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(57) ABSTRACT

A liquid crystal display (“LCD”) device includes a first sub-
strate, a pixel electrode, a second substrate, a common elec-
trode and an alignment layer. The first substrate includes a
thin-film transistor (“TFT”) and a plurality of pixel areas
disposed on the first substrate. The pixel electrode is disposed
on the TFT. The second substrate is disposed opposite to the
first substrate. The common electrode is disposed on the
second substrate. The alignment layer includes an insulation
layer and a photoalignment layer, disposed on at least one of
the pixel electrode and the common electrode.
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LIQUID CRYSTAL DISPLAY DEVICE AND
METHOD OF MANUFACTURING THE SAME

[0001] This application claims priority to Korean Patent
Application No. 2008-78893, filed on Aug. 12, 2008, and all
the benefits accruing therefrom under 35 U.S.C. §119, the
contents of which in its entirety are herein incorporated by
reference.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to a liquid crystal dis-
play (“LCD”) device and a method of manufacturing the LCD
device and, more particularly, to an LCD device having sub-
stantially reduced afterimages displayed thereon and a
method of manufacturing the same.

[0004] 2. Description of the Related Art

[0005] Generally, a liquid crystal display (“LLCD”) device
includes a lower substrate, an upper substrate and a liquid
crystal layer interposed therebetween. In the LCD device,
liquid crystal molecules of the liquid crystal layer are
arranged in response to a voltage difference between a com-
mon electrode of the upper substrate and a pixel electrode of
the lower substrate. As a result, a light transmittance of the
liquid crystal molecules is controlled to display an image on
the LCD device.

[0006] A display panel for the LCD device includes the
lower substrate and the upper substrate, disposed substan-
tially opposite to each other, and the liquid crystal layer
disposed therebetween. To accurately display the image, the
arrangement of the liquid crystal molecules must be uni-
formly controlled. To this end, the display panel typically
includes an alignment layer which aligns the liquid crystal
molecules.

[0007] Recently, a pretilt angle of the alignment layer has
been controlled to form a multi-domain structure in the dis-
play panel to increase a viewing angle of the display panel.
Moreover, a photoalignment mode has been used to control
the pretilt angle of the alignment layer. In the photoalignment
mode, a photoreactor is disposed in the alignment layer by a
photopolymerization reaction. The photopolymerization
reaction is performed by irradiating ultraviolet light onto the
alignment layer. However, a direct current (“DC”) voltage is
charged into the alignment layer by the photoreactor, since
the photoreactor is dipolar. As a result, the LCD device dis-
plays undesirable afterimages due to the DC voltage.

BRIEF SUMMARY OF THE INVENTION

[0008] An exemplary embodiment of the present invention
provides a liquid crystal display (“LLCD”) device having a
substantially improved image display quality and/or substan-
tially reduced afterimages.

[0009] Exemplary embodiments of the present invention
also provide a method of manufacturing the LCD device.
[0010] In an exemplary embodiment of the present inven-
tion, an LCD device includes a first substrate, a pixel elec-
trode, a second substrate, a common electrode and an align-
ment layer. The first substrate includes a thin-film transistor
(“TFT”) and a plurality of pixel areas disposed on the first
substrate. The pixel electrode is disposed on the TFT. The
second substrate is disposed opposite to, e.g., facing, the first
substrate. The common electrode is disposed on the second
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substrate. The alignment layer includes an insulation layer
and a photoalignment layer disposed on at least one of the
pixel electrode and the common electrode.

[0011] In an exemplary embodiment, the photoalignment
layer includes a base layer contacting the insulation layer and
a photoreactor protruding from the base layer.

[0012] In an alternative exemplary embodiment of the
present invention, an LCD device includes a first substrate, a
second substrate and a liquid crystal layer. The first substrate
includes a TFT, a pixel electrode electrically connected to the
TFT and a first alignment layer having an insulation layer
disposed on the pixel electrode and a photoalignment layer
having a thickness less than a thickness of the insulation layer.
The second substrate includes a common electrode disposed
opposite to, e.g., facing, the pixel electrode and a second
alignment layer including an insulation layer disposed on the
common electrode and a photoalignment layer having a
thickness smaller than the thickness of the insulation layer.
The liquid crystal layer is disposed between the first substrate
and the second substrate, and includes liquid crystal mol-
ecules. Alignment directions of the liquid crystal molecules
are controlled by the first alignment layer and the second
alignment layer.

[0013] Inanother alternative exemplary embodiment of the
present invention, a method of manufacturing an LCD device
includes: forming a first substrate including a thin-film tran-
sistor and a pixel electrode disposed on the thin-film transistor
and a plurality of pixel areas disposed on the first substrate;
forming a second substrate opposite to the pixel electrode of
the first substrate, the second substrate including a common
electrode; and forming an alignment layer on at least one of
the pixel electrode and the common electrode, the alignment
layer including an insulation layer and a photoalignment
layer.

[0014] Thus, according to exemplary embodiments of the
presentinvention, a display panel includes an alignment layer
having a double-layer structure including an insulation layer
and a photoalignment layer, and a thickness of the photoalign-
ment layer is thereby substantially decreased. Thus, a total
quantity of photoreactors, which are a substantial cause of
charging of a direct current (DC) voltage, are substantially
decreased, thereby preventing and or effectively eliminating
afterimages caused by the charging of the DC voltage.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] The above and other aspects, features and advan-
tages of the present invention will become more readily
apparent by describing in further detail exemplary embodi-
ments thereof with reference to the accompanying drawings,
in which:

[0016] FIG. 1 is a partial cross-sectional view illustrating
an exemplary embodiment of a substrate for a liquid crystal
display (“LCD”) according to the present invention;

[0017] FIGS. 2A to 2D are partial cross-sectional views
illustrating an exemplary embodiment of a method of manu-
facturing a substrate for the LCD device shown in FIG. 1;
[0018] FIG. 3 is a partial cross-sectional view illustrating
an alternative exemplary embodiment of a substrate for an
LCD device according to the present invention;

[0019] FIG. 4 is a partial cross-sectional view taken along
line I-I' of FIG. 3;

[0020] FIGS. 5A to 5E are partial cross-sectional views
illustrating an exemplary embodiment of a method of manu-
facturing a first substrate of the substrate shown in FIG. 4;
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[0021] FIGS. 6A to 6C are partial cross-sectional views
illustrating an exemplary embodiment of a method of manu-
facturing a second substrate of the substrate shown in FIG. 4;
and

[0022] FIG. 7 is a schematic circuit diagram of an exem-
plary embodiment of an LCD device according to the present
invention.

DETAILED DESCRIPTION OF THE INVENTION

[0023] The invention will now be described more fully
hereinafter with reference to the accompanying drawings, in
which exemplary embodiments of the invention are shown.
The present invention may, however, be embodied in many
different forms and should not be construed as limited to the
embodiments set forth herein. Rather, these embodiments are
provided so that this disclosure will be thorough and com-
plete, and will fully convey the scope of the invention to those
skilled in the art. Like reference numerals refer to like ele-
ments throughout.

[0024] It will be understood that when an element is
referred to as being “on” another element, it can be directly on
the other element or intervening elements may be present
therebetween. In contrast, when an element is referred to as
being “directly on” another element, there are no intervening
elements present. As used herein, the term “and/or” includes
any and all combinations of one or more of the associated
listed items.

[0025] It will be understood that although the terms “first,”
“second,” “third” etc. may be used herein to describe various
elements, components, regions, layers and/or sections, these
elements, components, regions, layers and/or sections should
not be limited by these terms. These terms are only used to
distinguish one element, component, region, layer or section
from another element, component, region, layer or section.
Thus, a first element, component, region, layer or section
discussed below could be termed a second element, compo-
nent, region, layer or section without departing from the
teachings of the present invention.

[0026] The terminology used herein is for the purpose of
describing particular embodiments only and is not intended to
be limiting of the invention. As used herein, the singular
forms “a”, “an” and “the” are intended to include the plural
forms as well, unless the context clearly indicates otherwise.
It will be further understood that the terms “comprises” and/
or “comprising,” or “includes” and/or “including,” when used
in this specification, specify the presence of stated features,
regions, integers, steps, operations, elements and/or compo-
nents, but do not preclude the presence or addition of one or
more other features, regions, integers, steps, operations, ele-
ments, components and/or groups thereof

[0027] Furthermore, relative terms, such as “lower” or
“bottom” and “upper” or “top” may be used herein to describe
one element’s relationship to other elements as illustrated in
the Figures. It will be understood that relative terms are
intended to encompass different orientations of the device in
addition to the orientation depicted in the Figures. For
example, if the device in one of the figures is turned over,
elements described as being on the “lower” side of other
elements would then be oriented on the “upper” side of the
other elements. The exemplary term “lower” can, therefore,
encompass both an orientation of “lower” and ‘“upper,”
depending upon the particular orientation of the figure. Simi-
larly, if the device in one of the figures were turned over,
elements described as “below” or “beneath” other elements
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would then be oriented “above” the other elements. The
exemplary terms “below” or “beneath” can, therefore,
encompass both an orientation of above and below.

[0028] Unless otherwise defined, all terms (including tech-
nical and scientific terms) used herein have the same meaning
as commonly understood by one of ordinary skill in the art to
which the present invention belongs. It will be further under-
stood that terms, such as those defined in commonly used
dictionaries, should be interpreted as having a meaning which
is consistent with their meaning in the context of the relevant
art and the present disclosure, and will not be interpreted in an
idealized or overly formal sense unless expressly so defined
herein.

[0029] Exemplary embodiments of the present invention
are described herein with reference to cross section illustra-
tions which are schematic illustrations of idealized embodi-
ments of the present invention. As such, variations from the
shapes of the illustrations as a result, for example, of manu-
facturing techniques and/or tolerances, are to be expected.
Thus, embodiments of the present invention should not be
construed as limited to the particular shapes of regions illus-
trated herein but are to include deviations in shapes which
result, for example, from manufacturing. For example, a
region illustrated or described as flat may, typically, have
rough and/or nonlinear features. Moreover, sharp angles
which are illustrated may be rounded. Thus, the regions illus-
trated in the figures are schematic in nature and their shapes
are not intended to illustrate the precise shape of a region and
are not intended to limit the scope of the present invention.
[0030] Hereinafter, exemplary embodiments of the present
invention will be described in further detail with reference to
the accompanying drawings.

[0031] FIG. 1 is a partial cross-sectional view illustrating
an exemplary embodiment of a substrate for a liquid crystal
display (“LCD”) device according to the present invention.
[0032] Referringto FIG.1, the substrate for the LCD device
according to an exemplary embodiment includes an insula-
tion substrate 101, an electrode 110 and an alignment layer
150.

[0033] The electrode 110 is disposed on the insulation sub-
strate 101, and includes a transparent conductive material or
a metal material, for example, but alternative exemplary
embodiments are not limited thereto.

[0034] Thealignment layer 150 is disposed on the electrode
110, and includes an insulation layer 130 and a photoalign-
ment layer 140. The insulation layer 130 is disposed on the
electrode 110, and the photoalignment layer 140 is disposed
on the insulation layer 130. In an exemplary embodiment, the
insulation layer 130 is disposed directly on the electrode 110,
and the photoalignment layer 140 is disposed directly on the
insulation layer 130. The photoalignment layer 140 includes
a base layer 141 disposed on the insulation layer 130, and a
plurality of photoreactors 143 disposed on the base layer 141.
Photoreactors 143 of the plurality of photoreactors 143 are
tilted, e.g., are aligned, corresponding to an irradiating direc-
tion of an ultraviolet light, and protrude from the base layer
141, a shown in FIG. 1. Thus, a first region A1 and a second
region A2, e.g., a first domain Al and a second domain A2,
may be formed on the substrate 101 based on an irradiating
direction of the ultraviolet light, as described in further detail
below. The insulation layer 130 according to an exemplary
embodiment includes silicon oxide (“SiOx”) or silicon nitride
(“SiNx”), for example. When the insulation layer comprises
the silicon oxide (“SiOx”) or silicon nitride (“SiNx”), the
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insulation layer may be increasingly capable of blocking
outgassing generated from a lower layer. Therefore, an impu-
rity density of a liquid crystal layer may be decreased so that
line or surface afterimages may be decreased.

[0035] The photoalignment layer 140 according to an
exemplary embodiment may include a polymer material,
such as polyimide, polyamic acid, polyvinyl cinnamate,
polyazobenzene, polyethyleneimine, polyvinyl alcohol,
polyamide, polyethylene, polystyrene, polyphenylene
phthalamide, polyester, polyurethane and/or polymethyl
methacrylate, for example, but alternative exemplary
embodiments of the present invention are not limited thereto.
In an exemplary embodiment, the alignment layer 150 has a
first thickness D, the photoalignment layer 140 has a second
thickness d, and the insulation layer 130 has a third thickness
(D—d). The second thickness d may be preferably less than the
third thickness (D-d). Additionally, the second thickness d
may be the same as the third thickness (D-d), or the different
from the third thickness (D-d).

[0036] A normal alignment layer having a single-layer
structure has a thickness of about 800 A so that the alignment
layer 150 having a double-layer structure may have the thick-
ness D of about 500 A to about 2,000 A. Additionally, a
thickness ratio (d:D-d) of the photoalignment layer 140 and
the insulation layer 130 may be about 5:95 to about 95:5 so
that alignment layer 150 may have substantially the same
capacitance and resistance as the normal alignment layer. The
thickness ratio may preferably be about 50:50 for a manufac-
turing process.

[0037] The photoreactors 143 are adsorbed to the liquid
crystal molecules and/or to the electrode 110 to have a polar-
ity of the liquid crystal molecules and/or the electrode 110,
respectively. In an alternative exemplary embodiment, the
photoreactors 143 are dipolar. Thus, the photoreactors 143
charge a direct current (“DC”) voltage. In an exemplary
embodiment, a required quantity of the photoreactors 143 is
substantially reduced to thereby effectively prevent a charg-
ing of the DC voltage into the photoreactors 143, substan-
tially reducing and/or effectively preventing afterimages dis-
played on the LCD device according to an exemplary
embodiment.

[0038] In an exemplary embodiment of the present inven-
tion, the alignment layer 150 has the double-layer structure
including an insulation layer 130 and a photoalignment layer
140. Moreover, a thickness of the photoalignment layer 140 is
substantially reduced. When the thickness of the photoalign-
ment layer 140 is reduced, the quantity of the photoreactors
143 required is further reduced. As a result, the amount of the
DC voltage charged in the photoreactors 143 is also further
decreased. Thus, afterimages caused by the charging of the
DC voltage are further reduced and/or effectively prevented.
[0039] FIGS. 2A to 2C are partial cross-sectional views
illustrating an exemplary embodiment of a method of manu-
facturing a substrate for the LCD device shown in FIG. 1.
[0040] Referring to FIGS. 1 and 2A, the electrode 110 is
formed on the insulation substrate 101. The electrode 110
according to an exemplary embodiment includes a transpar-
ent conductive material and/or a metal material, for example,
but alternative exemplary embodiments of the present inven-
tion are not limited thereto. For example, the transparent
conductive material according to an exemplary embodiment
may include indium tin oxide (“ITO”) or indium zinc oxide
(“IZ0O”), but alternative exemplary embodiments are not lim-
ited thereto. In addition, the metal material may include Mo,

Feb. 18,2010

MoN, MoNb, Mo alloy, Cu, Cu alloy, CuMo alloy, Al, Al
alloy, Ag and/or Ag alloy, for example.

[0041] Referring now to FIGS. 1 and 2B, the insulation
layer 130 is formed on the insulation substrate 101 having the
electrode 110 formed thereon. The insulation layer 130
according to an exemplary embodiment includes silicon
oxide (“SiOx”) or silicon nitride (“SiNx”), for example. The
insulation layer 130 has a predetermined thickness with
regard to the thickness D, e.g., the first thickness, (FIG. 1) of
the alignment layer 150 and the thickness d, e.g., the second
thickness, (FIG. 1) of the photoalignment layer 140. Specifi-
cally, the predetermined thickness of the insulation layer 130
according to an exemplary embodiment is the difference
(D-d) between the thickness D ofthe alignment layer 150 and
the thickness d, e.g., the third thickness, of the photoalign-
ment layer 140.

[0042] Forexample, when the thickness D of the alignment
layer 150 is 900 A, the thickness (D-d) of the insulation layer
130 is 800 A and the thickness d of the photoalignment layer
140 is 100 A. Thus, the thickness d of the photoalignment
layer 140 has a minimum required for forming the photore-
actors 143. When the thickness (D-d) of the insulation layer
130 is 700 A, 600 A, or 500 A, the thickness d of the photo-
alignment layer 140 is 200 A, 300 A or 400 A, respectively.
[0043] Thus, the photoalignment layer is formed to have a
small thickness, a capacitance of the photoalignment layer
140 thereby increases and a resistance of the photoalignment
layer 140 thereby decreases. Therefore, the insulation layer
160 according to an exemplary embodiment compensates for
the increased capacitance and the decreased resistance of the
photoalignment layer 140. For example, the capacitance and
the resistance of the alignment layer 150 of the double-layer
structure having a thickness of 900 A is substantially the same
as the capacitance and the resistance of the alignment layer
150 of a single-layer structure having a thickness of 900 A.
[0044] Referring to FIGS. 1 and 2C, a mask 10 is disposed
onthe insulation substrate 101 having the alignment layer 150
formed thereon.

[0045] As described above, the alignment layer 150
includes the double-layer structure including the insulation
layer 130 and the photoalignment layer 140. Further, ultra-
violet light UV is irradiated onto the alignment layer 150
using the mask 10. In an exemplary embodiment, the ultra-
violet light UV may be polarized ultraviolet light UV. When
the polarized ultraviolet light UV is irradiated onto the first
alignment layer 150, the photoreactors 143 are formed in the
photoalignment layer 140 by a photopolymerization reaction.
During the photopolymerization reaction, the photoalign-
ment layer 140 includes the base layer 141 and the photore-
actors 143 which protrude from the base layer 141. The pho-
toreactors 143 have a directionality, e.g., an alignment
direction, corresponding to a direction in which the polarized
ultraviolet light UV is irradiated onto the alignment layer 150.
[0046] In an exemplary embodiment, for example, the
alignment layer 150 is divided into the first domain A1 and the
second domain A2. After the second domain A2 is covered by
the mask 10, the ultraviolet light UV is irradiated onto the
alignment layer 150 in a first direction. The ultraviolet light
UV is irradiated to the first domain A1 of the photoalignment
layer 140 which is exposed by the mask 10 and thereby causes
the photopolymerization reaction of first photoreactors 143a
in the first domain A1 of the photoalignment layer 140. There-
fore, the first photoreactors 143a in the first domain A1 of the
photoalignment member 140 are inclined along a first direc-
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tion when the ultraviolet light is irradiated to the first domain
Al of the photoalignment member 140. As a result, the first
photoreactors 143a protrude from base layer 141 in the first
direction.

[0047] Referring to FIGS. 1 and 2D, after the first domain
Al is covered by the mask 10, the ultraviolet light UV is
irradiated onto the alignment layer 150 in a second direction
different from the first direction. Thus, the ultraviolet light
UV is irradiated onto the second domain A2 of the photo-
alignment layer 140 which is exposed by the mask 10, and
thereby causes the photopolymerization reaction of second
photoreactors 1435 in the second domain A2 of the photo-
alignment layer 140. Therefore, the second photoreactors
1435 in the second domain A2 of the photoalignment member
140 are inclined along the second direction when the ultra-
violet light UV is irradiated onto the second domain A2 of the
photoalignment member 140. Therefore, the second photore-
actors 1435 protrude from base layer 141 in the second direc-
tion.

[0048] As a result, the alignment layer 150 includes two
regions. In an alternative exemplary embodiment, however,
the alignment layer 150 may include more than two regions
divided by a method substantially the same as or similar to the
method described above. Thus, the alignment layer 150
according to an alternative exemplary embodiment includes a
plurality of regions corresponding to the photoreactors 143
having different directionalities, e.g., alignment directions,
from each other. Therefore, a direction in which the liquid
crystal molecules are aligned is changed according to the
regions of the alignment layer 150. As a result, a viewing
angle of the display panel is substantially increased.

[0049] FIG. 3 is a partial cross-sectional view illustrating
an alternative exemplary embodiment of a substrate for an
LCD device according to the present invention. FIG. 4 is a
partial cross-sectional view taken along line I-I' of FIG. 3.
[0050] Referring to FIGS. 3 and 4, the LCD device accord-
ing to an exemplary embodiment of the present invention
includes a first substrate 300, a second substrate 400 and a
liquid crystal layer 500.

[0051] The first substrate 300 includes a first insulation
substrate 301, an array layer AL (FIG. 5B), an organic layer
360, a pixel electrode 370 and a first alignment layer PI1. The
pixel electrode 370 includes a first sub-pixel electrode 371
and a second sub-pixel electrode 372 spaced apart from the
first sub-pixel electrode 371.

[0052] The first insulation substrate 301 includes a trans-
parent material such as a transparent glass, for example. In an
exemplary embodiment, the first insulation substrate 301
defines a plurality of pixel areas, corresponding to a plurality
of pixels, to display an image on the LCD device.

[0053] Thearray layer AL is disposed on the first insulation
substrate 301. The array layer AL includes a gate line GL
extending in an X direction, e.g., a substantially horizontal
direction, a plurality of data lines DL including a first data line
DL1 and a second data line DL2 extending in a Y direction,
e.g., a substantially vertical direction, crossing the X direc-
tion, a first thin-film transistor (“TFT”’) TR1 and a second
TFTTR2. The first TFT TR1 is connected to the gate line GL.
and the first data line DL1. The second TFT TR2 is connected
to the gate line GL and the second data line DL2.

[0054] Moreover, the first TEFT TR1 includes a gate elec-
trode 311 electrically connected to the gate line GL, a source
electrode 341 electrically connected to the first data line DL.1
and a drain electrode 343 electrically connected to the first
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sub-pixel electrode 371. The first TFT TR1 includes a semi-
conductor layer 330 disposed on the gate electrode 311. In
addition, the semiconductor layer 330 includes an active layer
331 doped with impurities and an ohmic contact layer 332
disposed on the active layer 331. The source electrode 341
and the drain electrode 343 are disposed on the semiconduc-
tor layer 330, and the source electrode 341 is spaced apart
from the drain electrode 343, as shown in FIG. 4.

[0055] The second TFT TR2 has substantially the same
elements as the first TFT TR1, but is electrically connected to
the second sub-pixel electrode 372.

[0056] Thearray layer AL further includes a gate insulation
layer 320 and a protective layer 350. The gate insulation layer
3 covers at least a portion of the gate line GL and the gate
electrode 311 connected to the gate electrode 311. The pro-
tective layer 350 also covers at least a portion of each of the
first data line DL1 and the second data line DL2, the source
electrode 341 connected to the first data line DL1, and the
drain electrode 343 spaced apart from the source electrode
341.

[0057] The organic layer 360 is disposed on the array layer
AL. More particularly, the organic layer 360 is disposed on
the first insulation substrate 301 having the array layer AL
formed thereon to flatten, e.g., to planarize, the first insulation
substrate 301. The organic layer 360 is disposed between the
array layer AL and the pixel electrode 370. In an exemplary
embodiment, the organic layer 360 is a relatively thick layer,
compared to other layers, and a capacitance between the lines
of the array layer AL and the pixel electrode 370 is thereby
substantially decreased. Thus, an end portion of the pixel
electrode 370 overlaps with the lines and an aperture ratio of
the LCD device is thereby substantially improved.

[0058] The pixel electrode 370 according to an exemplary
embodiment includes a transparent conductive material, for
example. Additionally, the pixel electrode 370 is disposed in
the pixel area of the first insulation substrate 301. The pixel
electrode 370 is connected to the first TFT TR1 and the
second TFT TR2 through a first contact hole H1 and a second
contact hole H2 formed in the organic layer 360 and the
protective layer 350.

[0059] In an exemplary embodiment, the first sub-pixel
electrode 371 is electrically connected to the first TFT TR1 to
receive a high level pixel voltage, and the second sub-pixel
electrode 372 is electrically connected to the second TFT TR2
to receive a low level pixel voltage, but alternative exemplary
embodiments are not limited thereto. Thus, the pixel area is
divided by the first sub-pixel electrode 371 and the second
sub-pixel electrode 372 into two domains which receive pixel
voltages having different levels from each other.

[0060] The first alignment layer PI1 is disposed on the first
insulation substrate 301 on which the pixel electrode 370 is
formed. The first alignment layer PI1 includes an insulation
layer 380 and a photoalignment layer 390. The photoalign-
ment layer 390 has a thickness which is less than a thickness
of the insulation layer 380. In an exemplary embodiment, a
plurality of photoreactors 143 is disposed in the photoalign-
ment layer 390, and photoreactors 143 of the plurality of
photoreactors 143 are formed by a photopolymerization reac-
tion. The liquid crystal layer 500 is aligned in a multi-domain
structure according to tilt angles of the photoreactors 143
which have different directionalities, e.g., alignment direc-
tions, from each other.

[0061] Inanexemplary embodiment, for example, the pho-
toalignment layer 390 on which the first sub-pixel electrode
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371 is formed has photoreactors 143 having different direc-
tionalities from each other. Moreover, the pixel area in which
the first sub-pixel electrode 371 is formed may be divided into
first, second, third and fourth regions A1, A2, A3 and A4,
respectively. In addition, the photoalignment layer 390 on
which the second sub-pixel electrode 372 is formed has pho-
toreactors 143 having different directionalities from each
other. The pixel area in which the second sub-pixel electrode
372 is formed is divided into first, second, third and fourth
regions al, a2, a3 and a4, respectively. Therefore, the pixel
area in which the first sub-pixel electrode 371 and the second
sub-pixel electrode 372 are disposed is divided into eight
regions A1, A2, A3, A4, al, a2, a3 and a4.

[0062] The first alignment layer PI1 has a first rubbing
direction. More specifically, the first rubbing direction is in a
+Y direction corresponding to a left region of the pixel area
and a -Y direction corresponding to a right region of the pixel
area, as shown in FIG. 3.

[0063] The second substrate 400 includes a second insula-
tion substrate 401, a color filter 410, a common electrode 420
and a second alignment layer PI2.

[0064] The second insulation substrate 401 includes a
transparent material such as a transparent glass, but alterna-
tive exemplary embodiments are not limited thereto. In an
exemplary embodiment, the second insulation substrate 401
includes a plurality of pixel areas corresponding to a plurality
of pixels which display an image on the LCD device.

[0065] The color filter 410 is disposed on the second insu-
lation substrate 401 substantially corresponding to an area on
which the pixel electrode 370 is disposed. As shown in FIG.
3, the color filter 410 is disposed on the second insulation
substrate 401, but in an alternative exemplary embodiment of
the present invention, the color filter 410 may be disposed on
the first substrate 300 instead of on the organic layer 360.

[0066] The common electrode 420 is disposed on the sec-
ond insulation substrate 401 having the color filter 410 dis-
posed thereon. In an exemplary embodiment, the common
electrode 420 covers an entire area of the second insulation
substrate 401. The common electrode 420 is disposed oppo-
site to the pixel electrode 370 of the first substrate 300 to
define a liquid crystal capacitor therebetween. The liquid
crystal layer 500 disposed between the common electrode
420 and the pixel electrode 370 is aligned by a common
voltage Vecom (FIG. 7), received by the common electrode
420, and a data voltage Vdata (FIG. 7), received to the pixel
electrode 370.

[0067] The second alignment layer PI2 is disposed on the
second insulation substrate 401 having the common electrode
420 formed thereon. In an exemplary embodiment, the sec-
ond alignment layer P12 includes an insulation layer 430 and
a photoalignment layer 440. In an exemplary embodiment,
the photoalignment layer 440 has a thickness less than a
thickness of the insulation layer 430. A plurality of photore-
actors 143 is disposed in the photoalignment layer 440, and
photoreactors 143 of the plurality of photoreactors 143 are
formed by the photopolymerization reaction. Thus, the liquid
crystal layer 500 is aligned in a multi-domain structure
according to tilt angles of the photoreactors 143 having dif-
ferent directionalities, e.g., alignment directions, from each
other.

[0068] The second alignment layer PI2 according to an
exemplary embodiment has a second rubbing direction. Spe-
cifically, the second rubbing direction has a -Y direction,
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corresponding to an upper region of the pixel area, and a +X
direction, corresponding to a lower region of the pixel area, as
shown in FIG. 3.

[0069] Thus, the liquid crystal layer 500 of the LCD device
according to an exemplary embodiment is pretilted by the first
alignment layer PI1 of the first substrate 300 and the second
alignment layer PI2 of the second substrate 400. In addition,
the liquid crystal layer 500 is aligned by an electric field
formed between the pixel electrode 370 and the common
electrode 420. A grayscale image is displayed by light trans-
mitted through the liquid crystal layer 500 aligned by the
electric field.

[0070] FIGS. 5A to 5E are partial cross-sectional views
illustrating an exemplary embodiment of a method of manu-
facturing a first substrate of the substrate shown in FIG. 4.
[0071] Referring to FIGS. 4 and 5A, the array layer AL is
formed on the first insulation substrate 301.

[0072] A gate metal pattern (not fully shown) including the
gate line GL and the gate electrode 311 are disposed on the
first insulation substrate 301. The gate metal pattern may
further include a storage common electrode facing the pixel
electrode 370 and defining a storage capacitor therebetween.
[0073] A gate insulation layer 320 is formed on the first
insulation substrate 301 having the gate metal pattern formed
thereon. A semiconductor layer 330 is formed on the first
insulation substrate 301 having the gate insulation layer 320
formed thereon. In an exemplary embodiment, the semicon-
ductor layer 330 is formed in an area in which the gate
electrode 311 is formed.

[0074] A source metal pattern (not fully shown) is formed
on the first insulation substrate 101 having the semiconductor
layer 330 formed thereon. The source metal pattern includes
the first data line DL1 and the second data line DL2, the
source electrode 341, and the drain electrode 343.

[0075] A protective layer 350 is formed on the first insula-
tion substrate 301 having the source metal pattern formed
thereon.

[0076] Referringto FIGS. 4 and SB, the organic layer 360 is
formed on the first insulation substrate 301 having the pro-
tective layer 350 formed thereon. The organic layer 360 is
thicker than other layers and has an aperture through which
the protective layer 350 is exposed in an area corresponding to
an end portion of the drain electrode 343. More specifically,
the protective layer 350 is exposed by etching to form a first
contact hole H1 through which the drain electrode 343 of the
first TFT TR1 is exposed. The protective layer 350, exposed
by the opening, is etched to form a second contact hole H2
which exposes the drain electrode (not shown) of the second
TFT TR2.

[0077] A pixel electrode 370 including the first sub-pixel
electrode 371 and the second sub-pixel 372 is formed on the
first insulation substrate 301 having the first contact hole H1
and the second contact hole H2 therethrough by using a
transparent conductive material, for example. The first sub-
pixel electrode 371 contacts the drain electrode 343 through
the first contact hole H1.

[0078] Referring to FIGS. 4 and 5C, the first alignment
layer PI1 having the first thickness D is formed on the first
insulation substrate 301 having the pixel electrode 370
formed thereon. The first alignment layer PI1 includes an
insulation layer 380 and a photoalignment layer 390. The
insulation layer 380 having the third thickness (D-d) is
formed on the first insulation substrate 301 having the pixel
electrode 370 formed thereon. The photoalignment layer 390
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having a second thickness d is formed on the first insulation
substrate 301 having the insulation layer 380 formed thereon.
The second thickness d is smaller than the third thickness
(D-d).

[0079] When the thickness of the first alignment layer P11
is about 900 A, for example, the thickness of the insulation
layer 380 is about 800 A and the thickness of the photoalign-
ment layer 390 is, for example, about 100 A. Alternatively,
when the thickness of the insulation layer 380 is about 700 A,
600 A or 500 A, the thickness of the photoalignment layer 390
is about 200 A, 300 A or 400 A, respectively.

[0080] In an exemplary embodiment of the present inven-
tion, the first alignment layer PI1 has a double-layer structure
including the insulation layer 380 and the photoalignment
layer 390 and the thickness of the photoalignment layer 390 is
thereby substantially reduced. When the thickness of the pho-
toalignment layer 390 is reduced, a total quantity of required
photoreactors 143 is reduced. When the total quantity of the
photoreactors 143 is reduced, an amount of DC voltage in the
photoreactors 143 is decreased. Therefore, afterimages,
caused by charging of the DC voltage, is substantially
reduced and/or effectively prevented.

[0081] The photoalignment layer 380 according to an
exemplary embodiment may include a polymer material,
such as polyimide, polyamic acid, polyvinyl cinnamate,
polyazobenzene, polyethyleneimine, polyvinyl alcohol,
polyamide, polyethylene, polystyrene, polyphenylene
phthalamide, polyester, polyurethane and/or polymethyl
methacrylate, for example, but alternative exemplary
embodiments of the present invention are not limited thereto.
[0082] Referring to FIGS. 4 and 5D, the first alignment
layer PI1 separates a first region A1 from a second region A2.
Therefore, after the second region A2 is covered by a mask
600, ultraviolet light UV is irradiated onto the first alignment
layer PI1 in a first direction. Specifically, the ultraviolet light
UV is irradiated onto the first region Al of the photoalign-
ment layer 390 exposed by the mask 600 and therefore causes
a photopolymerization reaction of a first photoreactor 393a
protruding from the base layer 391 in the first direction.
[0083] Referringto FIGS. 4 and 5E, after the first region A1
is covered by the mask 600, ultraviolet light UV is irradiated
on to the first alignment layer PI1 in a second direction dif-
ferent from the first direction. The ultraviolet light is irradi-
ated to the second region A2 of the photoalignment layer 390
exposed by the mask 600 and thereby causes the photopoly-
merization reaction of a second photoreactor 3935 protruding
from the base layer 391 in the second direction. In an exem-
plary embodiment of the present invention, although the first
alignment layer PI1 includes two regions, the first alignment
layer PI1 according to an alternative exemplary embodiment
may include more than two regions, divided by a method
substantially the same as or similar to the method described
herein.

[0084] Therefore, the first alignment layer PI1 includes the
double-layer structure so that the photoalignment layer 390
may be formed to have a small thickness. Thus, the total
quantity of the photoreactors that are the main cause of charg-
ing of the DC voltage may be decreased to prevent the after-
images caused by the charging of the DC voltage.

[0085] FIGS. 6A to 6C are partial cross-sectional views
illustrating an exemplary embodiment of a method of manu-
facturing a second substrate of the substrate shown in FIG. 4.
[0086] Referring to FIGS. 4 and 6A, the color filter 410 is
formed on the second insulation substrate 401. The common
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electrode 420 is formed on the second insulation substrate
401 having the color 410 formed on thereon.

[0087] Referring to FIGS. 4 and 6B, the second alignment
layer P12 having the first thickness D is formed on the second
insulation substrate 401 having the common electrode 420
formed thereon. The second alignment layer P12 includes an
insulation layer 430 and a photoalignment layer 440. The
insulation layer 430 is formed on the second insulation sub-
strate 401 having the common electrode 420 formed thereon
with a third thickness (D-d). The photoalignment layer 440 is
formed on the second insulation substrate 401 having the
insulation layer 430 formed thereon into a second thickness d
less than the third thickness (D-d).

[0088] Forexample, in an exemplary embodiment wherein
the thickness of the second alignment layer PI2 is about 900
A, the thickness of the insulation layer 430 is about 800 A and
the thickness of the photoalignment layer 440 is, for example,
about 100 A. Alternatively, when the thickness of the insula-
tion layer 430 is about 700 A, 600 A or 500 A, the thickness
of the photoalignment layer 440 is about 200 A, 300 A or 400
A, respectively.

[0089] In an exemplary embodiment of the present inven-
tion, the second alignment layer P12 includes the double-layer
structure having the insulation layer 430 and the photoalign-
ment layer 440, so that the thickness of the photoalignment
layer 440 is substantially reduced. Thus, the total quantity of
the photoreactors 143 formed by the photopolymerization
reaction is substantially reduced, and the amount of the DC
voltage charged in the photoreactors 143 may be decreased.
Afterimages caused by the charging of the DC voltage into
the photoreactors 143 are thereby effectively prevented.
[0090] The photoalignment layer 440 according to an
exemplary embodiment includes a polymer material, such as
polyimide, polyamic acid, polyvinyl cinnamate, polyazoben-
zene, polyethyleneimine, polyvinyl alcohol, polyamide,
polyethylene, polystyrene, polyphenylene phthalamide,
polyester, polyurethane or polymethyl methacrylate, for
example.

[0091] Referring to FIGS. 4 and 6C, the second alignment
layer PI2 divides a first region Al from a second region A2.
Then, after the second region A2 is covered by the mask 600,
for example, ultraviolet light UV is irradiated onto the second
alignment layer PI2 in a first direction. The ultraviolet light
UV is irradiated onto the first region Al of the photoalign-
ment layer 440 exposed by the mask 600 and thereafter causes
the photopolymerization reaction of first photoreactors 443a
protruding from the base layer 441 in the first direction.
[0092] Afterthe first region A1 is covered by the mask 600,
ultraviolet light UV is irradiated onto the second alignment
layer PI2 in a second direction different from the first direc-
tion. More specifically, the ultraviolet light UV is irradiated
onto the second region A2 of the photoalignment layer 440
exposed by the mask 600 and thereby causes the photopoly-
merization reaction of second photoreactors 4435 protruding
from the base layer 441 in the second direction.

[0093] Therefore, the second alignment layer P12 includes
the double-layer structure and the photoalignment layer 440
is formed to have a substantially reduced thickness. Thus, the
total quantity of the photoreactors 143, which are a cause of
the charging of the DC voltage, is substantially decreased to
thereby effectively prevent afterimages caused by the charg-
ing of the DC voltage.

[0094] Hereinafter, a method of manufacturing an LCD
device in accordance with an alternative exemplary embodi-
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ment of the present invention will be described in further
detail with reference to the FIGS. 4 to 6C.

[0095] Referring to FIGS. 5A to 5E, the first substrate 300
is formed. The first substrate 300 includes the pixel areas, and
further includes the first TFT TR1 and the second TFT TR2,
the pixel electrode 370 disposed on the first TFT TR1 and the
second TFT TR2, and the first alignment layer PI1 disposed
on the pixel electrode 370.

[0096] Referring to FIGS. 6A and 6B, the second substrate
400 is then formed. The second substrate 400 includes the
common electrode 420 facing the pixel electrode 370 of the
first substrate 300 and a second alignment layer P12 disposed
on the common electrode 420. The first alignment layer PI1
and the second alignment layer PI2 include a double-layer
structure having the insulation layer 130 and the photoalign-
ment layer 140. The method of manufacturing the first align-
ment layer PI1 according to an exemplary embodiment is
substantially the same as in greater detail above with refer-
ence to FIGS. 5B to 5E, and the method of manufacturing the
second alignment layer PI2 is substantially the same as
described in greater detail above with reference to FIGS. 6B
and 6C. Thus, any repetitive detailed description will herein-
after be omitted.

[0097] When the first substrate 300 and the second sub-
strate 400 are manufactured, the first substrate 300 and the
second substrate 400 are coupled together. The liquid crystal
layer 500 is disposed between the first substrate 300 and the
second substrate 400 such as shown in FIG. 4, to manufacture
the LCD device according to an exemplary embodiment.

[0098] FIG. 7 is a schematic circuit diagram of an exem-
plary embodiment of an LCD device according to the present
invention.

[0099] Referring to FIGS. 4 and 7, the LCD device accord-
ing to an exemplary embodiment includes a first resistor-
capacitor (“RC”) parallel circuit 710, a second RC parallel
circuit 720 and a third RC parallel circuit 730. The first RC
parallel circuit 710, the second RC parallel circuit 720 and the
third RC parallel circuit 730 are all connected in series
between the pixel electrode 370 and the common electrode
420. Moreover, the first RC parallel circuit 710, correspond-
ing to the first alignment layer PI1, includes a first resistor R1
and a first capacitor C1. The second parallel circuit 720,
corresponding to the liquid crystal layer 500, includes a sec-
ond resistor R2 and a second capacitor C2. The third parallel
circuit 730, corresponding to the second alignment layer P12,
includes a third resistor R3 and a third capacitor C3.

[0100] Inan LCD device wherein the first alignment layer
P11 and the second alignment layer P12 include a single-layer
structure having a thickness of about 0.9 um, each of the first
resistor R1 and the third resistor R3 had values of about
8.5E+07Q, while each of the first capacitor C1 and the third
capacitor C3 were about 3.8E-05 F.

[0101] Hereinafter, resistances and capacitances of the
alignment layer 150 having a double-layer structure, e.g.,
include the insulation layer 130 and the photoalignment layer
140 were measured for various changes in a thickness of the
insulation layer 130 and the photoalignment layer 140.
[0102] More specifically, an alignment layer according to
an exemplary embodiment having the double-layer structure
having an insulation layer IL and a photoalignment layer PAL
had properties listed in Table 1.
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TABLE 1
Specific
Dielectric Resistance Thickness Capacitance
Constant (Q) (nm) Resistance () (F)
PAL 4.1 1.20E+13 0.9 1.08E+07 4.03E-05
IL 4.5 1.00E+14 0.9 9.00E+07 4.43E-05
[0103] Referringto Table 1, when the photoalignment layer

has a thickness of about 0.9 um, the dielectric constant is
about 4.1, the specific resistance is about 1.20E+13€2, the
resistance is 1.08E+07€2 and the capacitance is about 4.03E-
05 F. When the insulation layer has a thickness of about 0.9
um, the dielectric constant is about 4.5, the specific resistance
is about 1.000E+14€, the resistance is 9.00E+07£2 and the
capacitance is about 4.43E-05 F.

[0104] The resistance of the alignment layer having the
double-layer structure was then measured for changes in the
thickness of the insulation layer IL and the photoalignment
layer PAL. The resistances of the alignment layer correspond-
ing to changes in the thicknesses are shown in Table 2.

TABLE 2

Resistance (Q

PAL

L 100 (A) 200 (A) 300 (A) 400 (A)

0 1.0E+07 2.0E+07 3.0E+07 4.0E+07
100 (A) 2.0E+07 3.0E+07 4.0E+07 5.0E+07
200 (A) 3.0E+07 4.0E+07 5.0E+07 6.0E+07
300 (A) 4.0E+07 5.0E+07 6.0E+07 7.0E+07
400 (A) 5.0E+07 6.0E+07 7.0E+07 8.0E+07
500 (A) 6.0E+07 7.0E+07 8.0E+07 9.0E+07
600 (A) 7.0E+07 8.0E+07 9.0E+07 1.0E+08
700 (A) 8.0E+07 9.0E+07 1.0E+08 1.1E+08
800 (A) 9.0E+07 1.0E+08 1.1E+08 1.2E+08
900 (A) 1.0E+08 1.1E+08 1.2E+08 1.3E+08

[0105] Referring to Table 2, when the thickness of the pho-

toalignment layer was about 100 A and the thickness of the
insulation layer was about 700 A, for example, the resistance
of the alignment layer was about 8.0E+07€2. Thus, the resis-
tance of the alignment layer was substantially the same as the
resistance of about 8.5E+07Q of the alignment layer of the
single-layer structure. When the thickness of the photoalign-
ment layer was about 200 A and the thickness of the insula-
tion layer was about 600 A, the thickness of the photoalign-
ment layer was about 300 A and the thickness of the
insulation layer was about 500 A, and the thickness of the
photoalignment layer was about 400 A and the thickness of
the insulation layer was about 400 A, the resistance of the
alignment layer was substantially the same as the resistance
of'about 8.0E+07Q of the alignment layer of the single-layer
structure.

[0106] The capacitance of the alignment layer having the
double-layer structure was measured in accordance with
changes in the thickness of the insulation layer IL and the
photoalignment layer PAL. The capacitance of the alignment
layer in accordance with the changes in the thickness is shown
in Table 3.



TABLE 3
Capacitance (F
PAL

L 100 (A) 200 (A) 300 (A) 400 (A)

0 3.5E-04 1.7E-04 1.2E-04 8.6E-05
100 (A) 1.8E-04 1.2E-04 8.9E-035 7.1E-05
200 (A) 1.3E-04 9.2E-03 7.3E-05 6.0E-05
300 (A) 9.6E-05 7.5E-05 6.2E-05 5.2E-05
400 (A) 7.7E-05 6.3E-05 5.3E-05 4.6E-05
500 (A) 6.5E-05 5.5E-05 4.7E-05 4.1E-05
600 (A) 5.6E-05 4.8E-05 4.2E-05 3.8E-05
700 (A) 4.9E-05 4.3E-05 3.8E-05 3.4E-05
800 (A) 4.4E-05 3.9E-05 3.5E-05 3.2E-05
900 (A) 3.9E-05 3.5E-05 3.2E-05 2.9E-05

[0107] Referring to Table 3, when the thickness of the pho-

toalignment layer was about 100 A and the thickness of the
insulation layer was about 900 A, the capacitance of the
alignment layer was 3.9E-05 F that was the similar to the
capacitance of about 3.8E-05 F of the alignment layer of the
single-layer structure. When the thickness of the photoalign-
ment layer was about 200 A and the thickness of the insula-
tion layer was about 800 A, the capacitance of the alignment
layer was about 3.9E-05 F. e.g., similar to the capacitance of
about 3.8E-05 F of the alignment layer of the single-layer
structure. When the thickness of the photoalignment layer
was about 300 A and the thickness of the insulation layer was
about 700 A, and the thickness of the photoalignment layer
was about 400 A and the thickness of the insulation layer was
about 600 A, the capacitance of the alignment layer was about
3.8E-05 F. e.g., substantially the same as the capacitance of
about 3.8E-05 F of the alignment layer of the single-layer
structure.

[0108] Therefore, in order for the alignment layer having
the double-layer structure to have a thickness, resistance and
capacitance that are similar to those of the alignment layer
having the single-layer structure, ratios of the thickness of the
photoalignment layer to the insulation layer were about 100
A:800 A, 200 A:700 A, 300 A:600 A, and 400 A:500 A.

[0109] According to exemplary embodiments of the
present invention as described herein, an alignment layer
includes a double-layer structure having an insulation layer
and a photoalignment layer. As a result, a photoalignment
layer has a substantially reduced thickness. Thus, a quantity
of photoreactors, which are a cause of charging of a DC
voltage, is substantially decreased. Therefore afterimages
caused by the charging of the DC voltage are substantially
reduced and/or effectively prevented.

[0110] The present invention should not be construed as
being limited to the exemplary embodiments set forth herein.
Rather, these exemplary embodiments are provided so that
this disclosure will be thorough and complete and will fully
convey the concept of the present invention to those skilled in
the art.

[0111] While the present invention has been particularly
shown and described with reference to exemplary embodi-
ments thereof, it will be understood by those of ordinary skill
in the art that various changes in form and details may be
made therein without departing from the spirit or scope of the
present invention as defined by the following claims.
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What is claimed is:

1. A liquid crystal display device comprising:

a first substrate including a thin-film transistor and a plu-

rality of pixel disposed on the first substrate;

a pixel electrode disposed on the thin-film transistor;

a second substrate disposed opposite to the first substrate;

a common electrode disposed on the second substrate; and

an alignment layer including an insulation layer and a

photoalignment layer disposed on at least one of the
pixel electrode and the common electrode.

2. The liquid crystal display device of claim 1, wherein a
thickness of the photoalignment layer is less than a thickness
of the insulation layer.

3. The LCD device of claim 2, wherein the photoalignment
layer includes a base layer in contact with the insulation layer
and a photoreactor protruding from the base layer.

4. The liquid crystal display device of claim 1, wherein

the photoalignment layer includes a plurality of the photo-

reactors,

photoreactors of the plurality of photoreactors protrude in

different directions from each other, and

each pixel area of the plurality of pixel areas is divided into

a multi-domain structure by the photoreactors protrud-
ing in the different directions.
5. The liquid crystal display device of claim 1, wherein the
thin-film transistor is connected to a gate line and a data line,
the data line extending in a direction substantially crossing
the gate line.
6. The liquid crystal display device of claim 1, further
comprising a color filter disposed between the second sub-
strate and the common electrode.
7. The liquid crystal display device of claim 1, wherein the
photoalignment layer includes a polymer material such as
polyimide, polyamic acid, polyvinyl cinnamate, polyazoben-
zene, polyethyleneimine, polyvinyl alcohol, polyamide,
polyethylene, polystyrene, polyphenylene phthalamide,
polyester, polyurethane and/or polymethyl methacrylate.
8. A method of manufacturing a liquid crystal display
panel, the method comprising:
forming a first substrate including a thin-film transistor and
a pixel electrode disposed on the thin-film transistor and
a plurality of pixel areas disposed on the first substrate;

forming a second substrate opposite to the pixel electrode
of the first substrate, the second substrate including a
common electrode; and

forming an alignment layer on at least one of the pixel

electrode and the common electrode, the alignment
layer including an insulation layer and a photoalignment
layer.

9. The method of claim 8, wherein a thickness of the
photoalignment layer is less than a thickness of the insulation
layer.

10. The method of claim 8, wherein the forming the align-
ment layer comprises:

forming the insulation layer on the first substrate having the

pixel electrode formed thereon;

forming the photoalignment layer on the first substrate

having the insulation layer formed thereon; and

irradiating light onto the photoalignment layer so that a

base layer is formed on the insulation layer and photo-
reactors protruding from the base layer are formed.

11. The method of claim 10, wherein the forming the first
substrate comprises:
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forming a gate metal pattern including a gate line and a gate

electrode on the first substrate;

forming a gate insulation layer on the first substrate having

the gate metal pattern formed thereon;

forming a source metal pattern including a data line extend-

ing in a direction substantially crossing the gate line, a
source electrode connected to the data line and a drain
electrode spaced apart from the source electrode on the
first substrate having the gate insulation layer formed
thereon; and

forming a protective layer on the first substrate having the

source metal pattern formed thereon.

12. The method of claim 11, wherein the pixel electrode
contacts the drain electrode through a contact hole formed
through the protective layer.

13. The method of claim 11, wherein the irradiating the
light onto the photoalignment layer comprises:

irradiating the light in different directions corresponding to

respective domains of a multi-domain structure of pixel
areas of the plurality of pixel areas to form the photore-
actors having the different directions, the pixel areas
being divided into the multi-domain structure.

14. The method of claim 10, wherein the forming the
second substrate includes forming a color filter on the second
substrate.

15. The method of claim 14, wherein the forming the
alignment layer comprises:

forming an insulation layer on the second substrate having

the common electrode formed thereon;
forming a photoalignment layer on the second substrate
having the insulation layer formed thereon; and

irradiating light to the photoalignment layer so that a base
layer, formed on the insulation layer, and the photoreac-
tors, protruding from the base layer, are formed.

16. The method of claim 15, wherein the irradiating the
light onto the photoalignment layer comprises:

irradiating the light in different directions corresponding to

respective domains of a multi-domain structure of pixel
areas of the plurality of pixel areas to form the photore-
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actors having the different directions, the pixel areas
being divided into the multi-domain structure.

17. The method of claim 8, wherein the photoalignment
layer includes a polymer material such as polyimide,
polyamic acid, polyvinyl cinnamate, polyazobenzene, poly-
ethyleneimine, polyvinyl alcohol, polyamide, polyethylene,
polystyrene, polyphenylene phthalamide, polyester, polyure-
thane and/or polymethyl methacrylate.polyethylene, polysty-
rene, polyphenylene phthalamide, polyester, polyurethane
and polymethyl methacrylate.

18. A liquid crystal display device comprising:

a first substrate including a thin-film transistor, a pixel
electrode electrically connected to the thin-film transis-
tor and a first alignment layer comprising an insulation
layer disposed on the pixel electrode and a photoalign-
ment layer having a thickness less than a thickness of the
insulation layer;

a second substrate including a common electrode disposed
opposite to the pixel electrode and a second alignment
layer comprising an insulation layer disposed on the
common electrode and a photoalignment layer having a
thickness less than the thickness of the insulation layer;
and

a liquid crystal layer disposed between the first substrate
and the second, substrate, the liquid crystal layer includ-
ing liquid crystal molecules, wherein alignment direc-
tions of the liquid crystal molecules are determined by
the first alignment layer and the second alignment layer.

19. The liquid crystal display device of claim 18, wherein
the first alignment layer and the second alignment layer
include photoreactors protruding therefrom in different direc-
tions.

20. The liquid crystal display device of claim 18, wherein
the photoalignment layer includes a polymer material such as
polyimide, polyamic acid, polyvinyl cinnamate, polyazoben-
zene, polyethyleneimine, polyvinyl alcohol, polyamide,
polyethylene, polystyrene, polyphenylene phthalamide,
polyester, polyurethane and/or polymethyl methacrylate.

* * #* ok %



THMBW(EF)

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

HAT R E (TR AGE)

REETEREREHES

US20100039596A1 K (2E)R
US12/419417 HiEH
ZEEFHA &

SAMSUNG ELECTRONICS CO. , LTD.

=EDISPLAY CO., LTD.

[#R1 &% BB A SHIN YONG HWAN
KIM KYOUNG TAE
JUNG JIN SOO
CHO SOO RYUN
KBEA SHIN, YONG-HWAN
KIM, KYOUNG-TAE
JUNG, JIN-SOO
CHO, SOO-RYUN
IPCH & GO02F1/1337 HO1L21/28
CPCo %= GO02F1/133711 G02F2001/13373 G02F1/133788 G02F1/13378
i 51X 1020080078893 2008-08-12 KR
H AN FF 32k US8395735
SNEBEEE Espacenet USPTO
HEGE)

HEET (LCD" ) RBAES—ER , GEE , STER , AHEE %

MkazE, F-ERSEEFEREE (TFT") MREEE-ERLHZS [

2010-02-18

2009-04-07

MEEXEH, BEBRREETFTL, BZERGE -ERETRE,

NHBPREEFZER L, MARSHELEZENANERE |, REER
RERMAKBRFPHED - L

393a

R T T

patsnap

3930

I

AN ‘///// LLL IIIII/II&/I//I//// 777 //391
4

PIK

T
T

371
360

350

~320

301

A2


https://share-analytics.zhihuiya.com/view/fa49398f-8c65-46e1-aa6d-2db1ce3837e1
https://worldwide.espacenet.com/patent/search/family/041672756/publication/US2010039596A1?q=US2010039596A1
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=%2220100039596%22.PGNR.&OS=DN/20100039596&RS=DN/20100039596

