US 20060158594A1

12y Patent Application Publication (o) Pub. No.: US 2006/0158594 A1

a9y United States

Ham et al. 43) Pub. Date: Jul. 20, 2006
(54) METHOD OF FORMING ALIGNMENT (52) US.CL ... ..349/123
LAYER IN LIQUID CRYSTAL DISPLAY
DEVICE
(57) ABSTRACT

(76) Inventors: YongSung Ham, Anyang-si (KR);
MiKyung Chu, Anyang-si (KR)

Correspondence Address:

MCKENNA LONG & ALDRIDGE LLP
1900 K STREET, NW

WASHINGTON, DC 20006 (US)

(21) Appl. No.:  11/318,446

(22) Filed: Dec. 28, 2005
(30) Foreign Application Priority Data
Dec. 30, 2004  (KR) .ccooourueiivciiiniiccanas 2004-117245
Publication Classification
(51) Imt. CL
GO2F 1/1337 (2006.01)
273

An LCD with an improved image quality and a method of
fabricating the same are provided. After a rubbing process as
a primary alignment process is performed on an alignment
layer, a pre-treatment is performed on the alignment layer
before a light irradiation as a secondary alignment process.
Thus, the light leakage at a stepped portion may be pre-
vented and the contrast ratio can be improved. Conse-
quently, a high quality image may be obtained and the
reliability of products can also be enhanced. After a thermal
treatment as the pre-treatment or during the thermal treat-
ment, a light irradiation as a secondary alignment process is
performed, or the light irradiation as the secondary align-
ment process is performed under an oxygen atmosphere,
thereby enhancing the alignment process efficiency during
the light irradiation. Further, a non-polarized light may be
irradiated on the rubbed alignment layer during the light
irradiation. Therefore, a high quality image may be obtained
without any separate polarizers, thereby simplifying the
manufacturing process and reducing the manufacturing cost.
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METHOD OF FORMING ALIGNMENT LAYER IN
LIQUID CRYSTAL DISPLAY DEVICE

[0001] This application claims the benefit of Korean
Patent Application No. 2004-117245, filed on Dec. 30, 2004,
which is hereby incorporated by reference for all purposes as
if fully set forth herein.

BACKGROUND OF THE INVENTION

[0002]

[0003] The present invention relates to a liquid crystal
display device, and more particularly, to a method of form-
ing an alignment layer in an LCD capable of a high quality
picture.

[0004] 2. Discussion of the Related Art

[0005] In general, a cathode ray tube (CRT) has been most
widely used among display devices for displaying image
information on a screen until recently, but the CRT has many
inconveniences due to large volume and heavy weight as
compared to the display area.

1. Field of the Invention

[0006] With the development of wvarious electronic
devices, display devices are now being used in personal
computers, notebook computers, wireless terminals, vehicle
instrument panels, electronic display boards, and the like.
Also, due to the development of high speed information
communication technology, it is possible to transmit large
amounts of image information, and the importance of a next
generation display device capable of processing and dis-
playing the large amounts of image information is increas-
ing.

[0007] Such next generation display devices are required
to realize lighter, thinner, shorter and smaller displays, high
luminance, large-sized screen, low power consumption, and
a low price. Among such next generation display devices, a
liquid crystal display device (LCD) are gaining wide use.

[0008] The LCD exhibits a greater resolution than other
flat displays, and a rapid response time comparable to that of
the CRT to implement a moving picture.

[0009] One of the LCDs that are widely used at the present
time, is a twisted nematic (TN) mode LCD. In the TN mode
LCD, including electrodes on two substrates and liquid
crystal directors twisted by 90°, a driving voltage is applied
to the electrodes to drive the liquid crystal directors.

[0010] However, the TN mode LCD has a serious draw-
back of a narrow viewing angle.

[0011] Recently, LCDs employing new modes of opera-
tion are being actively researched so as to solve the problem
of the narrow viewing angle. Examples of these new modes
of operation include an in-plane switching (IPS) mode, an
optically compensated birefringence (OCB) mode LCD, etc.

[0012] The IPS mode LCD generates a horizontal electric
field so as to drive the liquid crystal molecules in a hori-
zontal state with respect to the substrates by forming two
electrodes on one substrate and applying a voltage between
the two electrodes. In other words, the longer axis of the
liquid crystal molecule does not stand up with respect to the
substrates but rotates horizontally.

[0013] As a result, the IPS mode L.CD has a small varia-
tion in the birefringence of liquid crystal according to a
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visual direction and thus has an excellent viewing angle
characteristic compared to the TN mode LCD.

[0014] FIG. 1 is a flowchart illustrating a method of
fabricating a related art LCD.

[0015] Referring to FIG. 1, first and second substrates
having a plurality of patterns formed thereon are first
manufactured in operation S100.

[0016] The first (or bottom) substrate includes a matrix-
type array device including a thin film transistor (TFT), and
the second (or top) substrate includes a color filter.

[0017] In operation S110, the substrates are cleaned to
remove a foreign substance thereon. In operation S120, a
polyimide material is printed on the substrate to form an
alignment layer.

[0018] In operation S130, the alignment layer is dried and
hardened using heat.

[0019] In operation S140, a surface of the hardened align-
ment layer is rubbed in one direction.

[0020] In operation S150, an adhesive seal pattern is
formed at an edge of the second substrate except at a region
where a liquid crystal injection hole remains and spacers are
dispersed on the first substrate.

[0021] In operation S160, the first and second substrates
are attached together with an accuracy of several um so as
to prevent light leakage.

[0022] In operation S170, the attached substrates are cut
into unit cells. This cutting process includes a scribing
process forming lines on the first and second substrates and
a breaking process for dividing the scribed substrate into
unit cells.

[0023] Inoperation S180, liquid crystal is injected through
an injection hole into a gap between the first and second
substrates cut into cells and the injection hole is sealed to
complete the LCD.

[0024] A liquid crystal dispensing method can be used
instead of the liquid crystal injecting method. In the liquid
crystal dispensing method, after liquid crystal is first dis-
pensed between the first and second substrates, the first and
second substrates are attached together.

[0025] The physical characteristics of the liquid crystal are
changed as the molecular arrangement varies, and thus the
arrangement varies in response to an external force such as
an electric field.

[0026] Due to the characteristics of the liquid crystal
molecule, a control technique for arranging the state of the
liquid crystal molecule is essential for operation of the LCD.

[0027] Specifically, a rubbing process to uniformly align
liquid crystal molecules in one direction is essential for the
normal operation of the LCD and a uniform display char-
acteristic thereof.

[0028] A related art alignment layer forming process for
determining an initial alignment direction of liquid crystal
molecules will now be described in detail.

[0029] The forming of an alignment layer includes a
process of depositing a high polymer thin layer and a process
of aligning an alignment layer in one direction.
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[0030] The alignment layer is typically made of a poly-
imide series organic material and is typically aligned
through a rubbing process.

[0031] A polyimide series organic material may be depos-
ited on a substrate and a solvent thereof is volatilized at
about 60-80° C. Thereafter, the deposited material is hard-
ened at about 80-200° C. to form an alignment layer. The
alignment layer is rubbed in one direction with a roller
wound with a rubbing cloth such as velvet to form an
alignment direction thereon.

[0032] This rubbing process enables an easy and stable
alignment process, and is thus suitable for mass production
of the LCD.

[0033] However, a defect in the rubbing operation occurs
when the rubbing cloth becomes defective during the rub-
bing operation.

[0034] Because the rubbing process is performed through
direct contact between the rubbing cloth and the alignment
layer, the rubbing process may cause the contamination of a
liquid crystal cell due to particles, the damage of a TFT due
to an electrostatic discharge, the necessity of an additional
cleaning process after the rubbing process, and/or a non-
uniform alignment of liquid crystal in a wide-screen LCD,
leading to degradation in production yields of the LCD.

[0035] FIGS. 2A and 2B are respectively a sectional view
and a plan view illustrating an alignment state of liquid
crystal around a step portion of an electrode pattern such as
a pixel electrode and a common electrode in a related art
LCD.

[0036] Recently, an improved IPS mode LCD for improv-
ing the viewing angle and an IPS mode LCD manufactured
using 3-4 masks so as to reduce the number of manufactur-
ing processes has been developed and used. In these IPS
mode LCDs, the step difference of the stepped edge portion
is increased that causes an increase in the number of
alignment defects.

[0037] Referring to FIGS. 2A and 2B, an alignment layer
151 is formed on a pixel electrode 130 patterned on a first
substrate and the pixel electrode 130 has a step edge portion
with a predetermined step difference.

[0038] A color filter layer 160 and an alignment layer 152
are formed on a second substrate facing the first substrate
and a liquid crystal layer 190 is formed between the second
and first substrates.

[0039] A common electrode, a TFT region, a gate line, and
a data line also have a stepped edge portion

[0040] The stepped edge portions of the electrode and line
patterns in a pixel region cause a non-uniform alignment of
liquid crystal in nearby regions.

[0041] If the liquid crystal is in a normally-black mode, a
black color is displayed when no voltage is applied.

[0042] However, light leakage occurs in a region A shown
in FIGS. 2A and 2B when no gate voltage is applied.

[0043] That is, when no voltage is applied, the liquid
crystal must be aligned in the same direction as the rubbing
direction of the alignment layers 151 and 152.
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[0044] However, the stepped edge portion of the electrode
causes a non-uniform liquid layer 191 having an alignment
direction different than the rubbing direction and also causes
the liquid crystal of a uniform liquid layer 192 to have an
alignment direction different than the rubbing direction.

[0045] The non-uniform liquid crystal causes phase retar-
dation of the light. The phase retardation causes a linearly-
polarized light to change into an elliptically-polarized light.
The elliptically-polarized light causes phase retardation in a
uniform liquid crystal layer formed near the color filter layer
160, resulting in a large phase retardation.

[0046] Consequently, when no voltage is applied in a
normally-black mode, light of the backlight assembly passes
through the region A. This causes light leakage in a black
display state and a decrease in a contrast ratio, thereby
making it difficult to achieve a high image quality.

[0047] Recently, an improved IPS mode LCD for improv-
ing the viewing angle and an IPS mode LCD manufactured
using 3-4 masks so as to reduce the number of manufactur-
ing processes have been developed. In these IPS mode
LCDs, the step difference of the stepped edge portion is
increased to cause an increase in the alignment defect.

[0048] Accordingly, there remains a need for a device and
method for preventing the LCD image degradation due to
the stepped edge portion, such as increased black brightness
and reduced contrast ratio.

SUMMARY OF THE INVENTION

[0049] Accordingly, the present invention is directed to an
LCD and a method of fabricating the same that substantially
obviate one or more problems due to limitations and disad-
vantages of the related art.

[0050] An advantage of the present invention is to provide
a method of forming an alignment layer in an LCD that can
enhance alignment process efliciency by performing a pre-
treatment process before a light irradiation (a secondary
alignment process) after a rubbing process (a primary align-
ment process).

[0051] Additional advantages, objects, and features of the
invention will be set forth in part in the description which
follows and in part will become apparent to those having
ordinary skill in the art upon examination of the following
or may be learned from practice of the invention. The
objectives and other advantages of the invention may be
realized and attained by the structure particularly pointed out
in the written description and claims hereof as well as the
appended drawings.

[0052] 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 an
LCD includes: coating an alignment layer on a substrate;
rubbing the alignment layer; performing a thermal treatment
on the substrate; and irradiating light onto the alignment
layer.

[0053] In another aspect of the present invention, a
method of fabricating an LCD includes: coating an align-
ment layer on a substrate; rubbing the alignment layer;
providing an oxygen atmosphere around the substrate; and
irradiating light onto the alignment layer.



US 2006/0158594 Al

[0054] It is to be understood that both the foregoing
general description and the following detailed description of
the present invention are exemplary and explanatory and are
intended to provide further explanation of the invention as
claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0055] The accompanying drawings, which are included
to provide a further understanding of the invention and are
incorporated in and constitute a part of this application,
illustrate embodiment(s) of the invention and together with
the description serve to explain the principle of the inven-
tion.

[0056] In the drawings:

[0057] FIG. 1 is a flowchart illustrating a method of
fabricating a related art LCD;

[0058] FIGS. 2A and 2B are a sectional view and a plan
view of a liquid crystal alignment in a stepped portion of a
related art IPS mode LCD;

[0059] FIGS. 3A to 3G are sectional views illustrating a
method of fabricating an IPS mode LCD according to an
embodiment of the present invention;

[0060] FIG. 4 is a flowchart illustrating a process of
forming an alignment layer in an LCD according to the
present invention;

[0061] FIGS.5A and 5B are photographs illustrating light
leakage around an electrode in the IPS mode LCD according
to the present invention;

[0062] FIG. 6 is a sectional view of an apparatus for
performing an alignment process according to another
embodiment of the present invention; and

[0063] FIG.7 is a sectional view of a substrate illustrating
a pre-treatment and a secondary alignment process in FIG.
6.

DETAILED DESCRIPTION OF THE
ILLUSTRATED EMBODIMENTS

[0064] 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. Wher-
ever possible, the same reference numbers will be used
throughout the drawings to refer to the same or like parts.

[0065] FIGS. 3A to 3E are sectional views illustrating a
method of fabricating an IPS mode LCD according to an
embodiment of the present invention.

[0066] Referring to FIG. 3A, a low-resistance metal hav-
ing a low resistivity is deposited on a first substrate 210 so
as to prevent signal retardation. The low-resistance metal
layer is then patterned by photolithography to form a gate
line (not shown) and a gate electrode 214 of a TFT that
extends from the gate line.

[0067] The low-resistance metal may be copper (Cu),
aluminum (Al), aluminum alloy (AINd), molybdenum (Mo),
chrome (Cr), titanium (Ti), tantalum (Ta), molybdenum
tungsten (MoW), and so on.

[0068] In forming the gate line and the gate electrode 214,
a common line (not shown) and a plurality of common
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electrodes 217 are formed at the same time. The common
line is substantially parallel to the gate line and the plurality
of common electrodes 217 extend from the common line.

[0069] Then, a gate insulating layer 219 may be formed by
depositing inorganic insulating material (e.g., silicon nitride
(SiNx) or silicon oxide (SiOx)) on an entire surface of the
resultant structure with the gate line by a plasma enhanced
chemical vapor deposition (PECVD) process or the like.

[0070] A material such as amorphous silicon is deposited
on the gate insulating layer 219 and is selectively removed
to form a semiconductor layer 227 on the gate insulating
layer 219 in an island shape.

[0071] Although not shown, an ohmic contact layer may
be further formed by implanting impurity ions into the
amorphous silicon.

[0072] Referring to FIG. 3B, a metal, such as Cr, Al, Cu,
Mo, Ti, Ta, MoW, and Al alloy, may be deposited on an
entire surface above the gate insulating layer 219 and then
is patterned to form a data line 224. The data line 224 crosses
the gate line in a vertical direction and thus defines a pixel
region. At the same time, a source electrode 226 and a drain
electrode 228 are formed at both ends of the semiconductor
layer 227.

[0073] A passivation layer 238 may be formed by coating
a silicon nitride layer or an organic insulating layer, such as
benzo-cyclo-butene (BCB), on an entire surface of the first
substrate where the data line 224 is formed. Then, a contact
hole (not shown) is formed in the drain electrode 228.

[0074] A transparent conductive layer is deposited on an
entire surface using a transparent conductive material (e.g.,
indium tin oxide (ITO) or indium zinc oxide (IZO)) and then
is patterned to form a plurality of pixel electrodes 230. The
plurality of pixel electrodes 230 are connected to the drain
electrode 228 and are disposed between the common elec-
trodes 217 substantially parallel with the data line 224. Thus,
the pixel electrodes 230 and the common electrodes 217 are
alternately arranged.

[0075] Although not shown, when the pixel electrodes 230
are formed of a metallic material, the pixel electrodes 230
may be formed of the same material as the data line 224 and
at the same time as the data line 224, before forming the
passivation layer 238. Alternatively, the pixel electrodes 230
may be formed on a separate layer.

[0076] In addition, the common electrode 217 may be
formed of the same material as the pixel electrodes 230 at
the same time when forming the pixel electrodes 230.

[0077] Referring to FIG. 3C, an alignment layer is formed
on an entire surface of the substrate including the pixel
electrodes 230. A first alignment layer 281 may be formed
by printing a polyimide resin on the substrate and drying it.
The polyimide resin has a good affinity with liquid crystal.
Then, a primary alignment process is performed using a
rubbing process.

[0078] In addition to polyimide resin, the material for the
alignment layer may be polyamic acid, polyethleneimine,
polyvinyl alcohol, polyamide, polyethylene, polystylene,
poly-phenylenephthalamide, polyester, polyurethane, and
poly-methylmethacrylate, that includes a polymer of which
a bond is selectively broken in UV irradiation.
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[0079] Referring to FIG. 3D, a thermal treatment is per-
formed on the first alignment layer 281 that has undergone
the primary alignment process.

[0080] The thermal treatment is a pre-treatment of a
secondary alignment process that will be performed later.
This thermal treatment may improve the efficiency of the
secondary alignment process by forming a stable surface
structure in the first alignment layer 281 in a state in which
the alignment is disarrayed after the primary alignment
process.

[0081] Assuming that the substrate 210 is at a constant
temperature Tc, it is heated up to a temperature satisfying the
expression Tr (a rubbing temperature)<Tc<Tg (a glass tran-
sition temperature of the alignment layer).

[0082] Such a thermal treatment may improve the reac-
tivity of the alignment layer and the UV in the secondary
alignment process, and the alignment process may be effec-
tively performed at a low effective energy.

[0083] The thermal treatment may be performed before
the secondary alignment process, and the secondary align-
ment process may be performed together with the thermal
treatment.

[0084] The thermal treatment may be performed by pass-
ing hot air above the substrate as well as below the substrate.

[0085] Also, the thermal treatment may be performed
while moving the substrate along an assembly line, may be
performed in a chamber, or may be performed in a stopped
state.

[0086] Referring to FIG. 3E, the secondary alignment
process is performed by irradiating light onto the first
alignment layer 281 that has undergone the pre-treatment.

[0087] The light may be a linearly polarized light, a
partially polarized light, or a non-polarized light.

[0088] An oblique irradiation method or a vertical irradia-
tion method may be used for the light irradiation.

[0089] For this purpose, a light irradiation apparatus is
inclined with respect to the substrate and then irradiates
light. Alternatively, light may be irradiated onto the substrate
inclined at a predetermined angle.

[0090] One of the light irradiation apparatuses irradiates
light onto an entire surface of the substrate, and another
irradiates light while scanning the substrate.

[0091] The rubbing direction may coincide with the light
alignment direction.

[0092] The rubbing direction may be symmetrical or
asymmetrical with the light irradiation direction.

[0093] If the secondary alignment process is performed
after the thermal treatment of the first alignment layer 281
that has undergone the primary alignment process, the
alignment efficiency is maximized and thus the alignment is
uniformly formed even at a stepped portion adjacent to the
electrode part.

[0094] The stepped portion may be formed at the common
electrode, the pixel electrode, the data line, the gate line, the
common line, the TFT region, and so on.
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[0095] Referring to FIG. 3F, a black matrix 273 is formed
using a black resin or a metal (e.g., Cr or CrOx) so as to
prevent light leakage around the gate line, the data line, and
the TFT region, where liquid crystals on the second substrate
270 cannot be controlled.

[0096] Then, R, G, and B color filters 275 for color
reproduction may be formed in openings of the black matrix
273 by using an electrodeposition method, a pigment dis-
persion method, or a coating method. In order to protect the
color filter layers 275, an overcoat layer 279 may be formed
on an entire surface of the structure including the color filter
layers.

[0097] Then, a second alignment layer 277 may be formed
on the overcoat layer 279 by printing polyimide material
having good affinity with liquid crystals and good photo-
sensitive properties. The second alignment layer 277 is
formed to have an alignment direction substantially parallel
to the first alignment layer 281 by using the same rubbing
process as the alignment process of the first alignment layer
281, the same pre-treatment as the thermal treatment, and
the secondary alignment process as the light irradiation
process.

[0098] Then, a column spacer (not shown) may be formed
on the first substrate 210 or the second substrate 270. A seal
pattern is formed at edges of the first substrate 210 or the
second substrate 270, and then the first substrate 210 and the
second substrate 270 are attached together in a vacuum state.
Thereafter, a liquid crystal layer 288 is formed in a display
region of the first substrate 210 or the color filters 270 by
using a liquid crystal injection method.

[0099] According to another embodiment, after the seal
pattern is formed at the edges of the first substrate 210 or the
second substrate 270, the liquid crystal layer 288 is formed
in the display region of the first substrate 210 or the second
substrate 270 by using a liquid crystal dropping method, and
then the first substrate 210 and the second substrate 270 are
attached together.

[0100] FIG. 3G is a sectional view illustrating a pre-
treatment using a hot air according to an embodiment of the
present invention.

[0101] A light irradiation that is the secondary alignment
process is performed on the substrate that has undergone a
pre-treatment using hot air. The hot air process can be
performed together with the secondary alignment process at
the same time.

[0102] FIG. 4 is a flowchart illustrating a method of
forming an alignment layer of an LCD according to the
present invention.

[0103] In operation S200, top and bottom substrates are
prepared.
[0104] In operation S210, a cleaning process is performed

to remove foreign particles from a substrate where patterns
are formed. In operation S220, polyimide (PI) that is a raw
material solution of an alignment layer may be printed on the
substrate by using an apparatus for printing alignment layer.

[0105] In operation S230, a solvent may be dried and
hardened by heating the raw material solution to a high
temperature.
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[0106] In operation S240, grooves are formed by rubbing
a surface of the alignment layer in a predetermined direction
using a rubbing apparatus, and then the primary alignment
process is performed.

[0107] In operation S250, the pre-treatment such as the
thermal treatment is performed on the alignment layer.

[0108] The thermal treatment is a pre-treatment of a
secondary alignment process that will be performed later.
This thermal treatment may improve the efficiency of the
secondary alignment process by forming a stable surface
structure in the first alignment layer 281 in a state in which
the alignment is disarrayed after the primary alignment
process.

[0109] Assuming that the substrate is at a constant tem-
perature Tc, it is heated up to a temperature satisfying the
expression Tr (a rubbing temperature)<Tc<Tg (a glass tran-
sition temperature of the alignment layer).

[0110] Such a thermal treatment may improve the reac-
tivity of the alignment layer and the UV in the secondary
alignment process, and the alignment process may be effec-
tively performed at a low effective energy.

[0111] The thermal treatment may be performed before the
secondary alignment process, and the secondary alignment
process may be performed together with the thermal treat-
ment.

[0112] In operation S260, a secondary alignment process
is performed on the alignment layer by using a light irra-
diation method.

[0113] The light may be a linearly polarized light, a
partially polarized light, or a non-polarized light.

[0114] FIGS. 5A and 5B are photographs illustrating the
light leakage around an electrode in the IPS mode LCD
according to the present invention.

[0115] As illustrated in FIG. 5A, the alignment layer on
the substrate is formed by the primary alignment process. In
the primary alignment process, the alignment layer formed
of an alignment material (e.g., polyimide) is rubbed in one
direction using a rubbing cloth (e.g., velvet, rayon or nylon),
thereby forming the alignment direction.

[0116] Ifrubbing the periphery of the electrode part whose
step difference is more than 0.1 pm, the alignment may not
be obtained because the rubbing cloth does not come in
contact with the alignment layer due to the stepped portion.
Also, the alignment arrangement may not be uniform
because the rubbing cloth is deformed while the rubbing
cloth is passing the stepped portion, thus causing light
leakage.

[0117] Accordingly, as illustrated in FIG. 5B, the pre-
treatment, such as the thermal process, and the secondary
alignment process using the light irradiation are performed
on the alignment layer that has undergone the primary
alignment process.

[0118] If the pre-treatment and the secondary alignment
process such as the light irradiation are performed on the
primarily-aligned alignment layer, the alignment in the
stepped portion around the electrode part becomes uniform.
Thus, light leakage almost does not occur.
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[0119] The primary alignment process and the secondary
alignment process may be performed at the same time.

[0120] The secondary alignment process uses light irra-
diation, and the light may be a linearly polarized light, a
partially polarized light, or a non-polarized light.

[0121] An oblique irradiation method or a vertical irradia-
tion method may be used for the light irradiation.

[0122] For this purpose, a light irradiation apparatus may
be inclined with respect to the substrate and then irradiates
light. Alternatively, light may be irradiated onto the substrate
inclined at a predetermined angle.

[0123] One of the light irradiation apparatuses may irra-
diate light onto an entire surface of the substrate, and another
can irradiates light while scanning the substrate.

[0124] The rubbing direction may coincide with the light
alignment direction.

[0125] The rubbing direction may be symmetrical or
asymmetrical with the light irradiation direction.

[0126] If the secondary alignment process is performed
after the thermal treatment of the first alignment layer 281
that has undergone the primary alignment process, the
alignment efficiency is maximized and thus the alignment is
uniformly formed even at a stepped portion adjacent to the
electrode part.

[0127] Also, the light may be irradiated onto the entire
surface of the substrate or onto a portion of the substrate.

[0128] FIG. 6 is a sectional view of an apparatus for
performing an alignment process according to another
embodiment of the present invention, and FIG. 7 is a
sectional view of a substrate, illustrating a pre-treatment and
a secondary alignment process in FIG. 6.

[0129] Here, FIG. 7 is a sectional view illustrating the
secondary alignment process of the flowchart of FIG. 4
according to another embodiment of the present invention.

[0130] First, the secondary alignment process is per-
formed by irradiating light onto the alignment layer 381 that
has undergone the primary alignment process.

[0131] As illustrated in FIGS. 6 and 7, an oxygen (O,)
concentration within a chamber 300 with a light irradiation
apparatus 330 is increased.

[0132] The increase of the oxygen concentration within
the chamber 300 increases the amount of oxygen that reacts
with the light and is converted into an active oxygen. Due to
the increase of the active oxygen, the reactivity between the
alignment layer 311 and the light is improved, thereby
increasing the light irradiation efficiency.

[0133] During the light irradiation, the oxygen concentra-
tion in the chamber is more than 20%.

[0134] After the primary alignment process is performed
on the entire surface of the alignment layer of the substrate
310 by using the rubbing method, the secondary alignment
process is performed under the atmosphere of the increased
oxygen concentration by the light irradiation. In this manner,
the entire surface or the stepped portion of the substrate 310
is processed. Accordingly, the light leakage at the edges of
the electrodes or the lines may be reduced, thereby improv-
ing the image quality.
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[0135] The light may be linearly polarized light, partially
polarized light, or non-polarized light.

[0136] For the light irradiation method, an oblique irra-
diation or a vertical irradiation with respect to the substrate
310 may be used.

[0137] One of the light irradiation apparatuses irradiates
light onto an entire surface of the substrate 310, and another
irradiates light while scanning the substrate 310.

[0138] The rubbing direction may be symmetrical or
asymmetrical with the light irradiation direction.

[0139] Although it is preferable that the alignment direc-
tion resulting from the rubbing substantially coincides with
that of the light irradiation, the rubbing direction and the
light irradiation direction may or may not coincide with each
other.

[0140] This depends on the properties of the alignment
material. Some materials are aligned in a horizontal direc-
tion with respect to the light incident direction, and some
materials are aligned in a vertical direction with respect the
light incident direction.

[0141] As described above, after performing the rubbing
process on the entire surface of the alignment layer in the
LCD, the pre-treatment and the light irradiation are per-
formed on the entire surface of the rubbed alignment layer
or the stepped portion around the electrode. Accordingly,
light leakage may be prevented and the contrast ratio may be
improved. Also, a high quality image may be obtained,
thereby enhancing the reliability of products.

[0142] In addition, the non-polarized light may be irradi-
ated on the rubbed alignment layer during the light irradia-
tion. Therefore, the high quality image may be obtained
without any separate polarizers. Consequently, the manu-
facturing process may be simplified and the manufacturing
cost may be reduced.

[0143] Tt will be apparent to those skilled in the art that
various modifications and variations can be made in the
present invention. Thus, it is intended that the present
invention covers the modifications and variations of this
invention provided they come within the scope of the
appended claims and their equivalents.

What is claimed is:
1. A method of fabricating an LCD (liquid crystal display
device), comprising:

coating an alignment layer on a substrate;
rubbing the alignment layer;
performing a thermal treatment on the substrate; and

irradiating light onto the alignment layer.

2. The method according to claim 1, wherein during the
thermal treatment, the substrate is heated up to a temperature
satisfying a relational expression of Tr<Tc<Tg,

where Tr is a rubbing temperature, Tc is a temperature of
the substrate, and Tg is a glass transition temperature of
the alignment layer.
3. The method according to claim 1, wherein a thermal
treatment is performed on the substrate when the light is
irradiated onto the alignment layer.

Jul. 20, 2006

4. The method according to claim 1, wherein the align-
ment layer is formed of one of polyimide, polyamic acid,
polyethleneimine, polyvinyl alcohol, polyamide, polyethyl-
ene, polystyrene, poly-phenylenephthalamide, polyester,
polyurethane, and poly-methylmethacrylate.

5. The method according to claim 1, wherein the light is
one of linearly polarized light, partially polarized light, and
non-polarized light.

6. The method according to claim 1, wherein the light is
irradiated onto an entire surface of the substrate.

7. The method according to claim 1, wherein the light is
irradiated onto a portion of the substrate.

8. The method according to claim 1, wherein a rubbing
direction in the rubbing process is symmetrical to a light
irradiation direction.

9. The method according to claim 1, wherein a rubbing
direction in the rubbing process is asymmetrical to a light
irradiation direction.

10. The method according to claim 1, wherein a rubbing
direction in the rubbing process coincides with a light
irradiation direction.

11. The method according to claim 1, wherein the light is
irradiated obliquely with respect to the substrate.

12. The method according to claim 1, wherein the light is
irradiated while scanning the substrate.

13. The method according to claim 1, wherein the sub-
strate is inclined at a predetermined angle.

14. The method according to claim 1, further including,
before the rubbing of the alignment layer, firing the align-
ment layer.

15. The method according to claim 1, wherein in the
thermal treatment of the substrate, the substrate is processed
using hot air.

16. A method of fabricating an LCD (liquid crystal display
device), comprising:

coating an alignment layer on a substrate;
rubbing the alignment layer;

providing an oxygen atmosphere around the substrate;
and

irradiating light onto the alignment layer.

17. The method according to claim 16, wherein a con-
centration of the oxygen is more than 20%.

18. The method according to claim 16, wherein the
alignment layer is formed of one of polyimide, polyamic
acid, polyethleneimine, polyvinyl alcohol, polyamide, poly-
ethylene, polystylene, poly-phenylenephthalamide, polyes-
ter, polyurethane, and poly-methylmethacrylate.

19. The method according to claim 16, wherein the light
is one of linearly polarized light, partially polarized light,
non-polarized ultraviolet (UV) light.

20. The method according to claim 16, wherein the light
is irradiated onto an entire surface of the substrate.

21. The method according to claim 16, wherein the light
is irradiated onto a portion of the substrate.

22. The method according to claim 16, wherein a rubbing
direction in the rubbing process is symmetrical to a light
irradiation direction.

23. The method according to claim 16, wherein a rubbing
direction in the rubbing process is asymmetrical to a light
irradiation direction.
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24. The method according to claim 16, wherein a rubbing
direction in the rubbing process coincides with a light
irradiation direction.

25. The method according to claim 16, wherein the light
is irradiated obliquely with respect to the substrate.

26. The method according to claim 16, wherein the light
is irradiated while scanning the substrate.
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27. The method according to claim 16, wherein the
substrate is inclined at a predetermined angle.

28. The method according to claim 16, further compris-
ing, before the rubbing of the alignment, firing the alignment
layer.
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