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ALIGNMENT SUBSTRATE FOR ALIGNING
LIQUID CRYSTAL MOLECULES, LIQUID
CRYSTAL DISPLAY PANEL HAVING THE

SAME, AND METHOD OF MANUFACTURING
THE ALIGNMENT SUBSTRATE

CROSS REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority from and the benefit
of Korean Patent Application No. 2008-131162, filed on Dec.
22, 2008, which is hereby incorporated by reference for all
purposes as if fully set forth herein.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to an alignment sub-
strate, a liquid crystal display (LCD) panel including the
alignment substrate, and a method of manufacturing the
alignment substrate. More particularly, the present invention
relates to an alignment substrate for preventing alignment
errors even though a misalignment occurs between two sub-
strates when the substrates are combined, an LCD panel
including the alignment substrate, and a method of manufac-
turing the alignment substrate.

[0004] 2. Discussion of the Background

[0005] An LCD panel includes a lower substrate having a
pixel electrode, an upper substrate having a common elec-
trode, and a liquid crystal layer interposed between the lower
substrate and the upper substrate. When an electric field is
between the pixel electrode and the common electrode, an
arrangement of liquid crystal molecules of the liquid crystal
layer changes. The optical transmittance of the liquid crystal
molecules is controlled by the changed arrangement of the
liquid crystal molecules to display an image.

[0006] A wide viewing angle is one important factor for
improving display quality of the LCD panel. In order to
broaden the viewing angle, a patterned vertical alignment
(PVA) mode or a super patterned vertical alignment (SPVA)
mode that divides a pixel into a plurality of domains has been
developed. However, the PVA mode or the SPVA mode
requires additional processes for forming a slit pattern or a
protrusion pattern to form a multi-domain structure. Further,
afterimages or spots may be generated around the slit pattern
or the protrusion pattern, or transmittance may be reduced.
[0007] Inorderto form the multi-domain structure without
the slit pattern or the protrusion pattern, a photoalignment
method has been developed. For example, alignment layers
are formed on an upper substrate and a lower substrate,
respectively, and a pretilt angle of the alignment layer on the
upper substrate is different from that of the alignment layer on
the lower substrate. When the two substrates are combined, a
final alignment direction is determined from a vector sum of
alignment directions of the alignment layers formed on the
upper substrate and the lower substrate, respectively.

[0008] However, if a misalignment occurs between two
substrates when they are combined, the final alignment direc-
tion determined from the vector sum may erroneous.

SUMMARY OF THE INVENTION

[0009] The present invention provides an alignment sub-
strate, an LCD panel including the alignment substrate, and a
method of manufacturing the alignment substrate.
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[0010] Additional features of the invention will be set forth
in the description which follows, and in part will be apparent
from the description, or may be learned by practice of the
invention.

[0011] The present invention discloses an alignment sub-
strate that includes a base substrate and an alignment layer
arranged on the base substrate. A plurality of unit pixels is
defined in the base substrate. The alignment layer includes at
least two sub-alignment portions dividing the unit pixel into
at least two domains. Each sub-alignment portion arranged in
a different domain of the at least two domains and is aligned
to have a different pretilt direction from the other sub-align-
ment portions.

[0012] The present invention also discloses an LCD panel
that includes a first substrate, a second substrate, and a liquid
crystal layer interposed between the first substrate and the
second substrate. The first substrate includes a first base sub-
strate in which a plurality of unit pixels is defined, a pixel
electrode arranged on the first base substrate, and a first
alignment layer arranged on the pixel electrode. The first
alignment layer includes at least two sub-alignment portions
dividing the unit pixel into at least two domains. Each sub-
alignment portion is arranged in a different domain of the at
least two domains and is aligned to have a different pretilt
direction from the other sub-alignment portions. The second
substrate includes a second base substrate, and a common
electrode arranged on the second base substrate.

[0013] The present invention also discloses a method of
manufacturing an alignment substrate. The method includes
forming a photoreactive layer on a base substrate in which a
plurality of unit pixels is defined. An alignment layer is
formed on the base substrate by irradiating light to the pho-
toreactive layer. The alignment layer includes at least two
sub-alignment portions dividing the unit pixel into at least
two domains. Each sub-alignment portion is formed in a
different domain of the at least two domains and is aligned to
have a different pretilt direction from the other sub-alignment
portions.

[0014] According to exemplary embodiments of the
present invention, all sub-alignment portions of an alignment
layer for forming a multi-domain structure are formed on one
substrate, so that alignment direction errors may be prevented
even though two substrates of an LCD panel are misaligned.
[0015] According to exemplary embodiments of the
present invention, when a first substrate and a second sub-
strate are combined to form the LCD panel, the alignment
layer having the sub-alignment portions for forming the
multi-domain structure is formed only on the first substrate.
Thus, alignment direction errors of the alignment layer may
be prevented even though the second substrate has no
arrangement indicator for accurately arranging the two sub-
strates.

[0016] According to exemplary embodiments of the
present invention, a viewing angle of an LCD panel may be
broadened. Further, when a dynamic capacitance compensa-
tion method is employed in accordance with the present
invention, a response rate of liquid crystal molecules in the
LCD panel may be increased.

[0017] TItisto be understood that both the foregoing general
description and the following detailed description are exem-
plary and explanatory and are intended to provide further
explanation of the invention as claimed

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] The accompanying drawings, which are included to
provide a further understanding of the invention and are
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incorporated in and constitute a part of this specification,
illustrate embodiments of the invention, and together with the
description serve to explain the principles of the invention.
[0019] FIG. 1 is a plan view showing an LCD panel in
accordance with an exemplary embodiment of the present
invention.

[0020] FIG. 2 is a cross-sectional view taken along line I-I'
in FIG. 1.
[0021] FIG. 3 isacross-sectional view showing an arrange-

ment of liquid crystal molecules of a liquid crystal layer
shown in FIG. 2.

[0022] FIG. 4A shows an exemplary chemical formula of'a
photoreactive polymer for forming the first alignment layer
shown in FIG. 2.

[0023] FIG. 4B shows an exemplary chemical formula of
an alignment material after the photoreactive polymer shown
in FIG. 4A is photoaligned by a photoalignment process.
[0024] FIG. 5A, FIG. 5B, FIG. 5C, and FIG. 5D are per-
spective views showing exemplary processes of forming the
first alignment layer shown in FIG. 2.

[0025] FIG. 6 is a graph for describing a response time of
liquid crystal molecules of the LCD panel shown in FIG. 2.
[0026] FIG. 7 is a plan view showing an LCD panel in
accordance with an exemplary embodiment of the present
invention.

[0027] FIG. 8 is a plan view showing an LCD panel in
accordance with an exemplary embodiment of the present
invention.

DETAILED DESCRIPTION OF THE
ILLUSTRATED EMBODIMENTS

[0028] The present invention is described more fully here-
inafter with reference to the accompanying drawings, in
which exemplary embodiments of the present invention are
shown. The present 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 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.

[0029] 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. 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.

[0030] 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 present invention.
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[0031] 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.

[0032] The terminology used herein is for the purpose of
describing particular exemplary embodiments only and is not
intended to be limiting of the present invention. As used
herein, the singular forms “a,” “an” and “the” are intended to
include the plural forms as well, unless the context clearly
indicates otherwise. It will be further understood that the
terms “comprises” and/or “comprising,” when used in this
specification, specify the presence of stated features, integers,
steps, operations, elements, and/or components, but do not
preclude the presence or addition of one or more other fea-
tures, integers, steps, operations, elements, components, and/
or groups thereof.

[0033] 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 present
invention. As such, variations from the shapes of the illustra-
tions as a result, for example, of manufacturing techniques
and/or tolerances, are to be expected. Thus, exemplary
embodiments of the present invention should not be con-
strued as limited to the particular shapes of regions illustrated
herein but are to include deviations in shapes that result, for
example, from manufacturing.

[0034] 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 disclosure 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.

[0035] Hereinafter, exemplary embodiments of the present
invention will be explained in detail with reference to the
accompanying drawings.

[0036] Theterm “alignment layer” used in the specification
and claims refers to a layer that aligns liquid crystal molecules
to be previously tilted. The term “alignment substrate” refers
to asubstrate including the alignment layer. The term “pretilt”
refers to a state in which a portion of the liquid crystal mol-
ecules is tilted so that the liquid crystal molecules may be
tilted in a predetermined direction before an electric field is
applied to a liquid crystal layer. The term “pretilt direction”
refers to a direction in which the portion of the liquid crystal
molecules is tilted before an electric field is applied to the
liquid crystal layer.

[0037] FIG. 1 is a plan view showing an LCD panel in
accordance with an exemplary embodiment of the present
invention. FIG. 2 is a cross-sectional view taken along line I-I'
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in FIG. 1. FIG. 3 is a cross-sectional view showing an
arrangement of liquid crystal molecules of a liquid crystal
layer shown in FIG. 2.

[0038] Referring to FIG. 1, FIG, 2, and FIG. 3, an LCD
panel 500 in accordance with the present exemplary embodi-
ment includes a first substrate 100, a second substrate 200
facing the first substrate 100, and a liquid crystal layer 300
interposed between the first substrate 100 and the second
substrate 200.

[0039] Inthe present exemplary embodiment, the first sub-
strate 100 may be a lower substrate including a thin-film
transistor (TFT) and a pixel electrode 170. The second sub-
strate 200 may be an upper substrate including a common
electrode 220.

[0040] The first substrate 100 defines a plurality of unit
pixels areas PA. The first substrate 100 includes a plurality of
gate lines GL formed on a first base substrate 110, a plurality
of data lines DL and the TFT. The gate lines GL may extend
in a first direction D1 of the first base substrate 110. The gate
lines GL. may be arranged along a second direction D2 dif-
ferent from the first direction D1. The second direction D2
may be substantially perpendicular to the first direction D1.
The data lines DL may extend in the second direction D2, and
be arranged along the first direction D1.

[0041] Though not shown in FIG. 1 and FIG. 2, the first
substrate 100 may further include a storage line formed on the
first base substrate 110. The storage line may be formed with
the same material as the gate line GL.

[0042] The first substrate 100 further includes a gate insu-
lation layer 120 disposed on the gate line GL. The gate insu-
lation layer 120 insulates the gate line GL from the data line
DL.

[0043] TheTFT may include a gate electrode GE connected
to the gate line GL, a source electrode SE connected to the
data line DL, a drain electrode DE separated from the source
electrode SE, and an active pattern 130 formed on the gate
insulation layer 120. The active pattern 130 includes a semi-
conductor layer 130a and an ohmic contact layer 1305
formed on the semiconductor layer 130a. For example, the
semiconductor layer 130a may comprise amorphous silicon,
and the ohmic contact layer 1305 may comprise n+ amor-
phous silicon that is doped with n-type impurities.

[0044] In the exemplary embodiment shown in FIG. 1, a
single TFT is disposed in each unit pixel area PA, but at least
two switching elements may be disposed in each unit pixel
area PA.

[0045] The first substrate 100 may further include a passi-
vation layer 140 that covers the data line DL, the source
electrode SE and the drain electrode DE. The passivation
layer 140 has a contact hole CNT exposing a portion of the
drain electrode DE.

[0046] In the present exemplary embodiment, a light-
blocking layer 150 and a plurality of color filters 162 and 164
may be formed on the first base substrate 110. That is, the first
substrate 100 may further include the light-blocking layer
150 and the color filters 162 and 164.

[0047] The light-blocking layer 150 may be formed on the
passivation layer 140 to overlap the gate electrode GE and the
data line DL. The light-blocking layer 150 blocks light pro-
vided from a lower part of the first substrate 100, and prevents
the light from being provided to the liquid crystal layer 300.
The light-blocking layer 150 is formed on the first substrate
100 in FIG. 2, but the present invention is not limited to the
position of the light-blocking layer 150 shown in the present

Jun. 24, 2010

exemplary embodiment. Alternatively, the light-blocking
layer 150 may be formed on the second substrate 200.

[0048] The color filters 162 and 164 are formed on the
passivation layer 140 in each pixel area PA. The color filters
may include a first color filter 162, a second color filter 164,
and a third color filter (not shown). The first color filter 162
and the second color filter 164 may display different colors.
For example, the first color filter 162 may display a red color,
and the second color filter 164 may display a blue color.

[0049] Though not shown in FIG. 2, the first color filter 162
may overlap the second color filter 164. For example, the first
color filter 162 and the second color filter 164 may overlap
over the gate line GL or over the data line DL. The first color
filter 162 and the second color filter 164 may further overlap
over a region where a first switching element and a second
switching element are formed. Although the color filters 162
and 164 are formed on the first substrate 100 in FIG. 2, the
present invention is not limited to this position. Alternatively,
the first color filter 162 and the second color filter 164 may be
formed on the second substrate 200.

[0050] The first substrate 100 further includes a pixel elec-
trode 170 formed on the first color filter 162 and the second
color filter 164. The pixel electrode 170 is a transparent elec-
trode made of a transparent conductive material. Examples of
the transparent conductive material include indium tin oxide
(ITO), indium zinc oxide (IZO), aluminum-doped zinc oxide
(AZO), etc.

[0051] The pixel electrode 170 is electrically connected to
the TFT through the contact hole CNT. The contact hole CNT
may be formed in the passivation layer 140 over the drain
electrode DE and in the first color filter 162, to expose a
portion of the drain electrode DE. Since the pixel electrode
170 is electrically connected to the TFT, the pixel electrode
170 may receive a pixel voltage applied through the TFT. For
example, the pixel voltage applied through the data line DL is
transmitted to the drain electrode DE in response to a gate
voltage applied through the gate line GL, and the pixel volt-
age transmitted to the drain electrode DE is applied to the
pixel electrode 170, which is electrically connected to the
drain electrode DE through the contact hole CNT.

[0052] The second substrate 200 includes a second base
substrate 210 and a common electrode 220 disposed on the
second base substrate 210. The common electrode 220 is a
transparent electrode including a transparent conductive
material. Examples of the transparent conductive material
include ITO, 1ZO, AZO, etc. The common electrode 220
receives a common voltage. The pixel electrode 170 and the
common electrode 220 receive the pixel voltage and the com-
mon voltage, respectively, and generate an electric field to be
applied to the liquid crystal layer 300.

[0053] The liquid crystal layer 300 is interposed between
the first substrate 100 and the second substrate 200. The liquid
crystal layer 300 includes a plurality of liquid crystal mol-
ecules. When an electric field is applied to the pixel electrode
170 and the common electrode 220, the arrangement of liquid
crystal molecules in the liquid crystal layer 300 changes. The
optical transmittance of the liquid crystal molecules is con-
trolled by the changed arrangement of the liquid crystal mol-
ecules, to display an image having a grayscale.

[0054] The first substrate 100 further includes a first align-
ment layer 180 formed on the pixel electrode 170. In the
present exemplary embodiment, the first alignment layer 180
includes at least two sub-alignment portions in each unit pixel
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PA, and each sub-alignment portion is photoaligned to have a
different pretilt direction from the other sub-alignment por-
tions.

[0055] Forexample, as shown in FIG. 1, the unit pixel PA is
divided into four domains. The four domains include a first
domain DM1 disposed at the upper left, a second domain
DM2 disposed at the upper right, a third domain DM3 dis-
posed at the lower left, and a fourth domain DM4 disposed at
the lower right.

[0056] The first alignment layer 180 includes four sub-
alignment portions 181, 182, 183, and 184 corresponding to
the four domains DM1, DM2, DM3, and DM4, respectively.
For example, the first alignment layer 180 includes a first
sub-alignment portion 181 corresponding to the first domain
DM1, a second sub-alignment portion 182 corresponding to
the second domain DM2, a third sub-alignment portion 183
corresponding to the third domain DM3, and a fourth sub-
alignment portion 184 corresponding to the fourth domain
DM4.

[0057] The first to fourth sub-alignment portions 181, 182,
183, and 184 of the first alignment layer 180 have different
pretilt directions. That is, the first sub-alignment portion 181
has a first pretilt direction PTD1, and the second sub-align-
ment portion 182 has a second pretilt direction PTD2. The
third sub-alignment portion 183 has a third pretilt direction
PTD3, and the fourth sub-alignment portion 184 has a fourth
pretilt direction PTD4.

[0058] Theterm “pretilt” refers to a state in which a portion
ofthe liquid crystal molecules 310 are tilted so that the liquid
crystal molecules 310 may be tilted in a predetermined direc-
tion before an electric field is applied to a liquid crystal layer
300. The term “pretilt direction” refers to a direction in which
the portion of the liquid crystal molecules 310 are tilted
before the electric field is applied to the liquid crystal layer
300. When the first to fourth sub-alignment portions 181, 182,
183, and 184 have respective pretilt directions, the liquid
crystal molecules 310 on the first alignment layer 180, par-
ticularly, directors of the liquid crystal molecules 310 that are
adjacent to the first alignment layer 180, may be aligned
substantially parallel with the pretilt directions.

[0059] When the unit pixel PA is divided into at least two
domains and the first alignment layer 180 includes the sub-
alignment portions 181, 182, 183, and 184 corresponding to
each domain, a viewing angle of the LCD panel 500 may be
wide compared to when a unit pixel PA has a single domain.
[0060] Inthe present exemplary embodiment, all of at least
two sub-alignment portions for forming a multi-domain
structure in the unit pixel PA, for example, the four sub-
alignment portions 181, 182, 183, and 184, are formed on the
first substrate 100. Accordingly, even though the first sub-
strate 100 and the second substrate 200 may be misaligned in
a combining process, pretilt direction errors that are deter-
mined by the first to fourth sub-alignment portions 181, 182,
183, and 184 may not occur.

[0061] When alignment layers are formed on an upper sub-
strate and a lower substrate, respectively, and the final pretilt
direction is determined from a vector sum of a pretilt direction
of the alignment layer formed on the upper substrate and a
pretilt direction of the alignment layer formed on the lower
substrate, the final pretilt direction determined from the vec-
tor sum may be in error if the upper substrate and the lower
substrate are misaligned. If the light-blocking layer 150 is
disposed on the second substrate 200, the light-blocking layer
150 may function as an indicator for accurately arranging the
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two substrates when combining the two substrates. However,
as shown in FIG. 2, when the light-blocking layer 150 is not
disposed on the second substrate 200 but is disposed on the
first substrate 100, the second substrate 200 has no indicator
for accurately arranging the two substrates, and thus a possi-
bility that the two substrates are misaligned may further
increase.

[0062] However, according to exemplary embodiments of
the present invention, since all of at least two sub-alignment
portions, for example, the four sub-alignment portions 181,
182, 183, and 184 are formed on the first substrate 100, the
possibility that pretilt direction errors occur may be elimi-
nated, even though the first substrate 100 and the second
substrate 200 are misaligned in combining process.

[0063] The first to fourth sub-alignment portions 181, 182,
183, and 184 of the first alignment layer 180 may be formed
by a photoalignment process so that the first to fourth sub-
alignment portions 181, 182, 183, and 184 have respective
pretilt directions PTD1, PTD2, PTD3, and PTD4. The pho-
toalignment process will be described in detail with reference
to FIG. 5A, FIG. 5B, FIG. 5C, and FIG. 5D.

[0064] In the present exemplary embodiment, the first to
fourth pretilt directions PTD1, PTD2, PTD3, and PTD4 of the
first to fourth sub-alignment portions 181, 182, 183, and 184
may rotate clockwise. For example, pretilt directions of sub-
alignment portions bordering on each other may be substan-
tially perpendicular to each other, and pretilt directions of
diagonally situated sub-alignment portions may differ by
about 180 degrees. For example, the first pretilt direction
PTD1 may be directed toward a counterclockwise direction
of 45 degrees with respect to the first direction D1, and the
second pretilt direction PTD2 may be directed toward a
clockwise direction of 45 degrees with respect to the first
direction D1. The third pretilt direction PTD3 may be
directed toward a counterclockwise direction of 135 degrees
with respect to the first direction D1, and the fourth pretilt
direction PTD4 may be directed toward a clockwise direction
of'135 degrees with respect to the first direction D1. However,
the present invention is not limited to the above-mentioned
pretilt directions. That is, the pretilt directions PTD1, PTD2,
PTD3, and PTD4 of the first to fourth sub-alignment portions
181, 182, 183, and 184 may be different from the pretilt
directions in the present exemplary embodiment. For
example, the first to fourth pretilt directions PTD1, PTD2,
PTD3, and PTD4 of the first to fourth sub-alignment portions
181, 182, 183, and 184 may rotate counterclockwise. Alter-
natively, the first pretilt direction PTD1 of the first sub-align-
ment portion 181 and the fourth pretilt direction PTD4 of the
fourth sub-alignment portion 184 may converge on a center
portion of the unit pixel area PA, and the second pretilt direc-
tion PTD2 of the second sub-alignment portion 182 and the
third pretilt direction PTD3 of'the third sub-alignment portion
183 may diverge from the center portion of the unit pixel area
PA.

[0065] The second substrate 200 may further include a
second alignment layer 230 formed on the common electrode
220. Since the first alignment layer 180 formed on the first
substrate 100 includes at least two sub-alignment portions,
for example, four sub-alignment portions 181, 182, 183, and
184, and thus multiple domains DM1, DM2, DM3, and DM4
corresponding to the 181, 182, 183 and 184 are formed in the
unit pixel area PA, the second alignment layer 230 formed on
the second substrate 200 does not require sub-alignment por-
tions. In the present exemplary embodiment, the second
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alignment layer 230 may have a vertical alignment direction.
The second alignment layer 230 may be photoaligned to have
the vertical alignment direction, or may be formed by other
methods than the photoalignment method.

[0066] FIG. 3 shows the liquid crystal molecules 310
arranged in an LCD panel operating in a vertical alignment
mode when the second alignment layer 230 has a vertical
alignment direction. The liquid crystal molecules 310 adja-
cent to the first alignment layer 180 on the first substrate 110
may be tilted to be substantially parallel with the pretilt direc-
tions PTD1, PTD2, PTD3, and PTD4 of the first to fourth
sub-alignment portions 181, 182, 183, and 184, and the liquid
crystal molecules 310 adjacent to the second alignment layer
230 may be aligned to be substantially perpendicular to the
second alignment layer 230.

[0067] Alternatively, the second substrate 200 may not
have an alignment layer, for example, when the LCD panel
operates in an in-plane switching (IPS) mode.

[0068] FIG.4A shows an exemplary chemical formula of a
photoreactive polymer for forming the first alignment layer
shown in FIG. 2. FIG. 4B shows an exemplary chemical
formula of an alignment material after the photoreactive poly-
mer shown in FIG. 4A is photoaligned by a photoalignment
process.

[0069] Referring to FIG. 4A and FIG. 4B, an alignment
material for forming an alignment layer in accordance with
the present exemplary embodiment may include a photoreac-
tive polymer. For example, the alignment material includes
polyimide main chains 186 and side chains 187 connected to
the polyimide main chains 186. The side chains 187 may have
a double bond that makes the side chains 187 have direction-
ality. The directionality of an alignment material means that
molecules of the alignment material are directed to or have a
tendency to be directed to a predetermined direction.

[0070] When ultraviolet (UV) light polarized in a predeter-
mined direction is irradiated to the photoreactive polymer
aligned in random directions, optical reactors having direc-
tionality perpendicular to or parallel with the polarized direc-
tion of the polarized UV light are photopolymerized. For
example, when UV light having a polarization axis is irradi-
ated to the side chains 187, the side chains 187 are photopo-
lymerized to have structural anisotropy, and thus the photo-
reactive polymer obtains a pretilt direction tilted to the
irradiating direction of the UV light.

[0071] Since the photopolymerized photoreactive polymer
has the pretilt direction, a director of liquid crystal molecules
may be aligned in a direction substantially parallel with the
pretilt direction of the photoreactive polymer when the liquid
crystal molecules are disposed on the alignment layer.
[0072] The angle at which the side chains 187 are tilted is
exaggerated in FIG. 4A and FIG. 4B, but it is known that
actual side chains are tilted at several degrees from a normal
line of the alignment layer by the photoalignment process.
[0073] In FIG. 4A and FIG. 4B, polyimide is used as an
example of the alignment material, but the alignment material
according to the present invention is not limited to polyimide.
The alignment material may include polyamic acid, polynor-
bornene, phenylmaleimide copolymer, polyvinyl cinnamate,
polyazobenzene, polyethyleneimine, polyvinyl alcohol,
polyamide, polyethylene, polystyrene, polyphenylene
phthalamide, polyester, polyurethane, polymethyl methacry-
late, etc.

[0074] Further, the alignment material used in the aligning
process is not limited to the photoreactive polymer. The align-
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ment layer may be formed by an aligning process in which an
ion beam is irradiated to an inorganic material such as silicon
oxide (SiOx).

[0075] FIG. 5A, FIG. 5B, FIG. 5C, and FIG. 5D are per-
spective views showing exemplary processes of forming the
first alignment layer shown in FIG. 2.

[0076] In the present exemplary embodiment of a photo-
alignment process described with reference to FIG. 5A, FIG.
5B, FIG. 5C, and FIG. 5D, it is assumed that a photoreactive
polymer layer is deposited on the first substrate 100 and
polarized UV light is used as light for photoaligning the
photoreactive polymer layer. Further, it is assumed that the
molecules of the photoreactive polymer layer have direction-
ality toward a direction in which the polarized UV light is
irradiated. In another exemplary embodiment of the photo-
alignment process, the molecules of the photoreactive poly-
mer layer may have directionality opposite to a direction in
which the polarized UV light is irradiated. Further, in another
exemplary embodiment of the photoalignment process, an
ion beam of other light that is not the UV light may be used.
[0077] Hereinafter, the first direction D1 may be named
“right direction” and a direction opposite to the first direction
D1 may be named “left direction” in a plane including the first
direction D1 and the second direction D2. Further, the second
direction D2 may be named “upper direction” and a direction
opposite to the second direction D2 may be named “lower
direction” in the plane including the first direction D1 and the
second direction D2.

[0078] Referringto FIG. 5A, a photoreactive polymer layer
is formed on the first substrate 100. A mask is disposed over
the first substrate 100 in which the photoreactive polymer
layer is formed, and the photoreactive polymer layer is
exposed to light, for example, the polarized UV light. That is,
a light-exposure process takes place.

[0079] In the present exemplary embodiment, when each
unit pixel is divided into at least two domains along the first
direction D1, one of the divided domains is exposed to the
light, and the other domains are blocked from the light. The
exposed domain may be selected successively along the first
direction D1.

[0080] AsshowninFIG.5A,afirst mask MSK1 is disposed
over the first substrate 100 on which the photoreactive poly-
mer layer is formed, and a first light-exposure process takes
place.

[0081] For example, a left half of the first mask MSK1
transmits the UV light, and a right half of the first mask MSK1
blocks the UV light. Accordingly, the UV light is irradiated to
a first domain DM1 and a third domain DM3 that are disposed
at a left side of the unit pixel area PA, and is not irradiated to
a second domain DM2 and a fourth domain DM4 that are
disposed at a right side of the unit pixel area PA.

[0082] The UV light proceeds toward a lower direction
(i.e., a direction opposite to the second direction D2) from a
plane in which the first mask MSK1 is disposed. Further, the
UV light is irradiated with respected to the first substrate 100.
That is, the UV light is irradiated at a predetermined angle in
athird direction D3 with respect to the plane in which the first
mask MSK1 is disposed. The third direction D3 is substan-
tially perpendicular to each of the first direction D1 and the
second direction D2. The oblique angle of the UV light in the
third direction D3 may be substantially equal to a pretilt angle
of'the first alignment layer (180 in FIG. 2) with respect to the
first substrate 100. The pretilt angle is defined as an angle at
which liquid crystal molecules adjacent to the first alignment
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layer are tilted with respect to the first substrate 100, when the
liquid crystal molecules are disposed on the first alignment
layer.

[0083] Directions of arrows AR1 and AR3 shown in FIG.
5A represent two dimensional alignment directions in which
the photoreactive polymer layers formed in each of the
domains DM1 and DM3 are photoaligned by the UV light.
That is, the photoreactive polymer layers formed in the first
domain DM1 and the third domain DM3, to which the UV
light is irradiated, react to the UV light. Thus, the photoreac-
tive polymer layers formed in the first domain DM1 and the
third domain DM3 are photoaligned in an upper direction
(i.e., the second direction D2) in which the UV light is irra-
diated. The photoreactive polymer layers formed in the sec-
ond domain DM2 and the fourth domain DM4, to which the
UV light is not irradiated, are not photoaligned.

[0084] Referring to FIG. 5B, a second mask MSK2 is dis-
posed over the first substrate 100 on which the photoreactive
polymer layer is formed, and a second light-exposure process
takes place.

[0085] For example, a left half of the second mask MSK2
blocks the UV light, and a right half of the second mask
MSK2 transmits the UV light. Accordingly, the UV light is
not irradiated to the first domain DM1 and the third domain
DM3 that are disposed at the left side of the unit pixel area PA,
and the UV light is irradiated to the second domain DM2 and
the fourth domain DM4 that are disposed at the right side of
the unit pixel area PA.

[0086] The UV light proceeds toward the upper direction
(i.e., the second direction D2) from a plane in which the
second mask MSK2 is disposed. That is, the UV light is
irradiated at a predetermined angle in the third direction D3
with respect to the plane in which the second mask MSK2 is
disposed. As mentioned above, the oblique angle of the UV
light in the third direction D3 may be substantially equal to
the pretilt angle of the first alignment layer (180 in FIG. 2)
with respect to the first substrate 100.

[0087] Directions of arrows AR1, AR2, AR3, and AR4
shown in FIG. 5B represent two dimensional alignment direc-
tions in which the photoreactive polymer layers formed in
each of the domains DM1, DM2, DM3, and DM4 are photo-
aligned by the UV light. That is, the photoreactive polymer
layers formed in the second domain DM2 and the fourth
domain DM4, to which the UV light is irradiated, react to the
UV light. Thus, the photoreactive polymer layers formed in
the second domain DM2 and the fourth domain DM4 are
photoaligned in the lower direction (i.e., a direction opposite
to the second direction D2) in which the UV light is irradi-
ated. The photoalignment directions of the photoreactive
polymer layers formed in the first domain DM1 and the third
domain DM3, to which the UV light is not irradiated, are not
changed and still directed toward the second direction D2.
[0088] Referringto FIG. 5C, in another exemplary embodi-
ment, when each unit pixel is divided into at least two
domains along the second direction D2, one of the divided
domains is exposed to the light, and the other domains are
blocked from the light. The exposed domain may be selected
successively along the second direction D2.

[0089] As shown in FIG. 5C, a third mask MSK3 is dis-
posed over the first substrate 100 in which the photoreactive
polymer layer is formed, and a third light-exposure process
takes place.

[0090] Forexample, an upper half of the third mask MSK3
transmits the UV light, and a lower half of the third mask
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MSK3 blocks the UV light. Accordingly, the UV light is
irradiated to the first domain DM1 and the second domain
DM2 that are disposed at an upper side of the unit pixel area
PA, and the UV light is not irradiated to the third domain DM3
and the fourth domain DM4 that are disposed at a lower side
of the unit pixel area PA.

[0091] TheUV light proceeds toward the left direction (i.e.,
a direction opposite to the first direction D1) from the plane in
which the third mask MSK3 is disposed. Further, the UV light
is irradiated at a predetermined angle in the third direction D3
with respect to the plane in which the third mask MSK3 is
disposed. As mentioned above, the oblique angle of the UV
light in the third direction D3 may be substantially equal to
the pretilt angle of the first alignment layer (180 in FIG. 2)
with respect to the first substrate 100.

[0092] Directions of arrows AR1, AR2, AR3, and AR4
shown in FIG. 5C represent two dimensional alignment direc-
tions in which the photoreactive polymer layers formed in
each of the domains DM1, DM2, DM3, and DM4 are photo-
aligned by the UV light. That is, the photoreactive polymer
layer formed in the first domain DM1 to which the UV light
is irradiated is photoaligned in a direction of a vector sum of
the upper direction (i.e., the second direction D2) that is the
alignment direction of the first domain DM1 caused by the
first light-exposure process and the right direction (i.e., the
first direction D1) that is the alignment direction of the first
domain DM1 caused by the third light-exposure process. The
direction of the vector sum of the upper direction and the right
direction is rotated counterclockwise at about 45 degrees with
respect to the first direction D1 in the plane of the first sub-
strate 100.

[0093] Similarly, the photoreactive polymer layer formed
in the second domain DM2 to which the UV light is irradiated
is photoaligned in a direction of a vector sum of the lower
direction (i.e., the direction opposite to the second direction
D2) that is the alignment direction of the second domain DM2
caused by the second light-exposure process and the right
direction (i.e., the first direction D1) that is the alignment
direction of the second domain DM2 caused by the third
light-exposure process. The direction of the vector sum of the
lower direction and the right direction is rotated clockwise at
about 45 degrees with respect to the first direction D1 in the
plane of the first substrate 100.

[0094] The photoalignment directions of the photoreactive
polymer layers formed in the third domain DM3 and the
fourth domain DM4, to which the UV light is not irradiated,
are not changed. That is, the photoalignment direction of the
photoreactive polymer layer formed in the third domain DM3
is the upper direction (i.e., the second direction D2) that is the
alignment direction of the third domain DM3 caused by the
first light-exposure process. The photoalignment direction of
the photoreactive polymer layer formed in the fourth domain
DM4 is the lower direction (i.e., the direction opposite to the
second direction D2) that is the alignment direction of the
fourth domain DM4 caused by the second light-exposure
process.

[0095] Referring to FIG. 5D, a fourth mask MSK4 is dis-
posed over the first substrate 100 on which the photoreactive
polymer layer is formed, and a fourth light-exposure process
proceeds.

[0096] For example, an upper half of the fourth mask
MSK4 blocks the UV light, and a lower half of the fourth
mask MSK4 transmits the UV light. Accordingly, the UV
light is irradiated to the third domain DM3 and the fourth
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domain DM4 that are disposed at a lower side of the unit pixel
area PA, and is not irradiated to the first domain DM1 and the
second domain DM2 that are disposed at an upper side of the
unit pixel area PA.

[0097] The UV light proceeds toward the right direction
(i.e., the first direction DO from the plane in which the fourth
mask MSK4 is disposed. Further, in three dimensional coor-
dinates, the UV light is irradiated at a predetermined angle in
the third direction D3 with respect to the plane in which the
fourth mask MSK4 is disposed. As mentioned above, the
oblique angle of the UV light in the third direction D3 may be
substantially equal to the pretilt angle of the first alignment
layer (180 in FIG. 2) with respect to the first substrate 100.
[0098] Directions of arrows AR1, AR2, AR3, and AR4
shown in FIG. 5D represent two dimensional alignment
directions in which the photoreactive polymer layers formed
in each of the domains DM1, DM2, DM3, and DM4 are
photoaligned by the UV light. That is, the photoreactive poly-
mer layer formed in the third domain DM3 to which the UV
light is irradiated is photoaligned in a direction of a vector
sum of the upper direction (i.e., the second direction D2) that
is the alignment direction of the third domain DM3 caused by
the first light-exposure process and the left direction (i.e., the
direction opposite to the first direction D1) that is the align-
ment direction of the third domain DM3 caused by the fourth
light-exposure process. The direction of the vector sum of the
upper direction and the left direction is rotated counterclock-
wise at about 135 degrees with respect to the first direction D1
in the plane of the first substrate 100.

[0099] Similarly, the photoreactive polymer layer formed
in the fourth domain DM4 to which the UV light is irradiated
is photoaligned in a direction of a vector sum of the lower
direction (i.e., the direction opposite to the second direction
D2) that is the alignment direction of the fourth domain DM4
caused by the second light-exposure process and the left
direction (i.e., the direction opposite to the first direction DO
that is the alignment direction of the fourth domain DM4
caused by the fourth light-exposure process. The direction of
the vector sum of the lower direction and the left direction is
rotated clockwise atabout 135 degrees with respect to the first
direction D1 in the plane of the first substrate 100. The pho-
toalignment directions of the photoreactive polymer layers
formed in the first domain DM1 and the second domain DM2,
to which the UV light is not irradiated, are not changed.
[0100] As aresult, the directions of arrows AR1, AR2, AR3,
and AR4 shown in FIG. 5D represent pretilt directions of the
first to fourth sub-alignment portions (181,182,183, and 184
in FIG. 1) corresponding to the first to fourth domains DM1,
DM2, DM3, and DM4, respectively, which are formed
through the first to fourth light-exposure processes. For
example, the direction of the arrow AR1 in the first domain
DM1 is substantially equal to the first pretilt direction PTD1
of the first sub-alignment portion 181 shown in FIG. 1, and
the direction of the arrow AR2 in the second domain DM2 is
substantially equal to the second pretilt direction PTD2 of the
second sub-alignment portion 182 shown in FIG. 1. The
direction of the arrow AR3 in the third domain DMS3 is sub-
stantially equal to the third pretilt direction PTD3 of the third
sub-alignment portion 183 shown in FIG. 1, and the direction
of the arrow AR4 in the fourth domain DM4 is substantially
equal to the fourth pretilt direction PTD4 of the fourth sub-
alignment portion 184 shown in FIG. 1.

[0101] Referring back to FIG. 5A, FIG. 5B, FIG. 5C, and
FIG. 5D, when a first light is defined as light that is irradiated
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to the domain selected from the at least two domains divided
along the first direction D1, and a second light is defined as
light that is irradiated to the domain selected from the at least
two domains divided along the second direction D2, an
energy of the first light (i.e., a first optical energy) may be
larger than an energy of the second light (i.e., a second optical
energy).

[0102] The ratio of the first optical energy to the second
optical energy may be adjusted so that the first to fourth pretilt
directions PTD1, PTD2, PTD3, and PTD4 are tilted at about
45 degrees with respect to the first direction D1 or the second
direction D2. For example, when the first optical energy is
about 160 mJ/cm?, the second optical energy may be about 40
mJ/cm?. When the first optical energy is about 40 mJ/cm?, the
second optical energy may be about 20 mJ/cm?. Alternately,
when the first optical energy is about 1000 mJ/cm?, the sec-
ond optical energy may be about 100 mJ/cm?. However, the
optical energy is not limited to the above-mentioned numeri-
cal values, but may be optimized according to photoreactive
materials or kinds of the light.

[0103] According to the method of manufacturing an align-
ment substrate described above, at least two sub-alignment
portions, for example, all the four sub-alignment portions
181, 182, 183, and 184 are formed on the first substrate 100.
Therefore, pretilt direction errors of the first alignment layer
180 may not occur, even though the first substrate 100 and the
second substrate 200 are misaligned when they are combined.

[0104] The photoalignment processes described with ref-
erence to FIG. 5A, FIG. 5B, FIG. 5C, and FIG. 5D is merely
one exemplary embodiment of the present invention, and the
present invention is not limited to the exemplary embodiment
described above. That is, the sequence order of the first to
fourth light-exposure processes may be exchanged, and the
direction in which the UV light is irradiated may be changed.

[0105] Further, in the exemplary embodiment described
above, the UV light is irradiated to the substrate in a vertical
direction or a horizontal direction, and each pretilt direction
ofthe sub-alignment portions 181, 182, 183, and 184 is deter-
mined by a vector sum of the vertical pretilt direction and the
horizontal pretilt direction that are caused by a separate light-
exposure processes. However, the present invention is not
limited to the above mentioned method. In another exemplary
embodiment, UV light-irradiating equipment capable of irra-
diating the UV light in a diagonal direction of a substrate may
be used. That is, the UV light may be irradiated to the sub-
alignment portions 181, 182, 183, and 184 in directions cor-
responding to the pretilt directions thereof, so that the pretilt
directions (i.e., diagonal directions of the substrate) of the
sub-alignment portions 181, 182, 183, and 184 may be
directly determined regardless of the vector sum.

[0106] FIG. 6 is a graph showing a response time of liquid
crystal molecules of the LCD panel 500 shown in FIG. 2.

[0107] The response time of the liquid crystal molecules is
defined as a time during which the liquid crystal molecules
are rearranged when an electric field is applied to the liquid
crystal layer 300.

[0108] In the LCD panel 500 described with reference to
FIG. 1, FIG. 2, and FIG. 3, as described above, at least two
sub-alignment portions, for example, all four sub-alignment
portions 181, 182, 183, and 184, are formed on the first
substrate 100. Meanwhile, the second substrate 200 includes
the second alignment layer 230 that is vertically aligned, or
does not include an alignment layer.
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[0109] When all the sub-alignment portions 181, 182, 183,
and 184 are formed on one substrate, liquid crystal molecules
adjacent the other substrate on which the sub-alignment por-
tions are not formed are not pretilted and thus are vertically
aligned. When the liquid crystal molecules are not pretilted,
though not inevitable, the response time of the liquid crystal
molecules may be relatively slow. Therefore, an additional
method for improving the response time of the liquid crystal
molecules may be used in applications of the present inven-
tion.

[0110] In the present exemplary embodiment, a dynamic
capacitance compensation (DCC) method may be used to
improve the response time of the liquid crystal molecules.
The DCC method means a method in that a voltage having a
higher level than a target voltage level is applied to the liquid
crystal layer during one frame to forcefully pretilt the liquid
crystal molecules when a gray scale is changed (for example,
when the gray scale is changed from black to white). The
voltage having the higher level than the target voltage is
named a pretilt voltage. When the pretilt voltage is applied to
the liquid crystal layer, the liquid crystal molecules are not
only pretilted by the alignment layer, but also pretilted by the
pretilt voltage. Accordingly, the response time, at which the
liquid crystal molecules are rearranged, may be improved.
[0111] Referring to FIG. 6, a compensation voltage Vpt is
applied to the liquid crystal layer so that a pixel voltage Vp of
the present frame may quickly reach a target voltage. The
compensation voltage Vpt may be determined according to
the target voltage of the present frame, a pixel voltage of a
previous frame, and a pixel voltage of a next frame. The
compensation voltage Vpt may be the pretilt voltage.

[0112] When the gray scale is changed from black to white,
a higher voltage than that in the black gray scale is applied to
the liquid crystal layer during one frame before the frame in
which the gray scale is changed from black to white, so that
the liquid crystal molecules may be pretilted. In the present
exemplary embodiment, the compensation voltage Vpt may
be appropriately determined from a look-up table.

[0113] As described above, the DCC method is employed
in the LCD panel 500 including the alignment substrate in
accordance with the present invention, so that the response
time of the liquid crystal molecules may be further improved.
[0114] FIG. 7 is a plan view showing an LCD panel in
accordance with another exemplary embodiment.

[0115] The alignment substrate 700 described with refer-
ence to FIG. 7 may be substantially the same as the first
substrate 100 described with reference to FIG. 1 and FIG. 2
except for pretilt directions of sub-alignment portions corre-
sponding to the domains DM1, DM2, DM3, and DM4. There-
fore, the same reference numbers are used for the same or
similar elements, and any further descriptions concerning the
same or similar elements as those shown in FIG. 1 and FIG. 2
will be omitted.

[0116] Referring to FIG. 2 and FIG. 7, an alignment sub-
strate 700 in accordance with the present exemplary embodi-
ment includes a first alignment layer 180 formed on the pixel
electrode 170. In the present exemplary embodiment, the first
alignment layer 180 includes at least two sub-alignment por-
tions in each unit pixel, and each of the sub-alignment por-
tions is photoaligned to have different pretilt directions.
[0117] When the unit pixel is divided into at least two
domains, the first alignment layer 180 may include at least
two sub-alignment portions corresponding to the at least two
domains, respectively.
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[0118] Forexample, as shown in FIG. 7, when the unit pixel
is divided into four domains including a first domain DM1
disposed at the upper left, a second domain DM2 disposed at
the upper right, a third domain DM3 disposed at the lower
left, and a fourth domain DM4 disposed at the lower right, the
first alignment layer 180 includes four sub-alignment por-
tions 181, 182, 183, and 184 corresponding to the four
domains DM1, DM2, DM3, and DM4, respectively. For
example, the first alignment layer 180 includes a first sub-
alignment portion 181 corresponding to the first domain
DM1, a second sub-alignment portion 182 corresponding to
the second domain DM2, a third sub-alignment portion 183
corresponding to the third domain DM3, and a fourth sub-
alignment portion 184 corresponding to the fourth domain
DM4.

[0119] The first to fourth sub-alignment portions 181, 182,
183, and 184 of the first alignment layer 180 may have dif-
ferent pretilt directions. The direction of arrows shown in
FIG. 7 represent two dimensional alignment directions of the
first to fourth sub-alignment portions 181,182, 183, and 184.
[0120] In the present exemplary embodiment, the first to
fourth pretilt directions of the first to fourth sub-alignment
portions 181,182, 183, and 184 may rotate counterclockwise.
For example, pretilt directions of sub-alignment portions bor-
dering on each other may be substantially perpendicular to
each other, and pretilt directions of diagonally situated sub-
alignment portions may be different at about 180 degrees
from each other.

[0121] Further, the pretilt direction of the first sub-align-
ment portion 181 may be directed toward a clockwise direc-
tion of 135 degrees with respect to the first direction D1, and
the pretilt direction of the second sub-alignment portion 182
may be directed toward a counterclockwise direction of 135
degrees with respect to the first direction D1. The pretilt
direction of the third sub-alignment portion 183 may be
directed toward a counterclockwise direction of 45 degrees
with respect to the first direction D1, and the pretilt direction
of the fourth sub-alignment portion 184 may be directed
toward a clockwise direction of 45 degrees with respect to the
first direction D1.

[0122] A method of manufacturing the alignment substrate
700 described with reference to FIG. 7 may be substantially
the same as the method described with reference to FIG. 5A,
FIG. 5B, FIG. 5C, and FIG. 5D except for a direction in which
the UV light is irradiated and an alignment direction of the
alignment substrate 700. Therefore, further descriptions will
be omitted, and the differences from the method described
with reference to FIG. 5A, FIG. 5B, FIG. 5C, and FIG. 5D
will be mainly described.

[0123] In a first light-exposure process for photoaligning
the first to fourth sub-alignment portions 181, 182, 183, and
184 shown in FIG. 7, the UV light proceeds toward the upper
direction (i.e., the second direction D2) from the plane in
which the first mask MSK1 is disposed, unlike the first light-
exposure process described with reference to FIG. 5A.
Accordingly, the photoreactive polymer layers formed in the
first domain DM1 and the third domain DM3 are photo-
aligned in the lower direction (i.e., the direction opposite to
the second direction D2).

[0124] In a second light-exposure process, the UV light
proceeds toward the lower direction (i.e., the direction oppo-
site to the second direction D2) from the plane in which the
second mask MSK2 is disposed, unlike the second light-
exposure process described with reference to FIG. 5B.
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Accordingly, the photoreactive polymer layers formed in the
second domain DM2 and the fourth domain DM4 are photo-
aligned in the upper direction (i.e., the second direction D2).
[0125] In a third light-exposure process, the UV light pro-
ceeds toward the right direction (i.e., the first direction D1)
from the plane in which the third mask MSK3 is disposed,
unlike the third light-exposure process described with refer-
ence to FIG. 5C. Accordingly, the pretilt direction of the first
sub-alignment portion 181 in the first domain DM1 may be
directed toward a clockwise direction of 135 degrees with
respect to the first direction D1, as shown in FIG. 7. The pretilt
direction of the second sub-alignment portion 182 in the
second domain DM2 may be directed toward a counterclock-
wise direction of 135 degrees with respect to the first direction
D1.

[0126] In a fourth light-exposure process, the UV light
proceeds toward the left direction (i.e., the direction opposite
to the first direction D1) from the plane in which the fourth
mask MSK4 is disposed, unlike the fourth light-exposure
process described with reference to FIG. 5D. Accordingly, the
pretilt direction of the third sub-alignment portion 183 in the
third domain DM3 may be directed toward a counterclock-
wise direction of 45 degrees with respect to the first direction
D1, as shown in FIG. 7. The pretilt direction of the fourth
sub-alignment portion 184 in the fourth domain DM4 may be
directed toward a clockwise direction of 45 degrees with
respect to the first direction D1.

[0127] FIG. 8 is a plan view showing an LCD panel in
accordance with another exemplary embodiment.

[0128] The alignment substrate 800 described with refer-
ence to FIG. 8 may be substantially the same as the first
substrate 100 described with reference to FIG. 1 and FIG. 2
except for pretilt directions of sub-alignment portions corre-
sponding to the domains DM1, DM2, DM3, and DM4. There-
fore, the same reference numbers are used for the same or
similar elements, and any further descriptions concerning the
same or similar elements as those shown in FIG. 1 and FIG. 2
will be omitted.

[0129] In the present exemplary embodiment, the first
pretilt direction of the first sub-alignment portion 181 and the
fourth pretilt direction of the fourth sub-alignment portion
184 may diverge from a center portion of the unit pixel area,
and the second pretilt direction of the second sub-alignment
portion 182 and the third pretilt direction of the third sub-
alignment portion 183 may converge on the center portion of
the unit pixel area.

[0130] In order to form the alignment layer having the
pretilt directions of the first to fourth sub-alignment portions
181, 182, 183, and 184 shown in FIG. 8, polarized UV light
directed toward the second direction D2 is irradiated to the
alignment layer in the first light-exposure process described
with reference to FIG. 5A, and polarized UV light directed
toward the direction opposite to the second direction D2 is
irradiated to the alignment layer in the second light-exposure
process described with reference to FIG. 5B. Further, polar-
ized UV light directed toward the direction opposite to the
first direction D1 is irradiated to the alignment layer in the
third light-exposure process described with reference to FIG.
5C, and polarized UV light directed toward the first direction
D1 is irradiated to the alignment layer in the fourth light-
exposure process described with reference to FIG. 5D.
[0131] Alternatively, the first pretilt direction of the first
sub-alignment portion 181 and the fourth pretilt direction of
the fourth sub-alignment portion 184 may converge on the
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center portion of the unit pixel area, and the second pretilt
direction of the second sub-alignment portion 182 and the
third pretilt direction of the third sub-alignment portion 183
may diverge from the center portion of the unit pixel area. In
order to form the above-mentioned alignment layer, polarized
UV light directed toward the direction opposite to the second
direction D2 is irradiated to the alignment layer in the first
light-exposure process described with reference to FIG. 5A,
and polarized UV light directed toward the second direction
D2 is irradiated to the alignment layer in the second light-
exposure process described with reference to FIG. SB. Fur-
ther, polarized UV light directed toward the first direction D1
is irradiated to the alignment layer in the third light-exposure
process described with reference to FIG. 5C, and polarized
UV light directed toward the direction opposite to the first
direction D1 is irradiated to the alignment layer in the fourth
light-exposure process described with reference to FIG. SD.
[0132] A method of manufacturing the alignment substrate
800 described with reference to FIG. 8 may be substantially
the same as the method described with reference to FIG. 5A,
FIG. 5B, FIG. 5C, and FIG. 5D except for a direction in which
the UV light is irradiated and an alignment direction of the
alignment substrate 800. Therefore, further descriptions will
be omitted.

[0133] According to the exemplary embodiments of the
present invention, all sub-alignment portions of an alignment
layer for forming a multi-domain structure are formed on one
substrate, so that alignment direction errors may be prevented
even though two substrates of an LCD panel are misaligned.
[0134] That is, alignment direction errors of the alignment
layer may be prevented even though the second substrate has
no arrangement indicator for accurately arranging the two
substrates.

[0135] Accordingly, a viewing angle may be broadened,
and the quality and productivity of the LCD panel may be
improved.

[0136] It will be apparent to those skilled in the art that
various modifications and variation can be made in the
present invention without departing from the spirit or scope of
the invention. Thus, it is intended that the present invention
cover the modifications and variations of this invention pro-
vided they come within the scope of the appended claims and
their equivalents.

What is claimed is:

1. An alignment substrate, comprising:

a base substrate in which a plurality of unit pixels is

defined; and

an alignment layer arranged on the base substrate, the

alignment layer comprising at least two sub-alignment
portions dividing a unit pixel into at least two domains,
each sub-alignment portion being arranged in a different
domain of the at least two domains and being aligned to
have a different pretilt direction from the other sub-
alignment portions.

2. The alignment substrate of claim 1, wherein the pretilt
directions of the at least two sub-alignment portions are
arranged to rotate clockwise in a plane of the alignment layer.

3. The alignment substrate of claim 1, wherein the pretilt
directions of the at least two sub-alignment portions are
arranged to rotate counterclockwise in a plane of the align-
ment layer.

4. The alignment substrate of claim 1, wherein the pretilt
directions of the at least two sub-alignment portions are
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arranged in a direction tilted at about 45 degrees or about 135
degrees with respect to a first direction of a plane where the
alignment layer is disposed.

5. A liquid crystal display (LCD) panel, comprising:

a first substrate comprising:

a first base substrate in which a plurality of unit pixels is
defined;

apixel electrode arranged on the first base substrate; and

a first alignment layer arranged on the pixel electrode,
the first alignment layer comprising at least two sub-
alignment portions dividing a unit pixel into at least
two domains, each sub-alignment portions being
arranged in a different domain of the at least two
domains and being aligned to have a different pretilt
direction from the other sub-alignment portions;

a second substrate comprising a second base substrate, and

a common electrode arranged on the second base sub-
strate; and

a liquid crystal layer interposed between the first substrate

and the second substrate.

6. The LCD panel of claim 5, wherein the second substrate
further comprises a second alignment layer arranged on the
common electrode.

7. The LCD panel of claim 6, wherein the second alignment
layer is vertically aligned.

8. The LCD panel of claim 5, wherein the pretilt directions
of the at least two sub-alignment portions are arranged a
direction tilted at about 45 degrees or about 135 degrees with
respect to a first direction of a plane where the alignment layer
is disposed.

9. The LCD panel of claim 5, wherein the first substrate
further comprises:

a gate line arranged on the base substrate;

a data line crossing the gate line; and

a thin-film transistor (TFT) connected to the gate line, the

data line, and the pixel electrode.

10. The LCD panel of claim 9, wherein the first substrate
further comprises:

a passivation layer covering the TFT; and

a color filter interposed between the passivation layer and

the pixel electrode.
11. The LCD panel of claim 10, wherein the first substrate
further comprises a light-blocking layer arranged on the pas-
sivation layer.
12. A method of manufacturing an alignment substrate,
comprising:
forming a photoreactive layer on a base substrate in which
a plurality of unit pixels is defined; and

forming an alignment layer on the base substrate by irra-
diating light to the photoreactive layer, the alignment
layer comprising at least two sub-alignment portions
dividing a unit pixel into at least two domains, each
sub-alignment portion being arranged in a different
domain of'the at least two domains and being aligned to
have a different pretilt direction from the other sub-
alignment portions.

13. The method of claim 12, wherein forming the align-
ment layer comprises exposing one domain to a first light, the
one domain being selected from at least two domains divided
along a first direction of the unit pixel, the other domains
being blocked from the first light, and the exposed domain is
selected successively along the first direction.

14. The method of claim 13, wherein forming the align-
ment layer further comprises exposing one domain to a sec-
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ond light, the one domain being selected from at least two
domains divided along a second direction of the unit pixel, the
other domains being blocked from the second light, and the
exposed domain is selected successively along the second
direction, wherein the second direction is substantially per-
pendicular to the first direction.

15. The method of claim 14, wherein an optical energy of
the first light is larger than that of the second light.

16. The method of claim 12, wherein each unit pixel is
divided into at least four domains comprising a first domain
disposed at the upper left, a second domain disposed at the
upper right, a third domain disposed at the lower left, and a
fourth domain disposed at the lower right, and

wherein forming the alignment layer comprises:

performing a first light-exposure process by exposing the

first domain and the third domain at a left half of the
alignment layer to the light, while blocking the second
domain and the fourth domain at a right half of the
alignment layer from the light;

performing a second light-exposure process by exposing

the second domain and the fourth domain at the right half
of the alignment layer to the light, while blocking the
first domain and the third domain at the left half of the
alignment layer from the light;

performing a third light-exposure process by exposing the

first domain and the second domain at an upper half of
the alignment layer to the light, while blocking the third
domain and the fourth domain at a lower half of the
alignment layer from the light; and

performing a fourth light-exposure process by exposing

the third domain and the fourth domain at the lower half
of the alignment layer to the light, while blocking the
first domain and the second domain at the upper half of
the alignment layer from the light.

17. The method of claim 16, wherein the first light-expo-
sure process comprises irradiating polarized ultraviolet (UV)
light directed toward a second direction in a plane of the
alignment layer, and the second light-exposure process com-
prises irradiating polarized UV light directed toward a direc-
tion opposite to the second direction in the plane of the align-
ment layer,

wherein the third light-exposure process comprises irradi-

ating polarized UV light directed toward a first direction
in the plane of the alignment layer, and the fourth light-
exposure process comprises irradiating polarized UV
light directed toward a direction opposite to the first
direction in the plane of the alignment layer, and
wherein the first direction is a direction directed from a left
side of the unit pixel to a right side of the unit pixel, and
the second direction is a direction directed from a lower
side of the unit pixel to an upper side of the unit pixel.

18. The method of claim 16, wherein the first light-expo-
sure process comprises irradiating polarized UV light
directed toward a direction opposite to a second direction in a
plane of the alignment layer, and the second light-exposure
process comprises irradiating polarized UV light directed
toward the second direction in the plane of the alignment
layer,

wherein the third light-exposure process comprises irradi-

ating polarized UV light directed toward a direction
opposite to a first direction in the plane of the alignment
layer, and the fourth light-exposure process comprises
irradiating polarized UV light directed toward the first
direction in the plane of the alignment layer, and
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wherein the first direction is a direction directed from a left
side of the unit pixel to a right side of the unit pixel, and
the second direction is a direction directed from a lower
side of the unit pixel to an upper side of the unit pixel.
19. The method of claim 16, wherein the first light-expo-
sure process comprises irradiating polarized UV light
directed toward a second direction in a plane of the alignment
layer, and the second light-exposure process comprises irra-
diating polarized UV light directed toward a direction oppo-
site to the second direction in the plane of the alignment layer,
wherein the third light-exposure process comprises irradi-
ating polarized UV light directed toward a direction
opposite to a first direction in the plane of the alignment
layer, and the fourth light-exposure process comprises
irradiating polarized UV light directed toward the first
direction in the plane of the alignment layer, and
wherein the first direction is a direction directed from a left
side of the unit pixel to a right side of the unit pixel, and
the second direction is a direction directed from a lower
side of the unit pixel to an upper side of the unit pixel.
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20. The method of claim 16, wherein the first light-expo-
sure process comprises irradiating polarized UV light
directed toward a direction opposite to a second directionin a
plane of the alignment layer, and the second light-exposure
process comprises irradiating polarized UV light directed
toward the second direction in the plane of the alignment
layer,

wherein the third light-exposure process comprises irradi-

ating polarized UV light directed toward a first direction
in the plane of the alignment layer, and the fourth light-
exposure process comprises irradiating polarized UV
light directed toward a direction opposite to the first
direction in the plane of the alignment layer, and
wherein the first direction is a direction directed from a left
side of the unit pixel to a right side of the unit pixel, and
the second direction is a direction directed from a lower
side of the unit pixel to an upper side of the unit pixel.
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