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In a method of forming a liquid crystal display device, a black
matrix is disposed on a substrate including a switching ele-
ment formed thereon, a color filter is disposed on the switch-
ing element, a pixel electrode is electrically connected to the
switching element, and a first alignment layer is disposed on
the pixel electrode, to form a first substrate. A second sub-
strate including a second alignment layer is formed. At least
one ofthe first alignment layer and the second alignment layer
includes a reactive mesogen. A liquid crystal layer is inter-
posed between the first substrate and the second substrate. A
light is irradiated onto the second substrate to provide pretilt
angles of liquid crystal molecules of the liquid crystal layer.
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FIG. 1

FORMING AN ALIGNMENT LAYER HAVING
RM AND AN INITIATOR ON A FIRST
SUBSTRATE

S10

FORMING A LIQUID CRYSTAL LAYER
INTERPOSED BETWEEN THE FIRST
SUBSTRATE AND A SECOND SUBSTRATE
OPPOSITE TO THE FIRST SUBSTRATE

520

COMBINING THE FIRST SUBSTRATE

WiTH THE SECOND SUBSTRATE 530

CURING THE RM BY IRRADIATING A
LIGHT TO PROVIDE PRETILT ANGLES
TO L1QUID CRYSTAL MOLECULES
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LIQUID CRYSTAL DISPLAY DEVICE AND
METHOD OF MANUFACTURING THE SAME

[0001] This application claims priority to Korean Patent
Application No. 2009-69001, filed on Jul. 28, 2009, and all
the benefits accruing therefrom under 35 U.S.C. §119, the
contents of which are herein incorporated by reference in
their entirety.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] Exemplary embodiments of the invention relateto a
liquidcrystaldisplay (“LCD”) device, and a method of manu-
facturing the LCD device. More particularly, exemplary
embodiments ofthe invention relate to a liquid crystal display
(“LCD”) device capable of enhancing afterimages and reli-
ability, and a method of manufacturing the LCD device.
[0004] 2. Description of the Related Art

[0005] Generally, in a liquid crystal display (“LCD”)
device, a voltage is applied to an electric field generating
electrode to provide the liquid crystal layer with an electric
field, and arrangement of liquid crystal molecules of a liquid
crystal layer is controlled in response to the electric field,
thereby displaying images.

[0006] The LCD device may be operated with a super ver-
tical alignment (““S-VA”) mode. According to the S-VA tech-
nology, liquid crystal molecules and ultraviolet (“UV™)-cur-
able particles are injected between first and second substrates,
and the UV-curable particles are cured to pretilt the liquid
crystal molecules under conditions in which a data voltage of
a white gray scale is applied between the first and second
substrates.

[0007] Polarized ultraviolet light is irradiated to photo-
crosslinkable copolymer including a mesogenic group having
liquid crystal properties, the mesogenic group being referred
as a reactive mesogen (“RM”), to induce anisotropy to the
photocrosslinkable copolymer, and heat is applied to the pho-
tocrosslinkable copolymer to enhance the anisotropy of an
alignment layer, to thereby align liquid crystal molecules.
[0008] However, the RM injected between first and second
substrates may not be easily cured at a surface of the align-
ment layer, and the RM may remain in the liquid crystal layer.
The RM remaining in the liquid crystal layer may be cured by
light from a backlight of the LCD device, and cured amounts
of the RM differ depending on location. Thus, pretilt angles of
liquid crystal molecules may not be uniform. As a result,
afterimages may appear on a display screen.

BRIEF SUMMARY OF THE INVENTION

[0009] Exemplary embodiments of the invention provide a
liquid crystal display (“LCD”) device having improved after-
images and reliability.

[0010] Exemplary embodiments of the invention also pro-
vide a method of manufacturing the LCD device.

[0011] According to an exemplary embodiment of the
invention, there is provided a method of manufacturing an
LCD device. In the method, a black matrix is disposed on a
substrate including a switching element disposed thereon, a
color filter is disposed on the switching element, a pixel
electrode 1s electrically connected to the switching element,
and a first alignment layer is disposed on the pixel electrode,
to form a first substrate. A second substrate including a sec-

Feb. 3, 2011

ond alignment layer is formed. The second substrate faces the
first substrate. At least one of the first alighment layer and the
second alignment layer includes a reactive mesogen (“RM”).
A liquid crystal layer is interposed between the first substrate
and the second substrate. A light is irradiated onto the second
substrate to provide pretilt angles of liquid crystal molecules
of the liquid crystal layer.

[0012] In an exemplary embodiment of the invention, the
reactive mesogen (“RM”) may be cured by irradiating the
light.

[0013] In an exemplary embodiment of the invention, at
least one of the first alignment layer and the second alignment
layer may include at least one selected from the group con-
sisting of polyamic acid, polyimide, and polysiloxane.
[0014] In an exemplary embodiment of the invention, at
least one of the first alignment layer and the second alignment
layer may include an initiator to promote a curing reaction of
the reactive mesogen.

[0015] In an exemplary embodiment of the invention, the
reactive mesogen (“RM”) may include a compound repre-
sented by the following Chemical Formula 1:

Yi-ArY,

[0016] where each of Y, and Y, represents an acrylate
group or a methacrylate group, A, represents a biphenyl
group, a terphenyl group, or a naphthalene group, and each
hydrogen atom of A | is replaceable with F, C1, CH,, or OCH,.
[0017] In an exemplary embodiment of the invention, at
least one of the first alignment layer and the second alignment
layer may include about 0.1 percent by weight to about 20
percent by weight of the reactive mesogen (“RM”) based on
atotal weight of the first alignment layer or the second align-
ment layer.

[0018] In an exemplary embodiment of the invention, the
initiator may include at least one selected from the group
consisting of benzyl dimethyl ketal, a-amino acetophenone,
and 1-hydroxy cyclohexyl phenyl keton.

[0019] In an exemplary embodiment of the invention, at
least one of the first alignment layer and the second alignment
layer may include about 0.01 percent by weight to about 1
percent by weight of the initiator based on a total weight of the
reactive mesogen (“RM”).

[0020] In an exemplary embodiment of the invention, in
irradiating the light onto the second substrate, about 0.01
joule (J) to about 10 J of an unpolarized UV light may be
irradiated at a condition in which an electric field is applied to
the liquid crystal layer.

[0021] Inanexemplary embodimentofthe invention, about
15 Jto about 100 J of an unpolarized UV light may be further
irradiated at a condition in which an electric field is not
applied to the liquid crystal layer, after irradiating the unpo-
larized UV light at a condition in which an electric field is
applied to the liquid crystal layer.

[0022] Inanexemplary embodimentofthe invention, about
0.1 I to about 1 J of an unpolarized UV light may be further
irradiated at a condition in which an electric filed is not
applied to the liquid crystal layer, before irradiating the unpo-
larized UV light at a condition in which an electric field is
applied to the liquid crystal layer.

[0023] According to another exemplary embodiment of the
invention, an LCD device includes a first substrate including
a black matrix disposed on a substrate including a switching
element disposed thereon, a color filter disposed on the
switching element, a pixel electrode electrically connected to

<Chemical Formula 1>
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the switching element and a first alignment layer disposed on
the pixel electrode, a second substrate including a common
electrode facing the pixel electrode, and a second alignment
layer disposed on the common electrode, the second substrate
facing the first substrate, at least one of the first alignment
layer and the second alignment layer including a reactive
mesogen (“RM”), and a liquid crystal layer interposed
between the first substrate and the second substrate and
including liquid crystal molecules at pretilt angles.

[0024] In an exemplary embodiment of the invention, the
reactive mesogen (“RM”) may be cured by irradiating a light
onto the second substrate.

[0025] In an exemplary embodiment of the invention, the
pixel electrode may include a first pixel electrode and a sec-
ond pixel electrode to receive different pixel voltages respec-
tively.

[0026] In an exemplary embodiment of the invention, the
firstalignment layer and the second alignment layer including
the cured mesogen may be configured to arrange a long axis
of liquid crystal molecules of the liquid crystal layer in a
perpendicular direction with respect to the substrate when an
electric field is not applied to the liquid crystal layer.

[0027] In an exemplary embodiment of the invention, the
liquid crystal molecules may be tiled by the first alignment
layer and the second alignment layer when an electric field is
applied to the liquid crystal layer.

[0028] According to the invention, a reactive mesogen
(“RM”) and an initiator are mixed with an alignment layer,
not a liquid crystal. Thus, reliability deterioration by elution
of remaining RM may be decreased, so that display quality
may be improved.

BRIEF DESCRIPTION OF THE DRAWINGS

[0029] The above and other features and advantages of the
invention will become more apparent by describing in
detailed exemplary embodiments thereof with reference to
the accompanying drawings, in which:

[0030] FIG. 1 is a flowchart illustrating an exemplary
embodiment of a method of manufacturing a liquid crystal
display (“LCD™) device, according to the invention;

[0031] FIG. 2 is a plan view illustrating an exemplary
embodiment of a first substrate of the LCD device, according
to the invention;

[0032] FIG. 3 is a cross-sectional view taken along line I-I'
of the first substrate of FIG. 2;

[0033] FIG.4isacross-sectional view illustrating an exem-
plary embodiment of a process for forming a first alignment
layer on the first substrate of FIG. 3;

[0034] FIG.5isacross-sectional view illustrating an exem-
plary embodiment of a process for forming a liquid crystal
layer on the first alignment layer;

[0035] FIG. 6isa cross-sectional view illustrating an exem-
plary embodiment of a process for combining the first sub-
strate including the liquid crystal layer disposed thereon, and
a second substrate; and

[0036] FIGS. 7 and 8 are cross-sectional views illustrating
an exemplary embodiment of a process for providing pretilt
angles of liquid crystal molecules.

DETAILED DESCRIPTION OF THE INVENTION

[0037] The invention is described more fully hereinafter
with reference to the accompanying drawings, in which
exemplary embodiments of the invention are shown. The
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invention may, however, be embodied in many different
forms and should not be construed as 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 scope of the
invention to those skilled in the art. In the drawings, the sizes
and relative sizes of layers and regions may be exaggerated
for clarity.

[0038] It will be understood that when an element or layer
is referred to as being “on” or “connected to” another element
or layer, it can be directly onor connected to the other element
or layer or intervening elements or layers may be present. In
contrast, when an element is referred to as being “directly on”
or “directly connected to” another element or layer, there are
no intervening elements or layers present. Like numerals
refer to like elements throughout. As used herein, the term
“and/or” includes any and all combinations of one or more of
the associated listed items.

[0039] 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 region, layer or section. Thus, a first element,
component, region, layer or section discussed below could be
termed a second element, component, region, layer or section
without departing from the teachings of the invention.
[0040] Spatially relative terms, such as “lower,” “upper”
and the like, may be used herein for ease of description to
describe one element or feature’s relationship to another ele-
ment(s) or feature(s) as illustrated in the figures. It will be
understood that the spatially relative terms are intended to
encompass different orientations of the device in use or
operation in additionto the orientation depicted in the figures.
For example, if the device in the figures is turned over, ele-
ments described as “lower” relative to other elements or fea-
tures would then be oriented “upper” relative to the other
elements or features. Thus, the exemplary term “lower” can
encompass both an orientation of above and below. The
device may be otherwise oriented (rotated 90 degrees or at
other orientations) and the spatially relative descriptors used
herein interpreted accordingly.

[0041] The terminology used herein is for the purpose of
describing particular exemplary 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 oth-
erwise. It will be further understood that the terms “com-
prises” and/or “comprising,” when used in this specification,
specify the presence of stated features, integers, steps, opera-
tions, elements, and/or components, but do not preclude the
presence or addition of one or more other features, integers,
steps, operations, elements, components, and/or groups
thereof.

[0042] Exemplary embodiments of the invention are
described herein with reference to cross-sectional illustra-
tions that are schematic illustrations of idealized exemplary
embodiments (and intermediate structures) of the invention.
As such, variations from the shapes of the illustrations as a
result, for example, of manufacturing techniques and/or tol-
erances, are to be expected. Thus, exemplary embodiments of
the invention should not be construed as limited to the par-
ticular shapes of regions illustrated herein but are to include
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deviations in shapes that result, for example, from manufac-
turing. For example, an implanted region illustrated as a rect-
angle will, typically, have rounded or curved features and/or
a gradient of implant concentration at its edges rather than a
binary change from implanted to non-implanted region. Like-
wise, a buried region formed by implantation may result in
some implantation in the region between the buried region
and the surface through which the implantation takes place.
Thus, the regions illustrated in the figures are schematic in
nature and their shapes are not intended to illustrate the actual
shape of a region of a device and are not intended to limit the
scope of the invention.

[0043] 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 this invention belongs. It will be further understood
that terms, such as those defined in commonly used dictio-
naries, should be interpreted as having a meaning that is
consistent with their meaning in the context of the relevant art
and will not be interpreted in an idealized or overly formal
sense unless expressly so defined herein.

[0044] All methods described herein can be performed in a
suitable order unless otherwise indicated herein or otherwise
clearly contradicted by context. The use of any and all
examples, or exemplary language (e.g., “such as”), is
intended merely to better illustrate the invention and does not
pose a limitation on the scope of the invention unless other-
wise claimed. No language in the specification should be
construed as indicating any non-claimed element as essential
to the practice of the invention as used herein.

[0045] Hereinafter, the invention will be explained in detail
with reference to the accompanying drawings.

[0046] FIG. 1 is a flowchart illustrating an exemplary
embodiment of a method of manufacturing a liquid crystal
display (“LCD”) device according to the invention.

[0047] Referring to FIG. 1, an alignment layer including a
reactive mesogen (“RM”) and an initiator, is formed ona first
substrate including a pixel electrode including a microslit
portion which determines an alignment direction of liquid
crystal (step S10). A liquid crystal layer is interposed between
the first substrate and a second substrate (step S20). The first
substrate is combined with the second substrate so that the
first and second substrates face each other (step S30). A light
is irradiated to the liquid crystal layer to cure the RM of the
alignment layer, so as to provide a pretilt angle to the liquid
crystal (step S40).

[0048] FIG. 2 is a plan view illustrating an exemplary
embodiment of a first substrate of the LCD device according
to the invention. FIG. 3 is a cross-sectional view taken along
line I-I' of the first substrate of FIG. 2.

[0049] Referring to FIGS. 2 and 3, an LCD device accord-
ing to the invention includes a first substrate 101, a second
substrate (not shown) facing the first substrate 101, and a
liquid crystal layer (not shown) interposed between the first
substrate 101 and the second substrate. A plurality of pixel
electrodes 162 and 164 is disposed on a unit pixel area PA0O1
of the T.CD device, and the pixel electrodes 162 and 164
receive pixel voltages that are different from each other.
[0050] The pixel electrodes 162 and 164 include a plurality
of a microslit portion 161 and 165, respectively, in order to
enhance a viewing angle by varying alignment directions of
liquid crystal molecules. An alignment layer including a RM
and an initiator is disposed on the pixel electrodes 162 and
164 and/or a common electrode of the second substrate, in
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order to enhance the response time of liquid crystal, where the
liquid crystal is aligned to have a pretilt angle through ultra-
violet (“UV”) light curing of the RM of the alignment layer.
[0051] Thepixel electrodes 162 and 164 are disposed on the
unit pixel area PA01. One of the pixel electrodes 162 and 164,
to which a high pixel voltage is applied, may be denoted as a
main pixel electrode, and the other of the pixel electrodes, to
which a low pixel voltage is applied, may be denoted as a
sub-pixel electrode. In the illustrated embodiment, the main
pixel electrode corresponds to a first pixel electrode 162, and
the sub-pixel electrode corresponds to a second pixel elec-
trode 164.

[0052] The first and second pixel electrodes 162 and 164
are electrically connected to a same gate line GL1, and are
electrically connected to different data lines DL.1 and DL2,
respectively. Thus, a pixel of the LCD device is driven by one
gate line and two data lines (“1G2D”) method.

[0053] In the illustrated embodiment, a switching part
includes a first switching element 122 and a second switching
element 124. The first switching element 122 electrically
connects the first pixel electrode 162 to the gate line GL1 and
a first data line DL1. The second switching element 124
electrically connects the second pixel electrode 164 to the
gate line GL1 and a second data line DL2.

[0054] Pixel voltages having different levels may be
applied to the first and second pixel electrodes 162 and 164,
respectively. In one exemplary embodiment, a first pixel volt-
age applied to the first pixel electrode 162 is higher than a
second pixel voltage applied to the second pixel electrode
164. Alternatively, a first pixel voltage applied to the first
pixel electrode 162 may be lower than a second pixel voltage
applied to the second pixel electrode 164. When levels of the
first and second pixel voltages are appropriately adjusted, an
image viewed from a side of a display screen of the LCD
device, may have, display characteristics close to an image
viewed from the front of the display screen of the LCD
device. Moreover, a display quality may be substantially uni-
form independently from the viewing angle, so that the side
visibility of the LCD device may be enhanced.

[0055] The first substrate 101 includes the gate lines GL1
and GL.2, the data lines D1 and DL2, a plurality storage lines
(not shown), the first and second switching elements 122 and
124, ablack matrix 150, a color filter 160, the first and second
pixel electrodes 162 and 164, and the first alignment layer
(not shown).

[0056] The first substrate according to the invention has a
black matrix on array (“BOA”) structure including the black
matrix and the color filter, which are disposed on an array
substrate. The BOA structure may cover (e.g., overlap) an
area covered by a metal line or a black matrix where a RM
does not react when an UV light is irradiated to the substrate.
The second substrate of the invention includes a transparent
common electrode so that an entire surface of a substrate may
be exposed to an UV light.

[0057] In an exemplary embodiment of a method of form-
ing a first substrate and referring to FIGS. 1 and 2, a gate metal
is deposited on a first base substrate 110 including, for
example, aglass material, and then the deposited gate metal is
etched to form the gate lines GL1 and GL2. The gate lines
GL1 and GL2 are formed on the first base substrate 110
longitudinally extended in parallel with a row direction D1. A
portion of the gate line GL1 forms a gate electrode 112 having
a protruding shape, where the gate electrode 112 extends
from a main portion of the gate line GL1. The gate line GL1
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which includes the gate electrode 112, is a unitary indivisible
member of the first substrate 101. A gate insulation layer 121
is formed on the gate lines GI.1 and GI.2.

[0058] In the method of forming the first substrate, a semi-
conductor layer and a source metal layer are sequentially
formed on the gate insulation layer 121, and are etched to
form the data lines DL1 and DL2, a source electrode 141, a
channel layer 131, and a drain electrode 143. The data lines
DL1 and DL2 are longitudinally extended in a substantially
column direction D2, on the gate insulation layer 121. The
source electrode 141 is extended from the first data line DL.1
adjacent to a crossing area of the gate line GL1 and the data
line DL1, and the source electrode 141 is overlapped with a
portion of the gate electrode 112. A portion of the drain
electrode 143 adjacent to the source electrode 141 is disposed
to overlap with the gate electrode 112, and a portion of the
drain electrode 143 is extended toward the unit pixel area
PA01. The source electrode 141 extends from a main portion
of the data line DL1. The data line DL1 which includes the
source electrode 141, is a unitary indivisible member of the
first substrate 101.

[0059] The gate lines GL1 and GL2 and the data lines DL1
and DL2 cross with each other to define a substantially rect-
angular region, and the first and second pixel electrodes 162
and 164 are disposed on the rectangular shaped region. In the
illustrated embodiment, the rectangular region may be
defined as the unit pixel area PA01. Alternatively, the unit
pixel area PAO1 may have various shapes such as a Z-shape.

[0060] The gate electrode 112, the gate insulation layer
121, the channel layer 131, the source electrode 141, and the
drain electrode 143 define the first switching element 122
including three terminals. The second switching element 124
may include a gate electrode 114, a gate insulation layer 121,
the channel layer 131, a source electrode 142, and a drain
electrode 144.

[0061] In the method of forming the first substrate, a pas-
sivation layer 151 covering (e.g., overlapping an entire of) the
date line DL1 is formed.

[0062] The black matrix 150 is formed on the first base
substrate including the gate lines GL1 and GL2, the data lines
DL1 and DL2, the first and second switching elements 122
and 124 and the passivation layer 151 formed thereon. The
black matrix 150 shields a light passing through the first
substrate 101 to be applied to the liquid crystal layer.

[0063] The color filter 160 is disposed directly on the pas-
sivation layer 151. The color filter 160 may include a first
color filter, a second color filter, and a third color filter. The
first, second, and third color filters represent different colors,
respectively. In one exemplary embodiment, the first color
filter may represent a red color, the second color filter may
represent a blue color, and the third color filter may represent
a green color.

[0064] A contact hole is formed extending completely
through the color filter 160 and the passivation layer 151, to
expose a portion of the drain electrode 143.

[0065] An optically transparent and electrically conductive
material layer such as indium tin oxide (“ITO”), indium zinc
oxide (“1Z0”), etc., is deposited on the color filter 160. The
optically transparent and electrically conductive material
layer makes contact with the drain electrode 143 through the
contact hole. The optically transparent and electrically con-
ductive material layer is etched to form the first and second
pixel electrodes 162 and 164.
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[0066] Inthe illustrated embodiment, in order to enhance a
viewing angle, a viewing angle enhancing technology may be
applied to the first and second pixel electrodes 162 and 164. In
one exemplary embodiment, a technology dividing a pixel
area into a plurality of domains having different alignment
directions, may be employed in the unit pixel area PA01.

[0067] In oneexemplary embodiment, in order to form the
domains, the first and second pixel electrodes 162 and 164
may respectively include a plurality of supporting electrodes
163 and 167, and a plurality of microslit portions 161 and 165.
Portions of the supporting electrodes 163 and 167 may be
disposed to be respectively parallel to the row direction D1
and the column direction D2, such that each of the supporting
electrodes 163 and 167 has a cross shape. Each of the
microslit portions 161 and 165 may be respectively extended
along a first oblique line direction D3 and a second oblique
line direction D4, which are inclined with respect to the row
direction D3 and the column direction D3 by an angle of
about 45 degrees. Each of the microslit portions 161 and 165
may be formed to have different extended directions in each
of domains. The microslit portions 161 and the supporting
electrodes 163 collectively form a unitary indivisible first
pixel electrode 162. Similarly, the microslit portions 165 and
the supporting electrodes 167 collectively form a unitary
indivisible second pixel electrode 164.

[0068] FIG. 4isa cross-sectional view illustrating an exem-
plary embodiment of a process for forming a first alignment
layer on the first substrate of F1G. 3.

[0069] Referring to FIG. 4, a first alignment layer 171 cov-
ering the first and second pixel electrodes 162 and 164 is
formed. The first alignment layer 171 overlaps an entire of the
first base substrate 110 and forms an uppermost layer of the
first substrate 101. The first alignment layer 171 is coated on
the first and second pixel electrodes 162 and 164, and then
cured. A material that may be used for the firstalignment layer
171 may include a polyimide compound, a polyamic acid
compound, a polysiloxane compound, a polyvinyl cinnamate
compound, a polyacrylate compound, a polymethacrylate
compound and the like. The first alignment layer 171 may
preferably include a polyimide compound, a polyamic acid, a
polysiloxane compound and the like. These aforementioned
materials can be used alone or in a combination thereof.

[0070] The first alignment layer 171 may include an RM
and an initiator.
[0071] A mesogen is defined as a photocrosslinkable

copolymerincluding a mesogenic group having liquid crystal
properties. The anisotropy of the mesogen is induced by
irradiating polarized UV light to the mesogen, and the orien-
tation of the mesogen is enhanced through a heat treatment.
The mesogenic group has liquid crystal properties in a spe-
cific temperature range or in a specific solution. The RM may
include a material or a compound, which is capable of induc-
ing a liquid crystal phase reaction, and may have a shape of,
for example, a bar, a banana, a board and a disk. In one
exemplary embodiment, the RM may include a reactive group
such as acrylate, methacrylate, epoxy, oxetane, vinyl-ether,
styrene, thiol-ene, etc.

[0072] The RM may include a compound represented by
the following Chemical Formula 1.

Yi-Ai-Y,

[0073] In the above chemical formula, each of Y, and Y,
represents an acrylate group or a methacrylate group, A,

<Chemical Formula 1>
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represents a biphenyl group, a terphenyl group, or a naphtha-
lene group, and each hydrogen atom of A; may be replaced
with F, Cl, CH;, or OCHj;.

[0074] Examples of a material that may be used for the RM
may include compounds represented by the following
Chemical Formulas 2 to 8. However, the RM should not be
construed as limited to the examples set forth herein.

<Chemical Formula 2>

OOy

<Chemical Formula 3>

AYa%eSy

<Chemical Formula 4>
; 0 F F
e}
<Chemical Formula 5>
; O F
F O i
<Chemical Formula 6>
; 0 :_
e}
<Chemical Formula 7>

Ho$my4

<Chemical Formula 8>

MO0 Oy

o

o

o

@)
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[0075] The content of the RM may be about 0.1% to about
20% by weight based on the respective total weight of the first
alignment layer, or a second alignment layer. When the con-
tent of the RM is less than about 0.1% by weight, the RM may
not function in forming an alignment layer. When the content
of the RM is greater than about 20% by weight, liquid crystal
molecules having a pretilt angle may be excessively
increased.

[0076] The initiator is used to promote a curing reaction of
the RM. The initiator includes a material having a wavelength
between about 300 nanometers (nm) and about 400 nanom-
eters (nm). The initiator of the invention absorbs an UV light
having a long wavelength range of about 365 nm, to be
decomposed into a radical so that photopolymeriation reac-
tion is promoted. When an alignment layer includes the ini-
tiator, photopolymeriation reaction may be promoted by UV
light having a long wavelength range. Thus, an UV light
having a short wavelength range fatal to other organic mate-
rials, may not be used to reduce or effectively prevent damage
to the organic materials.

[0077] Examples of the initiator may include benzyl dim-
ethyl ketal (Irgacure-651, Ciba, Switzerland), o-amino
acetophenone (Irgacure-907, Ciba, Switzerland), 1-hydroxy
cyclohexyl phenyl keton (Irgacure-184, Ciba, Switzerland)
and the like. These materials can be used alone or in a com-
bination thereof.

[0078] The content of the initiator may be about 0.01% by
weight to about 1% by weight based on the total weight of the
RM. When the content of the initiator is less than about 0.01%
by weight, a reactivity of the initiator is insignificant. When
the content of the initiator is greater than about 1% by weight,
the initiator functions as impurities to induce afterimages.
[0079] According to the invention, the RM and the initiator
of the alignment layer material are not mixed with the liquid
crystal molecules, but are cured by the UV light to form the
first alignment layer 171 and the second alignment layer (not
shown). Thus, reliability deterioration by elution of remain-
ing RM may be decreased.

[0080] FIG. Sisacross-sectional view illustrating an exem-
plary embodiment of a process for forming a liquid crystal
layer on the first alignment layer 171.

[0081] Referring to FIG. 5, a liquid crystal 300 is dropped
on the first alignment layer 171 including the RM and the
initiator, to form a liquid crystal layer 301.

[0082] FIG. 6isa cross-sectional view illustrating an exem-
plary embodiment of a process for combining the first sub-
strate 101 including the liquid crystal layer 301 formed
thereon, and a second substrate.

[0083] Referring to FIG. 6, the second substrate 201
includes a second base substrate 210, a common electrode
220, and a second alignment layer 261. The common elec-
trode 220 may include substantially the same material as the
first and second pixel electrodes 162 and 164. The common
electrode 220 may be a single continuous layer (e.g., unitary
and indivisible) not including slit portions.

[0084] The second alignment layer 261 is formed on the
common electrode 220, and forms a lowermost layer of the
second substrate 201. The second alignment layer 261 may
include substantially the same material as the first alignment
layer 171. The second alignment layer 261 including the RM
and the initiator, may be formed by a process identical to a
process for forming the first alignment layer 171.

[0085] Before an electric field is applied between the first
and second pixel electrodes 162 and 164, and the common
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electrode 250, a long axis direction of liquid crystal 300
(hereinafter referred to as a director of liquid crystal) may be
substantially perpendicular to the first substrate 101 and the
second substrate 201.

[0086] FIGS. 7 and 8 are cross-sectional views illustrating
an exemplary embodiment of a process for providing pretilt
angles of liquid crystal molecules.

[0087] When arespective pixel voltage is applied to the first
and second pixel electrodes 162 and 164, and when a com-
mon voltage is applied to the common electrode 220, the
director of the liquid crystal 300 is tilted to be parallel to the
horizontal direction (e.g., parallel to a plane of the first sub-
strate 101 and the second substrate 201). In order to fully tilt
the director of the liquid crystal 300 to be parallel, the pixel
voltage and the common voltage may be increased, or may be
decreased gradually.

[0088] Referring to FIG. 7, about 0.1 joule (J) to about 10J
of an unpolarized UV light 7 is irradiated directly onto the
second substrate 201 at a condition in which an electric field
is applied to the liquid crystal layer 301. The RM of the first
and second alignment layers 171 and 261 is cured in response
to the unpolarized UV light 7, and determines the direction-
ality of the liquid crystal 300 directly adjacent to the cured
RM.

[0089] Referring to FIG. 8, the liquid crystals 300a and
3004 adjacent to the cured RM 400 of a surface of the first and
second alignment layers 171 and 261, respectively, may be
pre-arranged in the horizontal direction or pre-arranged at an
inclined angle with respect to surfaces of the cured RM 400.
Thus, when an electric field is not applied to the liquid crystal
layer 301, liquid crystals 300 may be arranged as shown in
FIG. 8. In exemplary embodiments, liquid crystals 300a and
3004 are aligned in a horizontal direction or have an inclined
angle with respect to surfaces of the cured RM 400 of the first
and second alignment layers 171 and 261. The liquid crystal
300c¢ disposed farther from the cured RM 400 is gradually
arranged perpendicular with respect to surfaces of the cured
RM 400 and planes of the first substrate 101 and the second
substrate 201.

[0090] Intheillustrated embodiments described above, RM
is easily cured at a surface of the alignment layer, Addition-
ally, the cured RM is not mixed with the liquid crystal layer
and does not remain in the liquid crystal layer. Thus, pretilt
angles of liquid crystal molecules of the liquid crystal layer
may be substantially uniform.

[0091] Dueto the determined directionality arrangement of
the liquid crystal 300, the response time of the liquid crystal
300 may be improved. Moreover, arrangement directions of
the liquid crystal are various, so that a viewing angle may be
enhanced.

[0092] According to another exemplary embodiment, after
irradiating about 0.1 J to about 10 J of an unpolarized UV light
7 on the second substrate 201 at a condition in which an
electric field is applied to the liquid crystal layer 301, about 15
Jtoabout 100 J of an unpolarized UV light 7 may be irradiated
on the second substrate 201 at a condition in which an electric
field is not applied to the liquid crystal layer 301.

[0093] Due to further irradiating an unpolarized UV light 7
on the second substrate 201 at a condition in which an electric
field is not applied to the liquid crystal layer 301 after irradi-
ating an unpolarized UV light at a condition in which an
electric field is applied to the liquid crystal layer, unreacted
RM of the uncured first and second alignment layers 171 and
261 may be removed, so that the content of remaining RM
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400 after curing may be reduced to be less than about 3% by
weight based on the respective total weight of the first align-
ment layer 171, or the second alignment layer 261.

[0094] According to still another exemplary embodiment,
about 0.1 J to about 1 J of an unpolarized UV light 7 is
irradiated on the second substrate 201 at a condition in which
an electric field is not applied to the liquid crystal layer. Then,
about 0.1 I to about 10 I of an unpolarized UV light 7 is
irradiated at a condition in which an electric field is applied to
the liquid crystal layer 301, and then, about 15 I to about 100
Jofanunpolarized UV light 7 may be irradiated on the second
substrate 201 at a condition in which an electric field is not
applied to the liquid crystal layer 301.

[0095] Due to further irradiating an unpolarized UV light 7
on the second substrate 201 at a condition in which an electric
field is not applied to the liquid crystal layer 301 before
irradiating an unpolarized UV light 7 at a condition in which
an electric field is applied to the liquid crystal layer, an RM in
the uncured first and second alignment layers 171 and 261
having high reactivity is firstly reacted to reduce or effectively
prevent afterimages, so that uniformity of a display device
may be improved.

[0096] The RM of the uncured first and second alignment
layers 171 and 261 is cured to determine the directionality of
the liquid crystal 300 adjacent to the cured RM 400 by irra-
diating an unpolarized UV light 7 at a condition in which an
electric field is applied to the liquid crystal layer 301. Then,
unreacted RM of the uncured first and second alignment
layers 171 and 261 is removed by irradiating an UV light 7 at
a condition in which an electric field is not applied to the
liquid crystal layer 301 so that the content of remaining RM
after curing may be reduced by less than about 3% by weight
based on the respective total weight of the first alignment
layer 171, or the second alignment layer 261.

[0097] According to the illustrated embodiments of an
LCD device and a method of manufacturing the L.CD device
of the invention, an alignment layer including a RM and an
initiator may be employed to provide pretilt angles of liquid
crystal molecules in a display device having a BOA structure.
Thus, afterimages due to a remaining RM in a display screen
may be prevented or reduced, so that display quality may be
improved.

[0098] An LCD device structure including the liquid crys-
tal molecules at pretilt angles, may be formed by forming an
alignment layer including a RM and an initiator. The liquid
crystal molecules at pretilt angles of a final LCD device is
considered a structural characteristic of the final LCD device.
Since the liquid crystal molecules at pretilt angles is imparted
by the formed alignment layer having specific material char-
acteristics during a manufacturing process, such manufactur-
ing process of forming the alignment layer is considered to
impart the distinct structural characteristic of the liquid crys-
tal molecules at pretilt angles in the final LCD device.
[0099] Since the liquid crystal molecules at pretilt angles in
the LCD device is imparted by forming an alignment layer
including the RM and the initiator, through disposing an
alignment layer material including uncured RM and the ini-
tiator on a base substrate, disposing a liquid crystal layer on
the formed alignment layer material, thereby forming an LCD
structure including the alignment layer material and the liquid
crystal layer, and curing the alignment layer material of the
LCD structure, such a process is considered as imparting the
distinct structural characteristic of the liquid crystal mol-
ecules at pretilt angles in the final LCD device.
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[0100] Additionally, since the liquid crystal molecules at
pretilt angles in the LCD device is imparted by curing the
alignment layer material of the LCD structure to form cured
RM not mixed with liquid crystal molecules of the liquid
crystal layer, through irradiating a UV light onto the LCD
structure including the alignment layer material and the liquid
crystal layer disposed thereon, where directionality (e.g.,
pretilt) of the liquid crystal directly adjacent to the cured RM
is thereby determined, such a process is also considered as
imparting the distinct structural characteristic of the liquid
crystal molecules at pretilt angles in the final LCD device.
[0101] The foregoing is illustrative of the invention and is
not to be construed as limiting thereof. Although a few exem-
plary embodiments of the invention have been described,
those skilled in the art will readily appreciate that many
modifications are possible in the exemplary embodiments
without materially departing from the novel teachings and
advantages of the invention. Accordingly, all such modifica-
tions are intended to be included within the scope of the
invention as defined in the claims. In the claims, means-plus-
function clauses are intended to cover the structures described
herein as performing the recited function and not only struc-
tural equivalents but also equivalent structures. Therefore, it
is to be understood that the foregoing is illustrative of the
invention and is not to be construed as limited to the specific
exemplary embodiments disclosed, and that modifications to
the disclosed exemplary embodiments, as well as other exem-
plary embodiments, are intended to be included within the
scope of the appended claims. The invention is defined by the
following claims, with equivalents of the claims to be
included therein.

What is claimed is:

1. A method of manufacturing a liquid crystal display
(LCD) device, the method comprising:

forming a first substrate comprising:

a black matrix disposed on a base substrate including a
switching element disposed thereon,

a color filter disposed on the switching element,

a pixel electrode electrically connected to the switching
element, and

a first alignment layer disposed on the pixel electrode;

forming a second substrate comprising:

asecond alignment layer, the second substrate facing the
first substrate, wherein at least one of the first align-
ment layer and the second alignment layer comprises
a reactive mesogen;

forming a liquid crystal layer interposed between the first

substrate and the second substrate; and

irradiating a light onto the second substrate to provide

pretilt angles of liquid crystal molecules of the liquid
crystal layer.

2. The method of ¢laim 1, wherein the reactive mesogen is
cured by the irradiating the light.

3. The method of claim 1, wherein at least one of the first
alignment layer and the second alignment layer comprises at
least one selected from the group consisting of polyamic acid,
polyimide, and polysiloxane.

4. The method of claim 1, wherein at least one of the first
alignment layer and the second alignment layer comprises an
initiator to promote a curing reaction of the reactive mesogen.
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5. The method of claim 1, wherein the reactive mesogen
comprises a compound represented by the following Chemi-
cal Formula 1,

Y-A-Y, <Chemical Formula 1>

wherein each of Y, and 'Y, represents an acrylate group or
a methacrylate group, Al represents a biphenyl group, a
terphenyl group, or a naphthalene group, and each
hydrogen atom of Al is replaceable with F, C1, CH,, or
OCH;.

6. The method of claim 5, wherein at least one of the first
alignment layer and the second alignment layer comprises
about 0.1 percent by weight to about 20 percent by weight of
the reactive mesogen, based on a total weight of the first
alignment layer or the second alignment layer, respectively.

7. The method of claim 4, wherein the initiator comprises
at least one selected from the group consisting of benzyl
dimethy! ketal, c-amino acetophenone, and 1-hydroxy cyclo-
hexyl phenyl keton.

8. The method of claim 7, wherein at least one of the first
alignment layer and the second alignment layer comprises
about 0.01 percent by weight to about 1 percent by weight of
the initiator, based on a total weight of the reactive mesogen.

9. The method of claim 1, wherein the irradiating a light
onto the second substrate comprises:

irradiating about 0.01 joule to about 10 joules of an unpo-

larized UV light at a condition in which an electric field
1s applied to the liquid crystal layer.

10. The method of claim 9, further comprising:

irradiating about 15 joules to about 100 joules of the unpo-

larized UV light at a condition in which an electric field
is not applied to the liquid crystal layer, after irradiating
the unpolarized UV light at the condition in which the
electric field is applied to the liquid crystal layer.

11. The method of claim 10, further comprising:

irradiating about 0.1 J to about 1 J of the unpolarized UV

light at the condition in which the electric filed is not
applied to the liquid crystal layer, before irradiating the
unpolarized UV light at the condition in which the elec-
tric field is applied to the liquid crystal layer.

12. A liquid crystal display device comprising:

a first substrate comprising:

a black matrix disposed on a base substrate including a
switching element disposed thereon,

a color filter disposed on the switching element,

a pixel electrode electrically connected to the switching
element, and

a first alignment layer disposed on the pixel electrode;

a second substrate comprising:

a common electrode facing the pixel electrode, and

a second alignment layer disposed on the common elec-
trode, the second substrate opposite to the first sub-
strate, wherein at least one of the first alignment layer
and the second alignment layer comprises a reactive
mesogen, at least a portion of which is cured; and

a liquid crystal layer interposed between the first substrate

and the second substrate, and including liquid crystal
molecules at pretilt angles based on the cured reactive
mesogen.

13. The LCD device of claim 12, wherein the reactive
mesogen is cured by irradiating a light onto the second sub-
strate.
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14. The LCD device of claim 12, wherein at least one of the
first alignment layer and the second alignment layer com-
prises an initiator to promote a curing reaction of the reactive
mesogen.

15. The LCD device of claim 12, wherein the reactive
mesogen comprises a compound represented by the follow-
ing Chemical Formula 1,

Yi-AFY, <Chemical Formula 1>

wherein each of Y, and Y, represents an acrylate group or
a methacrylate group, Al represents a biphenyl group, a
terphenyl group, or a naphthalene group, and each
hydrogen atom of Al may bereplaced with F, C1, CH3, or
OCH3.

16. The LCD device of claim 14, wherein the initiator
comprises at least one selected from the group consisting of
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benzyl dimethyl ketal, c.-amino acetophenone, and 1-hy-
droxy cyclohexyl phenyl keton.

17. The LCD device of claim 12, wherein the pixel elec-
trode comprises a first pixel electrode and a second pixel
electrode which receive different pixel voltages, respectively.

18. The LCD device of claim 12, wherein the first align-
ment layer and the second alignment layer including the
cured reactive mesogen arrange a long axis of the liquid
crystal molecules of the liquid crystal layer in a direction
substantially perpendicular with respect to the base substrate,
when an electric field is not applied to the liquid crystal layer.

19. The LCD device of claim 18, wherein the liquid crystal
molecules are tilted by the first alignment layer and the sec-
ond alignment layer including the cured reactive mesogen,
when an electric field is applied to the liquid crystal layer.
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