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57 ABSTRACT

A liquid crystal display device that includes an array sub-
strate, an opposite substrate and a liquid crystal display layer
is described. The array substrate includes a pixel electrode
and a lower alignment layer. The pixel electrode has a plural-
ity of slit portions extending in different directions. The lower
alignment layer includes a reactive mesogen (RM) diamine is
formed on the pixel electrode to induce an alignment direc-
tion of the liquid crystal molecules. An upper alignment layer
is formed on a common electrode of the opposite substrate.
The RM is cured at surfaces of the lower and upper alignment
layers in response to ultraviolet (UV) light, so that liquid
crystal molecules have a pretilt angle. Therefore, the aperture
ratio and the response time may be improved, and afterimages
may be decreased, so that display quality may be improved.
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LIQUID CRYSTAL DISPLAY DEVICE,
METHOD OF MANUFACTURING THE SAME
AND ALIGNMENT LAYER COMPOSITION
FOR THE LIQUID CRYSTAL DISPLAY
DEVICE

CROSS REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority under 35 U.S.C.
§119 to Korean Patent Application No. 2009-4174, filed on
Jan. 19, 2009 in the Korean Intellectual Property Office
(KIPO), the contents of which are herein incorporated by
reference in their entirety.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to a liquid crystal dis-
play (LCD) device, a method of manufacturing the LCD
device and an alignment layer composition used for the LCD
device. More particularly, the present invention relates to an
LCD device capable of enhancing display quality by improv-
ing the viewing angle and the response time, a method of
manufacturing the LCD device and an alignment layer com-
position used for the LCD device.

[0004] 2. Description of the Related Art

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

[0006] In order to obtain a high contrast ratio and a wide
viewing angle, a patterned vertical alignment (PVA) mode
LCD device has been developed. In the PVA mode LCD
device, an opening portion (hereinafter, a slit portion) having
a slit shape is formed through the electric field generating
electrode, and liquid crystal molecules are vertically aligned
to form multiple domains.

[0007] For a small to medium-size mobile LCD device, in
order to decrease the slit portion which decreases an aperture
ratio, a microslit mode LCD device or a super patterned
vertical alignment (S-PVA) mode LCD device has been
developed. In the microslit mode LCD device, the microslit
portion is only formed through a lower electrode of the elec-
tric field generating electrodes to provide directionality to the
liquid crystal molecules. The upper electrode is formed from
a continuous layer in which an opening portion is not formed.
[0008] Ina vertical alignment (VA) mode such as the PVA
mode and the microslit mode, a rubbing process is not per-
formed directly on an alignment layer; however, a light align-
ment method, which includes aligning liquid crystal mol-
ecules by inducing anisotropy in an alignment layer through
light irradiation, may be employed.

[0009] To align the liquid crystal molecules, a photo-
crosslinkable copolymer including a mesogenic group, called
a reactive mesogen (RM), having liquid crystal properties, is
irradiated by polarized ultraviolet (UV)light to induce anisot-
ropy, and heat processing is performed on the photocrosslink-
able copolymer to enhance the anisotropy of the alignment
layer.

[0010] However, the RM may not be easily cured at a sur-
face of the alignment layer, and the RM may remain in the
liquid crystal layer. The RM remaining in the liquid crystal

Jul. 22,2010

layer may be cured by light from a backlight of the LCD
device. Cured amounts of the RM are different from each
other depending on their location so that the pretilt angles of
the liquid crystal molecules may not be uniform. As a result,
afterimages may be seen on a display screen.

[0011] Usinghigh-intensity UV light to completely remove
an RM from the liquid crystal molecules may cause organic
material decomposition and reliability deterioration.

SUMMARY OF THE INVENTION

[0012] Embodiments of the present invention provide a
liquid crystal display (LCD) device having improved display
quality through an improved viewing angle and an improved
response time.

[0013] Embodiments of the present invention provide a
method of manufacturing the above-mentioned LCD device.
[0014] Embodiments of the present invention provide an
alignment layer composition used for the above-mentioned
LCD device.

[0015] According to one aspect of the present invention, an
LCDdevice includes an array substrate, an opposite substrate
and a liquid crystal display layer. The array substrate includes
a lower substrate, a pixel electrode and a lower alignment
layer. The lower substrate has a switching part formed
thereon. The pixel electrode is formed on a unit pixel area
defined on the lower substrate to connect with the switching
part. The pixel electrode has a plurality of slit portions extend-
ing in different directions. The lower alignment layer formed
on the pixel electrode includes a reactive mesogen (RM) to
induce an alignment direction of the liquid crystal molecules.
The opposite substrate includes an upper substrate located
opposite the lower substrate. A common electrode is formed
on the upper substrate opposite to the pixel electrode, and an
upper alignment layer is formed on the common electrode.
The upper alignment layer has an RM to induce an alignment
direction of the liquid crystal molecules. The liquid crystal
layer includes liquid crystal molecules formed to have a
pretilt angle between a surface of the lower alignment layer
and a surface of the upper alignment layer.

[0016] The upper alignment layer and the lower alignment
layer include a polyimide, and are formed from an alignment
layer composition including a base dianhydride, a base
diamine, a crosslinker, a vertical alignment diamine and an
RM diamine. The content of the RM diamine is about 10 wt %
to about 80 wt % based on a total weight of the base diamine,
the vertical alignment diamine and the RM diamine.

[0017] The pixel electrode includes a first pixel electrode
and a second pixel electrode that are disposed on the unit pixel
area to receive different pixel voltages, slit portions that are
formed on a plurality of domains defined on the first and
second pixels, and a common electrode corresponding to the
first and second pixel electrodes that has a continuous shape
and that does not include an opening.

[0018] In one embodiment of the present invention, the
lower alignment layer and the upper alignment layer are
configured to vertically arrange a long axis of the liquid
crystal molecules when an electric field is not applied to the
liquid crystal layer, or they are configured to arrange a long
axis of the liquid crystal molecules in an extending direction
ofthe slit portion at each ofthe domains when an electric field
is applied to the liquid crystal layer.

[0019] The alignment layer composition further includes
an initiator having substantially the same structure as the RM
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diamine. The liquid crystal layer further includes an addi-
tional RM, which is no more than about 0.3 wt %.

[0020] The RM diamine may include a compound repre-
sented by the following chemical formula, whereinY repre-
sents at least one selected from the group consisting of an
acrylate group, a methacrylate group, a vinyl group, a viny-
loxy group and/or an epoxy group; X, represents an alkyl
group, an alkenyl group, and/or an alkynyl group having 1 to
18 carbon atoms and having a chain or ring structure includ-
ing at least one ring or condensed ring; A, represents an
alkenyl group, and/or alkynyl group having 1 to 18 carbon
atoms and having a chain or ring structure including at least
one ring or condensed ring, wherein each hydrogen atom is
replaceable with a functional group; X, represents an alkyl
group, an alkenyl group, and/or an alkynyl group, which have
1 to 18 carbon atoms and have a chain or ring structure
including at least one ring or condensed ring, —COO—,
—O0CO—, —0O— or —CONH—; and A, represents an alk-
enyl group, an alkenyl group, and/or an alkynyl group having
1 to 18 carbon atoms and having a chain or ring structure
including at least one ring or condensed ring, wherein each
hydrogen atom is replaceable with a functional group.

|
X3

|
A

|
Xl
A

1

NHz/ \NHZ

[0021] According to another aspect of the present inven-
tion, there is provided a method of manufacturing an LCD
device. In the method, a lower alignment layer is formed onan
array substrate and includes a pixel electrode having a plu-
rality of slit portions inducing an alignment direction of the
liquid crystal molecules. The lower alignment layer includes
an RM. An opposite substrate is coupled to the array sub-
strate. A liquid crystal layer is provided between the lower
alignment layer and the opposite substrate. The lower align-
ment layer is irradiated by light under conditions in which an
electric field is applied to the liquid crystal layer through the
pixel electrode to provide a pretilt angle to the liquid crystal
molecules at the surface of the lower alignment layer.

[0022] An upper alignment layer is formed on a common
electrode of the opposite substrate before coupling the oppo-
site substrate to the array substrate, the upper alignment layer
including an RM.

[0023] The common electrode corresponding to the pixel
electrode has a continuous shape and does not include an
opening. The content of the RM diamine is about 10 wt % to
about 80 wt % based on a total weight of the base diamine, the
vertical alignment diamine and the RM diamine.

[0024] In an embodiment of the present invention, the
alignment layer composition further includes an initiator hav-
ing substantially the same structure as the RM diamine, and
the liquid crystal layer further includes an additional RM, of
which the RM content is no more than about 0.3 wt %.
[0025] The pixel electrodes are formed on a unit pixel area
of the array substrate, and the slit portions are formed in
different directions on a plurality of domains defined on each
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of the pixel electrodes. The lower alignment and the upper
alignment layer are configured so that a long axis of the liquid
crystal molecules is vertically aligned when an electric fieldis
not applied to the liquid crystal layer. Furthermore, the lower
alignment layer and the upper alignment layer are configured
so that the long axis of the liquid crystal molecules is arranged
in an extending direction of the slit portion at each of the
domains when an electric field is applied to the liquid crystal
layer.

[0026] According to another aspect of the present inven-
tion, an alignment layer composition for a liquid crystal
device is provided. The alignment layer composition includes
a base anhydride, a base diamine, a crosslinker and a side
chain component.

[0027] Inanembodiment of the present invention, the base
anhydride includes a base dianhydride.

[0028] The side chain component may include a vertical
alignment diamine and an RM diamine. The RM diamine
content may be about 10 wt % to about 80 wt % based on a
total weight of the base diamine, the vertical alignment
diamine and the RM diamine. The RM diamine may include
a compound represented by the following chemical formula,
wherein Y represents at least one selected from the group
consisting of an acrylate group, a methacrylate group, a vinyl
group, a vinyloxy group and an epoxy group; X, represents an
alkyl group, an alkenyl group, or an alkynyl group having 1 to
18 carbon atoms and having a chain or ring structure includ-
ing at least one ring or condensed ring; A, represents an
alkenyl group, or alkynyl group having 1 to 18 carbon atoms
and having a chain or ring structure including at least one ring
or condensed ring, wherein each hydrogen atom is replace-
able with a functional group; X, represents an alkyl group, an
alkenyl group, an alkynyl group, which have 1 to 18 carbon
atoms and have a chain or ring structure including at least one
ring or condensed ring, —COO—, —OCO—, —O— or
—CONH—; and A, represents an alkenyl group, an alkenyl
group, or an alkynyl group having 1 to 18 carbon atoms and
having a chain or ring structure including at least one ring or
condensed ring, wherein each hydrogen atom is replaceable
with a functional group.

i
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[0029] According to the present invention, the aperture
ratio and the response time may be improved, and afterimages
may be decreased, so that display quality may be improved.
Thus, low-intensity ultraviolet light may be used for curing an
RM. Therefore, organic material decomposition may be pre-
vented, and the power consumption of a UV process may be
reduced.

BRIEF DESCRIPTION OF THE DRAWINGS

[0030] The above and other features and advantages of the
present invention will become more apparent by describing in
detailed embodiments thereof with reference to the accom-
panying drawings.
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[0031] FIG. 1is a plan view illustrating an array substrate
employed in a liquid crystal display (LCD) device according
to one embodiment;

[0032] FIG. 2 is an equivalent circuit diagram illustrating
one pixel PX01 in the LCD having the array substrate as
illustrated in FIG. 1;

[0033] FIG. 3 is a flowchart illustrating a method of manu-
facturing an LCD device according to one embodiment;
[0034] FIG.4isacross-sectional view takenalongalineI-I'
of an array substrate of F1G. 1;

[0035] FIG. 5 is a plan view illustrating an array substrate
without the pixel electrodes of FIG. 1;

[0036] FIG. 6 1s aplan view illustrating a pixel electrode of
an array substrate as illustrated in FIG. 1,

[0037] FIG.7isacross-sectional view illustrating a process
for forming a lower alignment layer on the array substrate of
FIG. 4;

[0038] FIG. 8 is an enlarged view illustrating a vertical
alignment diamine and a reactive mesogen (RM) side chain at
a surface of an upper and lower alignment layer;

[0039] FIG.9 is an enlarged view illustrating an initiator on
a surface of the upper and lower alignment layer;

[0040] FIG. 10 is a cross-sectional view illustrating a pro-
cess for combining an array substrate and an opposite sub-
strate;

[0041] FIG. 11 is a cross-sectional view illustrating a pro-
cess for providing pretilt angles of the liquid crystal mol-
ecules;

[0042] FIG.12isanenlarged view illustrating a process for
providing pretilt angles of the liquid crystal molecules; and
[0043] FIG. 13 is an enlarged view illustrating a display
panel including an RM in the liquid crystal layer.

DETAILED DESCRIPTION OF THE INVENTION

[0044] The present invention is described more fully here-
inafter with reference to the accompanying drawings, in
which embodiments of the present invention are shown. The
present invention may, however, be embodied in many differ-
ent 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 present invention
to those skilled in the art. In the drawings, the sizes and
relative sizes of layers and regions may be exaggerated for
clarity.

[0045] It will be understood that when an element or layer
is referred to as being “on,” “connected to” or “coupled to”
another element or layer, it can be directly on, connected or
coupled 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,” “directly connected to” or
“directly coupled to” another element or layer, there are no
intervening elements or layers present. In the drawings, the
same or similar elements are denoted by the same or similar
reference numerals even though they are depicted in different
figures. As used herein, the term “and/or” includes any and all
combinations of one or more of the associated listed items.
[0046] 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,
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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 present invention.

[0047] Spatially relative terms, such as “beneath,” “below,”
“lower,” “above,” “upper” and the like, may be used herein for
ease of description to describe one element or feature’s rela-
tionship to another element(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 addition to the orientation
depicted in the figures. For example, if the device in the
figures is turned over, elements described as “below” or
“beneath” other elements or features would then be oriented
“above” the other elements or features. Thus, the exemplary
term “below” 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.

[0048] The terminology used herein is for the purpose of
describing particular embodiments only and is not intended to
be limiting of the present invention. As used herein, the sin-
gular forms “a,” “an” and “the” are intended to include the
plural forms as well, unless the context clearly indicates oth-
erwise. [t will be further understood that the terms “includes”
and/or “including,” when used in this specification, specify
the presence of stated features, integers, steps, operations,
elements, and/or components, but do not preclude the pres-
ence or addition of one or more other features, integers, steps,
operations, elements, components, and/or groups thereof.

[0049] Embodiments of the invention are described herein
with reference to cross-sectional illustrations that are sche-
matic illustrations of idealized embodiments and intermedi-
ate structures of the present invention. As such, variations
from the shapes of the illustrations as a result, for example, of
manufacturing 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
illustrated herein but are to include deviations in shapes that
result, for example, from manufacturing. For example, an
implanted region illustrated as a rectangle 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. Likewise, 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 illus-
trated 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 present
invention.

[0050] 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.

[0051] Hereinafter, the present invention will be explained
in detail with reference to the accompanying drawings.

[0052] FIG.1isaplanview illustrating an array substrate of
a liquid crystal display (LCD) device according to one
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embodiment. FIG. 2 is an equivalent circuit diagram illustrat-
ing one pixel PX01 in the LCD having an array substrate 101
as illustrated in FIG. 1.

[0053] Referring to FIGS. 1 and 2, an LCD device accord-
ing to one embodiment of the present invention includes the
array substrate 101, an opposite substrate 201 and a liquid
crystal layer 180 interposed between the array substrate 101
and the opposite substrate 201. Various technologies for
enhancing display quality are employed in the LCD device.
For example, a plurality of pixel electrodes 162 and 164 is
disposed on a unit pixel area PA01 of the LCD device, and the
pixel electrodes 162 and 164 receive pixel voltages that are
different from each other. Moreover, a plurality of microslit
portions 161 and 165 is formed through the pixel electrodes
162 and 164 in order to enhance the viewing angle by varying
the alignment directions of the liquid crystal molecules.
Moreover, an alignment layer having a reactive mesogen
(RM) is formed on the pixel electrodes 162 and 164 and a
common electrode of the opposite substrate 201, respectively,
in order to enhance the response time of the liquid crystal. The
liquid crystal is aligned to have a pretilt angle through ultra-
violet (UV) curing of an RM in the alignment layer. The LCD
device with improved display quality and a method of manu-
facturing the LCD will be described.

[0054] In the present embodiment, the array substrate 101
includes, as shown in FIGS. 1 and 2, a plurality of gate lines
111, a plurality of data lines 115, a plurality of storage lines
116, a plurality of pixel electrodes 162 and 164 and a switch-
ing part. In the present embodiment, two pixel electrodes 162
and 164 are disposed on the unit pixel area PA01. One pixel
electrode in which a high pixel voltage is applied may be
denoted as a main pixel electrode, and another pixel electrode
in which a low pixel voltage is applied may be denoted as a
sub-pixel electrode. The main pixel electrode is defined as a
first pixel electrode 162, and the sub-pixel electrode is defined
as a second pixel electrode 164.

[0055] The first and second pixel electrodes 162 and 164
are electrically connected to the same gate line 111, and are
electrically connected to different data lines 115. That is, a
pixel of the LCD device is driven through a one gate line and
two data line (1G2D) method. In the present embodiment, the
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 and data lines 111 and 115. The second switching ele-
ment 124 electrically connects the second pixel electrode 164
to the gate line 111 and another data line 115.

[0056] Theopposite substrate 201 includes a common elec-
trode disposed to face the first and second pixel electrodes
162 and 164. The first pixel electrode 162, the common elec-
trode and the liquid crystal layer 180 form a first liquid crystal
capacitor Clcl, and the second pixel electrode, the common
electrode and the liquid crystal layer 180 form a second liquid
crystal capacitor C1¢2. The first pixel electrode 162 and the
storage line 116 form a first storage capacitor Cstl, and the
second pixel electrode 164 and the storage line 116 form a
second storage capacitor Cst2.

[0057] Pixel voltages having different levels may be
applied to the first and second pixel electrodes 162 and 164.
For example, a first pixel voltage applied to the first pixel
electrode 162 can be 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 can be
lower than a second pixel voltage applied to the second pixel
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electrode 164. When levels of the first and second pixel volt-
ages are adjusted, an image viewed from a side of a display
screen of the LCD device may have display characteristics
close to the image viewed from the front of the display screen
of the LCD device. Moreover, display quality may be sub-
stantially uniform independent of the viewing angle, so that
the side visibility of the LCD device may be enhanced.
[0058] FIG. 3 is a flowchart illustrating a method of manu-
facturing an LCD device according to one embodiment.
[0059] A method of manufacturing the LCD device of the
present embodiment is summarized in the following steps.
First, an alignment layer having an RM is formed on the array
substrate 101, which has a pixel electrode with microslit
portions 161 and 165 formed therethrough, thereby determin-
ing an alignment direction of the liquid crystal (step S10).
Then, the liquid crystal layer 180 is formed on the alignment
layer (step S20). The opposite substrate 201 is then combined
with the array substrate 101 (step S30). When an electric field
is applied to the liquid crystal layer 180 through the first and
second pixel electrodes 162 and 164, the opposite substrate
201 is irradiated by light to provide a pretilt angle to the liquid
crystal by curing the RM of the alignment layer (step S40).
[0060] Hereinafter, each manufacturing process will be
described in detail.

[0061] FIG.4isacross-sectional view takenalongaline I-I'
of an array substrate 101 of FIG. 1. FIG. 5 is a plan view
illustrating an array substrate 101 without the pixel electrodes
162 and 164 of FIG. 1. FIG. 6isa planview illustrating a pixel
electrode of an array substrate 101 as illustrated in FIG. 1.
[0062] Referring to FIGS. 4, 5 and 6, an alignment layer
having an RM is formed on the array substrate 101 which
includes the first and second pixel electrodes 162 and 164 and
includes the microslit portions 161 and 165, which determine
an alignment direction of the liquid crystal formed thereon
(step S10).

[0063] The array substrate 101 includes a plurality of gate
lines 111, a plurality of data lines 115, first and second switch-
ing elements 122 and 124 and first and second pixel elec-
trodes 162 and 164 that are formed on a lower base substrate
110.

[0064] A gate metal is coated on a lower base substrate 110
which is composed of, for example, a glass material, and then
the coated gate metal is etched to form the gate lines 111. The
gate lines 111 are formed on the lower base substrate 110 to be
parallel to a row direction D1. A portion of the gate line 111
forms a gate electrode 112 having a protruding shape. As
shown in FIG. 4, a gate insulation layer 121 is formed on the
gate lines 111.

[0065] Then, a semiconductor layer and a source metal
layer are sequentially formed on the gate insulation layer 121,
and then the source metal layer and the semiconductor layer
are etched to form a plurality of data lines 115, a source
electrode 141, a channel layer 131 and a drain electrode 143
as shown in FIG. 5. The data lines 115 are extended in a
substantially column direction D2 on the gate insulation layer
121. The source electrode 141 is extended from the data line
115 at a crossing area of the gate line 111 and the data line
115, 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 elec-
trode 143 is extended toward the unit pixel area PAO1.
[0066] The gate lines 111 and the data lines 115 cross with
each other to define a substantially rectangularregion, and the
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first and second pixel electrodes 162 and 164 are formed on
the rectangular shaped region. Thus, 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.

[0067] 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
which includes a three terminal element. The second switch-
ing element 124 may include a gate electrode 114, the gate
insulation layer 121, the channel layer 131, a source electrode
142 and a drain electrode 144.

[0068] Then, as shown in FIG. 4, the passivation layer 151
covering the data line 115 is formed, and an organic insulation
layer 153 is formed on the passivation layer 151. A contact
hole exposing a portion of the drain electrode 143 is formed
through the organic insulation layer 153 and the passivation
layer 151.

[0069] Then, an optically transparent and electrically con-
ductive material layer, composed of indium tin oxide (ITO),
indium zinc oxide (IZ0), or amorphous indium tin oxide
(a-ITO), for example, is coated on the organic insulation layer
153. The optically transparent and electrically conductive
material layer contacts 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 as shown in FIGS. 4 and 6. In the
present embodiment, in order to enhance a viewing angle, a
viewing angle enhancing technology may be used for forming
the first and second pixel electrodes 162 and 164. For
example, atechnology dividing a pixel area into a plurality of
domains having different alignment directions may be
employed in the unit pixel area PA01.

[0070] In order to form the domains, the first and second
pixel electrodes 162 and 164 may include a plurality of sup-
porting electrodes 163 and 167 and a plurality of microslit
portions 164 and 165. The supporting electrodes 163 and 167
may have a bar shape. The supporting electrodes 163 and 167
may be disposed to be parallel to the row direction D1 and the
column direction D2 respectively, so as to form a cross shape.
Each of the microslit portions 161 and 165 may be extended
along a first oblique line direction D3 and a second oblique
line direction D4 respectively, which are inclined with respect
to the row direction D3 and the column direction D2 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 the domains.

[0071] Here, a long axis of the liquid crystal may be
arranged parallel to an extended direction of the microslit
portions 161 and 165. As a result, a plurality of domains is
formed to enhance a viewing angle of the LCD device. A
lower polarizing plate may be attached at a rear surface of the
lower base substrate 110. The microslit portions 161 and 165
formed through the first and second pixel electrodes 162 and
164 may be extended in a direction to form an angle of about
45 degrees or about 135 degrees. for example, in the first
oblique line direction D3 and in the second oblique line
direction D4, with respect to a lower polarizing axis of the
lower polarizing plate.

[0072] FIG.7isacross-sectional view illustrating a process

for forming a loweralignment layer 171 on the array substrate
101 of FIG. 4.
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[0073] FIG. 8 is an enlarged view illustrating a vertical
alignment portion 301 and an RM 300 at the surface of the
lower and upper alignment layers 171 and 261.

[0074] Referring to FIGS. 7 and 8, a lower alignment layer
171 covering the first and second pixel electrodes 162 and 164
is formed. The lower alignment layer 171 is formed from an
alignment layer composition including a base dianhydride, a
base diamine, a crosslinker, and a vertical alignment diamine
and, in order to introduce a vertical alignment portion, an RM
diamine. The base dianhydride, the base diamine, the
crosslinker, the vertical alignment diamine and the RM
diamine react with each other to form a polyimide.

[0075] The vertical alignment diamine includes alkyl chain
301 as a side chain having a vertical alignment function.
[0076] An RM 300 is a side chain of the RM diamine.
Therefore, the RM 300 is chemically combined with the
alignment layer, and thus may not flow into the liquid crystal
180.

[0077] A mesogen is defined as a photocrosslinkable
copolymer including a mesogenic group having liquid crystal
properties. The anisotropy of the mesogen is induced by
irradiating the mesogen with polarized UV light, and the
orientation of the mesogen is then enhanced through a heat
treatment. The mesogenic group is a polymer material having
liquid crystal properties in a specific temperature range or in
a specific solution. The RM may include a material or a
compound, which is capable of inducing a liquid crystal
phase reaction, and the material or compound may have a
shape such as a bar, a banana, a board and/or a disk. For
example, the RM may include a mesogen having a chemical
group such as acrylate, methacrylate, epoxy, oxetane, vinyl-
ether, styrene, and/or tyolene.

[0078] Contrary to the conventional method of enhancing
the orientation of liquid crystal by a heat treatment of a liquid
crystal compositionincluding an RM, in the present invention
the RM diamine having the RM is basically included in the
alignment layer composition. The alkyl chain 301 of the
vertical alignment diamine functions as a side chain having a
vertical alignment function, and the RM 300 of the RM
diamine is chemically combined with the alignment layer,
and thus the RM 300 may not flow into the liquid crystal.
[0079] The RM diamine may be at least about 10 wt % to
about 80 wt % of the total weight of the diamines. The RM
may not function in a range below about 10 wt %, and the
pretilt angle of the liquid crystal molecule may be increased
when the content of the RM diamine is above about 80 wt %.
[0080] Examples of the RM diamine may include a com-
pound represented by the following chemical formula.
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[0081] Inthe above chemical formula, Y represents at least
one selected from the group consisting of an acrylate group, a
methacrylate group, a vinyl group, a vinyloxy group and/or an
epoxy group. X, represents an alkyl group, an alkenyl group,
and/or an alkynyl group having 1 to 18 carbon atoms and
having a chain or ring structure including at least one ring or
condensed ring.
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[0082] A, represents an alkenyl group, and/or alkynyl
group having 1 to 18 carbon atoms and having a chain or ring
structure including at least one ring or condensed ring,
wherein each hydrogen atom is replaceable with a functional
group. For example, A, may be represented by the following
Chemical Formulas 1-6.

-
-

Chemical Formula |

Chemical Formula 2
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Chemical Formula 3
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Chemical Formula 4
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Chemical Formula 5

l le

\|/

Chemical Formula 6

[0083] X, represents an alkyl group, an alkenyl group, and/
or an alkyny! group, which have 1 to 18 carbon atoms and
have a chain or ring structure including at least one ring or
condensed ring, —COO— —OCO— —O— or
—CONH—. A, represents an alkenyl group, an alkenyl
group, and/or an alkynyl group having 1 to 18 carbon atoms
and having a chain or ring structure including at least one ring
or condensed ring, wherein each hydrogen atom is replace-
able with a functional group.

[0084] For example, the RM diamine may be presented by
the following chemical formula.

X

LN NH,

Jul. 22,2010

[0085] The RM combined with the alignment layer
includes at least one UV polymerizable reactive group such as
an acrylate group and/or a methacrylate group.

[0086] FIG. 9 is an enlarged view illustrating an initiator
400 on a surface of the upper and lower alignment layer 261
and 271.

[0087] Referring to F1G. 9, an initiator 400 having substan-
tially the same structure as the RM diamine may be used. The
initiator 400 may be used with the RM diamine, or the initia-
tor 400 may be used separately from the RM diamine
Examples of the initiator 400 may include Igacure® (Ciba
Geigy Co.), which is generally used as an initiator for poly-
merization reactions. If the initiator absorbs a long wave-
length such as 365 nm, it may be easily decomposed into a
radical, and thus the initiator initiates a light polymerization
reaction. In the case of using the initiator such as Igacure,
long-wavelength UV light may be used, and thus a short
wavelength which may cause damage to other organic mate-
rials may not be used.

[0088] FIG. 10 is a cross-sectional view illustrating a pro-
cess for combining an array substrate 101 and an opposite
substrate 201 (step S30).

[0089] The opposite substrate 201 may include an upper
base substrate 210, a light-blocking pattern 221, a color filter
pattern 231, an overcoating layer 241, a common electrode
251 and an upper alignment layer 261.

[0090] The light-blocking pattern 221 is formed on the
upper base substrate 210 in correspondence with the gate line
111, the data line 115, the first and second switching elements
122 and 124 and the storage line 116. Thus, the color filter
pattern 231 is formed on the unit pixel area PA01 that does not
overlap with the light-blocking pattern 221. The color filter
pattern 231 may include, for example, a red color filter, a
green color filter and a blue color filter. The red, green and
blue color filters may be sequentially disposed in correspon-
dence with each unit pixel area PA01 in a column direction
D1.

[0091] The overcoating layer 241 covers the color filter
pattern 231 and the light-blocking pattern 221, and the com-
mon electrode 251 is formed on the overcoating layer 241.
The common electrode 251 may include substantially the
same material as the first and second pixel electrodes 162 and
164. The common electrode 251 may be a continuous layer
that does not include slit portions. When microslit portions
161 and 165 are formed through the first and second pixel
electrodes 162 and 164 and when the common electrode 251
is a continuous layer that does not include slit portions, a
liquid crystal cell type called a super patterned vertical align-
ment (S-PVA) mode is formed. Alternatively, the liquid crys-
tal layer 180 may be driven in a patterned vertical alignment
(PVA) mode. In the PVA mode, both the first and second pixel
electrodes 162 and 164 and the common electrode 251 may
have a plurality of slit portions for forming a fringe field.
[0092] The upper alignment layer 261 is formed on the
common electrode 251. The upper alignment layer 261 may
include substantially the same material as the lower align-
ment layer 171.

[0093] An upper polarizing plate (not shown) may be
stacked on the opposite substrate 201. The polarizing axis of
the upper polarizing plate may be substantially perpendicular
to that of the lower polarizing plate.

[0094] Before the electric field is applied between the first
and second pixel electrodes 162 and 164 and the common
electrode 251, a long axis direction of liquid crystal 181
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(hereinafter “director of liquid crystal”) is substantially per-
pendicular to the array substrate 101 and the opposite sub-
strate 201 as shown in FIG. 10.

[0095] FIGS. 11 and 12 are cross-sectional views illustrat-
ing a process for providing pretilt angles to the liquid crystal
molecules 181.

[0096] Referring to FIGS. 11 and 12, the liquid crystal layer
180 is irradiated by light through the opposite substrate 201 to
provide a pretilt angle to the liquid crystal 181 adjacent to
surfaces of the upper and lower alignment layers by the RM
300 (step S40).

[0097] When the pixel voltage is applied to the first and
second pixel electrodes 162 and 164 and the common voltage
is applied to the common electrode 251, the director of the
liquid crystal 181 is tilted as shown in FIG. 11. Thus, a white
driving mode may be driven. In order to fully align the direc-
tor of the liquid crystal 181 to be parallel to the horizontal
direction, the pixel voltage and the common voltage may be
increased.

[0098] Inthe white driving mode, as shown in FIG. 11, the
opposite substrate 201 is irradiated by UV light 7. The RM
300 is cured at surfaces of the lower and upper alignment
layers 171 and 261 in response to the UV light 7 to determine
the directionality of the liquid crystal 181.

[0099] Here, the liquid crystals 181a and 1815 adjacent to
the RM 300 may be arranged in the horizontal direction and
fixed in the horizontal direction. Thus, when an electric field
is not applied to the liquid crystal layer 180, liquid crystals
may be arranged as shown in FIG. 12. For example, liquid
crystals 181a and 1814 at the surfaces of the RM 300 are
aligned in a horizontal direction or have an inclined angle
with respect to the surfaces of the RM 300. The liquid crystal
181c disposed farther from the RM 300 is gradually arranged
perpendicular with respect to surfaces of the RM 300.
[0100] Due to the arrangement of the liquid crystal 181, the
response time of the liquid crystal 181 may be improved.
Moreover, arrangement directions of the liquid crystal are
various, so that a viewing angle may be enhanced.

[0101] Inthepresent embodiment, the RM 300 is not mixed
with the liquid crystal composition, and the RM is combined
with the lower alignment layer 171 and the upper alignment
layer 261 and cured by a UV light. Thus, as described above,
the RM is not mixed with the liquid crystal layer 180.
[0102] FIG. 13 is a cross-sectional view illustrating a dis-
play panel RM 500 in the liquid crystal layer 180.

[0103] Referring to FIG. 13, the alignment layers 171 and
261 may include RM 300. An additional RM 500 may be
blended into the liquid crystal layer 180 in a range of no more
than about 0.3 wt %, preferably in a range of no more than
about 0.2 wt %. Thus, UV power consumption may be
reduced thereby decreasing the RM in the liquid crystal.
[0104] According to an LCD device and a method of manu-
facturing the LCD device in accordance with an embodiment
of the present invention, RM remaining in a liquid crystal
layer may be decreased in an LCD device providing a pretilt
angle by using an RM. Thus, afterimages due to the remaining
RM in a display screen may be prevented or reduced, so that
display quality may be improved. Therefore, the present
invention may be applied to an LCD device using an RM.
[0105] The foregoing is illustrative of the present invention
and is not to be construed as limiting thereof. Although a few
embodiments of the present invention have been described,
those skilled in the art will readily appreciate that many
modifications are possible in the embodiments without mate-
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rially departing from the novel teachings and advantages of
the present invention. Accordingly, all such modifications are
intended to be included within the scope of the present inven-
tion 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
present invention and is not to be construed as limited to the
specific embodiments disclosed, and that modifications to the
disclosed embodiments, as well as other embodiments, are
intended to be included within the scope of the appended
claims. The present invention is defined by the following
claims, with equivalents of the claims to be included therein.

What is claimed is:

1. A liquid crystal display (LCD) device comprising:

an array substrate including:

a lower substrate having a switching part formed
thereon;

a pixel electrode formed on a unit pixel area defined on
the lower substrate to connect with the switching part,
the pixel electrode having a plurality of slit portions
extending in different directions; and

a lower alignment layer formed on the pixel electrode,
the lower alignment layer including a reactive
mesogen (RM) to induce an alignment direction of
liquid crystal molecules;

an opposite substrate including an upper substrate opposite

to the lower substrate, a common electrode formed on

the upper substrate to face the pixel electrode, and an
upper alignment layer formed on the common electrode;
and

a liquid crystal layer comprising liquid crystal molecules

having a pretilt angle between a surface of the lower

alignment layer and a surface of the upper alignment
layer.

2. The LCD device of claim 1, wherein the upper alignment
layer comprises an RM to induce an alignment direction of
liquid crystal molecules.

3. The LCD device of claim 2, wherein the lower alignment
layer and the upper alignment layer include a polyimide, and
are formed from an alignment layer composition including a
base dianhydride, a base diamine, a crosslinker, a vertical
alignment diamine and an RM diamine, the content of the RM
diamine being about 10 wt % to about 80 wt % based ona total
weight of the base diamine, the vertical alignment diamine
and the RM diamine.

4. The LCD device of claim 2, wherein the pixel electrode
comprises a first pixel electrode and a second pixel electrode
that are disposed on the unit pixel area to receive the different
pixel voltages, and the slit portions are formed on a plurality
of domains defined on the first and second pixels.

5. The LCD device of claim 4, wherein the common elec-
trode corresponding to the first and second pixel electrodes
has a continuous shape and does not include an opening.

6. The LCD device of claim 2, wherein the lower alignment
layer and the upper alignment layer are configured to arrange
a long axis of the liquid crystal molecules in a vertical direc-
tion when an electric field is not applied to the liquid crystal
layer.

7. The LCD device of claim 2, wherein the lower alignment
layer and the upper alignment layer are configured to arrange
a long axis of the liquid crystal molecules in an extending
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direction of the slit portion at each of the domains when an
electric field is applied to the liquid crystal layer.

8. The LCD device of claim 3, wherein the alignment layer
composition further comprises an initiator having substan-
tially the same structure as the RM.

9. The LCD device of claim 2, wherein the liquid crystal
layer further comprises an additional RM, which is no more
than about 0.3 wt %.

10. The LCD device of claim 3, wherein the RM diamine
includes a compound represented by:
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wherein Y represents at least one selected from the group
consisting of an acrylate group, a methacrylate group, a
vinyl group, a vinyloxy group and/or an epoxy group; X,
represents an alkyl group, an alkenyl group, and/or an
alkynyl group having 1 to 18 carbon atoms and having a
chain or ring structure including at least one ring or
condensed ring; A, represents an alkenyl group, and/or
analkynyl group having 1 to 18 carbonatoms and having
a chain or ring structure including at least one ring or
condensed ring, wherein each hydrogen atom is replace-
able with a functional group; X, represents an alkyl
group, an alkenyl group, and/or an alkynyl group, which
have 1 to 18 carbon atoms and have a chain or ring
structure including at least one ring or condensed ring,
—CO0—, —0CO—, —O— or —CONH— and; A,
represents an alkenyl group, an alkenyl group, and/or an
alkynyl group having 1 to 18 carbon atoms and having a
chain or ring structure including at least one ring or
condensed ring, wherein each hydrogen atom is replace-
able with a functional group.
11. A method of manufacturing an LCD device, the method
comprising:
forming a lower alignment layer on an array substrate
comprising a pixel electrode having a plurality of slit
portions inducing an alignment direction of liquid crys-
tal molecules, the lower alignment layer including an
RM;
coupling an opposite substrate to the array substrate;
providing a liquid crystal layer between the lower align-
ment layer and the array substrate; and
irradiating the lower alignment layer with light under con-
ditions in which an electric field is applied to the liquid
crystal layer through the pixel electrode to provide a
pretilt angle to liquid crystal molecules at a surface of the
lower alignment layer.
12. The method of claim 11, further comprising:
forming an upper alignment layer on a common electrode
of the opposite substrate before coupling the opposite
substrate to the array substrate.
13. The method of claim 12, wherein the upper alignment
layer includes an RM.
14. The method of claim 12, wherein the common elec-
trode corresponding to the pixel electrode has a continuous
shape and does not include an opening.
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15. The method of claim 12, wherein the lower alignment
layer and the upper alignment layer include a polyimide,
formed from an alignment layer composition including a base
dianhydride, a base diamine, a crosslinker, a vertical align-
ment diamine and an RM diamine, the content of the RM
diamine being about 10 wt % to about 80 wt % based ona total
weight of the base diamine, the vertical alignment diamine
and the RM diamine.

16. The method of claim 15, wherein the RM diamine
includes a compound represented by:

A
NT N

wherein Y represents at least one selected from the group
consisting of an acrylate group, a methacrylate group, a
vinyl group, a vinyloxy group and/or an epoxy group; X,
represents an alkyl group, an alkenyl group, and/or an
alkynyl group having 1 to 18 carbon atoms and having a
chain or ring structure including at least one ring or
condensed ring; A, represents an alkenyl group, and/or
alkynyl group having 1 to 18 carbon atoms and having a
chain or ring structure including at least one ring or
condensed ring, wherein each hydrogen atom is replace-
able with a functional group; X, represents an alkyl
group, an alkenyl group, and/or an alkynyl group, which
have 1 to 18 carbon atoms and have a chain or ring
structure including at least one ring or condensed ring,
—CO0—, —0CO—, —O— or —CONH— and; A,
represents an alkenyl group, an alkenyl group, and/or an
alkynyl group having 1 to 18 carbon atoms and having a
chain or ring structure including at least one ring or
condensed ring, wherein each hydrogen atom is replace-
able with a functional group.

17. The method of claim 11, wherein the liquid crystal
layer includes an additional RM, which is no more than about
0.3 wt %.

18. The method of claim 15, wherein the alignment layer
composition further comprises an initiator having the same
structure as the RM diamine.

19. The method of claim 11, wherein the pixel electrodes
are formed on a unit pixel area of the array substrate, and the
slit portions are extended in different directions on a plurality
of domains defined on each of the pixel electrodes.

20. The method of claim 19, wherein the lower alignment
and the upper alignment layer are configured so that a long
axis of the liquid crystal molecules is vertically aligned when
an electric field is not applied to the liquid crystal layer.

21. The method of claim 19, wherein the lower alignment
layer and the upper alignment layer are configured so that the
long axis of the liquid crystal molecules is arranged in an
extending direction of the slit portion at each of the domains
when an electric field is applied to the liquid crystal layer.

22. Analignment layer composition for an LCD device, the
alignment layer composition comprising:

a base anhydride;

a base diamine;

a crosslinker; and

a side chain component.
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23. The alignment layer composition of claim 22, wherein
the base anhydride includes a base dianhydride.

24. The alignment layer composition of claim 22, wherein
the side chain component includes a vertical alignment
diamine and an RM diamine.

25. The alignment layer composition of claim 24, wherein
a content of the RM diamine is about 10 wt % to about 80 wt
% based on a total weight of the base diamine, the vertical
alignment diamine and the RM diamine.

26. The alignment layer composition of claim 24, wherein
the RM diamine includes a compound represented by:
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wherein Y represents at least one selected from the group
consisting of an acrylate group, a methacrylate group, a
vinyl group, a vinyloxy group and/or an epoxy group; X,
represents an alkyl group, an alkenyl group, and/or an
alkynyl group having 1 to 18 carbon atoms and having a
chain or ring structure including at least one ring or
condensed ring; A, represents an alkenyl group, and/or
alkynyl group having 1 to 18 carbon atoms and having a
chain or ring structure including at least one ring or
condensed ring, wherein each hydrogen atom is replace-
able with a functional group; X, represents an alkyl
group, an alkenyl group, and/or an alkynyl group, which
have 1 to 18 carbon atoms and have a chain structure or
a ring structure including at least one ring or condensed
ring, —COO—, —OCO—, —0— or —CONH— and;
A, represents an alkenyl group, an alkenyl group, and/or
an alkynyl group having 1 to 18 carbon atoms and having
a chain or ring structure including at least one ring or
condensed ring, wherein each hydrogen atom is replace-
able with a functional group.
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