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DISPLAY SUBSTRATE AND LIQUID
CRYSTAL DISPLAY PANEL HAVING THE
SAME

PRIORITY STATEMENT

[0001] This application claims priority under 35 U.S.C.
§119 to Korean Patent Application No. 2008-66316, filed on
Jul. 9, 2008 in the Korean Intellectual Property Office
(KIPO), the contents of which are herein incorporated by
reference in their entirety.

BACKGROUND
[0002] 1. Technical Field
[0003] Exampleembodiments ofthe present invention gen-

erally relate to a display substrate and a liquid crystal display
(LCD) panel having the display substrate. More particularly,
example embodiments of the present invention relate to a
display substrate used in a substrate of an LCD device and an
LCD panel having the display substrate.

[0004] 2. Description of the Related Art

[0005] Generally, a liquid crystal display (LCD) panel
includes a display substrate having a plurality of switching
elements formed thereon, an opposite substrate and a liquid
crystal layer formed between the display substrate and the
opposite substrate.

[0006] The liquid crystal molecules of the LCD apparatus
have anisotropy so that the image display quality of the LCD
apparatus is displayed based on a viewing angle. A conven-
tional LCD apparatus has a narrower viewing angle than other
types of display apparatuses.

[0007] Therefore, in order to improve the viewing angle,
various LCD apparatuses have been developed. For example,
in order to overcome the viewing angle problem, a patterned
vertical alignment (PVA) mode LCD apparatus and a super
patterned vertical alignment (SPVA) mode LCD apparatus
have been developed, which divide one pixel into multiple
domains and drive the multiple domains.

[0008] The PVA mode is a technology in which a common
electrode formed on an upper substrate and a pixel electrode
formed on a lower substrate are patterned to form a multi-
domain. The SPVA mode is a technology in which one pixel
is divided into plural sub-pixels to apply the different pixel
voltage to the divided sub-pixels.

[0009] However, as described above, when a slit pattern or
a protruding pattern is formed to form multi-domains, an
additional process is required in order to form a slit pattern or
a protruding pattern. In addition, a residual image and a stain
are generated in the slit pattern or the protruding pattern.

[0010] Recently, a technology in which the slit pattern or
the protruding pattern is not formed in order to realize mul-
tiple domains through a light alignment has been developed.
When the multi-domain is formed through the light align-
ment, a singular point on which a director of liquid crystal
molecules is converged between domains is generated. How-
ever, a generating position of the singular point is irregular, so
that an area between domains may be varied. Moreover, a
residual image may be generated at a domain boundary or a
stain may remain on a screen when the screen is touched.
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[0011] Moreover, an arrangement angle of liquid crystal
molecules is not controlled in a boundary area between
domains, thereby decreasing light transmittance at a domain
boundary area.

SUMMARY

[0012] Example embodiments of the present invention pro-
vide a display substrate capable of preventing an after image
and display defects from being generated.

[0013] Example embodiments of the present invention pro-
vide a liquid crystal display (LCD) panel having the above-
mentioned display substrate capable of preventing an after
image and display defects from being generated.

[0014] Example embodiments of the present invention pro-
vide a display substrate having enhanced transmittance.
[0015] Example embodiments of the present invention pro-
vide an LCD panel having the above-mentioned display sub-
strate having enhanced transmittance.

[0016] According to one embodiment of the present inven-
tion, a display substrate includes a base substrate and a pixel
electrode. The base substrate has a pixel area defined thereon.
The pixel electrode includes a low pixel electrode formed in
the pixel area to receive a first voltage, a high pixel electrode
spaced apart from the low pixel electrode along a first direc-
tion to receive a second voltage that is higher than the first
voltage, and a liquid crystal molecule control part formed on
at least one of the low and high pixel electrodes so as to
control liquid crystal molecules disposed at an area corre-
sponding to a boundary of the low and high pixel electrodes.
[0017] Inanexample embodiment of the present invention,
a pixel area where the low pixel electrode is formed may
include a plurality ofareas spaced apart from each otheralong
the first direction to be electrically connected to each other.
The areas may be formed at both portions of the high pixel
electrode.

[0018] According to another embodiment of the present
invention, a liquid crystal display (LCD) panel includes a
display substrate, an opposite substrate and a liquid crystal
layer. The display substrate includes a pixel electrode. The
pixel electrode includes a low pixel electrode, a high pixel
electrode and a liquid crystal molecule control part. The low
pixel electrode receives a first voltage. The high pixel elec-
trode is spaced apart from the low pixel electrode along a first
direction to receive a second voltage that is higher than the
first voltage. The liquid crystal molecules control part is
formed on at least one of the low and high pixel electrodes so
as to control liquid crystal molecules disposed at an area
corresponding to a boundary of the low and high pixel elec-
trodes.

[0019] Inanexample embodiment of the present invention,
a pixel area on which the low and high pixel electrodes are
formed may be divided into plural domains along a direction
where a director of liquid crystal molecules of the liquid
crystal layer is arranged when an electric field is applied
thereto.

[0020] According to still another embodiment of the
present invention, a display substrate includes a base sub-
strate, a low pixel electrode and a high pixel electrode. The
base substrate has a pixel area defined thereon. The low pixel
electrode is formed on the pixel area to receive a first voltage.
The high pixel electrode is spaced apart from the low pixel
electrode along a first direction to receive a second voltage
that is higher than the first voltage. The high pixel electrode is
inclined in an inclined direction with respect to the first direc-
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tion so as to control liquid crystal molecules disposed at an
area corresponding to a boundary of the low and high pixel
electrodes.

[0021] Inanexampleembodiment of the present invention,
the low pixel electrode may be inclined in the inclined direc-
tion.

[0022] According to further still another embodiment of the
present invention, a liquid crystal display panel includes a
display substrate, an opposite substrate and a liquid crystal
layer. The display substrate includes a low pixel electrode
which receives a first voltage and a high pixel electrode
spaced apart from the low pixel electrode along a first direc-
tion to receive a second voltage that is higher than the first
voltage. The high pixel electrode is inclined along an inclined
direction with respect to the first direction so as to control
liquid crystal molecules disposed at an area corresponding to
aboundary of the low and high pixel electrodes. The opposite
substrate includes a common electrode. The liquid crystal
layer is interposed between the display substrate and the
opposite substrate.

[0023] Inanexampleembodiment of the present invention,
the low pixel electrode may be inclined in the inclined direc-
tion

[0024] According to one or more embodiments of a display
substrate and an LCD panel having the display substrate,
liquid crystal molecules disposed at a domain corresponding
to a boundary between the low and high pixel electrodes may
be controlled, so that the generation of stains or afterimages
may be prevented at a boundary of domain areas. Moreover,
at least one of the low and high pixel electrodes may be
formed at an incline, so that liquid crystal molecules disposed
atadomain corresponding to a boundary between the low and
high pixel electrodes may be controlled so that light transmit-
tance may be enhanced at a domain boundary.

BRIEF DESCRIPTION OF THE DRAWINGS

[0025] The above and other features and advantages of the
embodiments of the present invention will become more
apparent by describing detailed example embodiments
thereof with reference to the accompanying drawings, in
which:

[0026] FIG. 1 is a plan view illustrating a liquid crystal
display (LCD) panel according to Embodiment 1 of the
present invention;

[0027] FIG.2isacross-sectional view taken along aline I-I'
of FIG. 1;

[0028] FIG. 3 is an enlarged view illustrating a first recess
of FIG. 1;

[0029] FIG. 4 is a schematic diagram illustrating a first
example of an alignment direction of domain areas inan LCD
panel as shown in FIG. 1;

[0030] FIG. 5 is a schematic diagram illustrating another
example of an alignment direction of domain areasinan LCD
panel as shown in FIG. 1;

[0031] FIG. 6 is a plan view illustrating a display substrate
according to Embodiment 2 of the present invention;

[0032] FIG.7is a plan view illustrating a display substrate
according to Embodiment 3 of the present invention,;

[0033] FIG. 8is a plan view illustrating a display substrate
according to Embodiment 4 of the present invention;

[0034] FIG.9is a plan view illustrating a display substrate
according to Embodiment 5 of the present invention;

[0035] FIG.10isaplanview illustrating a display substrate
according to Embodiment 6 of the present invention;
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[0036] FIG. 11isaplanview illustrating a display substrate
according to Embodiment 7 of the present invention; and
[0037] FIG.12isaplanview illustrating a display substrate
according to Embodiment 8 of the present invention.

DETAILED DESCRIPTION

[0038] Embodiments of the present invention are described
more fully hereinafter with reference to the accompanying
drawings, in which example embodiments of the present
invention are shown. The present disclosure may, however, be
embodied in many different forms and should not be con-
strued as limited to the example embodiments set forth
herein. Rather, these example embodiments are provided so
that this disclosure will be thorough and complete, and will
fully convey the scope of the present disclosure to those
skilled in the art. In the drawings, the sizes and relative sizes
of layers and regions may be exaggerated for clarity.

[0039] 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.

[0040] It will be understood that, although the terms first,
second, third etc. may be used herein to describe various
elements, components, regions, layers and/or sections, these
elements, components, regions, layers and/or sections should
not be limited by these terms. These terms are only used to
distinguish one element, component, region, layer or section
from another element, component, region, layer or section.
Thus, a first element, component, region, layer or section
discussed below could be termed a second element, compo-
nent, region, layer or section without departing from the
teachings of the present disclosure.

[0041] 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” may 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.

[0042] The terminology used herein is for the purpose of
describing particular example embodiments only and is not
intended to be limiting of the present disclosure. 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
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preclude the presence or addition of one or more other fea-
tures, integers, steps, operations, elements, components, and/
or groups thereof.

[0043] Example embodiments of the invention are
described herein with reference to cross-sectional illustra-
tions that are schematic illustrations of idealized example
embodiments (and intermediate structures) of the present
disclosure. As such, variations from the shapes of the illus-
trations as a result, for example, of manufacturing techniques
and/or tolerances, are to be expected. Thus, example embodi-
ments of the present invention should not be construed as
limited to the particular shapes of regions illustrated herein
butare to include deviations in shapes that result, for example,
from manufacturing. For example, an implanted region illus-
trated as a rectangle will, typically, have rounded or curved
features and/or a gradient of implant concentration at its
edges rather than a binary change from implanted to non-
implanted region. Likewise, a buried region formed by
implantation may result in some implantation in the region
between the buried region and the surface through which the
implantation takes place. Thus, the regions illustrated in the
figures are schematic in nature and their shapes are not
intended to illustrate the actual shape of a region of a device
and are not intended to limit the scope of the present disclo-
sure.

[0044] 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.

[0045] Hereinafter, embodiments of the present invention
will be explained in detail with reference to the accompany-
ing drawings.

Example Embodiment 1

[0046] FIG. 1 is a plan view illustrating a liquid crystal
display (LCD) panel 500 according to Embodiment 1 of the
presentinvention. FIG. 2 is a cross-sectional view takenalong
aline I-I' of FIG. 1.

[0047] Referring to FIGS. 1 and 2, an LCD panel 500
according to Embodiment 1 includes a display substrate 100,
an opposite substrate 200 opposite to the display substrate
100 and a liquid crystal layer 300 interposed between the
display substrate 100 and the opposite substrate 200.

[0048] The display substrate 100 includes a first base sub-
strate 110 having a pixel area PA defined thereon. A first gate
line GL1, a second gate line GL.2, a first data line DL1 and a
second data line DL2 are formed on the first base substrate
110. Each of the first and second gate lines GL.1 and GL2 is
crossed with the first and second data lines DL1 and DL2,
respectively. A first thin-film transistor (TFT) SW1, a second
TFT SW2 and a pixel electrode PE electrically connected to
the first TFT SW1 and the second TFT SW2 are formed on the
pixel area PA. A first storage line STL1 and a second storage
line STL.2 that are overlapped with the pixel electrode PE are
formed on the pixel area PA. The display substrate 100 may
further include a gate insulation layer 130, a passivation film
160, an organic insulation layer 170 and a first alignment
layer 190.
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[0049] The first and second gate lines GL1 and GL2 are
extended along a first direction D1, and are arranged along a
second direction D2 that is different from the first direction
D1. The first gate line GL1 is connected to the first and second
TFTs SW1 and SW2.

[0050] The first and second data lines DL1 and DL2 are
extended along the second direction D2 crossing the first
direction D1, and are arranged along the first direction D1.
The first data line DL1 may deliver a first voltage, and the
second data line DL2 may deliver a second voltage that is
higher than the first voltage.

[0051] Each of the first and second TFTs SW1 and SW2
includes a gate electrode that is a current control electrode, a
source electrode that is a current input electrode, and a drain
electrode thatis a current output electrode. The first TFT SW1
is connected to the first gate line GL1 and the first data line
DL1. The first TFT SW1 includes a first gate electrode 121a
connected to the first gate line GL1, a first source electrode
151a connected to the second data line DL2, a first drain
electrode 153a spaced apart from the first source electrode
151 a, and a first active pattern 140a.

[0052] The second TFT SW2 is connected to the first gate
line GL1 and the second data line DL.2. The second TFT SW2
includes a second gate electrode 1215 connected to the first
gate line GL1, a second source electrode 1515 connected to
the first data line DL1, a second drain electrode 1535 spaced
apart from the second source electrode 1515, and a second
active pattern 1405,

[0053] The pixel electrode PE includes a low pixel elec-
trode LPE, a high pixel electrode HPE and a liquid crystal
molecule control part 400.

[0054] The low pixel electrode LPE receives the first volt-
age through the first data line DL1. The low pixel electrode
LPE makes contact with the first drain electrode 1534 to be
electrically connected to the first TFT SW1.

[0055] The low pixel electrode LPE includes a first contact
pattern CNT1 and a bridge electrode BE. The low pixel elec-
trode LPE includes a plurality of areas spaced apart from both
sides of the high pixel electrode HPE with respect to the high
pixel electrode HPE. The areas are physically and electrically
connected to each other through the bridge electrode BE. In
the present embodiment, the bridge electrode BE is formed at
both sides of the high pixel electrode HPE. Alternatively, the
bridge electrode BE may be formed at one side of the high
pixel electrode HPE.

[0056] For example, each of the low pixel electrodes LPE
includes a low main electrode portion LPE_a and a low sub-
electrode portion LPE_b protruded from the low main elec-
trode portion LPE_a toward the high pixel electrode HPE.
The low sub-electrode portion LPE_b may be overlapped
with the first and second storage lines STL1 and STL.2.

[0057] The high pixel electrode HPE receives the second
voltage through the second data line DL2. The high pixel
electrode HPE makes contact with the second drain electrode
1535, thereby being electrically connected to the second TFT
SW2. The high pixel electrode HPE is electrically and physi-
cally divided from the low pixel electrode LPE.

[0058] Forexample, the high pixel electrode HPE includes
a high main electrode portion HPE_a and a high sub-elec-
trode portion HPE_b, which is protruded from the high main
electrode portion HPE_a toward the low pixel electrode LPE.
The high sub-electrode portion HPE_b is substantially inter-
locked with the low sub-electrode portion LPE_b when



US 2010/0007808 A1

viewed on a plane. The high sub-electrode portion HPE_b
may be overlapped with the storage lines STL1 and STL.2.
[0059] The liquid crystal molecule control part 400 is
formed at aboundary portion between the low pixel electrode
LPE and the high pixel electrode HPE in order to control
liquid crystal molecules disposed at an area corresponding to
the low and high pixel electrodes LPE and HPE. The liquid
crystal molecule control part 400 may be formed at one of the
low pixel electrode LPE and/or the high pixel electrode HPE.
The liquid crystal molecule control part 400 may determine
anarrangement direction of liquid crystal molecules disposed
at a domain boundary so that a generating position of a sin-
gular point may be uniform.

[0060] Forexample, the liquid crystal molecule control part
400 has a first recess 403 formed at a first corner portion
where the high electrode portion HPE_a and the high sub-
electrode portion HPE_b meet each other. Moreover, the lig-
uid crystal molecule control part 400 has a second recess 405
formed at a second corner portion where the low electrode
portion LPE_a and the low sub-electrode portion LPE_b meet
each other.

[0061] In the present embodiment, the liquid crystal mol-
ecule control part 400 is formed at the first and second corner
portions. However, a forming portion of the liquid crystal
molecule control part 400 is not limited to that example
embodiment. For example, the liquid crystal molecule con-
trol part 400 may be formed at either one of the first or second
corner portions.

[0062] FIG. 3 is an enlarged view illustrating a first recess
403 of FIG. 1.
[0063] Referring to FIG. 3, a maximum width ‘W’ of a first

recess 403 may be about 7.5 um, and a depth ‘D’ of the first
recess 403 may be about 8.5 um. Alternatively, the maximum
width ‘W’ and depth ‘D’ of the first recess 403 may be differ-
ent from a height of a stepped portion between the high main
electrode portion HPE_a and the high sub-electrode portion
HPE_b.

[0064] Referring again FIGS. 1 and 2, a size of the second
recess 405 may be equal to that of the first recess 403.
[0065] In the present embodiment, the liquid crystal mol-
ecule control part 400 has a recess of a triangular shape.
However, a shape of the liquid crystal molecule control part
400 is not limited to that example embodiment. For example,
the shape of the liquid crystal molecule control part 400 may
have various shapes such as a rectangular shape, a trapezoidal
shape. a semicircular shape, etc.

[0066] As described above, according to one or more
embodiments of the present invention, the liquid crystal mol-
ecule control part 400 may fix a position at which the singular
point is generated, so that the generation of stains or afterim-
ages may be prevented at a boundary of domain areas.
[0067] The gate insulation layer 130 is formed on the first
base substrate 110 to cover the first and second gate lines GLL1
and GL2, the first and second gate electrodes 121a and 1215
and the storage lines STL1 and STL.2.

[0068] The passivation film 160 is formed on the first base
substrate 110 having the first and second data lines DL1 and
DL2, the first and second source electrodes 151a and 1515
and the first and second drain electrodes 1534 and 1535. The
organic insulation layer 170 is formed between the passiva-
tion film 160 and the low and high pixel electrodes LPE and
HPE to planarize the first display substrate 100. The passiva-
tion film 160 and the organic insulation layer 170 include
contact holes CNT1 (also referred to as “first contact pat-
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tern”) and CNT2 (also referred to as “second contact pattern™)
which expose a first end portion of the first drain electrode
153a and a first end portion of the second drain electrode
1535.

[0069] A light alignment layer is formed on the first base
substrate 110 having the low and high pixel electrodes LPE
and HPE formed thereon, and then a UV light or laser beam is
irradiated on the light alignment layer to form a pretilt angle
so that the first alignment layer 190 is formed. For example,
the pretilt angle may be about 85 degrees to about 89 degrees.
The first alignment layer 190 may vertically align liquid
crystal molecules of the liquid crystal layer 300 by the pretilt
angle when no electric field is present.

[0070] Inthe present embodiment, the first alignment layer
190 is formed by using a light alignment method. However, a
forming of the first alignment layer 190 is not limited to that
example embodiment. For example, the first alignment layer
190 may be formed by using various methods such as a
rubbing method, a reactive mesogens (RM) method, etc.
[0071] The opposite substrate 200 includes a second base
substrate 210 opposite to the display substrate 100, a light-
blocking pattern 220, a color filter 230, an overcoating layer
240, a common electrode layer 250 and a second alignment
layer 260.

[0072] The light-blocking pattern 220 is formed on the
second base substrate 210 to correspond with the gate lines
GL1 and GL2, thedata lines DL.1 and DL2 and the TF Ts SW1
and SW2. In one example, a metal layer is patterned through
aphotoetching process to form the light-blocking pattern 220.
In another example, an organic material is printed to form the
light-blocking pattern 220.

[0073] The color filter 230 is formed in a plurality of areas
of the second base substrate 210 which is partitioned by the
light-blocking pattern 220. The color filter 230 is formed on
the second base substrate 210 to correspond with the low and
high pixel electrodes LPE and HPE of the display substrate
100. The color filter 230 may include a red color filter, a green
color filter and a blue color filter.

[0074] The overcoating layer 240 is formed between the
second base substrate 210 and the common electrode layer
250 having the light-blocking pattern 220 and the color filter
230 formed thereon. The overcoating layer 240 may planarize
the opposite substrate 200.

[0075] The common electrode layer 250 is formed on the
overcoating layer 240. The common electrode layer 250 is
opposite to the low and high pixel electrodes LPE and HPE,
and is formed on a whole front surface of the second base
substrate 210.

[0076] The second alignment layer 260 is formed on the
common electrode layer 250. The second alignment layer 260
may be formed through a light alignment such as the first
alignment layer 190. The second alignment layer 260 may
vertically align liquid crystal molecules of the liquid crystal
layer 300 by the pretilt angle when no electric field is present.
[0077] A firstpolarizing plate (not shown), which has a first
polarizing axis with respect to the first direction D1 or the
second direction D2, is combined with a first surface of the
display substrate 100. A second polarizing plate (not shown),
which has a second polarizing axis perpendicular to a direc-
tion of the first polarizing axis, is combined with a first surface
of the opposite substrate 200. For example, a direction of the
first polarizing axis may be the first direction D1, and a
direction of the second polarizing axis may be the second
direction D2.
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[0078] Liquid crystal molecules of the liquid crystal layer
300 are vertically aligned with respect to the display substrate
100 and the opposite substrate 200, and are disposed between
the first alignment layer 190 and the second alignment layer
260.

[0079] A pixel area PA on which the low pixel electrode
LPE and the high pixel electrode HPE are formed is divided
into a plurality of domains according to a direction in which
a director of liquid crystal molecules included in the liquid
crystal layer 300 is arranged due to a direction and a supply-
ing electric field of the first and second alignment layers 190
and 260. Here, the domain denotes an area of liquid crystal
molecules having the same arranging direction.

[0080] FIG. 4 is a schematic diagram illustrating a first
example of an alignment direction of domain areasin an LCD
panel 500 as shown in FIG. 1.

[0081] Referring to FIG. 4, a pixel area PA according to the
present embodiment is divided into a first domain DM1, a
second domain DM2, a third domain DM3, a fourth domain
DMA4, a fifth domain DMS5, a sixth domain DM6, a seventh
domain DM7 and an eighth domain DM8. The first to fourth
domains DM1, DM2, DM3 and DM4 correspond to an area
where the low pixel electrode LPE is formed, and the fifth to
eighth domains DM5, DM6, DM7 and DM8 correspond to an
area where the high pixel electrode HPE is formed.

[0082] An alignment direction of the first domain DM1
may be a third direction D3 between the first direction D1 and
the second direction D2, and an alignment direction of the
third domain DM3 may be a fourth direction D4. An align-
ment direction of the second domain DM?2 may be a reverse
direction of the fourth direction D4, and an alignment direc-
tion of the fourth domain DM4 may be a reverse direction of
the third direction D3.

[0083] An alignment direction of the fifth domain DM5
may be the third direction D3, and an alignment direction of
the sixthdomain DM6 may be a reverse direction of the fourth
direction D4. An alignment direction of the seventh domain
DMT7 may be the fourth direction D4, and an alignment direc-
tion of the eighth domain DM8 may be a reverse direction of
the third direction D3.

[0084] FIG. 5 is a schematic diagram illustrating a second
example of an alignment direction of domain areasin an LCD
panel 500 as shown in FIG. 1. The LCD panel is substantially
the same as the LCD panel of the embodiment of FIG. 4
except for at least an alignment direction of first to eighth
domains DM1 to DM8. Thus, identical reference numerals
are used in FIG. 5 to refer to components that are the same or
like those shown in FIG. 4, and thus, a detailed description
thereof will be omitted.

[0085] Referring to FIG. 5, an alignment direction of the
first domain DM1 may be the fourth direction D4, and an
alignment direction of the second domain DM2 may be an
inverse direction of the third direction D3. An alignment
direction of the third domain DM3 may be the third direction
D3, and an alignment direction of the fourth domain DM4
may be an inverse direction of the fourth direction D4.

[0086] An alignment direction of the fifth domain DM5
may be the fourth direction D4, and an alignment direction of
the sixth domain DM6 may be aninverse direction of the third
direction D3. An alignment direction of the seventh domain
DM7 may be the third direction D3, and an alignment direc-
tion of the eighth domain DM8 may be an inverse direction of
the fourth direction D4.
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[0087] Alignment directions of the first to eighth domains
DM1 to DM8 may be altered in accordance with a direction of
the first and second alignment layers 190 and 260 and a
supplying electric field.

[0088] Inaboundary portion between the domains DM1 to
DMS8, an arrangement of liquid crystal is changed with
respect to a direction of adjacent liquid crystal molecules, so
that a singular point having no predetermined direction is
generated. According to one or more embodiments of the
present embodiment, the singular point is generated in a
uniform position through the liquid crystal molecule control
part 400, so that a residual image or a stain is not generated in
the domain boundary.

[0089] Hereinafter, a method of manufacturing the display
substrate 100 will be described according to one or more
embodiments with reference to FIGS. 1 and 2.

[0090] Referring to FIGS. 1 and 2, a gate metal layer (not
shown) is formed on the first base substrate 110, and then the
gate metal layer is patterned through a photoetching process
to form the gate lines GL.1 and GL.2, and the first and second
gate electrodes 121a and 1215.

[0091] Next, the gate insulation layer 130 is formed on the
first base substrate 110 to cover a plurality of gate patterns
formed from the gate metal layer. For example, the gate
patterns may include the gate lines GL1 and GL2, and the first
and second gate electrodes 121a and 1214,

[0092] Next, a semiconductor layer 142 and an ohmic con-
tact layer 144 are sequentially formed on the gate insulation
layer 130, and then the semiconductor layer 142 and the
ohmic contact layer 144 are patterned to form the first active
pattern 140a and the second active pattern 1405. The first
active pattern 140a is overlapped with the first gate electrode
121a, and the second active pattern 1405 is overlapped with
the second gate electrode 1215. The semiconductor layer 142
may include amorphous silicon, and the ohmic contact layer
144 may include amorphous silicon doped with n-type
dopants at a high concentration, for example.

[0093] Next, a source metal layer (not shown) is formed on
the first base substrate 110 having the first and second active
patterns 140a and 1405 formed thereon, and then the source
metal layer is patterned through a photoetching process to
form the data lines DLL1 and DL2, the first and second source
electrodes 151a and 1515, and the first and second drain
electrodes 153a and 1535.

[0094] The passivation film 160 and the organic insulation
layer 170 are sequentially formed on the first base substrate
110. The passivation film 160 may include, for example, a
silicon nitride layer (SiNx) and a silicon oxide layer (SiOx).
The organic insulation layer 170 may include a positive type
photoresist composition, for example.

[0095] The organic insulation layer 170 of the first and
second drain electrodes 153a and 1535 is exposed and devel-
oped to expose the passivation film 160 formed on the first
and second drain electrodes 153a and 1535. The exposed
passivation film 160 is dry etched to expose a first edge
portion of the first and second drain electrodes 1534 and 1535.
[0096] Then, a transparent electrode layer (not shown) is
formed on the first base substrate 110 having the passivation
film 160 and the organic insulation layer 170 which expose a
first edge portion of the first and second drain electrodes 153a
and 153b. The transparent electrode layer is patterned to form
the liquid crystal molecule control part 400 including the low
pixel electrode LPE, the high pixel electrode HPE and the first
and second recesses 403 and 405.
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[0097] The first recess 403 is formed through the first cor-
ner portion where the high main electrode portion HPE_a and
the high sub-electrode portion HPE_b meet each other, and
the second recess 405 is formed through the second corner
portion where the low main electrode portion LPE_a and the
low sub-electrode portion LPE_b meet each other. In the
present embodiment, the liquid crystal molecules control part
400 is formed on the first and second corner portions. Altet-
natively, the liquid crystal molecule control part 400 may be
formed on either the first or second corner portions.

[0098] The first contact pattern CNT1 of the low pixel
electrode LPE contacts a first end portion of the first drain
electrode 1534, and the second contact pattern CNT2 of the
high pixel electrode HPE contacts a first end portion of the
second drain electrode 1534. The transparent electrode layer
TE may include, for example, indium tin oxide (ITO) or
indium zinc oxide (I70).

[0099] Next, a first alignment layer 190 is formed on the
first base substrate 110 having the low and high pixel elec-
trodes LPE and HPE formed thereon to complete the display
substrate 100.

Example Embodiment 2

[0100] FIG. 6 is a plan view illustrating a display substrate
according to Embodiment 2 of the present invention. The
display substrate 102 is substantially the same as the display
substrate 100 according to Embodiment 1 of FIGS. 1 and 2
except for at least a liquid crystal molecule control part 410.
Thus, identical reference numerals are used in FIG. 6 to refer
to components that are the same or like those shown in FIGS.
1 and 2, and thus, a detailed description thereof will be omit-
ted.

[0101] Referring to FIG. 6, a display substrate 102 accord-
ing to Embodiment 2 of the present invention includes the
liquid crystal molecule control part 410. The liquid crystal
molecule control part 410 has a third recess 413 and a fourth
recess 415 formed therethrough.

[0102] The third recess 413 is formed on a side of the high
sub-electrode portion HPE_b facing the low sub-electrode
portion LPE_b.

[0103] The fourth recess 415 is formed on a side of the low
sub-electrode portion LPE_b facing the high sub-electrode
portion HPE_b.

[0104] In the third and fourth recesses 413 and 415, as
described with respect to the embodiment in FIG. 3, each of
maximum widths ‘W’ may be about 7.5 ym and each of
depths ‘D’ may be about 8.5 um. However, it is not limited to
that example embodiment. For example, the maximum width
and the depth may be altered in accordance with a stepped
difference between the high main electrode portion HPE_a
and the high sub-electrode portion HPE_b and a stepped
difference between the low main electrode portion LPE_aand
the low sub-electrode portion LPE_b.

[0105] In the present embodiment, shapes of the third and
fourth recesses 413 and 415 are a triangular shape. However,
the shapes of the third and fourth recesses 413 and 415 are not
limited to that example embodiment. For example, the third
and fourth recesses 413 and 415 may have various shapes
such as a rectangular shape, a trapezoidal shape, a semicircu-
lar shape, etc. That is, the shapes of the third and fourth
recesses 413 and 415 may be varied so as to strengthen an
electric field corresponding to the liquid crystal molecules
control part 410 rather than an adjacent electric field.
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[0106] A method of manufacturing the display substrate
102 according to the present embodiment is the same as the
method of manufacturing the display substrate 100 according
to Embodiment 1 as described in FIGS. 1 and 2, so that any
further explanation concerning the above elements will be
omitted.

[0107] A transparent electrode layer (not shown) is formed
on the first base substrate 110, and then the transparent elec-
trode layer is patterned to form the liquid crystal molecule
control part 410 including the low and high pixel electrodes
LPE and HPE, and the third and fourth recesses 413 and 415.
The third recess 413 may be formed in a side of the high
sub-electrode portion HPE_b facing the low sub-electrode
portion LPE_b, and the fourth recess 415 may be formed ina
side of the low sub-electrode portion LPE_b facing the high
sub-electrode portion HPE_b.

Example Embodiment 3

[0108] FIG. 7 is a plan view illustrating a display substrate
according to Embodiment 3 of the present invention. The
display panel 103 is substantially the same as the display
panel 100 of the embodiments of FIGS. 1 and 2 except for at
least a liquid crystal molecule control part 420. Thus, identi-
cal reference numerals are used in FIG. 7 to refer to compo-
nents that are the same or like those shown in FIGS. 1 and 2,
and thus, a detailed description thereof will be omitted.
[0109] Referring to FIG. 7, a display substrate 103 accord-
ing to Embodiment 3 of the present invention includes liquid
crystal molecule control part 420. The liquid crystal molecule
control part 420 includes a first protruded portion 423 and a
fifth recess 425 formed therethrough.

[0110] The first protruded portion 423 is formed in a side of
the high sub-electrode portion HPE_b facing the low sub-
electrode portion LPE_b.

[0111] The fifth recess 425 is formed in a side of the low
sub-electrode portion LPE_b facing the high sub-electrode
portion HPE_b.

[0112] Each maximum width ‘W’ of the first protruded
portion 423 and the fifth recess 425 may be about 7.5 um, and
each depth ‘D’ of the first protruded portion 423 and the fifth
recess 425 may be about 8.5 um, as described with respect to
the embodiment in FIG. 3. However, it is not limited to that
example embodiment. A size of the first protruded portion
423 may be altered in accordance with a distance between the
low sub-electrode portion LPE_b and the high sub-electrode
portion HPE _b.

[0113] In the present embodiment, shapes of the first pro-
truded portion 423 and the fifth recess 425 are a triangular
shape. However, the shapes of the first protruded portion 423
and the fifth recess 425 are not limited to that example
embodiment. For example, the first protruded portion 423 and
fifth recess 425 may have various shapes such as a rectangular
shape, a trapezoidal shape, a semicircular shape, etc.

[0114] A method of manufacturing the display substrate
103 according to the present embodiment is the same as the
method of manufacturing the display substrate 100 according
to Embodiment 1 as described in FIGS. 1 and 2, so that any
further explanation concerning the above elements will be
omitted.

[0115] A transparent electrode layer (not shown) is formed
on the first base substrate 110, and then the transparent elec-
trode layer is patterned to form the liquid crystal molecule
control part 420 including the low and high pixel electrodes
LPE and HPE, the first protruded portion 423 and the fifth
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recess 425. The first protruded portion 423 may be formed in
aside of the high sub-electrode portion HPE_b facing the low
sub-electrode portion LPE_b, and the fifth recess 425 may be
formed in a side of the low sub-electrode portion LPE_b
facing the high sub-electrode portion HPE_b.

Example Embodiment 4

[0116] FIG. 8is a plan view illustrating a display substrate
according to Embodiment 4 of the present invention. The
display panel 104 is substantially the same as the display
panel 100 according to Embodiment 1 of FIGS. 1 and 2 except
for at least a shape of a liquid crystal molecule control part
430. Thus, identical reference numerals are used in FIG. 8 to
refer to components that are the same or like those shown in
FIGS. 1 and 2, and thus, a detailed description thereof will be
omitted.

[0117] Referring to FIG. 8, a display substrate 104 accord-
ing to Embodiment 4 of the present invention includes the
liquid crystal molecule control part 430.

[0118] The liquid crystal molecule control part 430
includes a plurality of first stepped portions 431 and 432, and
a plurality of second stepped portions 434 and 435. The first
stepped portions 431 and 432 are formed in a side of the high
pixel electrode HPE facing the low pixel electrode LPE.
[0119] The second stepped portions 434 and 435 are
formed in aside ofthe low pixel electrode LPE facing the high
pixel electrode HPE.

[0120] As described above, according to the present
embodiment, a position where the singular point is generated
may be controlled through the first and second stepped por-
tions 431, 432, 434 and 435, so that the generation of stains or
afterimages maybe prevented at a boundary of domain areas.
[0121] In the present embodiment, the liquid crystal mol-
ecule control part 430 has two stepped differences. However,
itisnot limited to that example embodiment. For example, the
liquid crystal molecule control part 430 may have various
numbers of stepped differences such as one stepped differ-
ence, three stepped differences, etc.

[0122] A method of manufacturing the display substrate
104 according to the present embodiment is the same as the
method of manufacturing the display substrate 100 according
to Embodiment 1 described in FIGS. 1 and 2, so that any
further explanation concerning the above elements will be
omitted.

[0123] A transparent electrode layer (not shown) is formed
on the first base substrate 110, and then the transparent elec-
trode layer is patterned to form the liquid crystal molecule
control part 430 including the low and high pixel electrodes
LPE and HPE, and the plurality of first and second stepped
portions 431, 432, 434 and 435. The plurality of first stepped
portions 431 and 432 may be formed in a side of the high
electrode HPE facing the low pixel electrode LPE, and the
plurality of second stepped portions 434 and 435 may be
formed in aside ofthe low pixel electrode LPE facing the high
pixel electrode HPE.

Example Embodiment 5

[0124] FIG.9is a plan view illustrating a display substrate
according to Embodiment 5 of the present invention.

[0125] The display substrate 105 according to the present
embodiment is substantially the same as the display substrate
100 according to Embodiment 1 of FIGS. 1 and 2 except for
at least a shape of a liquid crystal molecule control part 440.
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Thus, identical reference numerals are used in FIG. 9 to refer
to components that are the same or like those shown in FIGS.
1 and 2, and thus, a detailed description thereof will be omit-
ted.

[0126] Referring to FIG. 9, a display substrate 105 accord-
ing to Embodiment 5 of the present invention includes the
liquid crystal molecule control part 440.

[0127] The liquid crystal molecule control part 440 has a
third stepped portion 443, a fourth stepped portion 445 and a
sixth recess 447 that are formed therethrough.

[0128] The third stepped portion 443 is formed in a side of
the high pixel electrode HPE facing the low pixel electrode
LPE.

[0129] The fourth stepped portion 445 is formed ina side of
the low pixel electrode LPE facing the high pixel electrode
HPE.

[0130] The sixth recess 447 is formed in a corner portion
where stepped surfaces forming the third stepped portion 443
meet each other.

[0131] In the present embodiment, the sixth recess 447 is
formed in a corner portion where stepped surfaces forming
the third stepped portion 443 meet each other. However, it is
not limited to that example embodiment. For example, a
portion where stepped surfaces meet each other may be trans-
formed to form a recess.

[0132] A method of manufacturing the display substrate
105 according to the present embodiment is the same as the
method of manufacturing the display substrate 100 according
to Embodiment 1 described in FIGS. 1 and 2, so that any
further explanation concerning the above elements will be
omitted.

[0133] A transparent electrode layer (not shown) is formed
on the first base substrate 110, and then the transparent elec-
trode layer is patterned to form the liquid crystal molecule
control part 440 including the low and high pixel electrodes
LPE and HPE, the third stepped portion 443, the fourth
stepped portion 445, and the sixth recess 447 formed thereon.
For example, the third stepped portion 443 may be formed in
a side of the high pixel electrode HPE facing the low pixel
electrode portion LPE, and the fourth stepped portion 445
may be formed in a side of the low pixel electrode LPE facing
the high pixel electrode HPE. Moreover, the sixth recess 447
may be formed in a corner portion where stepped surfaces
forming the third stepped portion 443 meet each other.

Example Embodiment 6

[0134] FIG. 10is aplanview illustrating a display substrate
according to Embodiment 6 of the present invention. The
display substrate 106 is substantially the same as the display
substrate 100 according to Embodiment 1 of FIGS. 1 and 2
except for at least a shape of a liquid crystal molecule control
part 450. Thus, identical reference numerals are used in FIG.
10 to refer to components that are the same or like those
shown in FIGS. 1 and 2, and thus, a detailed description
thereof will be omitted.

[0135] Referring to FIG. 10, a display substrate 106 accord-
ing to Embodiment 6 of the present invention includes the
liquid crystal molecule control part 450.

[0136] The liquid crystal molecule control part 450
includes a fifth stepped portion 453 formed in a side of the
high pixel electrode HPE facing the low pixel electrode LPE,
and a sixth stepped portion 455 formed in a side of the low
pixel electrode LPE facing the high pixel electrode HPE.
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[0137] The fifth and sixth stepped portions 453 and 455 are
formed so that a boundary surface between the stepped sut-
faces forming a stepped difference has a predetermined slope.
[0138] An electric field corresponding to corner portions
where the stepped surface and a boundary surface meet each
other in the fifth and sixth stepped portions 453 and 455 is
stronger than that of an adjacent area, so that a singular point
is generated. Therefore, a generation position of the singular
point may be fixed, so that a residual image and a stain are not
generated at a domain boundary.

[0139] A method of manufacturing the display substrate
106 according to the present embodiment is the same as the
method of manufacturing the display substrate 100 according
to Embodiment 1 described in FIGS. 1 and 2, so that any
further explanation concerning the above elements will be
omitted.

[0140] A transparent electrode layer (not shown) is formed
on the first base substrate 110, and then the transparent elec-
trode layer is patterned to form the liquid crystal molecule
control part 450 including the low and high pixel electrodes
LPE and HPE, and the fifth and sixth stepped portions 453
and 455. For example, the fifth stepped portion 453 may be
formed in a side of the high pixel electrode HPE facing the
low pixel electrode LPE, and the sixth stepped portion 455
may be formed in a side of the low pixel electrode LPE facing
the high pixel electrode HPE.

Example Embodiment 7

[0141] FIG.11isaplanview illustrating a display substrate
according to Embodiment 7 of the present invention. The
display substrate 107 is substantially the same as the display
substrate 100 according to Embodiment 1 of FIGS. 1 and 2
except for at least a shape of a liquid crystal molecule control
part 460. Thus, identical reference numerals are used in FIG.
11 to refer to components that are the same or like those
shown in FIGS. 1 and 2, and thus, a detailed description
thereof will be omitted.

[0142] Referringto FIG. 11, a display substrate 107 accord-
ing to Embodiment 7 of the present invention includes the
liquid crystal molecule control part 460.

[0143] The liquid crystal molecule control part 460
includes a second protruded portion 463 and a third protruded
portion 465.

[0144] The second protruded portion 463 is formed in a
side of the high pixel electrode HPE facing the low pixel
electrode LPE.

[0145] The third protruded portion 465 is formed in a side
of the low pixel electrode LPE facing the high pixel electrode
HPE. The third protruded portion 465 is substantially inter-
locked with the second protruded portion 463.

[0146] An electric field corresponding to portions where
the second and third protruded portions 463 and 465 are
formed is strong in comparison with an adjacent area, so that
asingular point is generated. Therefore, a generation position
of the singular point may be fixed due to the second and third
protruded portions 463 and 465, so that a residual image and
a stain may be prevented from being generated at a domain
boundary corresponding to a boundary portion between the
low pixel electrode LPE and the high pixel electrode HPE.
[0147] In this embodiment, the liquid crystal molecules
control part 460 is formed in both the high pixel electrode
HPE and the low pixel electrode LPE. However, it is not
limited that example embodiment. Alternatively, the liquid
crystal molecule control part 460 may be formed at either one
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of the high pixel electrode HPE or the low pixel electrode
LPE. Moreover, the second and third protruded portions 463
and 465 have a recess of a triangular shape, however, it is not
limited to that example embodiment. For example, the second
and third protruded portions 463 and 465 may have various
shapes such as a rectangular shape, a trapezoidal shape, a
semicircular shape, etc.

[0148] A method of manufacturing the display substrate
107 according to the present embodiment is the same as the
method of manufacturing the display substrate 100 according
to Embodiment 1 described in FIGS. 1 and 2, so that any
further explanation concerning the above elements will be
omitted.

[0149] The transparent electrode layer (not shown) is pat-
terned to form the liquid crystal molecule control part 460
including the low and high pixel electrodes LPE and HPE,
and the second and third protruded portions 463 and 465. For
example, the second protruded portion 463 may be formed in
aside of the high electrode HPE facing the low pixel electrode
LPE, and the third protruded portion 465 may be formed ina
side of the low pixel electrode LPE facing the high pixel
electrode HPE. The third protruded portion 465 may be sub-
stantially interlocked with the second protruded portion 463.

Example Embodiment 8

[0150] FIG. 12isaplanview illustrating a display substrate
according to Embodiment 8 of the present invention. The
display substrate 108 is substantially the same as the display
panel 100 according to Embodiment 1 of FIGS. 1 and 2 except
that a high pixel electrode HPE is inclined. Thus, identical
reference numerals are used in F1IG. 12 to refer to components
that are the same or like those shown in FIGS. 1 and 2, and
thus, a detailed description thereof will be omitted.

[0151] Referringto FIG. 12, a display substrate 108 accord-
ing to Embodiment 8 of the present invention includes a low
pixel electrode LPE and a high pixel electrode HPE.

[0152] Thelow pixel electrode LPE has a plurality of areas
formed to be spaced apart from both sides of the high pixel
electrode HPE in comparison with the high pixel electrode
HPE. The areas are electrically connected to each other
through the bridge electrode BE.

[0153] The high pixel electrode HPE is formed in an
inclined direction with respect to the second direction D2, for
example, in the fourth direction D4.

[0154] An inclination angle ofthe high pixel electrode HPE
may be determined by considering an alignment direction of
liquid crystal molecules arranged in a domain boundary cor-
responding to a boundary of the high pixel electrode HPE.
[0155] In the present embodiment, a side defined by the
high pixel electrode HPE and the low pixel electrode LPE
facing the high pixel electrode HPE is inclined with respect to
the data line, however, it is not limited that example embodi-
ment. Alternatively, the low pixel electrode LPE may be
inclined in an inclined direction with respect to the data line.
[0156] Moreover, in the present embodiment, the first data
line DL1 has a higher stepped difference than the second data
line DL2 at a side of the high pixel electrode HPE. Alterna-
tively, the second data line DL.2 may have a higher stepped
difference than the first data line DL1. For example, a side of
the low pixel electrode LPE facing the high pixel electrode
HPE may be transformed in correspondence with a shape of
the high pixel electrode HPE.

[0157] Furthermore, when a stepped difference is formed at
a side of the low and high pixel electrodes LPE and HPE,
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stepped surfaces forming the stepped difference may be
formed to have the different slope with respect to a boundary
surface between the stepped surfaces.

[0158] As described above, when the high pixel electrode
HPE is formed to have a predetermined slope, a response
speed of liquid crystal molecules disposed in a domain cor-
responding to a boundary of the low pixel electrode LPE may
be fast so that light transmittance passing through a liquid
crystal layer may be enhanced.

[0159] Although it is not illustrated in the figure, a liquid
crystal control part according to Embodiments 1 to 7 may be
employed in a structure of the low and high pixel electrodes
LPE and HPE according to one or more embodiments of the
present invention. Here, the generation of stains or afterim-
ages may be prevented at a boundary of domain areas, and
light transmittance passing through the liquid crystal layer
may be enhanced, so that display quality of the LCD panel
may be enhanced.

[0160] In the above LCD panel according to one or more
embodiments, the pixel area PA may be divided into two low
pixel areas and one high pixel area, and each of the low and
high pixel areas is divided into four domains, however, it is
not limited to that example embodiment. For example, the
pixel area PA may be divided into a low pixel area and a high
pixel area, and each of the low and high pixel areas may be
divided into a plurality of domains.

[0161] Embodiments of the present invention maybe
employed in an LCD panel in which an electrode controlling
liquid crystal molecules is patterned and a pixel electrode is
divided into a plurality of domains.

[0162] As described above, according to one or more
embodiments of the present invention, a pixel electrode may
be divided into two sub-pixel electrodes and a different volt-
agemay be applied to each pixel, so that a wide viewing angle
may be realized. Moreover, a position where the singular
point is generated may be controlled through the liquid crys-
tal molecule control part, so that the generation of stains or
afterimages may be prevented at a boundary of domain areas.
[0163] Moreover, a pixel electrode may be formed to have
a predetermined slope, so that liquid crystal molecules posi-
tioned at a domain boundary may be arranged uniformly so
that light transmittance passing through the liquid crystal
layer may be enhanced.

[0164] The foregoing embodiments are illustrative of the
present disclosure and are not to be construed as limiting
thereof. Although a few example embodiments of the present
invention have been described, those skilled in the art will
readily appreciate that many modifications are possible in the
example embodiments without materially departing from the
novel teachings and advantages of the present disclosure.
Accordingly, all such modifications are intended to be
included within the scope of the present disclosure as defined
in the claims. In the claims, means-plus-function clauses are
intended to cover the structures described herein as perform-
ing the recited function and notonly structural equivalents but
also equivalent structures. Therefore, it is to be understood
that the foregoing is illustrative of the present disclosure and
is not to be construed as limited to the specific example
embodiments disclosed, and that modifications to the dis-
closed example embodiments, as well as other example
embodiments, are intended to be included within the scope of
the appended claims. Embodiments of the present invention
are defined by the following claims, with equivalents of the
claims to be included therein.
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What is claimed is:

1. A display substrate comprising:

a base substrate having a pixel area defined thereon; and

a pixel electrode comprising a low pixel electrode formed

in the pixel area to receive a first voltage, a high pixel
electrode spaced apart from the low pixel electrode
along a first direction to receive a second voltage that is
higher than the first voltage, and a liquid crystal mol-
ecule control part formed on at least one of the low and
high pixel electrodes so as to control liquid crystal mol-
ecules disposed at an area corresponding to a boundary
of the low and high pixel electrodes.

2. The display substrate of claim 1, wherein a pixel area
where the low pixel electrode is formed comprises a plurality
of areas spaced apart from each other along the first direction
to be electrically connected to each other, and the areas are
formed at two portions of the high pixel electrode.

3. The display substrate of claim 1, further comprising:

at least one of storage line disposed at a boundary area

between the low pixel electrode and the high pixel elec-
trode, wherein the storage line overlaps with each of the
low pixel electrode and the high pixel electrode.

4. The display substrate of claim 3, wherein the low pixel
electrode comprises a low main electrode portion and a low
sub-electrode portion protruded from the low main electrode
portion toward the high pixel electrode, wherein the low pixel
electrode overlaps with the storage line, and

the high pixel electrode comprises a high main electrode

portion and a high sub-electrode portion crossly pro-
truded from the high main electrode portion toward the
low pixel electrode in a zigzag pattern, wherein the high
pixel electrode overlaps with the storage line.

5. The display substrate of claim 4, wherein the liquid
crystal molecule control part has a first recess formed at a
corner portion where the high main electrode portion and the
high sub-electrode portion meet each other.

6. The display substrate of claim 4, wherein the liquid
crystal molecule control part has a second recess formed at a
corner portion where the low main electrode portion and the
low sub-electrode portion meet each other.

7. The display substrate of claim 4, wherein the liquid
crystal molecule control part comprises at least one of a third
recess formed at a side of the high sub-electrode portion
facing the low sub-electrode portion and a fourth recess
formed at a side of the low sub-electrode portion facing the
high sub-electrode portion.

8. The display substrate of claim 4, wherein the liquid
crystal molecule control part comprises at least one of a first
protruded portion formed at a side of the high sub-electrode
portion facing the low sub-electrode portion and a fifth recess
formed at a side of the low sub-electrode portion facing the
high sub-electrode portion.

9. The display substrate of claim 1, wherein the liquid
crystal molecule control part comprises:

at least one first stepped portion formed at a side of the low

pixel electrode facing the high pixel electrode; and

at least one second stepped portion formed at a side of the

high pixel electrode facing the low pixel electrode, the
second stepped portion being crossed with the first
stepped portion.

10. The display substrate of claim 9, wherein the liquid
crystal molecule control part further comprises:



US 2010/0007808 A1

at least one sixth recess formed at a corner portion where
stepped surfaces forming the first stepped portion meet
each other; and

at least one seventh recess formed at a corner portion where
stepped surfaces forming the second stepped portion
meet each other.

11. The display substrate of claim 9, wherein a plurality of
boundary surfaces between stepped surfaces forming the first
stepped portion and the second stepped portion, respectively,
is inclined.

12. The display substrate of claim 2, wherein the liquid
crystal molecule control part comprises:

a second protruded portion formed at a side of the high

pixel electrode facing the low pixel electrode; and

a third protruded portion formed at a side of the low pixel
electrode facing the low pixel electrode, the third pro-
truded portion being crossed with the second protruded
portion.

13. The display substrate of claim 12, wherein at least one
of the low pixel electrode and the high pixel electrode is
inclined in an inclined direction with respect to the first direc-
tion.

14. A liquid crystal display panel comprising:

a display substrate comprising a pixel electrode, the pixel
electrode comprising a low pixel electrode receiving a
first voltage, a high pixel electrode spaced apart from the
low pixel electrode along a first direction to receive a
second voltage that is higher than the first voltage, and a
liquid crystal molecule control part formed on at least
one of the low and high pixel electrodes so as to control
liquid crystal molecules disposed at an area correspond-
ing to a boundary of the low and high pixel electrodes;

an opposite substrate comprising a common electrode; and
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a liquid crystal layer interposed between the display sub-
strate and the opposite substrate.

15. The liquid crystal display panel of claim 14, wherein a
pixel area on which the low and high pixel electrodes are
formed is divided into plural domains along a direction where
adirector of liquid crystal molecules of the liquid crystal layer
is arranged when an electric field is applied thereto.

16. The liquid crystal display panel of claim 14, wherein a
pixel area where the low pixel electrode is formed comprises
aplurality of areas spaced apart from each other along the first
direction to be electrically connected to each other, and the
areas are formed at both portions of the high pixel electrode.

17. A liquid crystal display panel comprising:

a display substrate comprising a low pixel electrode which
receives a first voltage and a high pixel electrode spaced
apart from the low pixel electrode along a first direction
to receive a second voltage that is higher than the first
voltage, the high pixel electrode inclined along an
inclined direction with respect to the first direction so as
to control liquid crystal molecules disposed at an area
corresponding to a boundary of the low and high pixel
electrodes;

an opposite substrate comprising a common electrode; and

a liquid crystal layer interposed between the display sub-
strate and the opposite substrate.

18. The liquid crystal display panel of claim 17, wherein

the low pixel electrode is inclined in the inclined direction.

19. The liquid crystal display panel of claim 17, wherein a
pixel area on which the low and high pixel electrodes are
formed is divided into plural domains along a direction where
adirector of liquid crystal molecules of the liquid crystal layer
is arranged when an electric field is applied thereto.
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