to a pressure
differential between an interior and exterior of the initially
bonded first and second substrates 300 and 350.

[0068] In FIG. 11D, UV light may be applied to the UV-
and thermo-hardening sealant 310 of the initially bonded
first and second substrates 300 and 350 through the metal
patterns 340 using a mask 360, thereby partially hardening
the UV- and thermo-hardening sealant 310 and further
bonding the first and second substrates 300 and 350. Accord-
ingly, relative placement of the UV- and thermo-hardening
sealant 310 and the black matrix layer 330 allows the mask
360 to prevent the black matrix layer 330 from being
exposed to the UV light. Namely, since a width of the black
matrix layer 330 formed along the periphery of the active
area 320 of the second substrate 350 is reduced and the UV-
and thermo-hardening sealant 310 is not directly formed
overlying the black matrix layer 330, the UV- and thermo-
hardening sealant 310 may be exposed to the UV light.

[0069] InFIG. 11E, the bonded first and second substrates
300 and 350 may be even further bonded using a thermo-
hardening process at about 140° C. for about one hour in a
thermo-hardening furnace. Accordingly, the liquid crystal
material may spread evenly between the bonded first and
second substrates 300 and 350.

[0070] FIGS. 12A to 12E are cross-sectional views of
another exemplary fabrication process for a liquid crystal
display device according to the present invention. In FIG.
12A, a first alignment layer 301 may be formed on a first
substrate 300, and a metal pattern 340, such as a common
line, may be formed along one peripheral side of an active
area 320. Although not shown, the first substrate 300 may
include a thin film transistor array having a plurality of gate
lines, data lines, pixel electrodes, and thin film transistors
formed in the active area 320

[0071] InFIG. 12A, a second alignment layer 351 may be
formed on a second substrate 350, and a relatively narrow
black matrix layer 330 may be formed along a periphery of
an active area 320. Although not shown, the second substrate
350 may include a plurality of color filter layers and a
common electrode formed in the active area 320.

[0072] 1In FIG. 12B, a plurality of spacers 302 may be
formed on the first alignment layer 301, and a UV- and
thermo-hardening sealant 310 may be formed along the
periphery of the active area 320. The UV- and thermo-
hardening sealant 310 may be formed along a periphery
region of the black matrix layer 330, thereby exposing the
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UV- and thermo-hardening sealant 310. In addition, the UV-
and thermo-hardening sealant 310 may be formed to include
a liquid crystal material injection inlet.

[0073] In FIG. 12C, the second substrate 350 may be
inverted so that the UV- and thermo-hardening sealant 310
faces a lower direction. Then, the second substrate 350 may
be placed over the first substrate 300, upon which the
spacers 302 are formed, to be aligned with the first substrate
300. Next, the first and second substrates 300 and 350 are
initially bonded to each other.

[0074] After the initial bonding of the first and second
substrates 300 and 350, UV light may be applied to the UV-
and thermo-hardening sealant 310 of the initially bonded
first and second substrates 300 and 350 using a mask 360,
thereby partially hardening the UV- and thermo-hardening
sealant 310 and further bonding the first and second sub-
strates 300 and 350. Accordingly, relative placement of the
UV- and thermo-hardening sealant 310 and the black matrix
layer 330 allows the mask 360 to prevent the black matrix
layer 330 from being exposed to the UV light. Namely, since
a width of the black matrix layer 330 formed along the
periphery of the active area 320 of the second substrate 350
is reduced and the UV- and thermo-hardening sealant 310 is
not directly formed overlying the black matrix layer 330, the
UV- and thermo-hardening sealant 310 may be exposed to
the UV light.

[0075] 1In FIG. 12D, the photo-hardened first and second
substrates 300 and 350 may be even further bonded by
thermo-hardening at about 140° C. for about one hour in a
thermo-hardening furnace 370.

[0076] In FIG. 12E, liquid crystal material 303 may be
injected into an inner cavity formed between the bonded first
and second substrates 300 and 350 through the injection
inlet formed in the the UV- and thermo-hardening sealant
310 using a liquid crystal injection process. The liquid
crystal injection process may be carried out by vacuum
injection by making use of a pressure differential between
the inner cavity and exterior surfaces of the bonded first and
second substrates 300 and 350 in a vacuum chamber (not
shown). Then, the injection inlet may be scaled after
completion of the liquid crystal injection process.

[0077] FIGS. 13A to 13H are plane and cross-sectional
views of exemplary liquid crystal dropping processes
according to the present invention. A liquid crystal dropping
process may include forming a plurality of individual panels
on a mother substrate to simultaneously process and form
the plurality of individual panels. Then, the mother substrate
may be cut into individual unit panels corresponding to the
plurality of individual panels, which is in contrast to forming
a single unit panel on a single substrate.

[0078] In all modes of liquid crystal display devices
except IPS modes, a common line may be formed on a thin
film transistor array substrate and a common electrode may
be formed on a color filter array. Accordingly, silver dots
may be formed between the thin film transistor and color
filter array substrates to electrically interconnect the com-
mon line and common electrode.

[0079] 1In FIG. 13A, a plurality of silver dots 401 may be
formed along a circumference of each individual panel of a
first substrate 400, whereby a predetermined interval
between adjacent silver dots 401 is maintained.
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[0080] In FIG. 13B, a UV- and thermo-hardening sealant
410 may be formed along a circumference of individual
panels of a second substrate 450.

[0081] In FIG. 13C, a predetermined amount of liquid
crystal material 403 may be deposited (i.c., dropped) inside
a portion of each of the individual panels of the second
substrate 450 defined by the UV- and thermo-hardening
scalant 410,

[0082] In FIG. 13D, the first substrate 400 having the
silver dots 401 may be inverted to be fixed to an upper stage
460 of a bonding apparatus, thereby allowing the first
substrate to move along a vertical direction (i.e., upward and
downward). The second substrate 450 having the liquid
crystal material may be fixed onto a lower stage 470 of the
bonding apparatus, thereby allowing the second substrate
450 to move along a horizontal direction (i.e., left and right
directions). Then, a pressure in an interior of the bonding
apparatus may be reduced using a vacuum source.

[0083] In FIG. 13E, the upper and lower stages 460 and
470 may be aligned with each other to position the silver
dots 401 outside the UV- and thermo-hardening sealant 410
formed on the second substrate 430.

[0084] InFIG. 13F, the first and second substrates 400 and
450 may be bonded to each other by moving the upper stage
460 along the downward direction to maintain a gap of about
15 um between the first and second substrates 400 and 450,
thereby initially bonding them together.

[0085] In FIG. 13G, after the first and second substrates
400 and 450 have been initially bonded to each other, the
upper stage 460 is moved along the upward direction to be
separated from the initially bonded first and second sub-
strates 400 and 450. Then, an interior of the bonding
apparatus may be changed from the reduced pressure state to
an atmospheric state. Accordingly, a space between the
bonded substrates remains at the reduced pressure state
while exterior surfaces of the bonded substrates remain at
the atmospheric state. Thus, a resulting pressure differential
changes the gap between the bonded first and second sub-
strates 400 and 450 to be about 5 um.

[0086] In FIG. 13H, UV light may be applied to the UV-
and thermo-hardening sealant 410 using a patterned mask
480, whereby only the UV- and thermo-hardening sealant
410 is exposed to the UV light. Accordingly, photo-harden-
ing of the UV- and thermo-hardening sealant 410 may be
completed. Then, the UV- and thermo-hardening sealant 410
may be thermo-hardened in a thermo-furnace.

[0087] Alternatively, the silver dots 401 and the UV- and
thermo-hardening sealant 410 may be formed on the first
substrate 400 and the liquid crystal material 403 may be
dropped on the second substrate 450. Moreover, one of the
first and second substrates 400 and 450 may be a thin film
transistor array substrate and the other of the first and second
substrates 400 and 450 may be a color filter array substrate.
Moreover, the UV- and thermo-hardening sealant may be
used in a fabricating method of a liquid crystal display
device using a liquid crystal injection process.

[0088] 1t will be apparent to those skilled in the art than
various modifications and variations can be made in the
method of fabricating liquid crystal display device of the
present invention. Thus, it is intended that the present
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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 method of fabricating a liquid crystal display device,
comprising:

forming a thin film transistor array on an active area of a
first substrate;

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

forming a sealant along a peripheral portion of the second
substrate;

bonding the first and second substrates; and
hardening the sealant by exposure to light,

wherein the black matrix layer and the sealant are offset

and do not overlap each other.

2. The method according to claim 1, wherein the sealant
includes a UV- and thermo-hardening sealant material.

3. The method according to claim 2, further comprising
hardening the sealant by exposure to heat after hardening the
sealant by exposure to light.

4. The method according to claim 1, wherein hardening
the sealant by exposure to light includes use of a mask.

5. The method according to claim 4, wherein the mask
transmits the light to a portion of the second substrate
formed with the scalant.

6. The method according to claim 1, further comprising
dropping liquid crystal material on the first substrate before
bonding the first and second substrates.

7. The method according to claim 1, further comprising
injecting liquid crystal material between the first and second
substrates after hardening the sealant by exposure to light.

8. The method according to claim 1, wherein bonding the
first and second substrates includes inverting the second
substrate and positioning the second substrate over the first
substrate.

9. The method according to claim 1, wherein the sealant
includes UV hardening sealant.

10. A method of fabricating a liquid crystal display
device, comprising:

forming a thin film transistor within an active area of a
first substrate;

forming a color filter layer on a second substrate;

forming a photo-hardening sealant along a periphery of
the active area,

bonding the first and second substrates; and
hardening the sealant by exposure to light,

wherein the active area is bounded by a metal pattern
having a plurality of through-holes.

4m
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11. The method according to claim 10, wherein the
photo-hardening sealant further includes a thermo-harden-
ing sealant material.

12. The method according to claim 11, further comprising
thermo-hardening the sealant after hardening the sealant by
exposure to light.

13. The method according to claim 10, wherein hardening
the sealant by exposure to light includes application of the
light to the first substrate using a mask.

14. The method according to claim 13, wherein the mask
transmits the light to a portion of the second substrate
formed with the sealant.

15. The method according to claim 10, further comprising
dropping liquid crystal material onto the second substrate
before bonding the first and second substrates.

16. The method according to claim 10, further comprising
injecting liquid crystal material between the first and second
substrates after hardening the sealant by exposure to light.

17. The method according to claim 10, wherein each of
the through-holes exposes portions of the sealant.

18. The method according to claim 10, wherein each of
the through-holes are rectangular shaped having long sides
and short sides.

19. The method according to claim 18, wherein the long
sides of the through-holes are formed perpendicular to a
direction along the sealant.

20. The method according to claim 10, wherein each of
the through-holes are circular shaped.

21. The method according to claim 10, wherein the
through-holes form a plurality of columns.

22. A method of fabricating a liquid crystal display
device, comprising:

forming a thin film transistor within an active area of a

first substrate;

forming a color filter layer on a second substrate;

forming a photo-hardening sealant along a periphery of
the active area,

bonding the first and second substrates; and
hardening the sealant by exposure to light,

wherein the active area is bounded by a metal pattern

having at least one slit.

23. The method according to claim 22, wherein the metal
pattern includes metal lines spaced apart at constant inter-
vals.

24. The method according to claim 23, wherein each of
the metal lines has a width of about 5~10 um.

25. The method according to claim 23, wherein the
constant interval between adjacent metal lines is about 5~10

26. The method according to claim 22, wherein the metal
pattern is one of a common electrical line, a gate line, and
a data line of the liquid crystal display device.
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