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(57) ABSTRACT

A fabrication system for a liquid crystal display device
includes an alignment layer line for forming an alignment
layer on a first substrate and a second substrate, the first
substrate and the second substrate being separately supplied
thereto, a spacer scattering line for scattering spacers on one
of the first substrate and the second substrate, a sealant
coating line for coating a sealant material on one of the first
substrate and the second substrate, an assembling line for
bonding the first and second substrates together, a cutting
line for separating the bonded first and second substrates
into a plurality of liquid crystal display cells, and a liquid
crystal layer line for injecting liquid crystal material into
each of the liquid crystal display cells, wherein the align-
ment layer line, the spacer scattering line, the sealant coating
line, the assembling line, the cutting line, and the liquid
crystal line are positioned along a single fabrication line.
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FABRICATION SYSTEM FOR LIQUID CRYSTAL
DISPLAY DEVICE AND METHOD OF
FABRICATING LIQUID CRYSTAL DISPLAY
DEVICE USING THE SAME

[0001] The present invention claims the benefit of Korean
Patent Application No. 49850/2002 filed in Korea on Aug.
22,2002, which is hereby incorporated by reference.

BACKGROUND OF THE INVENTION
[0002]

[0003] The present invention relates to a fabrication sys-
tem of a display device and a method of fabricating a device
using a fabrication system, and more particularly, to a
fabrication system of a liquid crystal display (LCD) device
and a method of fabricating a liquid crystal display device
using the fabrication system.

[0004] 2. Description of the Related Art

[0005] LCD devices are commonly implemented in vari-
ous types of electronic equipment, such as mobile tele-
phones, personal digital assistants (PDA), and notebook
computers, due to their light weight, slim shape, and high
image definition. Among the different types of LCD devices,
active matrix TFT (thin film transistor) LCD devices have
rapid response times and produce lower amounts of residual
images.

[0006] FIG. 1 is a schematic circuit diagram of an LCD
device according to the related art. In FIG. 1, a liquid crystal
display panel 1 includes a plurality of gate lines 3 disposed
along a first direction and a plurality of data lines 5 disposed
along a second direction perpendicular to the first direction,
thereby defining a plurality of pixel regions. In addition, a
thin film transistor (TFT) 7 is arranged within each of the
pixel regions and is enabled when a scan signal is input
through the gate line 3 in order to supply a data signal input
through the data line 5 to a liquid crystal layer 9. Moreover,
a storage capacitor 11 is provided for maintaining the input
data signal until a next scan signal is supplied.

[0007] FIG. 2 is a cross sectional view of an LCD device
according to the related art. In FIG. 2, a gate electrode 22
is formed on a lower substrate 20, and a gate insulating layer
24 is deposited on an entire surface of the lower substrate 20.
In addition, a semiconductor layer 26 is formed on the gate
insulating layer 24, and source/drain electrodes 28 are
formed on the semiconductor layer 26. Furthermore, a
passivation layer 32 is deposited over an entire surface of the
lower substrate 20, and a pixel electrode 30 made of
transparent metal, such as ITO (indium tin oxide), is formed
in a display region and is electrically connected to the
source/drain electrodes 28 through a contact hole in the
passivation layer 32.

[0008] A black matrix 42, which functions as a light
shielding layer, is formed in a non-display region of an upper
substrate 40 in order to prevent reduction of image quality,
and a color filter layer 44 is formed in the display region. In
addition, a common electrode 46 made of transparent metal,
such as ITO, is formed on the black matrix 42 and the color
filter layer 44. A spacer 52 is provided between the lower
substrate 20 and the upper substrate 40 to maintain a uniform
cell gap. In addition, a liquid crystal material is injected
between the lower and upper substrates 20 and 40 to form a
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liquid crystal material layer 50. Although not shown, align-
ment layers for aligning liquid crystal molecules of the
liquid crystal material layer 50 are deposited on the pixel
electrode 30 of the lower substrate 20 and on the common
electrode 46 of the upper substrate 40.

[0009] In FIG. 2, the semiconductor layer 26 is activated
to form a channel layer when the scan signal input through
the gate line 3, wherein the data signal input from the data
line 5 is supplied to the liquid crystal material layer 50
through the channel layer. Each of the gate electrodes 22 of
the TFTs are connected to at least one of the gate lines 3,
which are arranged along the first direction. Accordingly, by
supplying the scan signal to the gate line 3, the semicon-
ductor layer connected to the corresponding gate line 3 is
activated, so that the data signal is supplied to the liquid
crystal material layer 50 of the pixel through the data line 5
to control the liquid crystal molecules of the corresponding
pixel.

[0010] FIG. 3 is a flow chart of a fabrication method of an
LCD device according to the related art. In FIG. 3, a
fabrication method of an LCD device includes a TFT array
process for forming thin film transistors (7 in FIG. 1) on the
lower substrate 20, a color filter process for forming a color
filter 44 (in FIG. 1) on the upper substrate 40, and a cell
production process.

[0011] A step S101 includes the TFT array process,
wherein the gate lines 3 and the data lines § are formed on
the lower substrate 20, and the TFTs 7 connected to the gate
lines 3 and the data lines 5 are formed at each pixel region.
Furthermore, the pixel electrode 30 connected to the TFTs 7
are formed to control the liquid crystal material layer 50
when the signal is supplied through the TFTs 7.

[0012] A step S104 includes the color filter process,
wherein the color filter layer 44 and the common electrode
46 are formed on the upper substrate 40.

[0013] Steps S102 and S105 include forming alignment
layers on the lower substrate 20 and the upper substrate 40,
and rubbing the alignment layers to provide aligning con-
trolling forces or surface fixing forces (i.e., pretilt angles and
alignment directions) to the liquid crystal molecules of the

liquid crystal layer 50 between the lower and upper sub-
strates 20 and 40.

[0014] A step S103 includes scattering spacers 52 on the
lower substrate 20 to maintain a uniform cell gap.

[0015] A step S106 includes coating a scalant material
along an edge area of the upper substrate 40.

[0016] A step S107 includes assembling the lower and
upper substrates 20 and 40 by bonding the lower and upper
substrates 20 and 40 together by applying pressure.

[0017] A step S108 includes a cell production process,
wherein the bonded lower and upper substrates 20 and 40 are
cut to produce a plurality of individual liquid crystal display
cells.

[0018] A step S109 includes injecting the liquid crystal
material into each of the individual liquid crystal display
cells through a liquid crystal injection hole formed in the
sealant material. In addition, an encapsulation process
includes sealing the liquid crystal injection hole.
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[0019] A step S110 includes inspecting the individual
liquid crystal display cells.

[0020] As described above, the L.CD device is fabricated
through the TFT array process, the color filter process, and
the cell production process. However, each of the processes
are performed using different fabrication systems. For
example, the TFT substrate is fabricated using a TFT array
fabrication system (i.c., a TFT line), the C/F substrate is
fabricated using a color filter fabrication system (i.e., a C/F
line), and the TFT substrate and the C/F substrate are
attached and processed using a cell fabrication system (i.c.,
a cell line) to fabricate the individual liquid crystal display
cells. In addition, the TFT line, the C/F line, and the cell line
each include a plurality of individual process lines, respec-
tively.

[0021] FIGS. 4A-4D are schematic flow charts showing a
system for fabricating an LCD device according to the
related art. FIGS. 4A and 4B show a TFT line and a C/F
line, respectively, and FIGS. 4C and 4D show a cell line. In
FIG. 4A, the lower substrate 20 upon which the TFTs 7 are
formed passes an alignment layer line, a rubbing line, and a
spacer scattering line of the TFT line. In the alignment layer
line, the lower substrate 20 is cleaned, an alignment layer
material is deposited, and the deposited alignment layer
material is heated at a high temperature to plasticize the
alignment layer material. In the rubbing line, the alignment
layer of the lower substrate 20 is rubbed to provide the
aligning controlling force. In the spacer scattering line, the
spacers, such as ball spacers, are scattered on the lower
substrate 20 after the lower substrate 20 is cleaned. Then, the
lower substrate 20 is provided to a first transferring device.

[0022] InFIG. 4B, the upper substrate 40 upon which the
color filter layer 42 is formed passes an alignment layer line,
arubbing line, and a spacer scattering line. In the alignment
layer line, the upper substrate 40 is cleaned, an alignment
layer material is deposited, and the deposited alignment
layer material is heated at a high temperature to plasticize
the alignment layer material. In the rubbing line, the align-
ment layer of the upper substrate 40 is rubbed to provide the
aligning controlling force. In the spacer scattering line, the
spacers, such as ball spacers, are scattered on the lower
substrate 40 after the lower substrate 40 is cleaned. Then, the
upper substrate 40 is provided to a second transferring
device.

[0023] In FIGS. 4A and 4B, the alignment layer line and
the rubbing line, the rubbing line and the spacer scattering
line, the rubbing line and the sealant coating line are not
continuous fabrication lines, respectively. Although not
shown, a transferring means, such as a robot (L.e., loader or
unloader), is installed between each of the alignment layer
line, the rubbing line, and the spacer scattering line.

[0024] The alignment layer line and the spacer scattering
line, as shown in FIG. 4A, are performed on the TFT line.
Furthermore, the alignment layer line and the sealant coating
line, as shown in FIG. 4B, are performed on the C/F line.
For example, during the TFT process, the alignment layer
process and the spacer scattering process are performed on
the lower substrate 20, and during the C/F process, the
alignment layer/rubbing process and the sealant coating
process are performed on the upper substrate 40. These
processes are separately performed on the lower and upper
substrates 20 and 40.
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[0025] In FIG. 4C, the lower substrate 20 (ie., TFT
substrate) passes through the TFT line and is transferred to
an assembling line using a first transferring device. Simi-
larly, the upper substrate 40 (i.e., C/F substrate) passes
through the C/F line and is transferred to an assembling line
using a second transferring device. In the assembling line,
the TFT substrate and the C/F substrate are aligned and
bonded together by pressure, the bonded substrates are
heated to harden the secalant material. Then, the bonded
substrates are cut into separate liquid crystal cells in the
cutting line.

[0026] In FIG. 4D, the separated liquid crystal display
cells are transferred to a grinding line using a third trans-
ferring device, wherein each of the liquid crystal display
cells undergo grinding and cleaning processes. Next, the
liquid crystal display cells are input to a liquid crystal
injection line to inject the liquid crystal material through the
liquid crystal injection hole and to encapsulate the liquid
crystal injecting hole with the encapsulation material. Then,
the encapsulated liquid crystal display cells are input to an
inspection line to clean in the liquid crystal display cells and
inspect the liquid crystal display cells.

[0027] Accordingly, the alignment layers are formed on
the lower and upper substrates 20 and 40 along the TFT line
and the C/F line, respectively, the bonded lower and upper
substrates 20 and 40 proceeds through the assembling and
cutting lines, the liquid crystal material is injected into the
liquid crystal display cells, the inspection of the liquid
crystal panel is performed, and LCD device is fabricated.

[0028] The alignment layer and spacer scattering lines, as
shown in FIG. 4A, and the alignment layer and sealant
coating lines, as shown in FIG. 4B, may be arranged in a
fabrication facility along parallel directions and spaced apart
from each other. In addition, the assembling and cutting
lines, as shown in FIG. 4C, and the grinding and liquid
crystal injecting lines, as shown in FIG. 4D, are arranged to
be separated from the alignment layer and spacer scattering
lines, as shown in FIG. 4A, and the alignment layer and
sealant coating lines, as shown in FIG. 4B. Accordingly, the
TFT substrate output from the alignment layer and spacer
scattering lines is mounted on a first transferring device to be
transferred to the assembling and cutting line, and input to
the assembling and cutting lines by a loading device, such as
a robot. Similaryl, the C/F substrate output from the align-
ment layer and sealant coating lines is mounted on a second
transferring device to be transferred to the assembling and
cutting line, and input to the assembling and cutting lines by
another loading device, such as another robot. In addition,
the liquid crystal display cells in the assembling and cutting
lines are individually mounted on a third transferring device
to be transferred to the liquid crystal injecting line. The first,
second, and third transferring devices move automatically
between the process lines to transfer the substrates into each
of the lines, wherein a plurality of substrates (or display
cells) are fixed by a cassette mounted on the transferring
device.

[0029] Accordingly, large amounts of open spaces are
required since the process lines shown in FIGS. 4A-4D) are
arranged separately in a fabrication facility, thereby increas-
ing fabrication costs of the LCD device. In addition, auto-
mated transfer devices are required to proceed between each
process along one process line, thereby further increasing
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the fabrication costs of the LCD device. Furthermore, since
the automated transfer devices are very expensive, the
fabrication costs of the L.CD device are further increased.
Moreover, the processes can be delayed due to the time
required to transfer each of the substrates.

SUMMARY OF THE INVENTION

[0030] Accordingly, the present invention is directed to a
fabrication system for a liquid crystal display device and
method of fabricating a liquid crystal display device using a
fabrication system that substantially obviates one or more of
the problems due to limitations and disadvantages of the
related art.

[0031] An object of the present invention to provide a
fabrication system for a liquid crystal display device for
reducing production costs.

[0032] Another object of the present invention to provide
a method of fabricating a liquid crystal display device using
a fabrication system for reducing production costs.

[0033] Another object of the present invention to provide
a fabrication system for a liquid crystal display device for
reducing fabrication time.

[0034] Another object of the present invention to provide
a method of fabricating a liquid crystal display device using
a fabrication system for reducing fabrication time.

[0035] 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.

[0036] To achieve these and other advantages and in
accordance with the purpose of the present invention, as
embodied and broadly described, a fabrication system for a
liquid crystal display device includes an alignment layer line
for forming an alignment layer on a first substrate and a
second substrate, the first substrate and the second substrate
being separately supplied thereto, a spacer scattering line for
scattering spacers on one of the first substrate and the second
substrate, a sealant coating line for coating a sealant material
on one of the first substrate and the second substrate, an
assembling line for bonding the first and second substrates
together, a cutting line for separating the bonded first and
second substrates into a plurality of liquid crystal display
cells, and a liquid crystal layer line for injecting liquid
crystal material into each of the liquid crystal display cells,
wherein the alignment layer line, the spacer scattering line,
the sealant coating line, the assembling line, the cutting line,
and the liquid crystal line are positioned along a single
fabrication line,

[0037] In another aspect, a fabrication system for a liquid
crystal display device includes a first fabrication line sepa-
rately supplied with a first substrate and a second substrate
to form an alignment layer on the first substrate and the
second substrate, scatter spacers on the first substrate, coat
a sealant material on the second substrate, bond the first and
second substrates together, and cut the bonded first and
second substrates into a plurality of liquid crystal display
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cells, and a second fabrication line for injecting liquid
crystal material into each of the liquid crystal display cells
to form a liquid crystal material layer and for inspecting the
liquid crystal display cells.

[0038] In another aspect, a fabrication system for a liquid
crystal display device includes an alignment layer line for
forming an alignment layer on a first substrate and a second
substrate, the first substrate and second substrate being
separately supplied to the alignment layer line, a liquid
crystal layer line for dispensing liquid crystal material on
one of the first substrate and the second substrate, a scalant
coating line for coating a sealant material on one of the first
substrate and the second substrate, an assembling line for
bonding the first and second substrates together, and a
cutting line for separating the bonded first and second
substrates into a plurality of liquid crystal display cells,
wherein the alignment layer line, the liquid crystal layer line,
the sealant coating line, the assembling line, and the cutting
line are positioned along a single fabrication line.

[0039] In another aspect, method of fabricating a liquid
crystal display device includes providing a first substrate and
a second substrates separately to a unified fabrication line,
forming an alignment layer on the first substrate and the
second substrate, scattering spacers on one of the first
substrate and the second substrate, coating a sealant material
on one of the first substrate and the second substrate,
bonding the first and second substrates together, separating
the bonded first and second substrates into a plurality of
liquid crystal display cells, and forming a liquid crystal
material layer within each of the liquid crystal display cells.

[0040] In another aspect, a method of fabricating a liquid
crystal display device includes supplying a first substrate
and a second substrate to an in-line fabrication system to
form an alignment layer on the first substrate, form spacers
on the first substrate, coat a sealant material on the second
substrate, bond the first and second substrates together, and
separate the bonded first and second substrates into a plu-
rality of liquid crystal display cells, injecting liquid crystal
material into each of the liquid crystal display cells to form
a liquid crystal material layer, and inspecting the liquid
crystal display cells.

[0041] In another aspect, a method of fabricating a liquid
crystal display device includes supplying a first substrate
and a second substrate separately into a single fabrication
system, forming an alignment layer on the first and second
substrates separately, dispensing liquid crystal material onto
one of the first substrate and the second substrate, coating a
sealant material on one of the first substrate and the second
substrate, bonding the first and second substrates together,
and separating the bonded first and second substrates into a
plurality of liquid crystal display cells.

[0042] 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

[0043] 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:
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[0044] FIG. 1 is a schematic circuit diagram of an LCD
device according to the related art;

[0045] FIG. 2 is a cross sectional view of an LCD device
according to the related art;

[0046] FIG. 3 is a flow chart of fabrication method of an
LCD device according to the related art;

[0047] FIGS. 4A-4D are schematic flow charts showing a
system for fabricating an LCD device according to the
related art;

[0048] FIG. 5 is flow chart of an exemplary method of
fabricating an LCD device according to the present inven-
tion;

[0049] FIGS. 6A and 6B are schematic flow charts of an

exemplary fabrication system for fabricating an LCD device
according to the present invention;

[0050] FIG. 7 is a flow chart of another exemplary method
of fabricating an LCD device according to the present
invention; and

[0051] FIG. 8 is a schematic flow chart of another fabri-
cation system for fabricating an LCD device according to
the present invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

[0052] Reference will now be made it detail to the pre-
ferred embodiments of the present invention, examples of
which are illustrated in the accompanying drawings.

[0053] FIG. 5 is flow chart of an exemplary method of
fabricating an LCD device according to the present inven-
tion. In FIG. 5, a Step S201 may include forming a plurality
of TFTs on a TFT substrate.

[0054] In a Step S202, a color filter layer may be formed
on a C/F substrate. In addition, an alignment layer may be
deposited a C/F substrate.

[0055] Ina Step S203, alignment layers may be formed on
the TFT substrate and the C/F. Then, both the alignment
layers may be rubbed to provide an aligning controlling
force.

[0056] In a Step S204, spacers may be scattered on the
TFT substrate.
[0057] 1Ina Step S205, a sealant material may be coated on

the C/F substrate, wherein the sealant material may include
a liquid crystal injection hole.

[0058] In a Step S206, the TFT substrate and the C/F
substrate may be bonded together to form an LCD panel
having a plurality of unit display cells.

[0059] In a Step S207, the LCD panel may be cut into
individual display cells.

[0060] In a Step S208, liquid crystal material may be
injected into the display cells through the liquid crystal
injection hole, and the liquid crystal injection hole may be
sealed by encapsulating the display cell.

[0061]

[0062] FIGS. 6A and 6B are schematic flow charts of an
exemplary fabrication system for fabricating an LCD device

In a Step S209, the display cells may be inspected.
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according to the present invention. In FIGS. 6A and 6B, a
fabrication system for fabricating an LCD device may
include two unified fabrication lines, wherein FIG. 6A
shows a first line for processing glass plates before cutting
and FIG. 6B shows a second line for processing the cut unit
panel.

[0063] InFIG. 6A, the first line may include an alignment
layer line, a rubbing line, a spacer scattering line, a sealant
coating line, and an assembling and cutting line. The align-
ment layer line, the rubbing line, and the assembling and
cutting line may be process lines for processing a TFT
substrate and a C/F substrate. In addition, the spacer scat-
tering line may be a process line for processing the TFT
substrate, and the sealant coating line may be a process line
for processing the C/F substrate.

[0064] The TFT substrate and the C/F substrate, which are
respectively processed in the TFT line and the C/F line, may
be alternatively supplied to the alignment layer line.
Although any one of the TFT substrate and the C/F substrate
may be supplied first, for purposes of explanation, supplying
the TFT substrate first will be described.

[0065] The TFT substrate is supplied to the alignment
layer line of the first line, wherein the TFT substrate is
cleaned during a cleaning process, an alignment layer mate-
rial is coated onto the cleaned TFT substrate, and then heated
to plasticize the alignment layer material. Then, while the
TFT substrate is supplied to a buffer line, the C/F substrate
is simultaneously supplied to the cleaning process of the
alignment layer line. The buffer line may synchronize move-
ment of the TFT substrate and the C/F substrate. Accord-
ingly, the different processes are performed so that the TFT
substrate and the C/F substrate have different processing
ending time. In addition, since the processing interval in two
adjacent processes (i.c., lines) may be different, the TFT
substrate and the C/F substrate may interfere with each other
by the interval difference. Accordingly, by maintaining the
TFT substrate in the buffer and allowing the C/F substrate to
finish the alignment layer line, processing of the TFT
substrate and the C/F substrate may be synchronized.

[0066] For example, when the TFT substrate has com-
pleted the alignment layer line, the TFT substrate may be
supplied to a rubbing line and at the same time the C/F
substrate may be supplied to the cleaning process of the
alignment layer line. Accordingly, there exists a time dif-
ference between processing times of the rubbing line and the
alignment layer line so that when the C/F substrate com-
pletes the alignment layer line, it is maintained in the buffer
line for a certain time.

[0067] Next, an alignment direction of the alignment layer
of the TFT substrate is determined after the rubbing process,
and the TFT substrate may be supplied to a spacer scattering
line. Simultaneously, the C/F substrate may be transferred
from the buffer and supplied to the rubbing line to determine
the alignment direction of the alignment layer of the C/F
substrate.

[0068] Then, after the rubbing process, the TFT substrate
and the C/F substrate respectively may proceed to different
processes. For example, the TFT substrate may be supplied
to the spacer scattering line and the C/F substrate may be
supplied to a sealant coating line without being supplied to
the spacer scattering line. Accordingly, the TFT substrate
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may proceed through the rubbing line and may be supplied
to the space scattering line to disperse the spacers without
the TFT substrate being supplied to a sealant coating line. In
addition, the C/F substrate may be maintained in a buffer
arranged at an end of the rubbing line while the spacer
scattering process is performed on the TFT substrate. Then,
the TFT substrate may be maintained in a buffer at an end of
the sealant coating line after the spacer scattering process is
completed, and the C/F substrate may be supplied to the
sealant coating line to coat the sealant material along an edge
area of the C/F substrate.

[0069] Alternatively, an order of the spacer scattering line
and the sealant coating line may be changed. If the TFT
substrate is supplied to the alignment layer line first, then the
TFT substrate may complete the rubbing process and may
pass the scalant coating line without any process to be
supplied to the spacer scattering line. Similarly, the C/F
substrate may complete the rubbing process and may be
supplied to the sealant coating line, wherein the sealant
coating process may be performed on the C/F substrate
while the TFT substrate may continue through the spacer
scattering process. In other word, when the sealant coating
line is arranged prior to the spacer scattering line, since the
spacer scattering process of the TFT substrate and the
sealant coating process of the C/F substrate may be simul-
taneously proceeded for a certain time, it may be possible to
perform a rapid fabrication process.

[0070] Next, the TFT substrate may complete the spacer
scattering line and the C/F substrate may complete the
sealant coating line, wherein the TFT substrate and the C/F
substrate may be supplied to an assembling and cutting line
to be bonded together. Then, the bonded TFT and C/F
substrates may be cut into individual liquid crystal display
cells. Next, the individual liquid crystal display cells may be
supplied to the second line, as shown in FIG. 6B.

[0071] According to the present invention, the first line
may include processing stages having the alignment layer
line, the rubbing line, the spacer scattering line, the sealant
coating line, and the assembling and cutting line. In addition,
the buffer line may be disposed between adjacent processing
stages to synchronize the TFT substrate and the C/F sub-
strate to fabricate the individual liquid crystal display cells.
In FIG. 6A, each processing stage may be arranged along
the proceeding direction of the TFT and C/F substrates.
However, the TFT and C/F substrates may be proceeded by
a substrate moving system (i.c., conveyer), wherein each of
the rubbing line, the spacer scattering line, the sealant
coating line, and the assembling and cutting line may be
installed near the substrate moving system. Accordingly, the
TFT and C/F substrates may be supplied between the
processing stages by the substrate moving system such that
when the TFT or C/F substrate has completed a process, it
is moved to a next processing stage by the substrate moving
system.

[0072] InFIG. 6B, the second line may include a grinding
line, a liquid crystal material injecting line, and an inspect-
ing line. The liquid crystal display cell may be processed by
the assembling and cutting line of the first line, in FIG. 6A,
and may be supplied to the grinding line of the second line.
Accordingly, the liquid crystal display cell may be ground in
the grinding line and the liquid crystal material may be
injected into the liquid crystal display cell through a liquid
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crystal injection hole in the liquid crystal injecting line,
wherein the liquid crystal injection hole may be encapsu-
lated to form the liquid crystal material layer. Then, the
liquid crystal display cell may be inspected.

[0073] According to the present invention, the TFT sub-
strate and the C/F substrate may be supplied to the first and
second fabrication lines to fabricate an LCD cell. Thus, a
total number of individual fabrication lines may be reduced
and fabrication costs may be reduced. For example, in the
present invention, the alignment layer may be formed onto
the TFT substrate and the C/F substrate by using one
alignment line. Accordingly, fabrication costs may be
reduced and fabrication space may be minimized. Thus,
overall fabrication costs of the LCD device may be reduced.

[0074] In addition, preparation of the expensive automatic
transferring device for transferring the substrate or the liquid
crystal display panel may not be necessary, wherein the
fabrication costs of the LCD device may be further reduced
and a fabrication time may be significantly reduced.

[0075] Moreover, the fabrication system according to the
present invention may not be limited to the structure of the
LCD device. For example, various types of LCD devices,
such as in-plane switching (IPS) mode LCD devices, reflec-
tive LCD devices, and semi-transparent LCD devices, may
be fabricated in accordance with the present invention.

[0076] Furthermore, the present invention may not be
limited to the fabrication system and method of fabrication
discussed above. For example, methods of fabricating the
LCD device may include directly dispensing liquid crystal
material onto one or both of the TFT and C/F substrates
instead of injecting the liquid crystal material between the
bonded TFT and C/F substrates. Accordingly, the present
invention may be applied to the liquid crystal dispensing
method. In the liquid crystal dispensing method, the liquid
crystal material is dropped onto one of the TFT substrate or
C/F substrate using a liquid crystal dispenser, and the
dropped liquid crystal is uniformly spread out over an entire
area between the TFT and C/F substrates by applying
pressure to the bonded TFT and C/F substrates. Accordingly,
it may be possible to rapidly form the liquid crystal layer and
to reduce fabrication time of the LCD device.

[0077] FIG. 7 is a flow chart of another exemplary method
of fabricating an LCD device according to the present
invention. In FIG. 7, a Step S301 may include forming a
plurality of TFTs on a TFT substrate, and may include
forming a plurality of spacers on the TFT substrate.

[0078] In a Step S302, a color filter layer may be formed
on a C/F substrate, and a plurality of spacers may be formed
on the C/F substrate.

[0079] InaStep S303, alignment layers may be formed on
the TFT substrate and the C/F. Then, the alignment layers
may be rubbed to provide an aligning controlling force.
[0080] In a Step S304, liquid crystal material may be
dispensed onto one of the TFT substrate and the C/F
substrate.

[0081] InaStep S305, a sealant material may be coated on

one of the TFT substrate and the C/F substrate, wherein the
sealant material may include a liquid crystal injection hole.

[0082] 1In a Step S306, the TFT substrate and the C/F
substrate may be bonded together to form an LCD panel
having a plurality of unit display cells.
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[0083] In a Step S307, the LCD panel may be cut into
individual display cells.

[0084] In aStep S308, the individual display cells may be
inspected.

[0085] According to the present invention, a liquid crystal
dispensing process may be included and a plurality of
spacers may be formed on one or both of the TFT substrate
and the C/F substrate. Thus, the LCD device may have a
reduced number of fabrication process steps, thereby reduc-
ing fabrication costs and reducing fabrication time.

[0086] FIG. 8 is a schematic flow chart of another fabri-
cation system for fabricating an LCD device according to
the present invention. The exemplary fabrication system of
FIG. 8 may be similar to the exemplary fabrication system
of FIGS. 6A and 6B, except the first and second lines of
FIGS. 6A and 6B may be incorporated into one single
process line. In addition, a liquid crystal dropping line has
been included and the liquid crystal injecting line has not
been included, and the spacer scattering line of FIG. 6A may
not be included in the exemplary fabrication system of FIG.
8. Moreover, the assembling and cutting line of FIG. 6A has
been broken down into separate processing stages, ie., an
assembling line and a cutting line.

[0087] In FIG. 8, the alignment layer line, the TFT and
C/F substrates, which respectively pass through the TFT and
C/F lines, may be alternatively supplied to form the align-
ment layer. Then the TFT and C/F substrates may be
respectively supplied to the rubbing line to provide the
aligning controlling force. Accordingly, the buffer line may
be disposed between the processing stages to prevent inter-
ference between the TFT and C/F substrates by synchroniz-
ing movement of the TFT substrates and the C/F substrates.

[0088] The TFT substrate (or C/F substrate) may include
an alignment layer having an alignment direction supplied to
the liquid crystal dispensing line, and the C/F substrate (or
TFT substrate) may be supplied to the sealant coating line.
Then, the TFT substrate and the C/F substrate may be
supplied to the assembling to be bonded together by appli-
cation of pressure. Accordingly, the liquid crystal material
dropped onto the TFT substrate (or C/F substrate) may be
uniformly spread over an entire area between the TFT and
C/F substrates by the applied pressure. Then, the bonded
TFT and C/F substrates may be cut into individual liquid
crystal display cells and then inspected.

[0089] Tt will be apparent to those skilled in the art that
various modifications and variations can be made in the
fabrication system for a liquid crystal display device and
method of fabricating a liquid crystal display device using
the fabrication system 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 fabrication system for a liquid crystal display device,
comprising:

an alignment layer line for forming an alignment layer on
a first substrate and a second substrate, the first sub-
strate and the second substrate being separately sup-
plied thereto;
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a spacer scattering line for scattering spacers on one of the
first substrate and the second substrate;

a sealant coating line for coating a sealant material on one
of the first substrate and the second substrate;

an assembling line for bonding the first and second
substrates together;

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

a liquid crystal layer line for injecting liquid crystal
material into each of the liquid crystal display cells,

wherein the alignment layer line, the spacer scattering
line, the sealant coating line, the assembling line, the
cutting line, and the liquid crystal line are positioned
along a single fabrication line.

2. The fabrication system according to claim 1, wherein
the first substrate includes a plurality of thin film transistors
and the second substrate includes a color filter.

3. The fabrication system according to claim 1, wherein
the alignment layer line comprises:

an alignment layer coating line for coating the alignment
layer on the first and second substrates;

a plasticizing line for plasticizing the alignment layers of
the first and second substrates; and

an aligning controlling force providing line for providing
an aligning controlling force to the plasticized align-
ment layers of the first and second substrates.

4. The fabrication system according to claim 3, wherein
the aligning controlling force providing line is a rubbing line
for rubbing the alignment layers.

5. The fabrication system according to claim 1, wherein
the liquid crystal layer line comprises:

a liquid crystal injecting line for injecting the liquid
crystal material into the liquid crystal display cells
through a liquid crystal injection hole; and

an encapsulating line for encapsulating the liquid crystal
injection hole.

6. The fabrication system according to claim 1, further
comprising at least one buffer line disposed between each of
the alignment layer line, the spacer scattering line, the
sealant coating line, the assembling line, the cutting line, and
the liquid crystal layer line to synchronize movement of the
first and second substrates.

7. The fabrication system according to claim 1, further
comprising an inspecting line for inspecting the liquid
crystal display cells.

8. A fabrication system for a liquid crystal display device,
comprising:

a first fabrication line separately supplied with a first
substrate and a second substrate to form an alignment
layer on the first substrate and the second substrate,
scatter spacers on the first substrate, coat a sealant
material on the second substrate, bond the first and
second substrates together, and cut the bonded first and
second substrates into a plurality of liquid crystal
display cells; and
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a second fabrication line for injecting liquid crystal mate-
rial into each of the liquid crystal display cells to form
a liquid crystal material layer and for inspecting the
liquid crystal display cells.
9. A fabrication system for a liquid crystal display device,
comprising:

an alignment layer line for forming an alignment layer on
a first substrate and a second substrate, the first sub-
strate and second substrate being separately supplied to
the alignment layer line;

a liquid crystal layer line for dispensing liquid crystal
material on one of the first substrate and the second
substrate;

a sealant coating line for coating a sealant material on one
of the first substrate and the second substrate;

an assembling line for bonding the first and second
substrates together; and

a cutting line for separating the bonded first and second
substrates into a plurality of liquid crystal display cells,

wherein the alignment layer line, the liquid crystal layer
line, the sealant coating line, the assembling line, and
the cutting line are positioned along a single fabrication
line.

10. The fabrication system according to claim 9, wherein
the first substrate includes a plurality of thin film transistors
and the second substrate includes a color filter.

11. The fabrication system according to claim 9, further
comprising pattered spacers formed on the first substrate.

12. The fabrication system according to claim 9, wherein
the alignment layer line comprises:

an alignment layer coating line for coating an alignment
layer material on the first and second substrates;

a plastigizing line for plasticizing the alignment layer
material; and

an aligning controlling force providing line for providing
an aligning controlling force to the plasticized align-
ment layer material.
13. The fabrication system according to claim 9, further
comprising;

at least one buffer line disposed between each of the
alignment layer line, the liquid crystal layer line, the
sealant coating line, the assembling line, and the cutting
line to synchronize movement of the first and second
substrates.

14. The fabrication system according to claim 9, further
comprising an inspecting line for inspecting the liquid
crystal display cells.

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

providing a first substrate and a second substrates sepa-
rately to a unified fabrication line;

forming an alignment laver on the first substrate and the
second substrate;

scattering spacers on one of the first substrate and the
second substrate;

coating a sealant material on one of the first substrate and
the second substrate;
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bonding the first and second substrates together;

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

forming a liquid crystal material layer within each of the
liquid crystal display cells.
16. The method according to claim 15, further compris-
ing:

forming a plurality of thin film transistors on the first
substrate; and

forming a color filter layer on the second substrate.
17. The method according to claim 15, wherein the
forming an alignment layer comprises:

coating an alignment layer material separately on the first
and second substrates;

plasticizing the coated alignment layer material; and

providing an aligning controlling force to the plasticized
alignment layer material.
18. The method according to claim 15, wherein the
forming a liquid crystal material layer comprises:

injecting liquid crystal material into the liquid crystal
display cell through a liquid crystal injection hole; and

encapsulating the liquid crystal injection hole.

19. The method according to claim 15, further comprising
synchronizing movement of the first and second substrates
by maintaining one of the first and second substrates in a
buffer.

20. The method according to claim 15, further comprising
inspecting the liquid crystal display cells.

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

supplying a first substrate and a second substrate to an
in-line fabrication system to form an alignment layer on
the first substrate, form spacers on the first substrate,
coat a sealant material on the second substrate, bond the
first and second substrates together, and separate the
bonded first and second substrates into a plurality of
liquid crystal display cells;

injecting liquid crystal material into each of the liquid
crystal display cells to form a liquid crystal material
layer; and

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

supplying a first substrate and a second substrate sepa-
rately into a single fabrication system;

forming an alignment layer on the first and second sub-
strates separately;

dispensing liquid crystal material onto one of the first
substrate and the second substrate;

coating a sealant material on one of the first substrate and
the second substrate;

bonding the first and second substrates together; and

separating the bonded first and second substrates into a
plurality of liquid crystal display cells.
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23. The method according to claim 22, further compris-
ing:
forming a plurality of thin film transistors on the first
substrate; and

forming a color filter layer on the second substrate.
24. The method according to claim 22, further compris-
ing:
forming patterned spacers on the first substrate before
supply the first substrate to the unified fabrication
system.
25. The method according to claim 22, wherein the
forming an alignment layer includes:
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coating an alignment layer material on the first and second
substrates separately;

plasticizing the coated alignment layer material; and

providing an aligning controlling force to the plasticized

alignment layer material.

26. The method according to claim 22, further comprising
synchronizing movement of the first and second substrates
by maintaining one of the first and second substrates in a
buffer.

27. The method according to claim 22, further comprising
inspecting the liquid crystal display cells.

I S S T



patsnap

TREMOF) ATHRREREENHERGNEAZHERGHERREREEN S E
[F(2E)F US20050024579A1 [ (r&)B 2005-02-03
RiES US10/607007 B H 2003-06-27

FRIEFB(ERPA(R) FTEERERLTF
i (E R AGR) LG. X FIE®R&CO. , LTD.
LFERE(ERD)AGE) LG DISPLAY CO., LTD.

[FRIRBAA BYUN YOUNG SANG
CHAE KYUNG SU

RAAN BYUN, YOUNG-SANG
CHAE, KYUNG-SU

IPCH =S GO02F1/13 GO2F1/1333

CPCH¥%(= G02F1/1333 G02F2001/133354 G0O2F1/133351
i 1020020049850 2002-08-22 KR

H 20 FF 30k US7414696

SNEBEEE Espacenet USPTO

MWE(F)

—MATHRSETRRENFERS , SFATES —ERNE-ERE
ERREAENHREEL  F-ERNE_ERsIENIE L BTHE
Hp— M ES ARV RBYHHALE - ERMNE_ER , ATES
—ERNEZERPH - LRBZHAM BN RN AEBL , ATH
E-NEZERMESE-ENEARL , ATOBRENE-—NEZER
WUBLERNSNRRBETET , ARBRREL , BT HRBMELE
AﬁAKMLﬁiﬁ Heh , XHEEL , AR L , BHASRE
%, BE%  NELNRBERBEREFLEMN,

8201 -/—I TFT ARRAY PHOCESSJ [ COLOR FILTER PROCESS |

TFT | . [o7
SUBSTRATE - ; " SUBSTRATE

S203 _/—r COATING ALIGNMENT AND RUBBING. - |

, { .

5204 fr _ ‘_ , SCATTERING SPACERS ]
, 1 :

5205 . COATING SEALANT l

, I -

s206—]  °  ASSEMBUNG . ]
. R ]

s207 _/~| N " GUTTING PANEL l

1

5208 —/~| INJECTING LC AND ENCAPSULATING PANEIJ
sa09 — . INSPECTING -~ ]



https://share-analytics.zhihuiya.com/view/4554c597-830a-4fcb-ad41-57acd56d930a
https://worldwide.espacenet.com/patent/search/family/028036204/publication/US2005024579A1?q=US2005024579A1
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=%2220050024579%22.PGNR.&OS=DN/20050024579&RS=DN/20050024579

