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(54) Array substrate for a display device

(57) A display substrate (100) includes a base sub-
strate (110) and a continuous pixel electrode (160). The
display substrate (100) includes a gate line (GL), a data
line (DL) crossing the gate line (GL) and a thin-film tran-
sistor (SW) electrically connected to the gate line (GL)
and the data line (DL) formed on the base substrate (110).
A pixel area is defined in the display substrate (100). The
continuous pixel electrode (160) includes a plurality of
branch electrodes (161,162,163,164) formed in the pixel
area and a connection electrode (165) connecting the
branch electrodes (161,162,163,164) to each other.
Each of the branch electrodes (161,162,163,164) in-
cludes a bent portion and the bent portions of adjacent
branch electrodes (161,162,163,164) are spaced apart
from each other except for two branch electrodes, the
bent portions of which contact each other in the center
of the pixel area.
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Description

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] Exemplary embodiments of the present inven-
tion relate to a display substrate used in a liquid crystal
display ("LCD") device, a display device including the
display substrate, and a method of manufacturing the
display substrate.

2. Description of the Related Art

[0002] A liquid crystal display ("LCD") device is one of
the more widely used types of flat panel display devices.
An LCD device includes a lower substrate including a
plurality of pixel electrodes, an upper substrate including
a common electrode facing the pixel electrodes, and a
liquid crystal layer interposed there between.
[0003] Voltages different from each other are respec-
tively applied to the pixel electrodes and the common
electrode to generate an electric field between the pixel
electrodes and the common electrode. The electric field
is applied to the liquid crystal layer to control the arrange-
ment of liquid crystal molecules in the liquid crystal layer,
so that the LCD device displays images. A liquid crystal
molecule has a long shape extended in a first direction.
The liquid crystal molecule has a director parallel with
the extended direction of the liquid crystal molecule. The
amount of light transmitted through the liquid crystal layer
is altered by an angle between the director of the liquid
crystal molecules and incident light. Thus, the LCD de-
vice has a relatively narrow viewing angle with respect
to other display devices.
[0004] To address the disadvantage of a narrow view-
ing angle, various techniques have been developed. For
example, an LCD device of a patterned vertical alignment
("PVA") mode has been developed in which a pixel area
is divided into a plurality of domains to be driven.
[0005] In the LCD device employing the PVA mode,
the liquid crystal molecules are vertically aligned with re-
spect to the upper and lower substrates, a uniform slit
pattern or protrusion pattern is formed in the pixel elec-
trode and/or the common electrode, so that a multi-do-
main structure is formed on a unit pixel area.
[0006] However, when a multi-domain structure is
formed on the pixel area according to the slit pattern or
protrusion pattern, the aperture ratio of a display device
may be reduced. Moreover, the arrangement of liquid
crystal molecules may not be controlled in parts, so that
the visibility of the LCD device may be reduced.

BRIEF SUMMARY OF THE INVENTION

[0007] Exemplary embodiments of the present inven-
tion provide a display substrate capable of improving a
viewing angle and the aperture ratio of a pixel area.

[0008] Exemplary embodiments of the present inven-
tion also provide a display device having the above-men-
tioned display substrate.
[0009] Exemplary embodiments of the present inven-
tion further also provide a method of manufacturing the
above-mentioned display substrate.
[0010] An exemplary embodiment of a display sub-
strate includes a base substrate and a unitary indivisible
pixel electrode.
[0011] In an exemplary embodiment of the present in-
vention, the base substrate may include a gate line, a
data line crossing the gate line and a thin-film transistor
("TFT") electrically connected to the gate line and the
data line disposed thereon. A pixel area may be defined
on the base substrate. The unitary indivisible pixel elec-
trode may include a plurality of branch electrodes dis-
posed on the pixel area and a connection electrode con-
necting the branch electrodes to each other. Each of the
branch electrodes may include a bent portion, and the
bent portions of adjacent branch electrodes may be
spaced apart from each other. The pixel electrode may
be electrically connected to the TFT.
[0012] In an exemplary embodiment of the present in-
vention, each of the branch electrodes may include a first
pattern portion extended in an inclined direction with re-
spect to the gate line when viewed in a plan view, a sec-
ond pattern portion extended in an inclined direction with
respect to the first pattern portion when viewed in the
plan view, and a connection portion where a portion of
the first pattern portion and a portion of the second pattern
portion may meet each other to form the connection por-
tion at the bent portion. When the pixel area includes a
plurality of sub-areas adjacent to each other, the first pat-
tern portion and the second pattern portion may be dis-
posed on each of adjacent sub-areas, and the connection
portion may be disposed along an outline of the sub-
areas.
[0013] In an exemplary embodiment of the present in-
vention, the connection portion may include a first sub-
pattern portion being bent from the first pattern portion
to be extended, and a second sub-pattern portion being
bent from the second pattern portion to be extended and
meeting the first sub-pattern portion to form the connec-
tion portion at the bent portion. An angle between the
first sub-pattern portion and the second sub-pattern por-
tion may be smaller than or equal to an angle between
the first pattern portion and the second pattern portion
when viewed in a plan view. The angle between the first
pattern portion and the second pattern portion may be
about 90° when viewed in a plan view, and the angle
between the first sub-pattern portion and the second sub-
pattern portion may be in a range from about 6° to about
90° when viewed in a plan view.
[0014] In an exemplary embodiment of the present in-
vention, the connection portion may further include a
planarization portion disposed in an inner area of the bent
portion to increase the width of the bent portion. When
each of the first pattern portion and the second pattern
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portion may have a first width, and a first pattern portion
and a second pattern portion of the branch electrodes
adjacent to each other are spaced apart from each other
by a second width, the width of the bent portion compris-
ing the planarization portion may be greater than the first
width, and may be smaller than a total sum of the first
width and the second width.
[0015] An exemplary embodiment of a display device
includes a display substrate, an opposite substrate and
a liquid crystal layer.
[0016] In an exemplary embodiment of the present in-
vention, the display substrate may include a first base
substrate and a unitary indivisible pixel electrode. The
first base substrate may include a gate line, a data line
crossing the gate line and a TFT electrically connected
to the gate line and the data line disposed thereon. A
pixel area may be defined on the first base substrate.
The pixel electrode may be electrically connected to the
TFT. The pixel electrode may include a plurality of branch
electrodes disposed on the pixel area of the first base
substrate and a connection electrode connecting the
branch electrodes to each other. Each of the branch elec-
trodes may include a bent portion, and the bent portions
of adjacent branch electrodes are spaced apart from
each other. The opposite substrate may include a second
base substrate in which a common electrode is disposed
to face the pixel electrode and a second base substrate
facing the first base substrate. The liquid crystal layer
may be disposed between the display substrate and the
opposite substrate.
[0017] In an exemplary embodiment of a method of
manufacturing a display substrate, a TFT is disposed on
a substrate which includes a pixel area defined thereon.
A passivation film and an organic layer may be sequen-
tially deposited on the substrate which includes the TFT.
A contact hole partially exposing the TFT may be dis-
posed extended through the passivation film and the or-
ganic layer. A transparent conductive layer may be dis-
posed on the organic layer including the contact hole
extended therethrough. The transparent conductive lay-
er may be patterned to form a unitary and indivisible pixel
electrode. The pixel electrode may include a plurality of
branch electrodes disposed on the pixel area and a con-
nection electrode connecting the branch electrodes to
each other. Each of the branch electrodes may include
a bent portion, and the bent portions of adjacent branch
electrodes are spaced apart from each other. The pixel
electrode may be electrically connected to the TFT.
[0018] In exemplary embodiments of a display device
including the display substrate and a method of manu-
facturing the display substrate, a unitary indivisible pixel
electrode includes a plurality of branch electrodes which
are spaced apart from each other and a connection elec-
trode connecting the branch electrodes to each other, so
that a pixel area may be divided into a plurality of do-
mains, and conductive patterns connecting a center por-
tion of the branch electrodes may be omitted. Advanta-
geously, the viewing angle of a liquid crystal display de-

vice may be improved, and the aperture ratio of a pixel
area may be improved.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019] The above and other features and advantages
of the present invention will become more apparent by
describing in detailed exemplary embodiments thereof
with reference to the accompanying drawings, in which:
[0020] FIG. 1 is a plan view illustrating an exemplary
embodiment of a display device according to the present
invention;
[0021] FIG. 2 is an enlarged plan view illustrating por-
tion "A" of FIG. 1;
[0022] FIG. 3 is a cross-sectional view schematically
illustrating an exemplary embodiment of the display de-
vice of FIG. 1;
[0023] FIGS. 4A to 4G are cross-sectional views sche-
matically illustrating an exemplary embodiment of a proc-
ess for manufacturing a display substrate of FIGS. 1 to 3;
[0024] FIG. 5 is a plan view illustrating another exem-
plary embodiment of a display device according to the
present invention;
[0025] FIG. 6 is an enlarged plan view illustrating por-
tion "B" of FIG. 5;
[0026] FIG. 7 is a plan view illustrating another exem-
plary embodiment of a display device according to the
present invention;
[0027] FIG. 8 is an enlarged plan view illustrating por-
tion "C" of FIG. 7;
[0028] FIG. 9 is a plan view illustrating another exem-
plary embodiment of a display device according to the
present invention; and
[0029] FIG. 10 is an enlarged plan view illustrating por-
tion "D" of FIG. 9.

DETAILED DESCRIPTION OF THE INVENTION

[0030] The present invention is described more fully
hereinafter with reference to the accompanying draw-
ings, in which exemplary embodiments of the present
invention are shown. The present invention may, how-
ever, be embodied in many different forms and should
not be construed as limited to exemplary embodiments
set forth herein. Rather, these exemplary embodiments
are provided so that this disclosure will be thorough and
complete, and will fully convey the scope of the present
invention to those skilled in the art. In the drawings, the
sizes and relative sizes of layers and regions may be
exaggerated for clarity.
[0031] It will be understood that when an element or
layer is referred to as being "on" or "coupled to" another
element or layer, it can be directly on or connected to the
other element or layer or intervening elements or layers
may be present. In contrast, when an element is referred
to as being "directly on" or "directly connected to" another
element or layer, there are no intervening elements or
layers present. As used herein, "connected" may refer to
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elements being physically and/or electrically connected
to each other. 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.
[0032] 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 sec-
ond element, component, region, layer or section without
departing from the teachings of the present invention.
[0033] Spatially relative terms, such as "beneath," "be-
low," "lower," "above," "upper" and the like, may be used
herein for ease of description to describe one element or
feature’s relationship 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 dif-
ferent 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, ele-
ments described as "below" or "beneath" other elements
or features would then be oriented "above" the other el-
ements or features. Thus, the exemplary term "below"
can encompass both an orientation of above and below.
The device may be otherwise oriented (rotated 90 de-
grees or at other orientations) and the spatially relative
descriptors used herein interpreted accordingly.
[0034] The terminology used herein is for the purpose
of describing particular exemplary embodiments only
and is not intended to be limiting of the present invention.
As used herein, the singular forms "a," "an" and "the" are
intended to include the plural forms as well, unless the
context clearly indicates otherwise. It will be further un-
derstood that the terms "comprises" and/or "comprising,"
when used in this specification, specify the presence of
stated features, integers, steps, operations, elements,
and/or components, but do not preclude the presence or
addition of one or more other features, integers, steps,
operations, elements, components, and/or groups there-
of.
[0035] Exemplary embodiments of the invention are
described herein with reference to cross-sectional illus-
trations that are schematic illustrations of idealized ex-
emplary embodiments (and intermediate structures) of
the present invention. As such, variations from the
shapes of the illustrations as a result, for example, of
manufacturing techniques and/or tolerances, are to be
expected. Thus, exemplary embodiments of the present
invention should not be construed as limited to the par-
ticular shapes of regions illustrated herein but are to in-
clude 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 concentra-
tion at its edges rather than a binary change from im-
planted to non-implanted region. Likewise, a buried re-
gion formed by implantation may result in some implan-
tation 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 in-
tended to limit the scope of the present invention.
[0036] Unless otherwise defined, all terms (including
technical 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 dictionaries, 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.
[0037] All methods described herein can be performed
in a suitable order unless otherwise indicated herein or
otherwise clearly contradicted by context. The use of any
and all examples, or exemplary language (e.g., "such
as"), is intended merely to better illustrate the invention
and does not pose a limitation on the scope of the inven-
tion unless otherwise claimed. No language in the spec-
ification should be construed as indicating any non-
claimed element as essential to the practice of the inven-
tion as used herein.
[0038] Hereinafter, the present invention will be ex-
plained in detail with reference to the accompanying
drawings.
[0039] FIG. 1 is a plan view illustrating an exemplary
embodiment of a display device according to the present
invention. FIG. 2 is an enlarged plan view showing portion
"A" of FIG. 1. FIG. 3 is a cross-sectional view schemat-
ically illustrating a display device 10 of FIG. 1.
[0040] Referring to FIGS. 1 to 3, a display device 10
includes a display substrate 100, an opposite substrate
200 and a liquid crystal layer 300.
[0041] The display substrate 100 includes a first base
substrate 110, a plurality of a gate line GL, a gate insu-
lation layer 120, a plurality of a data line DL, a plurality
of a thin-film transistor ("TFT") SW, a passivation film
140, an organic layer 150, a plurality of a pixel electrode
160 and a first alignment layer 170.
[0042] The first base substrate 110 includes a trans-
parent insulating material capable of transmitting light.
In one exemplary embodiment, the first base substrate
110 may include glass. The glass used for the first base
substrate 110 may be an alkali-free glass. When the glass
is an alkali glass, alkali ions are eluted from the glass to
a liquid crystal cell, and thus display characteristics of
the display device 10 may undesirably deteriorate. Due
to the eluted alkali ions, an adhesiveness between a seal-
ing member (not shown) sealing liquid crystals and the
first base substrate 110 may be decreased. Accordingly,
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a driving of a TFT SW disposed on the first base substrate
110 may be damaged. Moreover, the first base substrate
110 may optically isotropic. A plurality of a pixel area PA
is defined on the first base substrate 110.
[0043] In the plan view, the gate line GL is disposed
between adjacent pixel areas PA of the first base sub-
strate 110, and is longitudinally extended in a first direc-
tion D1 on the first base substrate 110. The gate line GL
applies a gate signal applied from an external device (not
shown) to the TFT SW to turn on the TFT SW. In one
exemplary embodiment, the gate line GL may have a
double-layer structure in which forming processes for
each layer are different from each other. When the gate
line GL includes the double-layer structure, a first layer
of the gate line GL is formed using a metal having rela-
tively strong mechanical and chemical characteristics
such as chromium (Cr), molybdenum (Mo), molybdenum
alloy, etc. and a second layer of the gate line GL is formed
using a metal having a relatively low specific resistance
such as aluminum (Al), aluminum alloy, etc.
[0044] The gate insulation layer 120 is disposed on the
first base substrate 110 to cover the gate line GL and a
plurality of a gate electrode GE. The gate insulation layer
120 may be disposed on an entire of the first base sub-
strate 110 to overlap the plurality of the gate line GL and
the plurality of the gate electrode GE. In an exemplary
embodiment, the gate insulation layer 120 may include,
but is not limited to, silicon nitride (SiNx), silicon oxide
(SiNx), etc.
[0045] In the plan view, the data line DL is disposed
between adjacent pixel areas PA, and is longitudinally
extended in a second direction D2 crossing the first di-
rection D1 which is the extended direction of the gate line
GL on the gate insulation layer 120. The second direction
D2 may intersect the first direction such as to be sub-
stantially perpendicular to the first direction D1. The data
line DL applies a data signal provided from an external
device (not shown) to the pixel electrode 160 via the TFT
SW.
[0046] The TFT SW includes the gate electrode GE
electrically connected to the gate line GL, a semiconduc-
tor pattern 130 disposed directly on the gate insulation
layer 120 corresponding to the gate electrode GE, a
source electrode SE electrically connected to the data
line DL, and a drain electrode DE electrically connected
to the pixel electrode 160. As used herein, "correspond-
ing" may refer to as being related in positional relation-
ship, dimension and/or shape to another element, such
as being aligned with the another element. The source
electrode SE and the drain electrode DE are each dis-
posed directly on the semiconductor pattern 130, and are
spaced apart from each other in the plan view. The source
electrode SE is disposed continuous with the data line
DL, such that the source electrode SE and the data line
DL are a unitary indivisible element of the display sub-
strate 100. Similarly, the gate electrode GE is disposed
continuous with the gate line GL, such that the gate elec-
trode GE and the gate line GL are a unitary indivisible

element of the display substrate 100.
[0047] When a gate signal from the gate line GL is
applied to the gate electrode GE of the TFT SW, the
semiconductor pattern 130 is altered from having non-
conductive characteristics to having conductive charac-
teristics. When the gate signal is applied to the gate elec-
trode GE, the TFT SW is turned on. When the TFT SW
is turned on, a data signal applied to the source electrode
SE from the data line DL is applied to the pixel electrode
160 via the semiconductor pattern 130 and the drain elec-
trode DE.
[0048] The passivation film 140 is disposed directly on
the gate insulation layer 120 to cover the data line DL
and the TFT SW. The passivation film 140 may be dis-
posed on an entire of the first base substrate 110 to over-
lap the plurality of the data line DL and the plurality of the
TFT SW. In one exemplary embodiment, the passivation
film 140 may include silicon nitride (SiNx), silicon oxide
(SiOx), etc., such as including the same material to the
gate insulation layer 120.
[0049] The organic layer 150 is disposed directly on
the passivation film 140 and effectively planarizes the
display substrate 100. Moreover, the organic layer 150
may reduce a parasitic capacitance generated between
the pixel electrode 160 and the data line DL. When the
data line DL does not overlap with the pixel electrode
160, the organic layer 150 may be omitted. A contact
hole CNT partially exposing a portion of the drain elec-
trode DE is disposed extended completely both through
the passivation film 140 and the organic layer 150.
[0050] In the plan view, the pixel electrode 160 is dis-
posed directly on the organic layer 150 in correspond-
ence with (e.g., aligned with) a pixel area PA of the first
base substrate 110. The pixel electrode 160 may include
an optically transparent and electrically conductive ma-
terial. In one exemplary embodiment, the pixel electrode
160 may include indium tin oxide ("ITO"), indium zinc
oxide ("IZO"), amorphous indium tin oxide ("a-ITO"), etc.
[0051] The pixel electrode 160 is electrically connect-
ed to the drain electrode DE of the TFT SW through the
contact hole CNT disposed extending completely
through both the passivation film 140 and the organic
layer 150. A data signal applied to the data line DL is
applied to the pixel electrode 160 through the source
electrode SE and the drain electrode DE of the TFT SW.
An electric field, which will be applied to a liquid crystal
layer 300, is generated by the data signal applied to the
pixel electrode 160, and a common voltage applied to a
common electrode 250 of the opposite substrate 200.
[0052] The first alignment layer 170 is disposed directly
on the organic layer 150 to cover the pixel electrode 160.
The first alignment layer 170 may be disposed on an
entire of the first base substrate 110 to overlap the plu-
rality of the pixel electrode 160. The first alignment layer
170 may initially align liquid crystal molecules of the liquid
crystal layer 300 to improve the response time of the
liquid crystal molecules.
[0053] Referring again to FIG. 1, a storage line STL
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may be further disposed on the first base substrate 110.
The storage line STL is disposed below the gate insula-
tion layer 120, such as between the gate insulation layer
120 and the first base substrate 110, and is longitudinally
extended substantially in parallel with the gate line GL.
In the plan view, a portion of the storage line STL overlaps
with a portion (e.g., an outer boundary) of the pixel elec-
trode 160. A portion of the storage line STL also overlaps
with a portion of the drain electrode DE of the TFT SW.
A storage capacitor may be defined by the storage line
STL, the pixel electrode 160, the gate insulation layer
120 and the passivation film 140. The storage capacitor
may substantially uniformly maintain a voltage applied
to the pixel electrode 160 for one frame.
[0054] Referring again to FIGS. 1 and 2, the pixel elec-
trode 160 includes a plurality of branch electrodes 161,
162, 163 and 164, and a connection electrode 165. The
connection electrode 165 is disposed at a periphery or
boundary of the pixel electrode 160. First portions of the
connection electrode 165 longitudinally extend in the first
direction D1, and second portions of the connection elec-
trode longitudinally extend in the second direction D2.
The plurality of branch electrodes 161, 162, 163 and 164,
and the connection electrode 165 are disposed continu-
ous with each other, such that the plurality of branch elec-
trodes 161, 162, 163 and 164, and the connection elec-
trode 165 collectively form the pixel electrode 160 as a
single, unitary and indivisible element of the display de-
vice.
[0055] The branch electrodes 161, 162, 163 and 164
are disposed on the pixel area PA to divide the pixel area
PA into a plurality of domains S1, S2, S3 and S4.
[0056] Each of the branch electrodes 161, 162, 163
and 164 includes a bent portion. The bent portions of
adjacent branch electrodes are spaced apart from each
other in the plan view. Each of the branch electrodes 161,
162, 163 and 164 may have substantially a "V" shape in
which a center portion thereof is bent. In the illustrated
exemplary embodiment, each of branch electrodes 161,
162, 163 and 164 may include a plurality of first pattern
portions 161 a, 162a, 163a and 164a, a plurality of second
pattern portions 161b, 162b, 163b and 164b, and a plu-
rality of connection portions 161c, 162c, 163c and 164c,
respectively.
[0057] Each of the first pattern portions 161a, 162a,
163a and 164a are longitudinally extended in a direction.
The second pattern portions 161b, 162b, 163b and 164b
are respectively each extended in an inclined direction
with respect to the first pattern portion 161a, 162a, 163a
and 164a, when viewed in the plan view. In one exem-
plary embodiment, the second pattern portions 161b,
162b, 163b and 164b may be extended in an inclined
direction by an angle of about 90° with respect to the first
pattern portions 161a, 162a, 163a and 164a when viewed
in a plan view.
[0058] Each of the connection portions 161c, 162c,
163c and 164c are disposed at areas where portions
(e.g., a first end) of the first pattern portions 161a, 162a,

163a and 164a meet portions (e.g., a first end) of the
second pattern portions 161b, 162b, 163b and 164b, re-
spectively. The areas where the first ends of the first pat-
tern portions 161a, 162a, 163a and 164a meet the re-
spective first ends of the second pattern portions 161b,
162b, 163b and 164b are indicated along the dotted lines
in FIG. 2. The bent portion is formed at the connection
portions 161c, 162c, 163c and 164c.
[0059] In one exemplary embodiment, each width of
the first pattern portions 161 a, 162a, 163a and 164a may
be different from each width of the second pattern por-
tions 161b, 162b, 163b and 164b, respectively. In an al-
ternative exemplary embodiment, each width of the first
pattern portions 161a, 162a, 163a and 164a may be sub-
stantially equal to each width of the second pattern por-
tions 161b, 162b, 163b and 164b, respectively. Each of
the widths of the pattern portions may be taken substan-
tially perpendicular to the longitudinal (extension) direc-
tion of the pattern portions.
[0060] When the pixel area PA includes two sub-areas
adjacent to each other, each of the first pattern portions
161 a, 162a, 163a and 164a and the second pattern por-
tions 161 b, 162b, 163b and 164b is disposed on the
adjacent sub-areas, respectively. The connection por-
tions 161c, 162c, 163c and 164c are disposed along an
outline (e.g., boundary) of the adjacent sub-areas.
[0061] In the illustrated exemplary embodiment, when
the pixel area PA includes a first sub-area S1, a second
sub-area S2 adjacent to the first sub-area S1 along an
extended direction (first direction D1) of the gate line GL,
a third sub-area S3 adjacent to the second sub-area S2
along an extended direction (second direction D2) of the
data line DL, and a fourth sub-area S4 adjacent to the
first sub-area S1 along an extended direction (second
direction D2) of the data line DL and adjacent to the third
sub-area S3 along an extended direction (first direction
D1) of the gate line GL, the branch electrodes of the pixel
electrode 160 may include a plurality of first branch elec-
trodes 161, a plurality of second branch electrodes 162,
a plurality of third branch electrodes 163 and a plurality
of fourth branch electrodes 164. The first through fourth
sub-areas S1 to S4 are separated in FIG. 1 by the crossed
dotted line.
[0062] Referring to FIG. 1, a pair of branch electrodes
of the pixel electrode 160 meets at a center of the pixel
area PA, such as indicated at the intersection of the dot-
ted lines indicating the first through fourth sub-areas S1
to S4. The pair of branch electrodes may include one
branch electrode in the "V" shape and one branch elec-
trode in an inverted "V" shape, disposed symmetrically
about a (dotted) center line extended in the first direction
D1. Such "V" and inverted "V" shaped branch electrodes
may be considered as a first branch electrode 161 and
a third branch electrode 163, respectively.
[0063] Alternatively, the pair of branch electrodes may
include one branch electrode in a "<" shape (a "V" shape
opened to the right), and one branch electrode in a ">"
shape (a "V" shape opened to the left) disposed sym-
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metrically about a (dotted) center line extended in the
second direction D2. Such right-opened and a left-
opened "V" shaped branch electrodes may be consid-
ered as a second branch electrode 162 and a fourth
branch electrode 164, respectively.
[0064] Each of the first branch electrodes 161 includes
a first pattern portion 161a disposed on the first sub-area
S1, a second pattern portion 161 b disposed on the sec-
ond sub-area S2, and a connection portion 161c coincid-
ing with portions of a boundary between the adjacent first
sub-area S1 and the second sub-area S2 where the first
pattern portion 161 a and the second pattern portion 161
b meet. The connection portions 161 c of adjacent first
branch electrodes 161 are spaced apart from each other
by a predetermined distance. The first pattern portion
161a of the first branch electrodes 161 is inclined at an
angle of about -45° with respect to the gate line GL, when
viewed in a plan view. The second pattern portion 161b
of the first branch electrodes 161 is inclined at an angle
of about -135° with respect to the gate line GL, when
viewed in a plan view.
[0065] Each of the second branch electrodes 162 in-
cludes a first pattern portion 162a disposed on the second
sub-area S2, a second pattern portion 162b disposed on
the third sub-area S3, and a connection portion 162c co-
inciding with portions of a boundary between the adjacent
second sub-area S2 and the third sub-area S3 where the
first pattern portion 162a and the second pattern portion
162b meet. The connection portions 162c of adjacent
second branch electrodes 162 are spaced apart from
each other by a predetermined distance. The first pattern
portion 162a of the second branch electrodes 162 is in-
clined at an angle of about -135° with respect to the gate
line GL when viewed in a plan view. The second pattern
portion 162b of the second branch electrodes 162 is pref-
erably inclined at an angle of about -45° with respect to
the gate line GL. In one exemplary embodiment, the sec-
ond branch electrodes 162 may have a shape in which
the first branch electrodes 161 are rotated by an angle
of about 90° in a clockwise direction.
[0066] Each of the third branch electrodes 163 in-
cludes a first pattern portion 163a disposed on the third
sub-area S3, a second pattern portion 163b disposed on
the fourth sub-area S4, and a connection portion 163c
coinciding with portions of a boundary between the third
sub-area S3 and the fourth sub-area S4. The connection
portions 163c of adjacent third branch electrodes 163 are
spaced apart from each other by a predetermined dis-
tance. The first pattern portion 163a of the third branch
electrodes 163 is inclined at an angle of about 135° with
respect to the gate line GL when viewed in a plan view.
The second pattern portion 163b of the third branch elec-
trodes 163 is inclined at an angle of about 45° with respect
to the gate line GL when viewed in a plan view. In one
exemplary embodiment, the third branch electrodes 163
may have a shape in which the first branch electrodes
161 are rotated by an angle of about 180° in a clockwise
direction when viewed in a plan view.

[0067] Each of the fourth branch electrodes 164 in-
cludes a first pattern portion 164a disposed on the fourth
sub-area S4, a second pattern portion 164b disposed on
the first sub-area S1, and a connection portion 164c co-
inciding with portions of a boundary between the fourth
sub-area S4 and the first sub-area S1. The connection
portions 164c of adjacent fourth branch electrodes 164
are spaced apart from each other by a predetermined
distance. The first pattern portion 164a of the fourth
branch electrodes 164 is inclined at an angle of about
45° with respect to the gate line GL when viewed in a
plan view. The second pattern portion 164b of the fourth
branch electrodes 164 is inclined at an angle of about
135° with respect to the gate line GL when viewed in a
plan view. In one exemplary embodiment, the fourth
branch electrodes 164 may have a shape in which the
first branch electrodes 161 are rotated by an angle of
about 270° in a clockwise direction.
[0068] When the branch electrodes 161, 162, 163 and
164 are arranged as described above, pattern portions
are disposed within the first and third sub-areas S1 and
S3 to be extended in an inclined longitudinal direction by
an angle of about 135° with respect to the gate line GL
when viewed in a plan view. Since the pattern portions
disposed on the second and fourth sub-areas S2 and S4
are extended in an inclined longitudinal direction by an
angle of about 45° with respect to the gate line GL, a
pixel area PA may be divided into a plurality of domains.
[0069] Respective edges of the first pattern portions
161a, 162a, 163a and 164a and the second pattern por-
tions 161b, 162b, 163b and 164b meet at the bent portion
of the branch electrodes 161, 162, 163 and 164 to form
a "V" shape. Both inner edges at an inner side of the "V",
and outer edges at an outer side of the "V" directly contact
and meet each other. Each of the inner edges and the
outer edges are completely linear extending from the
connection electrode 165 to the respective connection
portions 161c, 162c, 163c and 164c.
[0070] The connection electrode 165 connects to the
branch electrodes 161, 162, 163 and 164, such that the
connection electrode 165 is continuous and common to
all of the branch electrodes 161, 162, 163 and 164. In
the illustrated exemplary embodiment, the connection
electrode 165 may connect terminals (e.g., distal ends)
of the branch electrodes 161, 162, 163 and 164 to each
other, such that the connection electrode 165 and the
branch electrodes 161, 162, 163 and 164 collectively
form a single, unitary and indivisible pixel electrode 160.
Each of the branch electrodes 161, 162, 163 and 164 is
spaced apart from each other by a predetermined dis-
tance. The connection electrode 165 electrically con-
nects the branch electrodes 161, 162, 163 and 164 that
are spaced apart from each other.
[0071] Referring to FIG. 1, a third width W3 of the con-
nection electrode 165 may be greater than a first width
W1 of the first pattern portions 161a, 162a, 163 a and
164a or the second pattern portions 161b, 162b, 163b
and 164b. Each of the widths W1 and W3 are taken in a
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direction substantially perpendicular to a longitudinal ex-
tension direction of the connection electrode 165, the first
pattern portions 161a, 162a, 163a and 164a or the sec-
ond pattern portions 161b, 162b, 163b and 164b, respec-
tively.
[0072] The connection electrode 165 may be extended
along an outline (e.g., boundary) of the pixel area PA. A
shape in the plan view of the connection electrode 165
may be determined in accordance with a shape of the
pixel area PA. In one exemplary embodiment, when the
pixel area PA has a substantially rectangular shape, the
connection electrode 165 may have a rectangular frame
shape corresponding to the rectangular-shaped pixel ar-
ea PA. The connection electrode 165 may be disposed
completely within the pixel area PA such as to not overlap
with the gate line GL and/or the data line DL. Alternatively,
a portion of the connection electrode 165 may overlap
with the data line DL and/or the gate line GL in the plan
view.
[0073] The pixel electrode 160 may be electrically con-
nected to the drain electrode DE of the TFT SW through
the connection electrode 165. A portion of the connection
electrode 165 is protruded to overlap with the drain elec-
trode DE of the TFT SW in the plan view.
[0074] Referring again to FIG. 3, the opposite sub-
strate 200 faces the display substrate 100.
[0075] The opposite substrate 200 may include a sec-
ond base substrate 210, a light-blocking pattern 220, a
color filter 230, an overcoating layer 240, the common
electrode 250 and a second alignment layer 260.
[0076] The second base substrate 210 may include a
transparent insulating material capable of transmitting
light. In one exemplary embodiment, the second base
substrate 210 may include a transparent glass. The glass
may be an alkali-free glass to have optically isotropy.
[0077] The light-blocking pattern 220 is disposed on
the second base substrate 210 corresponding to the gate
line GL, the data line DL and the TFT SW. In one exem-
plary embodiment, the light-blocking pattern 220 may in-
clude an opaque inorganic material having photoresist
components. The opaque inorganic material includes
carbon black, a pigment mixture and a dye mixture. Al-
ternatively, the light-blocking pattern 220 may include a
metal material such as chromium (Cr), chromium oxide
(CrOx), chromium nitride (CrNx), etc. When light trans-
mitted through a light-blocking area is blocked by over-
lapping a color filter 230 which is described below, the
light-blocking pattern 220 may be omitted. The pixel area
PA may include areas of the display device, except for
areas overlapping the light blocking pattern 220. The pix-
el area PA may include only areas not overlapping with
the light blocking pattern 220.
[0078] The color filter 230 is disposed on the second
base substrate 210 including the light-blocking pattern
220 which corresponds to the pixel electrode 160. The
color filter 230 selectively transmits light having a prede-
termined wavelength. In one exemplary embodiment, the
color filter 230 may include a red color filter transmitting

a red light, a green color filter transmitting a green light,
and a blue color filter transmitting a blue light.
[0079] The overcoating layer 240 is disposed on the
second base substrate 210 which includes the light-
blocking pattern 220 and the color filter layer 230 dis-
posed thereon. The overcoating layer 240 protects the
color filter 230 and planarizes a surface of the second
base substrate 210 which includes the color filter 230
disposed thereon. The overcoating layer 240 may be dis-
posed overlapping an entire of the second base substrate
210.
[0080] The common electrode 250 includes an optical-
ly transparent and/or electrically conductive material and
is disposed directly on the overcoating layer 240. The
common electrode 250 faces the pixel electrode 160 and
is disposed overlapping an entire surface of the second
base substrate 210. A common voltage Vcom is applied
to the common electrode 250.
[0081] The second alignment layer 260 is disposed di-
rectly on the common electrode 250. The second align-
ment layer 260 and the first alignment layer 170 may
initially align liquid crystal molecules of the liquid crystal
layer 300.
[0082] The liquid crystal layer 300 is interposed be-
tween the display substrate 100 and the opposite sub-
strate 200. In one exemplary embodiment, the liquid crys-
tal molecules are sealed in a space defined by the display
substrate 100, the opposite substrate 200 and a sealing
member (not shown) disposed between the display sub-
strate 100 and the opposite substrate 200, to form a liquid
crystal layer 300.
[0083] The display device 10 may further include a low-
er polarizer 180 and an upper polarizer 270.
[0084] The lower polarizer 180 is attached below the
first base substrate 110, such as to define a lowermost
element or surface of the display device 10. The lower
polarizer 180 has a first polarization axis to transmit light
having a component in parallel with the first polarization
axis of light applied from a backlight (not shown), and to
reflect or absorb light having the remaining component.
In one exemplary embodiment, the lower polarizer 180
polarizes light in the first polarization axis direction.
[0085] The upper polarizer 270 is attached on the sec-
ond base substrate 210 to have a second polarization
axis different from the first polarization axis, and to define
an uppermost element or surface of the display device
10. The direction of the second polarization axis may be
perpendicular to the first polarization axis direction. The
upper polarizer 270 transmits light having a component
in parallel with the second polarization axis of light trans-
mitted through the liquid crystal layer 300 or applied from
the exterior, and reflects or absorbs light having the re-
maining component.
[0086] The display device 10 according to the illustrat-
ed exemplary embodiment includes a pixel electrode 160
including branch electrodes 161, 162, 163 and 164 that
are spaced apart from each other and the connection
electrode 165 connecting the branch electrodes 161,
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162, 163 and 164, so that a pixel area PA may be divided
into a plurality of domains. In addition, conductive pat-
terns connecting to a center portion of the branch elec-
trodes may be omitted. Advantageously, the viewing an-
gle of the display device 10 may be improved, and the
aperture ratio of the pixel area PA may be increased.
[0087] FIGS. 4A to 4G are cross-sectional views sche-
matically illustrating an exemplary embodiment of a proc-
ess for manufacturing the display substrate of FIGS. 1
to 3.
[0088] Referring to FIGS. 1, 2, 3 and 4A, a gate metal
is deposited on the base substrate 110, such as through
a sputtering process, to form a gate metal layer. In one
exemplary embodiment, a double layer of aluminum (Al)
and molybdenum (Mo) may be deposited to a thickness
of about 3,000 angstroms (A) to form a gate metal layer.
The gate metal layer is patterned, such as through a pho-
toetching process, to form the gate line GL and the gate
electrode GE protruded from the gate line GL as shown
in FIG. 4A. The gate line GL is extended in a first direction
D1 on the first base substrate 110.
[0089] Referring to FIGS. 1, 2, 3 and 4B, a gate insu-
lation layer 120 and a semiconductor pattern 130 are
formed on the base substrate 110 which includes the
gate line GL and the gate electrode GE. The gate insu-
lation layer 120 is formed on the entire surface of the first
base substrate 110 to cover (e.g., overlap) the gate line
GL and a gate electrode GE. In one exemplary embod-
iment, silicon nitride (SiNx) or silicon oxide (SiOx) may
be deposited to a thickness of about 4,500 Å to form the
gate insulation layer 120. The semiconductor layer (not
shown) is formed on the gate insulation layer 120. The
semiconductor layer includes an amorphous silicon (a-
Si) layer and an n+ amorphous silicon (n+ a-Si) layer that
are sequentially formed on the gate insulation layer 120.
The amorphous silicon (a-Si) layer may include amor-
phous silicon to have a thickness of about 2,000 Å.
[0090] The n+ amorphous silicon (n+ s-Si) layer may
include n+ amorphous silicon which is formed by implant-
ing n+ impurities having a relatively high concentration
to have a thickness of about 500 Å. In one exemplary
embodiment, phosphorous (P) may be implanted into an
upper portion of the semiconductor layer to form the n+
amorphous silicon (n+ s-Si) layer. The n+ amorphous
silicon (n+ s-Si) layer may be partially removed so that
the semiconductor layer is partially exposed. In one ex-
emplary embodiment, the semiconductor layer is etched
to form the semiconductor pattern 130 as shown in FIG.
4B. The semiconductor pattern 130 is formed on the gate
electrode GE.
[0091] Referring to FIGS. 1, 2, 3 and 4C, a data metal
layer is formed on the gate insulation layer 120. In one
exemplary embodiment, a triple-layer structure of molyb-
denum-aluminum-molybdenum may be respectively de-
posited to a thickness of about 300 Å, about 2,500 Å and
about 1,000 Å to form the data metal layer.
[0092] The data metal layer is patterned to form the
data line DL, the source electrode SE and the drain elec-

trode DE as shown in FIG. 4C. The data line DL is ex-
tended in a second direction D2 crossing the first direction
D1 on the gate insulation layer 120. The source electrode
SE is protruded from the data line DL toward an upper
portion of the semiconductor pattern 130. The drain elec-
trode DE is spaced apart from the source electrode SE,
each disposed on the semiconductor pattern 130, in the
plan view. A portion of the drain electrode DE is extended
in the pixel area PA.
[0093] The gate electrode GE, the semiconductor pat-
tern 130, the source electrode SE and the drain electrode
DE define the TFT SW, which is a three-terminal element.
[0094] Referring FIGS. 1, 2, 3 and 4D, the passivation
film 140 is formed on the base substrate 110 to cover the
data line DL, the source electrode SE and the drain elec-
trode DE. In one exemplary embodiment, silicon nitride
(SiNx) or silicon oxide (SiOx) may be deposited on the
base substrate 110 to a thickness of about 2,000 Å to
form the passivation film 140.
[0095] Referring to FIGS. 1, 2, 3 and 4E, the organic
layer 150 is formed on the passivation film 140. The or-
ganic layer 150 may be formed to have a thickness of
about 2.0 micrometers (Pm). The contact hole CNT ex-
posing a portion of the drain electrode DE may be formed
to extend completely through the organic layer 150 and
the passivation film 140. When the pixel electrode 160
does not overlap with the data line DL, the organic 150
may be omitted.
[0096] Referring to FIGS. 1, 2, 3 and 4F, a transparent
conductive layer 160’ is formed on the organic layer 150.
In one exemplary embodiment, a transparent conductive
material such as indium tin oxide ("ITO") or indium zinc
oxide ("IZO") may be deposited to a thickness of about
900 Å to form the transparent conductive layer 160’. The
transparent conductive layer 160’ is patterned to form
the pixel electrode 160, as illustrated in FIG. 4G. The
pixel electrode 160 contacts the drain electrode DE
through the contact hole CNT.
[0097] The pixel electrode 160 includes the branch
electrodes 161, 162, 163 and 164 and the connection
electrode 165. A detailed description of the pixel elec-
trode 160 will be omitted.
[0098] Referring to FIGS. 1-3, the first alignment layer
170 is formed on the entire surface of the base substrate
110 which includes the pixel electrode 160 formed ther-
eon. The first alignment layer 170 may initially align liquid
crystal molecules of the liquid crystal layer 300.
[0099] FIG. 5 is a plan view illustrating another exem-
plary embodiment of a display device according to the
present invention. FIG. 6 is an enlarged plan view illus-
trating portion "B" of FIG. 5. The display device according
to FIGS. 5 and 6 is substantially the same as the display
device of FIGS. 1-3 except for a structure of a pixel elec-
trode. Thus, identical reference numerals are used in
FIGS. 5 and 6, and thus a detailed description thereof
will be omitted.
[0100] Referring to FIGS. 5 and 6, the display device
includes a display substrate 100, an opposite substrate
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200 and a liquid crystal layer 300.
[0101] The display substrate 100 includes a first base
substrate 110, a plurality of a gate line GL, a gate insu-
lation layer 120, a plurality of a data line DL, a plurality
of a TFT SW, a passivation film 140, an organic layer
150, a plurality of a pixel electrode 560 and a first align-
ment layer 170.
[0102] The pixel electrode 560 is disposed on the or-
ganic layer 150 in correspondence with a pixel area PA,
and is electrically connected to a drain electrode DE of
the TFT SW through a contact hole CNT disposed ex-
tended completely through the passivation film 140 and
the organic layer 150.
[0103] The pixel electrode 560 includes a plurality of
branch electrodes 561, 562, 563 and 564 and a connec-
tion electrode 565. The connection electrode 565 is dis-
posed at a boundary of the pixel electrode 560. First por-
tions of the connection electrode 565 longitudinally ex-
tend in the first direction D1, and second portions of the
connection electrode longitudinally extend in the second
direction D2. The plurality of branch electrodes 561, 562,
563 and 564, and the connection electrode 565 are dis-
posed continuous with each other, such that the plurality
of branch electrodes 561, 562, 563 and 564, and the
connection electrode 565 collectively form the pixel elec-
trode 560 as a single, unitary and indivisible element of
the display device.
[0104] The branch electrodes 561, 562, 563 and 564
are disposed on the pixel area PA to divide the pixel area
PA into a plurality of domains S1, S2, S3 and S4. Each
of the branch electrodes 561, 562, 563 and 564 includes
a bent portion. The bent portions of adjacent branch elec-
trodes are spaced apart from each other in the plan view.
Each of the branch electrodes 561, 562, 563 and 564
may have a substantially "V" shape in which a center
portion thereof is bent. In the illustrated exemplary em-
bodiment, each of branch electrodes 561, 562, 563 and
564 may include a plurality of first pattern portions 561a,
562a, 563a and 564a, a plurality of second pattern por-
tions 561b, 562b, 563b and 564b, and a plurality of con-
nection portions 561c, 562c, 563c and 564c, respective-
ly.
[0105] Each of the first pattern portions 561a, 562a,
563a and 564a are extended in a direction. The second
pattern portions 561b, 562b, 563b and 564b are respec-
tively each extended in an inclined direction with respect
to the first pattern portions 561a, 562a, 563a and 564a
when viewed in a plan view. The second pattern portions
561b, 562b, 563b and 564b may be extended in an in-
clined direction by an angle of about 90° with respect to
the first pattern portions 561a, 562a, 563a and 564a when
viewed in a plan view.
[0106] The connection portions 561c, 562c, 563c and
564c are disposed at areas where portions (e.g., first
ends) of the first pattern portions 561a, 562a, 563a and
564a meet portions (e.g., first ends) of the second pattern
portions 561b, 562b, 563b and 564b, respectively. The
bent portion is substantially disposed at the connection

portions 561c, 562c, 563c and 564c. Edges of both the
first pattern portions 561a, 562a, 563a and 564a and the
second pattern portions 561b, 562b, 563b and 564b are
not entirely linear extending from the connection elec-
trode 565 to the bent portion. Portions of the edges ad-
jacent to the bent portion (included in the connection por-
tions 561c, 562c, 563c and 561d) are inclined at a differ-
ent angle than a remainder of the edges extending from
the connection electrode 565 to the connection portions
561c, 562c, 563c and 561d. The remainder of the edges
do not directly contact or meet each other, as they are
separated from each other by the edges of the connection
portions 561c, 562c, 563c and 561d.
[0107] Referring to FIG. 6, a structure of the connection
portion 561c of the first branch electrode 561 disposed
in adjacent sub-pixel areas, will be described as repre-
sentative of a configuration of the branch electrodes 561,
562, 563 and 564 of the pixel electrode 560. The con-
nection portion 561c includes a first sub-pattern portion
561a’ and a second sub-pattern portion 561b’. The first
sub-pattern portion 561’a is bent (e.g., disposed inclined)
from the first pattern portion 561a, and is extended con-
tinuously with the first pattern portion 561a. The second
sub-pattern portion 561’b is bent (e.g., disposed inclined)
from the second pattern portion 561b, and is extended
continuously with the second pattern portion 561b. The
second sub-pattern portion 561b’ contacts and is dis-
posed continuous with the first sub-pattern portion 561
a’ to form the bent portion of the first branch electrode
561.
[0108] A first angle θ1 between the first sub-pattern
portion 561a’ and the second sub-pattern portion 561b’
may be smaller than or equal to a second angle θ2 be-
tween the first pattern portion 561a and the second pat-
tern portion 561b. In one exemplary embodiment, when
the second angle θ2 between the first pattern portion
561a and the second pattern portion 561b is about 90°,
the first angle θ1 between the first sub-pattern portion
561a’ and the second sub-pattern portion 561b’ may be
in a range from about 6° to about 90°.
[0109] When the pixel area PA includes two sub-areas
S1 and S2 adjacent to each other, the first pattern portion
561a and the second pattern portion 561b are each dis-
posed on the sub-areas S1 and S2, respectively, and the
connection portion 561c is disposed along an outline
(e.g., boundary) of the adjacent sub-areas S1 and S2.
[0110] When the first pattern portion 561a and/or the
second pattern portion 561b have a first width W1 taken
perpendicular to a longitudinal direction of the pattern
portion, a fourth width W4 of the connection portion 561c
taken perpendicular with respect to the boundary be-
tween the adjacent sub-areas S1 and S2, may be greater
than the first width W1, and may be smaller than or equal
to ten times the first width W1.
[0111] Referring again to FIG. 5, when the pixel area
PA includes a first sub-area S1, a second sub-area S2
adjacent to the first sub-area S1 along an extended di-
rection (first direction D1) of the gate line GL, a third sub-
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area S3 adjacent to the second sub-area S2 along an
extended direction (second direction D2) of the data line
DL, and a fourth sub-area S4 adjacent to the first sub-
area S1 along an extended direction (second direction
D2) of the data line DL and adjacent to the third sub-area
S3 along an extended direction (first direction D1) of the
gate line GL, the branch electrodes 561, 562, 563 and
564 of the pixel electrode 560 may include a plurality of
first branch electrodes 561, a plurality of second branch
electrodes 562, a plurality of third branch electrodes 563
and a plurality of fourth branch electrodes 564, similar to
the pixel electrode 160 of the display device according
to the exemplary embodiment illustrated in FIG. 1.
[0112] The first branch electrodes 561 include a first
pattern portion 561a disposed on the first sub-area S1,
a second pattern portion 561b disposed on the second
sub-area S2, and a connection portion 561c disposed
along portions of an outline (e.g, boundary) between the
first sub-area S1 and the second sub-area S2. The con-
nection portion 561 c of adjacent first branch electrodes
561 are spaced apart from each other by a predetermined
distance.
[0113] The second branch electrodes 562 include a
first pattern portion 562a disposed on the second sub-
area S2, a second pattern portion 562b disposed on the
third sub-area S3, and a connection portion 562c dis-
posed along portions of an outline (e.g., boundary) be-
tween the second sub-area S2 and the third sub-area
S3. The connection portion 562c of adjacent second
branch electrodes 562 are spaced apart from each other
by a predetermined distance.
[0114] The third branch electrodes 563 include a first
pattern portion 563a disposed on the third sub-area S3,
a second pattern portion 563b disposed on the fourth
sub-area S4, and a connection portion 563c disposed
along an outline (e.g., boundary) between the third sub-
area S3 and the fourth sub-area S4. The connection por-
tion 563c of adjacent third branch electrodes 563 are
spaced apart from each other by a predetermined dis-
tance.
[0115] The fourth branch electrodes 564 include a first
pattern portion 564a disposed on the fourth sub-area S4,
a second pattern portion 564b disposed on the first sub-
area S1, and a connection portion 564c disposed along
an outline (e.g., boundary) between the fourth sub-area
S4 and the first sub-area S1. The connection portion 564c
of adjacent fourth branch electrodes 564 are spaced
apart from each other by a predetermined distance.
[0116] A method of manufacturing the display sub-
strate of the exemplary embodiment in FIGS. 5 and 6 is
substantially the same as the method of manufacturing
the display substrate of the exemplary embodiment in
FIG. 1, except for a structure of a pixel electrode. Thus,
identical reference numerals will be used to refer to the
same elements as those described, and thus a detailed
description thereof will be omitted.
[0117] When a pixel area PA is divided into a plurality
of domains by using a pixel electrode including a micro

slit structure, an area in which liquid crystal is not con-
trolled may be generated between adjacent domains.
However, when the pixel electrode is configured in ac-
cordance with the illustrated exemplary embodiments, a
pixel area PA may be divided into a plurality of domains,
and an area where liquid crystal is not controlled may be
advantageously minimized.
[0118] FIG. 7 is a plan view illustrating another exem-
plary embodiment of a display device according to the
present invention. FIG. 8 is an enlarged plan view illus-
trating portion "C" of FIG. 7. The display device according
to FIGS. 7 and 8 is substantially the same as the display
device of FIGS. 1-3 except for a structure of a pixel elec-
trode. Thus, identical reference numerals are used to re-
fer to the same elements as those described, and thus
a detailed description thereof will be omitted.
[0119] Referring to FIGS. 7 and 8, the display device
10 includes a display substrate 100, an opposite sub-
strate 200 and a liquid crystal layer 300.
[0120] The display substrate 100 includes a first base
substrate 110, a plurality of a gate line GL, a gate insu-
lation layer 120, a plurality of a data line DL, a plurality
of a TFT SW, a passivation film 140, an organic layer
150, a plurality of a pixel electrode 660 and a first align-
ment layer 170.
[0121] The pixel electrode 660 is disposed on the or-
ganic layer 150 in correspondence with the pixel area
PA, and is electrically connected to the drain electrode
DE of the TFT SW through the contact hole CNT disposed
extended completely the passivation film 140 and the
organic layer 150.
[0122] The pixel electrode 660 includes a plurality of
branch electrodes 661 and a connection electrode 665.
The connection electrode 665 is disposed at a boundary
of the pixel electrode 660. First portions of the connection
electrode 665 longitudinally extend in the first direction
D1, and second portions of the connection electrode lon-
gitudinally extend in the second direction D2. The plural-
ity of branch electrodes 661, 662, 663 and 664, and the
connection electrode 665 are disposed continuous with
each other, such that the plurality of branch electrodes
661, 662, 663 and 664, and the connection electrode 665
collectively form the pixel electrode 660 as a single, uni-
tary and indivisible element of the display device.
[0123] The branch electrodes 661 are disposed on the
pixel area PA to divide the pixel area PA into a plurality
of domains. Each of the branch electrodes 661, 662, 663
and 664 includes a bent portion, and the bent portions
of adjacent branch electrodes are spaced apart from
each other in the plan view. Each of the branch electrodes
661, 662, 663 and 664 may have a substantially "V"
shape in which a center portion thereof is bent. In the
illustrated exemplary embodiment, each of branch elec-
trodes 661, 662, 663 and 664 may include a plurality of
first pattern portions 661a, 662a, 663a and 664a, a plu-
rality of second pattern portions 661 b, 662b, 663b and
664b, and a plurality of connection portions 661 c, 662c,
663c and 664c, respectively.
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[0124] Each of the connection portions 661c, 662c,
663c and 664c are disposed at areas where portions of
the first pattern portions 661a, 662a, 663a and 664a meet
portions of the second pattern portions 661b, 662b, 663b
and 664b, respectively. The bent portion is substantially
disposed at the connection portions 661c, 662c, 663c
and 664c.
[0125] Referring to FIG. 8, a structure of the connection
portion 661c of the first branch electrode 661, which is
disposed in adjacent sub-pixel areas, will be described
as representative of a configuration of the branch elec-
trodes 661, 662, 663 and 664. A planarization portion
661c’ is disposed at the connection portion 661c to in-
crease the width of the bent portion. The planarization
portion 661c’ is disposed in an inner surface of the bent
portion where the first pattern portion 661a and the sec-
ond pattern portion 661b meet each other.
[0126] Outer edges of both the first pattern portions
first pattern portions 661a, 662a, 663a and 664a and the
second pattern portions 661b, 662b, 663b and 664b are
entirely linear extending from the connection electrode
665 to the bent portion of the branch electrodes 661, 662,
663 and 664. Ends of the outer edges of the first pattern
portions first pattern portions 661a, 662a, 663a and 664a
and the second pattern portions 661b, 662b, 663b and
664b directly meet and contact each other to form a "V"
shape.
[0127] Inner edges of both the first pattern portions first
pattern portions 661a, 662a, 663a and 664a and the sec-
ond pattern portions 661b, 662b, 663b and 664b are not
entirely linear extending from the connection electrode
665 to the bent portion. Portions of the edges adjacent
to the bent portion are inclined at a different angle than
a remainder of the edges extending from the connection
electrode 665 to the connection portions 661 c, 662c,
663c and 661d. The portions of the inner edges adjacent
to the bent portion are longitudinally extended substan-
tially perpendicular to the connection portions 661c,
662c, 663c and 661d. The remainder of the edges do not
directly contact or meet each other, as they are separated
from each other by the planarization portions.
[0128] Each of the first pattern portion 661a and the
second pattern portion 661b has a first width W1. When
a first pattern portion 661 a and a second pattern portion
661 b of the first branch electrodes 661 adjacent to each
other are spaced apart from each other by a second width
W2, a fifth width W5 of the bent portion including the
planarization portion 661c’ is greater than the first width
W1, and is smaller than a total sum W1+W2 of the first
width W1 and the second width W2.
[0129] When the pixel area PA includes two sub-areas
S1 and S2 adjacent to each other, the first pattern portion
661 a and the second pattern portion 661 b may each be
disposed on the sub-areas S1 and S2, respectively. The
planarization portion 661c’ of the connection portion 661c
may be disposed along an outline (e.g., boundary be-
tween the sub-areas S1 and S2).
[0130] In the illustrated exemplary embodiment, when

the pixel area PA includes a first sub-area S1, a second
sub-area S2 adjacent to the first sub-area S1 along an
extended direction (first direction D1) of the gate line GL,
a third sub-area S3 adjacent to the second sub-area S2
along an extended direction (second direction D2) of the
data line DL, and a fourth sub-area S4 adjacent to the
first sub-area S1 along an extended direction (second
direction D2) of the data line DL and adjacent to the third
sub-area S3 along an extended direction (first direction
D1) of the gate line GL, the branch electrodes 661, 662,
663 and 664 may include a plurality of first branch elec-
trodes 661, a plurality of second branch electrodes 662,
plurality of third branch electrodes 663 and a plurality of
fourth branch electrodes 664, similar to the pixel elec-
trode 160 of the display device according to the exem-
plary embodiment illustrated in FIG. 1.
[0131] Each of the first branch electrodes 661 includes
a first pattern portion 661a disposed on the first sub-area
S1, a second pattern portion 661 b disposed on the sec-
ond sub-area S2, and a connection portion 661 c dis-
posed along portions of an outline (e.g., boundary) be-
tween the first sub-area S1 and the second sub-area S2.
The connection portion 661 c of adjacent first branch
electrodes 661 are spaced apart from each other by a
predetermined distance.
[0132] Each of the second branch electrodes 662 in-
cludes a first pattern portion 662a disposed on the second
sub-area S2, a second pattern portion 662b disposed on
the third sub-area S3, and a connection portion 662c dis-
posed along portions of an outline (e.g., boundary) be-
tween the second sub-area S2 and the third sub-area
S3. The connection portion 662c of adjacent second
branch electrodes 662 are spaced apart from each other
by a predetermined distance.
[0133] Each of the third branch electrodes 663 in-
cludes a first pattern portion 663a disposed on the third
sub-area S3, a second pattern portion 663b disposed on
the fourth sub-area S4, and a connection portion 663c
disposed along portions of an outline (e.g., boundary)
between the third sub-area S3 and the fourth sub-area
S4. The connection portion 663c of adjacent third branch
electrodes 663 are spaced apart from each other by a
predetermined distance.
[0134] Each of the fourth branch electrodes 664 in-
cludes a first pattern portion 664a disposed on the fourth
sub-area S4, a second pattern portion 664b disposed on
the first sub-area S1, and a connection portion 664c dis-
posed along portions of an outline (e.g., a boundary) the
fourth sub-area S4 and the first sub-area S1. The con-
nection portion 664c of adjacent fourth branch electrodes
664 are spaced apart from each other by a predetermined
distance.
[0135] A method of manufacturing the display sub-
strate according to the exemplary embodiment in FIGS.
7 and 8 is substantially the same as the method of man-
ufacturing the display substrate of the exemplary embod-
iment in FIG. 1, except for a connection portion of the
pixel electrode. Thus, identical reference numerals will
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be used to refer to the same elements as those described,
and thus a detailed description thereof will be omitted.
[0136] When the pixel electrode is configured in ac-
cordance with the illustrated exemplary embodiments, a
pixel area PA may be divided into a plurality of domains,
and an area where liquid crystal is not controlled between
adjacent domains may be advantageously minimized.
[0137] FIG. 9 is a plan view illustrating another exem-
plary embodiment of a display device according to the
present invention. FIG. 10 is an enlarged plan view illus-
trating portion "D" of FIG. 9. The display device according
to FIGS. 9 and 10 is substantially the same as the display
device of FIGS. 1-3 except for a structure of a pixel elec-
trode. Thus, identical reference numerals are used to re-
fer to the same elements as those described, and thus
a detailed description thereof will be omitted.
[0138] Referring to FIGS. 9 and 10, the display device
includes a display substrate 100, an opposite substrate
300 and a liquid crystal layer 300.
[0139] The display substrate 100 includes a first base
substrate 110, a plurality of a gate line GL, a gate insu-
lation layer 120, a plurality of a data line DL, a plurality
of a TFT SW, a passivation film 140, an organic layer
150, a plurality of a pixel electrode 760 and a first align-
ment layer 170.
[0140] The pixel electrode 760 is disposed on the or-
ganic layer 150 corresponding to the pixel area PA, and
is electrically connected to the drain electrode DE of the
TFT SW through the contact hole CNT disposed extend-
ed completely through the passivation film 140 and the
organic layer 150.
[0141] The pixel electrode 760 includes a plurality of
branch electrodes 761, 762, 763 and 764 and a connec-
tion electrode 765. The connection electrode 765 is dis-
posed at a boundary of the pixel electrode 760. First por-
tions of the connection electrode 765 longitudinally ex-
tend in the first direction D1, and second portions of the
connection electrode longitudinally extend in the second
direction D2. The plurality of branch electrodes 761, 762,
763 and 764, and the connection electrode 765 are dis-
posed continuous with each other, such that the plurality
of branch electrodes 761, 762, 763 and 764, and the
connection electrode 765 collectively form the pixel elec-
trode 760 as a single, unitary and indivisible element of
the display device.
[0142] The branch electrodes 761, 762, 763 and 764
are disposed on the pixel area PA to divide the pixel area
PA into a plurality of domains. Each of the branch elec-
trodes 761, 762, 763 and 764 includes a bent portion,
and the bent portions of adjacent branch electrodes are
spaced apart from each other in the plan view. Each of
the branch electrodes 761, 762, 763 and 764 may have
a substantially "V" shape in which a center portion thereof
is bent. In the illustrated exemplary embodiment, each
of branch electrodes 761, 762, 763 and 764 may include
a plurality of first pattern portions 761a, 762a, 763a and
764a, a plurality of second pattern portions 761 b, 762b,
763b and 764b, and a plurality of connection portions

761c, 762c, 763c and 764c, respectively.
[0143] The first pattern portions 761a, 762a, 763a and
764a are each longitudinally extended in a direction. The
second pattern portions 761b, 762b, 763b and 764b are
respectively extended in an inclined direction with re-
spect to the first pattern portion 761 a, 762a, 763a and
764a when viewed in a plan view. The second pattern
portions 761b, 762b, 763b and 764b may be extended
in an inclined direction by an angle of about 90° with
respect to the first pattern portions 761a, 762a, 763a and
764a when viewed in a plan view.
[0144] The connection portion 761c, 762c, 763c and
764c are areas where portions of the first pattern portions
761a, 762a, 763a and 764a meet portions of the second
pattern portions 761b, 762b, 763b and 764b, respective-
ly. The bent portion is formed at the connection portions
761c, 762c, 763c and 764c. Edges of both the first pattern
portions 761a, 762a, 763a and 764a and the second pat-
tern portions 761b, 762b, 763b and 764b are not entirely
linear extending from the connection electrode 765 to the
bent portion. Portions of the edges adjacent to the bent
portion (included in the connection portions 761c, 762c,
763c and 761d) are inclined at a different angle than a
remainder of the edges extending from the connection
electrode 765 to the connection portions 761c, 762c,
763c and 761d. The remainder of the edges do not di-
rectly contact or meet each other, as they are separated
from each other by the edges of the connection portions
76 1 c, 762c, 763c and 761d.
[0145] The connection portion 761c of the first branch
electrode 761, which is disposed on adjacent sub-pixel
areas, will be described a representative of a configura-
tion of the branch electrodes 761, 762, 763 and 764. The
connection portion 761c includes a first sub-pattern por-
tion 761 a’, a second sub-pattern portion 761b’, and a
planarization portion 761 c’. The first sub-pattern portion
761 a’ is bent (e.g., disposed inclined) from the first pat-
tern portion 761a and is extended continuously therewith.
The second sub-pattern portion 761’b is bent (e.g., dis-
posed inclined) from the second pattern portion 761b and
is extended continuous therewith, and directly contacts
the first sub-pattern portion 761a’ to form the bent portion.
The planarization portion 761c’ increases the width of
the bent portion, and is disposed between outer edges
of the first pattern portion 76 1 a and the second pattern
portion 762b.
[0146] A first angle θ1 between the first sub-pattern
portion 761a’ and the second sub-pattern portion 761 b’
may be smaller than or equal to a second angle θ2 be-
tween the first pattern portion 761 a and the second pat-
tern portion 761b. In one exemplary embodiment, when
the second angle θ2 between the first pattern portion
761a and the second pattern portion 761 b is about 90°,
the first angle θ1 between the first sub-pattern portion
761a’ and the second sub-pattern portion 761b’ may be
in a range from about 6° to about 90°.
[0147] The planarization portion 761c’ is disposed in
a bent portion connecting the first sub-pattern portion
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761a’ with the second sub-pattern portion 761b’. The first
pattern portion and the second pattern portion have a
first width W1. When the first pattern portion and the sec-
ond pattern portion of branch electrodes 761 adjacent to
each other are spaced apart from each other as a second
width W2, a sixth width W6 of the bent portion including
the planarization portion 761c’, the first sub-pattern por-
tion 761a’ and the second sub-pattern portion 761 b’ may
be greater than a total sum of the first width W1 and the
second width W2. Alternatively, the sixth width W6 of the
bent portion including the planarization portion 761c’, the
first sub-pattern portion 761a’ and the second sub-pat-
tern portion 761b’ may be smaller than a total sum of the
first width W1 and the second width W2.
[0148] When the pixel area PA includes two sub-areas
S1 and S2 adjacent to each other, the first pattern portion
761a and the second pattern portion 761b of the branch
electrode 761 are each disposed on the sub-areas S1
and S2 respectively, the planarization portion 761c’ of
the connection portion 761c is disposed along an outline
(e.g., boundary) between the sub-areas S1 and S2, and
the first sub-pattern portion 761a’ and the second sub-
pattern portion 761 b’ are extended continuously with the
first pattern portion 761a and the second pattern portion
761b. The first pattern portion 761a and/or the second
pattern portion 761b include a first width W1. A seventh
width W7 of the connection portion 761c taken perpen-
dicular with respect to the boundary between the sub-
areas S1 and S2, may be greater than the first width W1,
and may be smaller than or equal to about ten times the
first width W1.
[0149] Referring again to FIG. 9, when the pixel area
PA includes a first sub-area S1, a second sub-area S2
adjacent to the first sub-area S1 along an extended di-
rection (first direction D1) of the gate line GL, a third sub-
area S3 adjacent to the second sub-area S2 along an
extended direction (second direction D2) of the data line
DL, and a fourth sub-area S4 adjacent to the first sub-
area S1 along an extended direction (second direction)
of the data line DL and adjacent to the third sub-area S3
along an extended direction (first direction D1) of the gate
line GL, the branch electrodes 761, 762, 763 and 764
may include a plurality of first branch electrodes 761, a
plurality of second branch electrodes 762, plurality of
third branch electrodes 763 and a plurality of fourth
branch electrodes 764, similar to the pixel electrode 160
of the display device according to the exemplary embod-
iment illustrated in FIG. 1.
[0150] The first branch electrodes 761 include a first
pattern portion 761a disposed on the first sub-area S1,
a second pattern portion 761b disposed on the second
sub-area S2, and a connection portion 761 c disposed
along an outline between the first sub-area S1 and the
second sub-area S2. The connection portion 761c of ad-
jacent first branch electrodes 761 are spaced apart from
each other by a predetermined distance.
[0151] The second branch electrodes 762 include a
first pattern portion 762a disposed on the second sub-

area S2, a second pattern portion 762b disposed on the
third sub-area S3, and a connection portion 762c dis-
posed along an outline between of the second sub-area
S2 and the third sub-area S3. The connection portion
762c of adjacent second branch electrodes 762 are
spaced apart from each other by a predetermined dis-
tance.
[0152] The third branch electrodes 763 include a first
pattern portion 763a disposed on the third sub-area S3,
a second pattern portion 763b disposed on the fourth
sub-area S4, and a connection portion 763c disposed
along an outline between the third sub-area S3 and the
fourth sub-area S4. The connection portion 763c of ad-
jacent third branch electrodes 763 are spaced apart from
each other by a predetermined distance.
[0153] The fourth branch electrodes 764 include a first
pattern portion 764a disposed on the fourth sub-area S4,
a second pattern portion 764b disposed on the first sub-
area S1, and a connection portion 764c disposed along
an outline between the fourth sub-area S4 and the first
sub-area S1. The connection portion 764c of adjacent
fourth branch electrodes 764 are spaced apart from each
other by a predetermined distance.
[0154] A method of manufacturing the display sub-
strate of the exemplary embodiment in FIGS. 9 and 10
is substantially identical to the method of manufacturing
the display substrate of the exemplary embodiment in
FIG. 1, except for a connection portion of the pixel elec-
trode. Accordingly, the same reference numerals will be
used to refer to the same elements as those described,
and any detailed explanation will be omitted.
[0155] When the pixel electrode is configured accord-
ing to the illustrated exemplary embodiments, a pixel ar-
ea PA may be divided into a plurality of domains, and an
area where liquid crystal is not controlled may be advan-
tageously minimized.
[0156] In exemplary embodiments of the present in-
vention, a display device includes a plurality of branch
electrodes in which pixel electrodes are spaced apart
from each other, and a connection electrode connecting
the branch electrodes, so that a pixel area PA may be
divided into a plurality of domains, and conductive pat-
terns connecting a center portion of the branch elec-
trodes may be omitted. Advantageously, the viewing an-
gle of a display device may be improved, and the aperture
ratio of a pixel area PA may be improved.
[0157] In addition, in a connection portion of a pixel
electrode, an angle of a bent portion is smaller than an
angle between a first pattern portion and a second pattern
portion, or a planarization portion is disposed in a bent
portion, so that an area where liquid crystal is not con-
trolled between adjacent domains may be advanta-
geously minimized.
[0158] The foregoing is illustrative of the present in-
vention and is not to be construed as limiting thereof.
Although a few exemplary embodiments of the present
invention have been described, those skilled in the art
will readily appreciate that many modifications are pos-
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sible in the exemplary embodiments without materially
departing from the novel teachings and advantages of
the present invention. Accordingly, all such modifications
are intended to be included within the scope of the
present 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 structural equivalents but also
equivalent structures. Therefore, it is to be understood
that the foregoing is illustrative of the present invention
and is not to be construed as limited to the specific ex-
emplary embodiments disclosed, and that modifications
to the disclosed exemplary embodiments, as well as oth-
er exemplary embodiments, are intended to be included
within the scope of the appended claims. The present
invention is defined by the following claims, with equiv-
alents of the claims to be included therein.

Claims

1. A display substrate comprising:

a base substrate comprising a gate line, a data
line crossing the gate line and a thin-film tran-
sistor electrically connected to the gate line and
the data line, the base substrate including a pixel
area defined thereon; and
a unitary indivisible pixel electrode comprising:

a plurality of branch electrodes disposed on
the pixel area, and
a connection electrode connecting the
branch electrodes to each other,

wherein each of the branch electrodes includes a
bent portion, the bent portions of adjacent branch
electrodes being spaced apart from each other, and
the pixel electrode being electrically connected to
the thin film transistor.

2. The display substrate of claim 1, wherein each of the
branch electrodes comprises:

a first pattern portion extended in an inclined di-
rection with respect to the gate line when viewed
in a plan view;
a second pattern portion extended in an inclined
direction with respect to the first pattern portion
when viewed in the plan view; and
a connection portion, where a portion of the first
pattern portion and a portion of the second pat-
tern portion meet each other to form the bent
portion.

3. The display substrate of claim 2, wherein
a width of the connection electrode is greater than a
width of the first pattern portion and a width of the

second pattern portion, and
the width of the first pattern portion is substantially
equal to the width of the second pattern portion,
the widths taken perpendicular to a longitudinal di-
rection of the connection electrode, the first pattern
portion and the second pattern portion, respectively.

4. The display substrate of claim 2, wherein
the pixel area comprises a plurality of sub-areas ad-
jacent to each other,
the first pattern portion and the second pattern por-
tion are respectively disposed in each of adjacent
sub-areas, and
the connection portion is disposed along a boundary
between the adjacent sub-areas.

5. The display substrate of claim 4, wherein the sub-
areas are adjacent to each other along an extended
direction of the gate line, the first pattern portion is
inclined at an angle of about -45° with respect to the
gate line when viewed in the plan view, and the sec-
ond pattern portion is inclined at an angle of about
-135° with respect to the gate line when viewed in
the plan view.

6. The display substrate of claim 4, wherein
the pixel area comprises a first sub-area, a second
sub-area adjacent to the first sub-area along an ex-
tended direction of the gate line, a third sub-area
adjacent to the second sub-area along an extended
direction of the data line, and a fourth sub-area ad-
jacent to the first sub-area along the extended direc-
tion of the data line and adjacent to the third sub-
area along the extended direction of the gate line,
the branch electrodes comprising:

a first branch electrode including a first pattern
portion disposed on the first sub-area, a second
pattern portion disposed on the second sub-ar-
ea, and a connection portion disposed along a
boundary between the first sub-area and the
second sub-area;
a second branch electrode including a first pat-
tern portion disposed on the second sub-area,
a second pattern portion disposed on the third
sub-area, and a connection portion disposed
along a boundary between the second sub-area
and the third sub-area;
a third branch electrode including a first pattern
portion disposed on the third sub-area, a second
pattern portion disposed on the fourth sub-area,
and a connection portion disposed along a
boundary between the third sub-area and the
fourth sub-area; and
a fourth branch electrode including a first pattern
portion disposed on the fourth sub-area, a sec-
ond pattern portion disposed on the first sub-
area, and a connection portion disposed along
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a boundary of the fourth sub-area and the first
sub-area.

7. The display substrate of claim 2, wherein
the connection portion comprises a first sub-pattern
portion being extended inclined from the first pattern
portion, and a second sub-pattern portion being ex-
tended inclined from the second pattern portion, the
second sub-pattern portion directly contacting the
first sub-pattern portion to form the bent portion of
the branch electrode, and
an angle between the first sub-pattern portion and
the second sub-pattern portion is smaller than or
equal to an angle between the first pattern portion
and the second pattern portion when viewed in the
plan view.

8. The display substrate of claim 7, wherein
the angle between the first pattern portion and the
second pattern portion is about 90° when viewed in
the plan view, and
the angle between the first sub-pattern portion and
the second sub-pattern portion is in a range from
about 6° to about 90° when viewed in the plan view.

9. The display substrate of claim 7, wherein the pixel
area comprises a plurality of sub-areas adjacent to
each other,
each of the first pattern portion and the second pat-
tern portion has a first width in each of the sub-areas,
respectively, and
the connection portion is disposed along an outline
of each of the sub-areas at a boundary of the pixel
electrode.

10. The display substrate of claim 9, wherein a width of
the connection portion is in a range from one time to
ten times the first width.

11. The display substrate of claim 2, wherein the con-
nection portion further comprises a linear portion dis-
posed in an inner edge of the bent portion to increase
a width of the bent portion in a direction substantially
perpendicular to the linear portion.

12. The display substrate of claim 11, wherein each of
the first pattern portion and the second pattern por-
tion has a first width, and first pattern portions and
second pattern portions of the branch electrodes ad-
jacent to each other are respectively spaced apart
from each other by a second width.

13. The display substrate of claim 12, wherein the width
of the bent portion comprising the linear portion is
greater than the first width, and is smaller than a total
sum of the first width and the second width.

14. The display substrate of claim 2, wherein

the connection portion further comprises a first sub-
pattern portion being extended inclined from the first
pattern portion, a second sub-pattern portion being
extended inclined from the second pattern portion,
the second sub-pattern portion directly contacting
the first sub-pattern portion to form the bent portion
of the branch electrode, and a linear portion disposed
in an inner edge of the bent portion to increase the
width of the bent portion in a direction substantially
perpendicular to the linear portion, and
an angle between the first sub-pattern portion and
the second sub-pattern portion is smaller than or
equal to an angle between the first pattern portion
and the second pattern portion when viewed in the
plan view.

29 30 



EP 2 211 230 A1

17



EP 2 211 230 A1

18



EP 2 211 230 A1

19



EP 2 211 230 A1

20



EP 2 211 230 A1

21



EP 2 211 230 A1

22



EP 2 211 230 A1

23



EP 2 211 230 A1

24



EP 2 211 230 A1

25



EP 2 211 230 A1

26



EP 2 211 230 A1

27



EP 2 211 230 A1

28



EP 2 211 230 A1

29


	bibliography
	description
	claims
	drawings
	search report

