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DISPLAY PANEL, METHOD OF
MANUFACTURING THE SAME AND
ALIGNMENT MASK FOR MANUFACTURING
THE SAME

[0001] This application claims priority to Korean Patent
Application No. 2011-0084504, filed on Aug. 24, 2011, and
all the benefits accruing therefrom under 35 U.S.C. §119, the
contents of which are herein incorporated by reference in
their entireties.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] Exemplary embodiments ofthe invention relate to a
display panel, a method of manufacturing the display panel
and an alignment mask for manufacturing the display panel.
More particularly, embodiments of the invention relate to a
display panel including a liquid crystal, a method of manu-
facturing the display panel and an alignment mask for manu-
facturing the display panel.

[0004] 2. Description of the Related Art

[0005] A liquid crystal display apparatus includes a lower
substrate, an upper substrate and a liquid crystal layer inter-
posed between the lower substrate and the upper substrate. An
alignment of a liquid crystal in the liquid crystal layer is
controlled so that the display apparatus displays an image.
Thus, an alignment layer is formed in each of the lower
substrate and the upper substrate.

[0006] A light alignment technique in which the liquid
crystal is aligned by emitting a polarized ultraviolet ray to the
alignment layer has been developing. When the polarized
ultraviolet ray is incident into the alignment layer, a light
reactor of the alignment layer forms a pretilted angle.
[0007] However, the light reactor has a dipole, and a direct
current (“DC”) is charged at the alignment layer. Thus, as the
pretilted angle formed in the alignment layer increases, a
black afterimage may be displayed on the display apparatus
due to the remaining DC included in the alignment layer.
[0008] Inaddition, aside visibility along a horizontal direc-
tion is more critical than a side visibility along a vertical
direction, and thus technology for enhancing the side visibil-
ity along the horizontal direction is required in manufacturing
the display apparatus.

BRIEF SUMMARY OF THE INVENTION

[0009] Exemplary embodiments of the invention provide a
display panel capable of enhancing display quality of a dis-
play apparatus.

[0010] Exemplary embodiments of the invention also pro-
vide a method of manufacturing the above-mentioned display
panel.

[0011] Exemplary embodiments of the invention also pro-
vide an alignment mask for manufacturing the above-men-
tioned display panel.

[0012] According to an exemplary embodiment of the
invention, a display panel includes a lower substrate, an upper
substrate and a liquid crystal layer. The lower substrate
includes a gate line extending in a first direction, a data line
extending in a second direction substantially perpendicular to
the first direction, a pixel electrode adjacent to the gate line
and the data line, and a first alignment layer on the pixel
electrode. The upper substrate faces the lower substrate and
includes a common electrode forming an electric field with
the pixel electrode, and a second alignment layer on the
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common electrode. The liquid crystal layer is interposed
between the lower substrate and the upper substrate, has a
liquid crystal, and includes a plurality of domains, a horizon-
tal domain boundary texture area and a vertical domain
boundary texture area. The domains are disposed in a matrix
shape according to a slope of the liquid crystal inclined due to
an alignment of the first alignment layer and the second
alignment layer. The horizontal domain boundary texture
area is extended in the first direction in a boundary between
the domains adjacent to each other in the second direction and
has a slope of the liquid crystal slowly (e.g., less) inclined
compared to that of the domains. The vertical domain bound-
ary texture area is extended in the second direction in a
boundary between the domains adjacent to each other in the
first direction and has a width larger than that of the horizontal
domain boundary texture area, and has a slope of the liquid
crystal slowly (e.g., less) inclined compared to that of the
domains.

[0013] In one embodiment, the first alignment layer may
have a pretilted angle in the first direction, the second align-
ment layer may have a pretilted angle in the second direction,
and the pretilted angle of the second alignment layer may be
less than the pretilted angle of the first alignment layer in the
vertical domain boundary texture area.

[0014] Inoneembodiment,the pretilted angle of the second
alignment layer in the vertical domain boundary texture area
may be less than the pretilted angle of the second alignment
layer in the domains.

[0015] In one embodiment, the pretilted angle of the first
alignment layer in the horizontal domain boundary texture
area may be larger than the pretilted angle of the first align-
ment layer in the domains.

[0016] In one embodiment, the pretilted angle of the first
alignment layer may be substantially equal to the pretilted
angle of the second alignment layer in the domains.

[0017] In one embodiment, the liquid crystal may form an
angle of about 45 degrees with respect to an upper surface of
the pixel electrode in the domains.

[0018] In one embodiment, the liquid crystal may form an
angle less than about 45 degrees with respect to an upper
surface of the pixel electrode in the vertical domain boundary
texture area.

[0019] In one embodiment, the liquid crystal layer may
further include an adjacent electric field texture area in which
atexture is formed due to the liquid crystal disposed in a pixel
area including the pixel electrode and a liquid crystal dis-
posed in an adjacent pixel area, and a pretilted angle of the
first alignment layer and a pretilted angle of the second align-
ment layer in the adjacent electric field texture area may be
larger than the pretilted angle of the first alignment layer and
the pretilted angle of the second alignment layer in the
domains.

[0020] In one embodiment, the first alignment layer may
have a pretilted angle in the second direction, the second
alignment layer may have a pretilted angle in the first direc-
tion, and the pretilted angle of the first alignment layer may be
less than the pretilted angle of the second alignment layer in
the vertical domain boundary texture area.

[0021] In one embodiment, the pretilted angle of the first
alignment layer in the vertical domain boundary texture area
may be less than the pretilted angle of the first alignment layer
in the domains.

[0022] According to another exemplary embodiment of the
invention, there is provided a method of manufacturing a
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display panel. In the method, a gate line, a data line and a pixel
electrode is formed on a first base substrate and a first align-
ment layer is formed on the pixel electrode, to form a lower
substrate. The gate line extends in a first direction, a data line
extends in a second direction substantially perpendicular to
the first direction, and the pixel electrode is adjacent to the
gate line and the data line. A common electrode is formed on
a second base substrate and a second alignment layer is
formed on the common electrode, to form an upper substrate.
The common electrode and the pixel electrode form an elec-
tric field. A liquid crystal is interposed between the lower
substrate and the upper substrate, a plurality of domains dis-
posed in a matrix shape according to a slope of the liquid
crystal inclined due to an alignment of the first alignment
layer and the second alignment layer are formed, a horizontal
domain boundary texture area is formed in the first direction
in a boundary between the domains adjacent to each other in
the second direction, and a vertical domain boundary texture
area is formed in the second direction in a boundary between
the domains adjacent to each other in the first direction, to
form a liquid crystal layer. The horizontal domain boundary
texture area has a slope of the liquid crystal slowly (e.g., less)
inclined compared to that of the domains. The vertical
domain boundary texture area has a width larger than that of
the horizontal domain boundary texture area and has a slope
of the liquid crystal slowly (e.g., less) inclined compared to
that of the domains.

[0023] In one embodiment, the lower substrate may be
formed by emitting light in the first direction to a first mask
having an open area corresponding to the horizontal domain
boundary texture area.

[0024] In one embodiment, the upper substrate may be
formed by emitting the light in the second direction to a
second mask having an area in which a closed rate corre-
sponding to the vertical domain boundary texture area is
larger than an open rate corresponding to the vertical domain
boundary texture area.

[0025] In one embodiment, the upper substrate may be
formed by emitting light in the first direction to a first mask
having an open area corresponding to the horizontal domain
boundary texture area.

[0026] In one embodiment, the lower substrate may be
formed by emitting the light in the second direction to a
second mask having an area in which a closed rate corre-
sponding to the vertical domain boundary texture area is
larger than an open rate corresponding to the vertical domain
boundary texture area.

[0027] According to still another exemplary embodiment
of the invention, an alignment mask includes a first mask and
a second mask. The first mask aligns a liquid crystal inter-
posed between lower and upper substrates of a display panel,
divides a pixel area into a plurality of domains according to a
slope of the liquid crystal and includes an open area corre-
sponding to a horizontal domain boundary texture area in a
domain boundary texture area. The horizontal domain bound-
ary texture area is substantially parallel with a first direction
in which a gate line extends and has a slope of the liquid
crystal slowly (e.g., less) inclined compared to that of the
domains. The second mask aligns the liquid crystal and
includes an area in which a closed rate corresponding to a
vertical domain boundary texture area in the domain bound-
ary texture area is larger than an open rate corresponding to
the vertical domain boundary texture area. The vertical
domain boundary texture area is substantially parallel with a
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second direction in which a data line extends. The second
direction is substantially perpendicular to the first direction.
[0028] In one embodiment, an open rate of the first mask
corresponding to the horizontal domain boundary texture
area may be about 100%.

[0029] In one embodiment, the open rate of the second
mask corresponding to the vertical domain boundary texture
area may be less than the open rate of the second mask
corresponding to one of the domains.

[0030] In one embodiment, the open rate of a further area
the second mask corresponding to a portion of the vertical
domain boundary texture area may be about 100%.

[0031] In one embodiment, the display panel may further
include an adjacent electric field texture area in which a
texture is formed due to the liquid crystal disposed in the pixel
area and a liquid crystal disposed in an adjacent pixel area,
and the first mask and the second mask are open correspond-
ing to the adjacent electric field texture area.

[0032] According to the invention, a width of a vertical
domain boundary texture area in which a liquid crystal is
slowly (e.g., less) inclined along a left and right direction
substantially parallel with a gate line may be increased, and
thus a side visibility of a display apparatus may be improved.
In addition, a width of a horizontal domain boundary texture
area in which the liquid crystal is slowly (e.g., less) inclined
along an up and down direction substantially parallel with a
data line may be decreased, and thus a black afterimage may
be less displayed on the display apparatus. Thus, display
quality of the display apparatus may be enhanced.

BRIEF DESCRIPTION OF THE DRAWINGS

[0033] The above and other features and advantages of the
invention will become more apparent by describing in
detailed exemplary embodiments thereof with reference to
the accompanying drawings, in which:

[0034] FIG. 1 is a plan view illustrating an exemplary
embodiment of a display panel according to the invention;
[0035] FIG. 2 is a cross-sectional view taken along line I-I'
of FIG. 1;

[0036] FIG. 3 is a cross-sectional view taken along line
II-IT' of FIG. 1;

[0037] FIG. 4 is a plan view illustrating an exemplary
embodiment of an alignment mask for manufacturing the
display panel of FIGS. 1 to 3;

[0038] FIGS. 5A to 5E are cross-sectional views illustrat-
ing an exemplary embodiment of a method of manufacturing
the display panel of FIGS. 1 to 3 using the alignment mask of
FIG. 4;

[0039] FIG. 6is a plan view illustrating another exemplary
embodiment of an alignment mask according to the inven-
tion; and

[0040] FIGS. 7A to 7E are cross-sectional views illustrat-
ing an exemplary embodiment of a method of manufacturing
the display panel of FIGS. 1 to 3 using the alignment mask of
FIG. 6.

DETAILED DESCRIPTION OF THE INVENTION

[0041] The invention is described more fully hereinafter
with reference to the accompanying drawings, in which
exemplary embodiments of the invention are shown. This
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 embodiments are



US 2013/0050625 Al

provided so that this disclosure will be thorough and com-
plete, and will fully convey the scope of the invention to those
skilled in the art. In the drawings, the size and relative sizes of
layers and regions may be exaggerated for clarity.

[0042] It will be understood that when an element or layer
is referred to as being “on” or “connected to” another element
or layer, the element or layer can be directly on or connected
to another element or layer or intervening elements or layers.
In contrast, when an element is referred to as being “directly
on” or “directly connected to” another element or layer, there
are no intervening elements or layers present. As used herein,
connected may refer to elements being physically and/or
electrically connected to each other. Like numbers 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.

[0043] It will be understood that, although the terms first,
second, third, etc., may be used herein to describe various
elements, components, regions, layers and/or sections, these
elements, components, regions, layers and/or sections should
not be limited by these terms. These terms are only used to
distinguish one element, component, region, layer or section
from another region, layer or section. Thus, a first element,
component, region, layer or section discussed below could be
termed a second element, component, region, layer or section
without departing from the teachings of the invention.
[0044] Spatially relative terms, such as “lower,” “upper”
and the like, may be used herein for ease of description to
describe the relationship of one element or feature 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 fig-
ures. For example, if the device in the figures is turned over,
elements described as “lower” relative to other elements or
features would then be oriented “upper” relative to the other
elements or features. Thus, the exemplary term “lower” can
encompass both an orientation of above and below. The
device may be otherwise oriented (rotated 90 degrees or at
other orientations) and the spatially relative descriptors used
herein interpreted accordingly.

[0045] The terminology used herein is for the purpose of
describing particular embodiments only and is not intended to
be limiting of the invention. As used herein, the singular
forms “a,” “an” and “the” are intended to include the plural
forms as well, unless the context clearly indicates otherwise.
It will be further understood that the terms “comprises” and/
or “comprising,” when used in this specification, specify the
presence of stated features, integers, steps, operations, ele-
ments, and/or components, but do not preclude the presence
or addition of one or more other features, integers, steps,
operations, elements, components, and/or groups thereof.
[0046] 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.

[0047] All methods described herein can be performed in a
suitable order unless otherwise indicated herein or otherwise
clearly contradicted by context. The use of any and all
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examples, or exemplary language (e.g., “such as”), is
intended merely to better illustrate the invention and does not
pose a limitation on the scope of the invention unless other-
wise claimed. No language in the specification should be
construed as indicating any non-claimed element as essential
to the practice of the invention as used herein.

[0048] Hereinafter, the invention will be explained in detail
with reference to the accompanying drawings.

[0049] FIG. 1 is a plan view illustrating an exemplary
embodiment of a display panel according to the invention,
FIG. 2 is a cross-sectional view taken along line I-I' of FIG. 1,
and FIG. 3 is a cross-sectional view taken along line II-II' of
FIG. 1.

[0050] Referring to FIGS. 1 to 3, the display panel 100
according to the exemplary embodiment includes a lower
substrate 200, an upper substrate 300 and a liquid crystal layer
400.

[0051] A gate line GL longitudinally extending in a first
direction which is a left and right direction in FIG. 1, and a
data line DL longitudinally extending in a second direction
which is an up and down direction in FIG. 1, are on the lower
substrate 200. The second direction is substantially perpen-
dicular to the first direction. Here, a plurality of the gate lines
GL spaced apart from each other along the up and down
direction and a plurality of the data lines DL spaced apart
from each other along the left and right direction may be on
the lower substrate 200.

[0052] In the exemplary embodiment, the lower substrate
200 includes a thin-film transistor (“TFT”’) 230 electrically
connected with each of the gate lines GL and each of the data
lines DL, a pixel area adjacent to each of the gate lines GL. and
each of the data lines DL, and a pixel electrode 260 electri-
cally connected with the TF'T 230. In one exemplary embodi-
ment, for example, the pixel area may be defined by each of
the gate lines GL and each of the data lines DL.

[0053] In the exemplary embodiment, for example, the
lower substrate 200 may include a first base substrate 202, the
gate lines GL, the data lines DL and the TFT 230 disposed on
the first base substrate 202, an organic insulating layer 240 on
the TFT 230, the pixel electrode 260 on the organic insulating
layer 240 and electrically connected with a drain electrode
214 ofthe TFT 230 through a contact hole 250 which extends
through a thickness of the organic insulating layer 240, and a
first alignment layer 270 on the pixel electrode 260 and align-
ing a liquid crystal of the liquid crystal layer 400. The first
alignment layer 270 may include a first alignment film 272,
and a first light reactor 274 disposed on the first alignment
film 272 and forming a pretilted angle by light incident from
an outside. In one exemplary embodiment, for example, the
first alignment layer 270 may have the pretilted angle in the
first direction substantially parallel with the gate line GL.
[0054] The TFT 230 includes a gate electrode 204 on the
first base substrate 202 and extended from the gate line GL, an
insulating layer 206 on the gate electrode 204, an active layer
208 on the insulating layer 206, a separated ohmic-contact
layer 210 on the active layer 208, a source electrode 212 on
the ohmic-contact layer 210 and extended from the data line
DL, and the drain electrode 214 on the ohmic-contact layer
210 and spaced apart from the source electrode 212.

[0055] The upper substrate 300 includes a second base
substrate 310 facing the first base substrate 202, a light block-
ing portion 320 and a color filter 330 on the second base
substrate 310, an over-coating layer 340 on the light blocking
portion 320 and the color filter 330, a common electrode 350
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on the over-coating layer 340 and forming an electric field
with the pixel electrode 260, and a second alignment layer
360 on the common electrode 350 and aligning the liquid
crystal of the liquid crystal layer 400. The second alignment
layer 360 may include a second alignment film 362, and a
second light reactor 364 disposed on the second alignment
film 362 and forming a pretilted angle by the light incident
from the outside. In one exemplary embodiment, for
example, the second alignment layer 360 may have the
pretilted angle in the second direction substantially parallel
with the data line DL.

[0056] The liquid crystal layer 400 is disposed between the
lower substrate 200 and the upper substrate 300 and includes
the liquid crystal, and the liquid crystal layer 400 includes a
plurality of domains. The domains are formed according to a
slope of'the liquid crystal in the pixel area adjacent to the gate
and date lines GL and DL and including the pixel electrode
260. In the exemplary embodiment, for example, the liquid
crystal layer 400 may include a first domain 1004 in which the
liquid crystal is inclined in an upper-left direction in a plan
view, a second domain 1005 in which the liquid crystal is
inclined in a lower-left direction in the plan view, a third
domain 100c¢ in which the liquid crystal is inclined in a lower-
right direction in the plan view, and a fourth domain 1004 in
which the liquid crystal is inclined in an upper-right direction
in the plan view, as illustrated directions using block arrows in
FIG. 1. The pretilted angle of the first alignment layer 270 and
the pretilted angle of the second alignment layer 360 corre-
sponding to the first to fourth domains 1004, 10056, 100¢ and
1004 are substantially the same with each other, and thus the
liquid crystal disposed in the first to fourth domains 100a,
1005, 100¢ and 1004 has an angle of about 45 degrees with
respect to an upper surface of the pixel electrode 260 due to a
vector of the pretilted angle formed in the first alignment layer
270 and the pretilted angle formed in the second alignment
layer 360.

[0057] In addition, the liquid crystal layer 400 includes a
horizontal domain boundary texture area WDBT and a verti-
cal domain boundary texture area LDBT at a boundary
between the first to fourth domains 100a, 10056, 100c and
1004, and having a slope of the liquid crystal slowly (or less)
inclined compared to that of the first to fourth domains 100a,
1005, 100¢ and 1004. The liquid crystal disposed in the hori-
zontal domain boundary texture area WDBT and the vertical
domain boundary texture area LDBT has an angle less than 45
degrees with respect to the upper surface of the pixel electrode
260.

[0058] The horizontal domain boundary texture area
WDRBT is at a boundary between the first domain 100a dis-
posed in the upper-right of the pixel area and the fourth
domain 1004 disposed in the lower-right of the pixel area, and
at a boundary between the second domain 1005 disposed in
the upper-left of the pixel area and the third domain 100¢
disposed in the lower-left of the pixel area. Thus, the horizon-
tal domain boundary texture area WDBT is longitudinally
extended in the first direction which is the left and right
direction, at the boundary between the domains 100a, 100,
100¢ and 1004 respectively adjacent to each other in the
second direction which is the up and down direction.

[0059] The vertical domain boundary texture area LDBT is
at a boundary between the first domain 100a disposed in the
upper-right of the pixel area and the second domain 1005
disposed in the upper-left of the pixel area, and at a boundary
between the third domain 100c¢ disposed in the lower-left of
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the pixel area and the fourth domain 1004 disposed in the
lower-right of the pixel area. Thus, the vertical domain
boundary texture area LDBT is longitudinally extended in the
second direction which is the up and down direction, at the
boundary between the domains 100a, 100, 100¢ and 1004
respectively adjacent to each other in the first direction which
is the left and right direction. A width of the vertical domain
boundary texture area LDBT is larger than that of the hori-
zontal domain boundary texture area WDBT. The widths are
taken in a direction perpendicular to the longitudinal direc-
tion of the respective domain boundary texture area. Thus, the
liquid crystal having the angle less than about 45 degrees is
disposed more widely in the left and right direction compared
to the liquid crystal having the angle about 45 degrees in the
up and down direction.

[0060] Theliquid crystallayer 400 may include an adjacent
electric field texture area FF'T in which a texture is formed due
to a first liquid crystal disposed in a first pixel area and a
second liquid crystal disposed in a second pixel area adjacent
to the first pixel area.

[0061] FIG. 4 is a plan view illustrating an exemplary
embodiment of an alignment mask for manufacturing the
display panel 100 of FIGS. 1 to 3.

[0062] Referring to FIGS. 1 to 4, the alignment mask
includes a first mask 510, a second mask 520, a third mask
530 and a fourth mask 540. The first mask 510 scans the lower
substrate 200 from the left direction to the right direction and
the light is incident into the lower substrate 200, and the third
mask 530 scans the lower substrate 200 from the right direc-
tion to the left direction and the light is incident into the lower
substrate 200, and thus the pretilted angle is formed in the first
alignment layer 270 of the lower substrate 200. The second
mask 520 scans the upper substrate 300 from the up direction
to the down direction and the light is incident into the upper
substrate 300, and the fourth mask 540 scans the upper sub-
strate 300 from the down direction to the up direction and the
light is incident into the upper substrate 300, and thus the
pretilted angle is formed in the second alignment layer 360 of
the upper substrate 300. In one exemplary embodiment, for
example, the light incident into the lower substrate 200 and
the upper substrate 300 through the first to fourth masks 510,
520, 530 and 540 may be an ultraviolet ray.

[0063] The pretilted angle is formed in the first domain
1004, the horizontal domain boundary texture area WDBT
adjacent to the first domain 100a, and the vertical domain
boundary texture area LDBT adjacent to the first domain
100 using the first mask 510 and the second mask 520. The
pretilted angle is formed in the second domain 10056, the
horizontal domain boundary texture area WDBT adjacent to
the second domain 1005, and the vertical domain boundary
texture area LDBT adjacent to the second domain 1005 using
the first mask 510 and the fourth mask 540. The pretilted
angle is formed in the third domain 100c, the horizontal
domain boundary texture area WDBT adjacent to the third
domain 100c¢, and the vertical domain boundary texture area
LDBT adjacent to the third domain 100¢ using the third mask
530 and the fourth mask 540. The pretilted angle is formed in
the fourth domain 1004, the horizontal domain boundary
texture area WDBT adjacent to the fourth domain 1004, and
the vertical domain boundary texture area LDBT adjacent to
the fourth domain 1004 using the third mask 530 and the
second mask 520.

[0064] The firstmask 510 includes a closed area 512 and an
open area 514. The closed area 512 corresponds to the third
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domain 100c and the fourth domain 1004 in which the
pretilted angle is not formed by the first mask 510. In one
exemplary embodiment, for example, the closed area 512
may include chrome (Cr) material.

[0065] The open area 514 includes a first area 4, a second
area 5 and a third area 6. The first area 4 corresponds to the
boundary between the first domain 100a and the fourth
domain 100d. Thus, the first area 4 corresponds to the hori-
zontal domain boundary texture area WDBT. The first area 4
is open and corresponds to the boundary between the first
domain 100q and the fourth domain 100d. The third area 6
corresponds to the first domain 1004, and a closed rate of the
third area 6 is larger than an open rate of the third area 6.
Hereinafter, the closed rate means that a proportion of the
closed area with respect to a total area including the closed
and open areas, and the open rate means that a proportion of
the open area with respect to the total area. The second area 5
is disposed between the first area 4 and the third area 6, and
the second area 5 has an open rate between an open rate of the
first area 4 and the open rate of the third area 6.

[0066] The second mask 520 includes a closed area 522 and
an open area 524. The closed area 522 corresponds to the
second domain 1005 and the third domain 100c¢ in which the
pretilted angle is not formed by the second mask 520. In one
exemplary embodiment, for example, the closed area 522
may include chrome material.

[0067] The open area 524 includes a first area 1, a second
area 2 and a third area 3. The first area 1 corresponds to the
boundary between the first domain 100a and the second
domain 1004. Thus, the first area 1 corresponds to the vertical
domain boundary texture area LDBT, and a closed rate of the
first area 1 is larger than an open rate of the first area 1. The
third area 3 is open and corresponds to the first domain 100a.
The second area 2 is disposed between the first area 1 and the
third area 3, and the second area 2 has an open rate between
the open rate of the first area 1 and an open rate of the third
area 3.

[0068] An amount of the light incident into the first domain
100q of the lower substrate 200 through the first mask 510 is
substantially same as an amount of the light incident into the
first domain 100a of the upper substrate 300 through the
second mask 520. The open rate of the third area 6 in the first
mask 510 is less than the open rate of the third area 3 in the
second mask 520, and thus an exposing speed corresponding
to the third area 6 in the first mask 510 is faster than that
corresponding to the third area 3 in the second mask 520
based on a ratio of the open rate of the third area 3 in the
second mask 520 to the open rate of the third area 6 in the first
mask 510.

[0069] In one exemplary embodiment, for example, the
open rate, an exposure quantity in millijoules (mJ), a width of
the first mask 510 and the second mask 520 in micrometers
(um), and the pretilted angle formed by the first mask 510 and
the second mask 520 may be shown in Table 1.

TABLE 1
open rate exposure pretilted
classification of mask quantity width angle
second  first 30% (0~40%) 1.8mJ] 6.5pum= less than
mask area 1 1.5 pm 0.7 degrees
520 second between between 6.5 um ==  between
area 2 1&3 1&3 1.5pm 1&3
third 100% 6ml]  '2Pixel - 1.2 degrees
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TABLE 1-continued

open rate exposure pretilted
classification of mask quantity width angle
area 3 1+2) (0.3
degrees)
first first 100% 20mJ  65pum= 2.0 degrees
mask area 4 1.5 pm (0.3
degrees)
second between between 6.5 pum =  between
area 5 4&6 4&6 1.5um 4&6
third 30% (~40%) 6mJ]  Y2Pixel - 1.2 degrees
area 6 4+5) (0.3
degrees)
[0070] The open rate of the first area 1 in the second mask

520 may be about 30%, the exposure quantity of the first area
1 may be about 1.8 mJ, the width in the left and right direction
ofthe firstarea 1 may be about 6.5 um, and the first area 1 may
form the pretilted angle less than about 0.7 degrees in the
second alignment layer 360 in the vertical domain boundary
texture area LDBT which is the boundary between the first
domain 1004 and the second domain 1005.

[0071] The open rate of the third area 3 in the second mask
520 may be about 100%, the exposure quantity of the third
area 3 may be about 6 mJ, the width of the third area 3 in the
left and right direction may be calculated as subtracting the
width of the first area 1 and the width of the second area 2
from the half-width of the pixel area, and the third area 3 may
form the pretilted angle of about 1.2 degrees in the second
alignment layer 360 in the first domain 100q.

[0072] The open rate of the second area 2 in the second
mask 520 may be between the open rate of the first area 1 and
the open rate of the third area 3. Thus, the open rate of the
second area 2 may be about 30% to about 100%, and for
example, the open rate of the second area 2 may be about
60%. The exposure quantity of the second area 2 may be
between the exposure quantity of the first area 1 and the
exposure quantity of the third area 3. Thus, the exposure
quantity of the second area 2 may be about 1.8 mJ to about 6
mlJ, and for example, the exposure quantity of the second area
2 may be about 4 mJ. The width of the second area 2 may be
about 6.5 um. The second area 2 may form the pretilted angle
between the pretilted angle formed by the first area 1 and the
pretilted angle formed by the third area 3, in the second
alignment layer 360 corresponding to the second area 2.
[0073] The open rate of the first area 4 in the first mask 510
may be about 100%, the exposure quantity of the first area 4
may be about 20 mJ, the width in the up and down direction of
the first area 4 may be about 6.5 um, and the first area 4 may
form the pretilted angle about 2.0 degrees in the first align-
ment layer 270 in the horizontal domain boundary texture
area WDBT which is the boundary between the first domain
1004 and the fourth domain 1004.

[0074] The open rate of the third area 6 in the first mask 510
may be about 30%, the exposure quantity of the third area 6
may be about 6 mJ, the width in the up and down direction of
the third area 6 may be calculated as subtracting the width of
the first area 4 and the width of the second area 5 from the
half-width of the pixel area, and the third area 6 may form the
pretilted angle of about 1.2 degrees in the first alignment layer
270 in the first domain 100a.

[0075] The open rate of the second area 5 in the first mask
510 may be between the open rate of the first area 4 and the
open rate of the third area 6. Thus, the open rate of the second
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area S may be about 30% to about 100%, and for example, the
open rate of the second area 5 may be about 60%. The expo-
sure quantity of the second area 5 may be between the expo-
sure quantity of the first area 4 and the exposure quantity of
the third area 6. Thus, the exposure quantity of the second area
5 may be about 6 mJ to about 20 mJ, and for example, the
exposure quantity of the second area 5 may be about 14 mJ.
The width of the second area 5 may be about 6.5 nm. The
second area 5 may form the pretilted angle between the
pretilted angle formed by the first area 4 and the pretilted
angle formed by the third area 6, in the first alignment layer
270 corresponding to the second area 5.

[0076] The open rate of the third area 3 in the second mask
520 is about 10/3 (e.g., about 3.33) times larger than the open
rate of the third area 6 in the first mask 510, and thus the
exposing speed corresponding to the third area 6 in the first
mask 510 is about 10/3 (e.g., about 3.33) times faster than the
exposing speed corresponding to the third area 3 in the second
mask 520.

[0077] The first mask 510 and the second mask 520 form
the pretilted angles substantially same with each other in the
first alignment layer 270 and the second alignment layer 360
corresponding to the first domain 1004. Thus, the liquid crys-
tal disposed in the first domain 100a may have an angle of
about 45 degrees with respect to an upper surface of the pixel
electrode 260.

[0078] Thesecond mask 520 controls the exposure quantity
incident into the upper substrate 300 so that the exposure
quantity incident into the boundary between the first domain
100a and the second domain 1005 is less than the exposure
quantity incident into the first domain 100aq. In addition, the
second mask 520 forms the pretilted angle in the second
alignment layer 360 so that the pretilted angle between the
first domain 1004 and the second domain 1005 is less than the
pretilted angle in the first domain 100q. In addition, the
pretilted angle in the second alignment layer 360 formed by
the second mask 520 is less than the pretilted angle in the first
alignment layer 270 formed by the first mask 270. Thus, the
width of the vertical domain boundary texture area LDBT
may be increased.

[0079] The first mask 510 controls the exposure quantity
incident into the lower substrate 200 so that the exposure
quantity incident into the boundary between the first domain
100qa and the fourth domain 1004 is larger than the exposure
quantity incident into the first domain 100a. In addition, the
first mask 510 forms the pretilted angle in the first alignment
layer 270 so that the pretilted angle between the first domain
100qa and the fourth domain 1004 is larger than the pretilted
angle in the first domain 100qa. Thus, the width of the hori-
zontal domain boundary texture area WDBT may decrease.

[0080] Exemplary embodiments of methods of forming the
pretilted angle using the first mask 510 and the fourth mask
540, a method of forming the pretilted angle using the third
mask 530 and the fourth mask 540, and a method of forming
the pretilted angle using the third mask 530 and the second
mask 520 are substantially the same as the method of forming
the pretilted angle using the first mask 510 and the second
mask 520, and thus any further repetitive explanation con-
cerning the above elements will be omitted.

[0081] FIGS. 5A to 5E are cross-sectional views illustrat-
ing an exemplary embodiment of a method of manufacturing
the display panel 100 of FIGS. 1 to 3 using the alignment
mask of FIG. 4.
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[0082] Referring to FIG. 5A, the gate lines GL, the data
lines DL and the TFT 230 are formed on the first base sub-
strate 202, the organic insulating layer 240 is formed on the
TFT 230, the pixel electrode 260 electrically connected with
the drain electrode 214 of the TFT 230 through the contact
hole 250 is formed on the organic insulating layer 240, and the
first alignment film 272 is formed on the pixel electrode 260.
[0083] Referring to FIG. 5B, the light is incident into the
first domain 100a, the second domain 1005 and the horizontal
domain boundary texture area WDBT through the first mask
510 in the first direction which is the left and right direction so
that the pretilted angle is formed on the first light reactor 274
disposed on the first alignment film 272, to form the first
alignment layer 270. The first mask 510 includes the first area
4 in which the open rate corresponding to the horizontal
domain boundary texture area WDBT is about 100%, and the
third area 6 in which the closed rate corresponding to the first
domain 100a and the second domain 1005 is larger than the
open rate of the third area 6 corresponding to the first domain
1004 and the second domain 1005.

[0084] In addition, although not shown in figures, the light
is incident into the third domain 100c¢, the fourth domain 1004
and the horizontal domain boundary texture area WDBT
through the third mask 530 so that the pretilted angle is
formed on the first light reactor 274 disposed on the first
alignment film 272, to form the first alignment layer 270.
[0085] Referring to FIG. 5C, the light blocking portion 320
and the color filter 330 are formed on the second base sub-
strate 310, the over-coating layer 340 is formed on the light
blocking portion 320 and the color filter 330 is formed, the
common electrode 350 is formed on the over-coating layer
340, and the second alignment film 362 is formed on the
common electrode 350.

[0086] Referring to FIG. 5D, the light is incident into the
first domain 1004 and the vertical domain boundary texture
area LDBT through the second mask 520 in the second direc-
tion which is the up and down direction so that the pretilted
angle is formed on the second light reactor 364 disposed on
the second alignment film 362, to form the second alignment
layer 360. The second mask 520 includes the first area 1 in
which the closed rate corresponding to the boundary between
the first domain 100a and the second domain 1005 is larger
than the open rate corresponding to the boundary between the
first domain 100a and the second domain 1005, and the third
area 3 in which the open rate corresponding to the first domain
100q is about 100%. Thus, the pretilted angle of the second
alignment layer 360 in the vertical domain boundary texture
area LDBT is less than the pretilted angle of the second
alignment layer 360 in the first domain 100a.

[0087] In the same manner like the second mask 520, the
light is incident into the second domain 1005 and the vertical
domain boundary texture area LDBT through the fourth mask
540 so that the pretilted angle is formed on the second reactor
364 disposed on the second alignment film 362, to form the
second alignment layer 360.

[0088] In addition, although not shown in figures, the light
is incident into the third domain 100¢ and the fourth domain
100d through the second mask 520 and the fourth mask 540 so
that the pretilted angle is formed on the second light reactor
364 disposed on the second alignment film 362, to form the
second alignment layer 360.

[0089] Referring to FIG. S5E, the lower substrate 200
including the first light reactor 274 on which the pretilted
angle is formed and the upper substrate 300 including the
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second light reactor 364 on which the pretilted angle is
formed are combined with each other, and the liquid crystal
layer 400 is disposed between the lower substrate 200 and the
upper substrate 300 to align the liquid crystal of the liquid
crystal layer 400. In the illustrated exemplary embodiment,
for example, the first to fourth domains 100a, 1005, 100¢ and
1004 having the matrix shape according to the slope of the
liquid crystal are formed, the horizontal domain boundary
texture area WDBT is formed longitudinally extending in the
first direction which is the left and right direction at the
boundary between the domains 1004, 1005, 100¢ and 1004
adjacent to each other in the second direction which is the up
and down direction, and the vertical domain boundary texture
area LDBT is formed longitudinally extending in the second
direction which is the up and down direction at the boundary
between the domains 100a, 1005, 100¢ and 1004 adjacent to
each other in the first direction which is the left and right
direction.

[0090] In the exemplary embodiment, the first mask 510
and the third mask 530 scan the lower substrate 200 in the left
and right direction, and the second mask 520 and the fourth
mask 540 scan the upper substrate 300 in the up and down
direction, but not limited thereto. Alternatively, the first mask
510 and the third mask 530 scan the upper substrate 300 in the
left and right direction so that the light is incident into the
upper substrate, and the second mask 520 and the fourth mask
540 scan the lower substrate 200 in the up and down direction
so that the light is incident into the lower substrate. In this
case, the first alignment layer 270 may have the pretilted
angle in the second direction which is substantially parallel
with the data line DL and is the up and down direction, and the
second alignment layer 360 may have the pretilted angle in
the first direction which is substantially parallel with the gate
line GL and is the left and right direction.

[0091] According to the exemplary embodiment, the sec-
ond mask 520 and the fourth mask 540 scanning the upper
substrate 300 in the up and down direction may increase the
width of the vertical domain boundary texture area LDBT
having the slope of the liquid crystal slowly (e.g., less)
inclined compared to that of the first to fourth domains 100a,
1005, 100c and 1004. Thus, a side visibility of a display
apparatus may be improved.

[0092] In addition, the first mask 510 and the third mask
530 scanning the lower substrate 200 in the left and right
direction may decrease the width of the horizontal domain
boundary texture area WDBT extending in the left and right
direction and disposed in the boundary between the first to
fourth domains 100a, 1005, 100¢ and 1004. Thus, a lumi-
nance of the display apparatus including the display panel
100 may be enhanced and a black afterimage may be less
displayed on the display apparatus.

[0093] In addition, the first to fourth masks 510, 520, 530
and 540 form the pretilted angles substantially same with
each other in the first alignment layer 270 and the second
alignment layer 360 corresponding to the first to fourth
domains 100a, 1005, 100¢ and 100d, and thus the liquid
crystal of the liquid crystal layer 400 may have the angle of
about 45 degrees with respect to the upper surface of the pixel
electrode 260. Thus, a transmittance of the display apparatus
including the display panel 100 may be enhanced.

[0094] FIG. 6 is a plan view illustrating another exemplary
embodiment of an alignment mask according to the invention.
[0095] The alignment mask according to the exemplary
embodiment may be used in manufacturing the display panel
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100 illustrated in FIGS. 1 to 3. Thus, the same reference
numerals will be used to refer to same or like parts as those
described in the previous exemplary embodiment and any
further repetitive explanation concerning the above elements
will be omitted.

[0096] Referringto FIGS. 1to 3 and 6, the alignment mask
according to the example embodiment includes a first mask
610, a second mask 620, a third mask 630 and a fourth mask
640.

[0097] The first mask 610 scans the lower substrate 200
from the left direction to the right direction and the light is
incident into the lower substrate 200, and the third mask 630
scans the lower substrate 200 from the right direction to the
left direction and the light is incident into the lower substrate
200, and thus the pretilted angle is formed in the first align-
ment layer 270 on the lower substrate 200. The second mask
620 scans the upper substrate 300 from the up direction to the
down direction and the light is incident into the upper sub-
strate 300, and the fourth mask 640 scans the upper substrate
300 from the down direction to the up direction and the light
is incident into the upper substrate 300, and thus the pretilted
angle is formed in the second alignment layer 360 on the
upper substrate 300. In one exemplary embodiment, for
example, the light incident into the lower substrate 200 and
the upper substrate 300 through the first to fourth masks 610,
620, 630 and 640 may be an ultraviolet ray.

[0098] The first mask 610 includes a closed area 612 and an
open area 614. The closed area 612 corresponds to the third
domain 100c and the fourth domain 1004 in which the
pretilted angle is not formed by the first mask 610. In one
exemplary embodiment, for example, the closed area 612
may include chrome (Cr) material.

[0099] The open area 614 includes a first area 16, a second
area 17, athird area 18, a fourth area 19 and a fifth area 20. The
first area 16 corresponds to the boundary between the first
domain 100a and the fourth domain 1004. Thus, the first area
16 corresponds to the horizontal domain boundary texture
area WDBT. The first area 16 corresponding to the boundary
between the first domain 100a and the fourth domain 1004 is
open. The third area 18 corresponds to the first domain 100a,
and a closed rate of the third area 18 is larger than an open rate
of the third area 18. The fifth area 20 corresponds to the
adjacent electric field texture area FF'T, and the fifth area 20 is
open corresponding to the adjacent electric field texture area
FFT. The second area 17 is disposed between the first area 16
and the third area 18, and has an open rate between an open
rate of the first area 16 and the open rate of the third area. The
fourth area 19 is disposed between the third area 18 and the
fifth area 20, and the fourth area 19 has an open rate between
the open rate of the third area 18 and an open rate of the fifth
area 20.

[0100] The second mask 620 includes a closed area 622 and
an open area 624. The closed area 622 corresponds to the
second domain 1005 and the third domain 100¢ in which the
pretilted angle is not formed by the second mask 620. In one
exemplary embodiment, for example, the closed area 622
may include chrome (Cr) material.

[0101] The open area 624 includes a first area 11, a second
area 12, athird area 13, a fourth area 14 and a fifth area 15. The
first area 16 corresponds to an area adjacent to the second
domain 1005 in the boundary between the first domain 100a
and the second domain 1005. Thus, the first area 11 corre-
sponds to the area adjacent to the second domain 1005 in the
vertical domain boundary texture area LDBT, and an open
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rate of the first area is about 100%. The second area 12
corresponds to an area adjacent to the first domain 100q in the
boundary between the first domain 100a and the second
domain 10056. Thus, the second area 12 corresponds to the
area adjacent to the first domain 1004 in the vertical domain
boundary texture area LDBT, and a closed rate of the second
area 12 is larger than an open rate of the second area 12. The
third area 13 corresponds to the first domain 100a, and a
closed rate of the third area 13 is larger than an open rate of the
third area 13. The fifth area 15 corresponds to the adjacent
electric field texture area FFT, and the fifth area 15 is open
corresponding to the adjacent electric field texture area FFT.
The fourth area 14 is disposed between the third area 13 and
the fifth area 15, and the fourth area 14 has an open rate
between the open rate of the third area 13 and an open rate of
the fifth area 15.

[0102] In the exemplary embodiment, for example, the
open rate, an exposure quantity in mJ, a width of'the first mask
610 and the second mask 620 in pm, and the pretilted angle
formed by the first mask 610 and the second mask 620 may be
shown in Table 2.
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of the first area 11, the width of the second area 12, the width
of the fourth area 14 and the width of the fifth area 15 from the
half-width of the pixel area, and the third area 13 may form
the pretilted angle of about 1.2 degrees in the second align-
ment layer 360 in the first domain 100a.

[0106] The open rate of the fifth area 15 in the second mask
620 may be about 100%, the exposure quantity of the fifth
area 15 may be about 20 mJ, the width in the left and right
direction of the fifth area 15 may be about 6.0 um, and the fifth
area 15 may form the pretilted angle of about 2.0 degrees in
the second alignment layer 360.

[0107] The open rate of the fourth area 14 in the second
mask 620 may be between the open rate of the third area 13
and the open rate of the fifth area 15. Thus, the open rate of the
fourth area 14 may be about 30% to about 100%, and for
example, the open rate of the fourth area 14 may be about
60%. The exposure quantity of the fourth area 14 may be
between the exposure quantity of the third area 13 and the
exposure quantity of the fifth area 15. Thus, the exposure
quantity of the fourth area 14 may be about 6 mJ to about 20
mJ, and for example, the exposure quantity of the fourth area

TABLE 2
open rate exposure pretilted
classification of mask quantity width angle

second  first 100% 20mlJ 6.5um = 1.5 um 2.0 degrees
mask area 11 (£0.3 degrees)
620 second 9% 1.8mJ 6.5um = 1.5 um less than 0.7

area 12 degrees

third 30% (~40%) 6mJ Y5 Pixel - 1.2 degrees

area 13 (11+12+14+15) (0.3 degrees)

fourth Between 13 & 15 Between 13 & 15 3.0 um = 1.5 um Between 13 & 15

area 14

fifth 100% 20mJ 6.0 um = 1.5 um 2.0 degrees

area 15 (+0.3 degrees)
first first 100% 20mJ 6.5um = 1.5 um 2.0 degrees
mask area 16 (+0.3 degrees)
610 second ~ Between 16 & 18 Between 16 & 18 6.5 um = 1.5 um Between 16 & 18

area 17

third 30% (~40%) 6ml Y Pixel - 1.2 degrees

area 18 (16 +17+19+20) (£0.3 degrees)

fourth Between 18 & 20 Between 18 & 20 3.0 um = 1.5 um Between 18 & 20

area 19

fifth 100% 20ml 6.0 um = 1.5 um 2.0 degrees

area 20 (£0.3 degrees)
[0103] The open rate of the first area 11 in the second mask 14 may be about 14 mJ. The width of the fourth area 14 may

620 may be about 100%, the exposure quantity of the first area
11 may be about 20 mJ, the width in the left and right direction
of the first area 11 may be about 6.5 pm, and the first area 11
may form the pretilted angle of about 2.0 degrees in the
second alignment layer 360 in the area adjacent to the second
domain 1005 in the boundary between the first domain 100a
and the second domain 1005.

[0104] The open rate of the second area 12 in the second
mask 620 may be about 9%, the exposure quantity of the
second area 12 may be about 1.8 mJ, the width in the left and
right direction of the second area 12 may be about 6.5 um, and
the second area 12 may form the pretilted angle less than
about 0.7 degrees in the second alignment layer 360 in the
area adjacent to the first domain 100a in the boundary
between the first domain 1004 and the second domain 1005.
[0105] The open rate of the third area 13 in the second mask
620 may be about 30%, the exposure quantity of the third area
13 may be about 6 mJ, the width of the third area 13 in the left
and right direction may be calculated as subtracting the width

be about 3.0 um. The fourth area 14 may form the pretilted
angle between the pretilted angle formed by the third area 13
and the pretilted angle formed by the fifth area 15, in the
second alignment layer 360 corresponding to the fourth area
14.

[0108] Theopenrate ofthe first area 16 in the first mask 610
may be about 100%, the exposure quantity of the first area 16
may be about 20 mJ, the width in the up and down direction of
the firstarea 16 may be about 6.5 um, and the first area 16 may
form the pretilted angle of about 2.0 degrees in the horizontal
domain boundary texture area WDBT which is the boundary
between the first domain 100a and the fourth domain 1004.

[0109] The open rate of the third area 18 in the first mask
610 may be about 30%, the exposure quantity of the third area
18 may be about 6 mJ, the width of the third area 18 in the up
and down direction may be calculated as subtracting the
width of the first area 16, the width of the second area 17, the
width of the fourth area 19 and the width of the fifth area 20
from the half-width of the pixel area, and the third area 18
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may form the pretilted angle of about 1.2 degrees in the first
alignment layer 270 in the first domain 100a.

[0110] The open rate of the fifth area 20 in the first mask
610 may be about 100%, the exposure quantity of the fifth
area 20 may be about 20 mJ, the width in the up and down
direction of the fifth area 20 may be about 6.0 um, and the fifth
area 20 may form the pretilted angle of about 2.0 degrees in
the first alignment layer 270.

[0111] The open rate of the second area 17 in the first mask
610 may be between the open rate of the first area 16 and the
open rate of the third area 18. Thus, the open rate of the second
area 17 may be about 30% to about 100%, and for example,
the open rate of the second area 17 may be about 60%. The
exposure quantity of the second area 17 may be between the
exposure quantity of the first area 16 and the exposure quan-
tity of the third area 18. Thus, the exposure quantity of the
second area 17 may be about 6 mJ to about 20 mJ, and for
example, the exposure quantity of the second area 17 may be
about 14 mJ. The width of the second area 17 may be about
6.5 pm. The second area 17 may form the pretilted angle
between the pretilted angle formed by the first area 16 and the
pretilted angle formed by the third area 18, in the first align-
ment layer 270 corresponding to the second area 17. In one
exemplary embodiment, for example, the second area 17 may
form the pretilted angle of about 1.6 degrees in the first
alignment layer 270.

[0112] The open rate of the fourth area 19 in the first mask
610 may be between the open rate of the third area 18 and the
open rate of the fifth area 20. Thus, the open rate of the fourth
area 19 may be about 30% to about 100%, and for example,
the open rate of the fourth area 19 may be about 60%. The
exposure quantity of the fourth area 19 may be between the
exposure quantity of the third area 18 and the exposure quan-
tity of the fifth area 20. Thus, the exposure quantity of the
fourth area 19 may be about 6 mJ to about 20 mJ, and for
example, the exposure quantity of the fourth area 19 may be
about 14 mJ. The width of the fourth area 19 may be about 3.0
um. The fourth area 19 may form the pretilted angle between
the pretilted angle formed by the third area 18 and the
pretilted angle formed by the fifth area 20, in the first align-
ment layer 270 corresponding to the fourth area 19.

[0113] FIGS. 7A to 7E are cross-sectional views illustrat-
ing an exemplary embodiment of a method of manufacturing
the display panel 100 of FIGS. 1 to 3 using the alignment
mask of FIG. 6.

[0114] Referring to FIG. 7A, the gate lines GL, the data
lines DL and the TFT 230 are formed on the first base sub-
strate 202, the organic insulating layer 240 is formed on the
TFT 230, the pixel electrode 260 electrically connected with
the drain electrode 214 of the TFT 230 through the contact
hole 250 is formed on the organic insulating layer 240, and the
first alignment film 272 is formed on the pixel electrode 260.
[0115] Referring to FIG. 7B, the light is incident into the
first domain 1004, the second domain 1005 and the horizontal
domain boundary texture area WDBT through the first mask
610 so that the pretilted angle is formed on the first light
reactor 274 disposed on the first alignment film 272, to form
the first alignment layer 270. The first mask 610 includes the
first area 16 in which the open rate corresponding to the
horizontal domain boundary texture area WDBT is about
100%, the third area 18 in which the closed rate correspond-
ing to the first domain 100a and the second domain 1005 is
larger than the open rate of the third area 18 corresponding to
the first domain 100a and the second domain 1005, and the
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fifth area 20 in which the open rate corresponding to the
adjacent electric field texture area FFT is about 100%.
[0116] Referring to FIG. 7C, the light blocking portion 320
and the color filter 330 are formed on the second base sub-
strate 310, the over-coating layer 340 is formed on the light
blocking portion 320 and the color filter 330, the common
electrode 350 is formed on the over-coating layer 340, and the
second alignment film 362 is formed on the common elec-
trode 350.

[0117] Referring to FIG. 7D, the light is incident into the
first domain 100q and the vertical domain boundary texture
area LDBT through the second mask 620 so that the pretilted
angle is formed on the second light reactor 364 disposed on
the second alignment film 362, to form the second alignment
layer 360. The second mask 620 includes the first area 11 in
which the open rate corresponding to a first portion of the
vertical domain boundary texture area LDBT is about 100%,
and the second area 12 in which the closed rate corresponding
to a second portion of the vertical domain boundary texture
area LDBT is larger than the open rate corresponding to the
second portion of the vertical domain boundary texture area
LDBT. In addition, although not shown in figures, the second
mask 620 includes the fifth area 15 in which the open rate
corresponding to the adjacent electric field texture area FFT
in the fourth domain 1004 is about 100%.

[0118] In the same manner like the second mask 620, the
light is incident into the second domain 1005 and the vertical
domain boundary texture area LDBT through the fourth mask
640 and the pretilted angle is formed on the second reactor
364 disposed on the second alignment film 362, to form the
second alignment layer 360. The fourth mask 640 includes
the fifth area 15 in which the open rate corresponding to the
adjacent electric field texture area FFT in the second domain
1005 is about 100%.

[0119] Referring to FIG. 7E, the lower substrate 200
including the first light reactor 274 on which the pretilted
angle is formed and the upper substrate 300 including the
second light reactor 364 on which the pretilted angle is
formed are combined with each other, and the liquid crystal
layer 400 is disposed between the lower substrate 200 and the
upper substrate 300 to align the liquid crystal of the liquid
crystal layer 400.

[0120] According to the exemplary embodiment, the sec-
ond mask 620 includes the first area 11 in which the open rate
corresponding to the first portion of the vertical domain
boundary texture area LDBT is about 100%. In addition, the
first mask 610 includes the fifth area 20 in which the open rate
corresponding to the adjacent electric field texture area FFT is
about 100%, and the second mask 620 includes the fifth area
15 in which the open rate corresponding to the adjacent elec-
tric field texture area FFT is about 100%. Thus, the pretilted
angle of the second alignment layer 360 in the vertical domain
boundary texture area LDBT and the adjacent electric field
texture area FFT is larger than the pretilted angle of the
second alignment layer 360 in the first domain 100a. Thus, a
tunk defect occurring when the liquid crystal is not restored
after an external pressure is applied to the display apparatus
including the display panel 100 may decrease.

[0121] According to the display panel, the method of manu-
facturing the display panel, and the alignment mask for manu-
facturing the display panel, a width of a vertical domain
boundary texture area in which a liquid crystal is slowly (e.g.,
less) inclined along a left and right direction substantially
parallel with a gate line may be increased, and thus a side
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visibility of a display apparatus may be improved. In addition,
awidth ofa horizontal domain boundary texture area in which
the liquid crystal is slowly (e.g., less) inclined along an up and
down direction substantially parallel with a data line may be
decreased, and thus a black afterimage may be less displayed
on the display apparatus. Thus, display quality of the display
apparatus may be enhanced.
[0122] The foregoing is illustrative of the invention and is
not to be construed as limiting thereof. Although a few exem-
plary embodiments of the invention have been described,
those skilled in the art will readily appreciate that many
modifications are possible in the exemplary embodiments
without materially departing from the novel teachings and
advantages of the invention. Accordingly, all such modifica-
tions are intended to be included within the scope of the
invention as defined in the claims. In the claims, means-plus-
function clauses are intended to cover the structures described
herein as performing the recited function and not only struc-
tural equivalents but also equivalent structures. Therefore, it
is to be understood that the foregoing is illustrative of the
invention and is not to be construed as limited to the specific
exemplary embodiments disclosed, and that modifications to
the disclosed exemplary embodiments, as well as other exem-
plary embodiments, are intended to be included within the
scope of the appended claims. The invention is defined by the
following claims, with equivalents of the claims to be
included therein.
What is claimed is:
1. A display panel comprising:
alower substrate comprising a gate line which extends in a
first direction, a data line which extends in a second
direction substantially perpendicular to the first direc-
tion, a pixel electrode adjacent to the gate line and the
data line, and a first alignment layer on the pixel elec-
trode;
an upper substrate which faces the lower substrate, and
comprises a common electrode, and a second alignment
layer on the common electrode, wherein the common
electrode forms an electric field with the pixel electrode
of the lower substrate; and
a liquid crystal layer between the lower substrate and the
upper substrate, and comprising:

a liquid crystal,

a plurality of domains which are arranged in a matrix
according to a slope of the liquid crystal inclined due
to an alignment of the first alignment layer and the
second alignment layer,

ahorizontal domain boundary texture area which is lon-
gitudinally extended in the first direction, is between
domains adjacent in the second direction, has a width
in the second direction and has a first slope of the
liquid crystal less inclined compared to that of the
domains, and

a vertical domain boundary texture area which is longi-
tudinally extended in the second direction, is between
domains adjacent in the first direction, has a width in
first direction and has a second slope of the liquid
crystal less inclined compared to that of the domains,

wherein the width of the vertical domain boundary tex-
ture area is larger than that of the horizontal domain
boundary texture area.

2. The display panel of claim 1, wherein
the first alignment layer has a pretilted angle in the first
direction,
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the second alignment layer has a pretilted angle in the
second direction, and

the pretilted angle of the second alignment layer is less than
the pretilted angle of the first alignment layer in the
vertical domain boundary texture area.

3. The display panel of claim 2, wherein the pretilted angle
of'the second alignment layer in the vertical domain boundary
texture area is less than the pretilted angle of the second
alignment layer in the domains.

4. The display panel of claim 2, wherein the pretilted angle
of'the first alignment layer in the horizontal domain boundary
texture area is larger than the pretilted angle of the first align-
ment layer in the domains.

5. The display panel of claim 1, wherein a pretilted angle of
the first alignment layer is substantially equal to a pretilted
angle of the second alignment layer, in the domains.

6. The display panel of claim 5, wherein the liquid crystal
forms an angle of about 45 degrees with respect to an upper
surface of the pixel electrode, in the domains.

7. The display panel of claim 1, wherein the liquid crystal
forms an angle less than about 45 degrees with respect to an
upper surface of the pixel electrode, in the vertical domain
boundary texture area.

8. The display panel of claim 1, wherein

the liquid crystal layer further comprises an adjacent elec-
tric field texture area including a texture formed by the
liquid crystal in a pixel area including the pixel electrode
and the liquid crystal in an adjacent pixel area, and

a pretilted angle of the first alignment layer and a pretilted
angle of the second alignment layer in the adjacent elec-
tric field texture area are larger than the pretilted angle of
the first alignment layer and the pretilted angle of the
second alignment layer in the domains.

9. The display panel of claim 1, wherein

the first alignment layer has a pretilted angle in the second
direction,

the second alignment layer has a pretilted angle in the first
direction, and

the pretilted angle of the first alignment layer is less than
the pretilted angle of the second alignment layer in the
vertical domain boundary texture area.

10. The display panel of claim 9, wherein the pretilted
angle of the first alignment layer in the vertical domain
boundary texture area is less than the pretilted angle of the
first alignment layer in the domains.

11. A method of manufacturing a display panel, the method
comprising:

forming a gate line, a data line and a pixel electrode on a
first base substrate, and forming a first alignment layer
on the pixel electrode, to form a lower substrate, wherein
the gate line extends in a first direction, the data line
extends in a second direction substantially perpendicu-
lar to the first direction, and the pixel electrode is adja-
cent to the gate line and the data line;

forming a common electrode on a second base substrate
and forming a second alignment layer on the common
electrode, to form an upper substrate, wherein the com-
mon electrode and the pixel electrode form an electric
field therebetween; and

interposing a liquid crystal between the lower substrate and
the upper substrate,
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forming a plurality of domains in a matrix shape according
to a slope of the liquid crystal inclined due to an align-
ment of the first alignment layer and the second align-
ment layer,
forming a horizontal domain boundary texture area which
longitudinally extends in the first direction between
domains adjacent to each other in the second direction,
and forming a vertical domain boundary texture area
which longitudinally extends in the second direction
between domains adjacent to each other in the first direc-
tion, to form a liquid crystal layer,
wherein
the horizontal domain boundary texture area has a first
slope of the liquid crystal less inclined compared to that
of the domains, and
the vertical domain boundary texture area has a width
larger than that of the horizontal domain boundary tex-
ture area and has a second slope of the liquid crystal less
inclined compared to that of the domains.
12. The method of claim 11, wherein the forming the lower
substrate comprises:
emitting light in the first direction to a first mask including
an open area which corresponds to the horizontal
domain boundary texture area.
13. The method of claim 12, wherein the forming the upper
substrate comprises:
emitting the light in the second direction to a second mask
including an area which corresponds to the vertical
domain boundary texture area and includes a larger pro-
portion of a closed area than that of an open area, with
respect to a total area of the closed and open areas of the
second mask.
14. The method of claim 11, wherein the forming the upper
substrate comprises:
emitting light in the first direction to a first mask including
an open area which corresponds to the horizontal
domain boundary texture area.
15. The method of claim 14, wherein the forming the lower
substrate comprises:
emitting the light in the second direction to a second mask
including an area which corresponds to the vertical
domain boundary texture area and includes a larger pro-
portion of a closed area than that of an open area, with
respect to a total area of the closed and open areas of the
second mask.
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16. An alignment mask comprising:

a first mask which aligns a liquid crystal interposed
between lower and upper substrates of a display panel,
divides a pixel area into a plurality of domains according
to a slope of the liquid crystal, and includes a first area
which is open and which corresponds to a horizontal
domain boundary texture area of a domain boundary
texture area between adjacent domains,

wherein the horizontal domain boundary texture area is
substantially parallel with a first direction in which a
gate line extends and has a slope of the liquid crystal less
inclined compared to that of the domains; and

a second mask which aligns the liquid crystal, and includes
a second area which corresponds to a vertical domain
boundary texture area of the domain boundary texture
area between adjacent domains,

wherein the second area includes a larger proportion of a
closed area than that of an open area, with respect to a
total area of the second area of the second mask,

wherein the vertical domain boundary texture area is sub-
stantially parallel with a second direction in which a data
line extends, the second direction substantially perpen-
dicular to the first direction.

17. The alignment mask of claim 16, wherein

a proportion of the open area with respect to a total area of
the first area of the first mask which corresponds to the
horizontal domain boundary texture area is about 100%.

18. The alignment mask of claim 17, wherein the open rate

of the second mask corresponding to the vertical domain
boundary texture is less than the open rate of the second mask
corresponding to one of the domains.

19. The alignment mask of claim 16, wherein

the open rate of the second mask corresponding to a portion
of the vertical domain boundary texture area is about
100%.

20. The alignment mask of claim 16, wherein

the display panel further includes an adjacent electric field
texture area including a texture formed by the liquid
crystal in the pixel area and a liquid crystal in an adjacent
pixel area, and

the first mask and the second mask are open in an area
which corresponds to the adjacent electric field texture
area.
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