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(57) ABSTRACT

A display device includes a base substrate, a gate line on the
base substrate, the gate line extending in a first direction, a
data line on the base substrate, the data line extending in a
second direction which intersects the first direction, a thin
film transistor (“TFT”) which is connected to the gate line
and the data line, a first insulating layer on the TFT, a
shielding electrode on the first insulating layer, a second

GO2F 1/1343 (2006.01) insulating layer on the shielding electrode, and a pixel
GO2F 1/1337 (2006.01) electrode on the second insulating layer, the pixel electrode
GO2F 1/1333 (2006.01) connected to the TFT where the pixel electrode may have a
GO2F 1/1368 (2006.01) substantially rhombus shape and overlaps at least one of the
GO2F 1/1362 (2006.01) gate line and the data line.
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FIG. 6
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Patent Application Publication  Jul. 6,2017 Sheet 9 of 10 US 2017/0192284 A1

FIG. 8
D3 | D6 A
2
D1 190
pi Y D3
245
« 2
\/




US 2017/0192284 A1

151

151

]

110
151

2

}
/

FI1G. 9

Jul. 6,2017 Sheet 10 of 10

J

151 190 151

o

D6
151

Patent Application Publication

W%@w

ARt



US 2017/0192284 Al

DISPLAY SUBSTRATE AND LIQUID
CRYSTAL DISPLAY DEVICE COMPRISING
THE SAME

[0001] This application claims priority to Korean Patent
Application No. 10-2016-0001619, filed on Jan. 6, 2016,
and all the benefits accruing therefrom under 35 U.S.C.
§119, the content of which in its entirety is herein incorpo-
rated by reference.

BACKGROUND

[0002] 1. Field

[0003] Exemplary embodiments of the invention relate to
a display substrate and a liquid crystal display (“LCD”)
device including the display substrate, and more particularly,
to a display substrate improved in terms of display quality
and an LCD device including the display substrate.

[0004] 2. Description of the Related Art

[0005] A display device is classified into a liquid crystal
display (“LCD”) device, an organic light emitting diode
(“OLED”) display device, a plasma display panel (“PDP”)
devices, electrophoretic display (“EPD”) device, and the
like, based on a light emitting scheme thereof.

[0006] Among the various types of the display device, an
LCD device generally includes two substrates including
electrodes formed thereon and a liquid crystal layer inter-
posed between the two substrates. Upon applying a voltage
to the electrodes, liquid crystal molecules of the liquid
crystal layer are rearranged, such that an amount of trans-
mitted light may be controlled. The LCD device includes an
alignment layer which may align the liquid crystal mol-
ecules to thereby uniformly control the liquid crystal layer.
[0007] In recent times, a technology to improve viewing
angle properties is being used, in which a pixel electrode is
divided into multiple domains and liquid crystal molecules
have pre-tilts in different directions for the respective mul-
tiple domains.

SUMMARY

[0008] Since a conventional pixel electrode has a quad-
rangular shape, liquid crystal molecules may not have a
desired pre-tilt at an edge portion of the pixel electrode due
to a fringe field, which may result in degraded display
quality.

[0009] Exemplary embodiments of the invention are
directed to a liquid crystal display (“LCD”) device including
a pixel electrode having modified shape and disposition to
achieve improved display quality.

[0010] According to an exemplary embodiment of the
invention, a display device includes a base substrate, a gate
line on the base substrate, the gate line extending in a first
direction, a data line on the base substrate, the data line
extending in a second direction which intersects the first
direction, a thin film transistor (“TFT”) which is connected
to the gate line and the data line, a first insulating layer on
the TFT, a shielding electrode on the first insulating layer, a
second insulating layer on the shielding electrode, and a
pixel electrode on the second insulating layer, the pixel
electrode connected to the TFT. The pixel electrode may
have a substantially rhombus shape and overlaps at least one
of the gate line and the data line.

[0011] In an exemplary embodiment, an edge of the pixel
electrode may overlap at least one of the gate line and the
data line.
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[0012] In an exemplary embodiment, the shielding elec-
trode may include a transparent conductive material.
[0013] In an exemplary embodiment, the shielding elec-
trode may be disposed over an entire surface of the base
substrate.

[0014] In an exemplary embodiment, the shielding elec-
trode may be only disposed on a portion of the base substrate
corresponding to at least one of the gate line and the data
line.

[0015] In an exemplary embodiment, the shielding elec-
trode may receive a direct current (“DC”) voltage.

[0016] In an exemplary embodiment, the pixel electrode
may include a first stem portion which extends in a first
direction, a second stem portion which extends in the second
direction, the second direction intersecting the first direction,
and first, second, third, and fourth branch portions extending
from at least one of the first stem portion and the second
stem portion in an inclined manner. At least one of the first
stem portion and the second stem portion may overlap at
least one of the gate line and the data line.

[0017] Inanexemplary embodinment, the first stem portion
and the second stem portion may have a cross-shape.
[0018] In an exemplary embodiment, the TFTs may be
connected to the gate line and the data line alternately in a
zigzag shape in a plan view.

[0019] In an exemplary embodiment, at least one of the
gate line and the data line may be bent in a zigzag shape
along an edge of the pixel electrode.

[0020] According to an exemplary embodiment of the
invention, an LCD device includes a display substrate, an
opposing substrate disposed to oppose the display substrate,
and a liquid crystal layer between the display substrate and
the opposing substrate. The display substrate includes a base
substrate, a gate line on the base substrate, the gate line
extending in a first direction, a data line on the base
substrate, the data line extending in a second direction which
intersects the first direction, a TFT which is connected to the
gate line and the data line, a first insulating layer on the TFT,
a shielding electrode on the first insulating layer, a second
insulating layer on the shielding electrode, and a pixel
electrode on the second insulating layer, the pixel electrode
connected to the TFT. The pixel electrode may have a
substantially rhombus shape and overlaps at least one of the
gate line and the data line.

[0021] In an exemplary embodiment, an edge of the pixel
electrode may overlap at least one of the gate line and the
data line.

[0022] In an exemplary embodiment, the shielding elec-
trode may include a transparent conductive material.
[0023] In an exemplary embodiment, the shielding elec-
trode may be disposed over an entire surface of the base
substrate.

[0024] In an exemplary embodiment, the shielding elec-
trode may be only disposed on a portion of the base substrate
corresponding to at least one of the gate line and the data
line.

[0025] In an exemplary embodiment, the shielding elec-
trode may receive a DC voltage.

[0026] In an exemplary embodiment, the pixel electrode
may include a first stem portion which extends in a first
direction, a second stem portion which extends in the second
direction, the second direction intersecting the first direction,
and first, second, third, and fourth branch portions extending
from at least one of the first stem portion and the second
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stem portion in an inclined manner. At least one of the first
stem portion and the second stem portion may overlap at
least one of the gate line and the data line.

[0027] In an exemplary embodiment, the first stem portion
and the second stem portion may have a cross-shape.
[0028] In an exemplary embodiment, the gate line and the
data line may be perpendicular to each other, and the TFTs
may be connected to the gate line and the data line alter-
nately in a zigzag shape.

[0029] In an exemplary embodiment, at least one of the
gate line and the data line may be bent in a zigzag shape
along an edge of the pixel electrode.

[0030] In an exemplary embodiment, the opposing sub-
strate may include an opposing base substrate, and a com-
mon electrode on the opposing base substrate.

[0031] In an exemplary embodiment, the common elec-
trode may have a cross-shaped slit which overlaps the pixel
electrode.

[0032] The foregoing is illustrative only and is not
intended to be in any way limiting. In addition to the
illustrative exemplary embodiments, embodiments, and fea-
tures described above, further exemplary embodiments,
embodiments, and features will become apparent by refer-
ence to the drawings and the following detailed description.

BRIEF DESCRIPTION OF THE DRAWINGS

[0033] The above and other features and exemplary
embodiments of the invention will be more clearly under-
stood from the following detailed description taken in con-
Junction with the accompanying drawings, in which:
[0034] FIG. 1 is a plan view illustrating a portion of a
plurality of pixel electrodes in an exemplary embodiment of
a liquid crystal display (“LCD”) device;

[0035] FIG. 2 is an enlarged view illustrating portion “A”
of FIG. 1,

[0036] FIG. 3 isa cross-sectional view taken along line I-I'
of FIG. 2;

[0037] FIG. 4 is a plan view illustrating an exemplary
embodiment of a shielding electrode;

[0038] FIG. 5 is a plan view illustrating an alternative
exemplary embodiment of a shielding electrode;

[0039] FIG. 6 is a cross-sectional view taken along line
1I-IP of FIG. 2;
[0040] FIG. 7A is a plan view illustrating an exemplary

embodiment of a pixel electrode;

[0041] FIG. 7B is a picture illustrating a simulation result
on a transmittance of the pixel electrode illustrated in FIG.
TA;

[0042] FIG. 8 is a plan view illustrating an alternative
exemplary embodiment of a pixel electrode; and

[0043] FIG. 9 is a plan view illustrating a portion of a
plurality of pixel electrodes in an alternative exemplary
embodiment of an LCD device.

DETAILED DESCRIPTION

[0044] Advantages and features of the invention and meth-
ods for achieving them will be made clear from exemplary
embodiments described below in detail with reference to the
accompanying drawings. The invention may, however, be
embodied in many different forms and should not be con-
strued as being limited to the exemplary embodiments set
forth herein. Rather, these exemplary embodiments are
provided so that this disclosure will be thorough and com-
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plete, and will fully convey the scope of the invention to
those skilled in the art. The invention is merely defined by
the scope of the claims. Therefore, well-known constituent
elements, operations and techniques are not described in
detail in the exemplary embodiments in order to prevent the
invention from being obscurely interpreted. Like reference
numerals refer to like elements throughout the specification.
[0045] In the drawings, thicknesses of a plurality of layers
and areas are illustrated in an enlarged manner for clarity
and ease of description thereof. When a layer, area, or plate
is referred to as being “on” another layer, area, or plate, it
may be directly on the other layer, area, or plate, or inter-
vening layers, areas, or plates may be present therebetween.
Conversely, when a layer, area, or plate is referred to as
being “directly on” another layer, area, or plate, intervering
layers, areas, or plates may be absent therebetween. Further
when a layer, area, or plate is referred to as being “below”
another layer, area, or plate, it may be directly below the
other layer, area, or plate, or intervening layers, areas, or
plates may be present therebetween. Conversely, when a
layer, area, or plate is referred to as being “directly below”
another layer, area, or plate, intervening layers, areas, or
plates may be absent therebetween.

[0046] The spatially relative terms “below”, “beneath”,
“less”, “above”, “upper”, and the like, may be used herein
for ease of description to describe the relations between one
element or component and another element or component as
illustrated in the drawings. 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 drawings. For example, in the
case where a device shown in the drawing is turned over, the
device positioned “below” or “beneath” another device may
be placed “above” another device. Accordingly, the illustra-
tive term “below” may include both the lower and upper
positions. The device may also be oriented in the other
direction, and thus the spatially relative terms may be
interpreted differently depending on the orientations.
[0047] Throughout the specification, when an element is
referred to as being “connected” to another element, the
element is “directly connected” to the other element, or
“electrically connected” to the other element with one or
more intervening elements interposed therebetween. It will
be further understood that the terms “comprises,” “compris-
ing,” “includes” and/or “including,” when used in this
specification, specify the presence of stated features, inte-
gers, 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 thereof.

[0048] It will be understood that, although the terms
“first,” “second,” “third,” and the like may be used herein to
describe various elements, these elements should not be
limited by these terms. These terms are only used to distin-
guish one element from another element. Thus, “a first
element” discussed below could be termed “a second ele-
ment” or “a third element,” and “a second element” and “a
third element” can be termed likewise without departing
from the teachings herein.

[0049] “About” or “approximately” as used herein is
inclusive of the stated value and means within an acceptable
range of deviation for the particular value as determined by
one of ordinary skill in the art, considering the measurement
in question and the error associated with measurement of the
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particular quantity (i.e., the limitations of the measurement
system). For example, “about” can mean within one or more
standard deviations, or within £30%, 20%, 10%, 5% of the
stated value.

[0050] Unless otherwise defined, all terms used herein
(including technical and scientific terms) have the same
meaning as commonly understood by those skilled in the art
to which this invention pertains. It will be further understood
that terms, such as those defined in commonly used diction-
aries, 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 ideal or excessively
formal sense unless clearly defined in the specification.
[0051] Some of'the parts which are not associated with the
description may not be provided in order to specifically
describe embodiments of the invention, and like reference
numerals refer to like elements throughout the specification.
[0052] FIG. 1 is a plan view illustrating a portion of a
plurality of pixel electrodes in an exemplary embodiment of
a liquid crystal display (“LCD”) device, FIG. 2 is an
enlarged view illustrating portion “A” of FIG. 1, and FIG. 3
is a cross-sectional view taken along line I-I' of FIG. 2.
[0053] Referring to FIGS. 1, 2, and 3, an exemplary
embodiment of the LCD device includes a display substrate
100, an opposing substrate 200, and a liquid crystal layer
300 between the display substrate 100 and the opposing
substrate 200. In addition, an exemplary embodiment of the
LCD device may further include a backlight unit (not
illustrated) which outputs light toward the display substrate
100.

[0054] The display substrate 100 may include a base
substrate 110, gate wirings 121 and 122, a gate insulating
layer 130, a semiconductor layer 140, data wirings 151, 153,
and 155, a first insulating layer 160, a shielding electrode
170, a second insulating layer 180, and a pixel electrode 190,
for example.

[0055] In an exemplary embodiment, the base substrate
110 may be an insulating substrate, such as a plastic sub-
strate, which has light transmitting characteristics and flex-
ibility. However, the exemplary embodiment is not limited
thereto, and the base substrate 110 may include a hard
substrate such as a glass substrate.

[0056] In an exemplary embodiment, the gate wirings 121
and 122 may include or consist of aluminum (Al) or alloys
thereof, silver (Ag) or alloys thereof, copper (Cu) or alloys
thereof, molybdenum (Mo) or alloys thereof, chromium
(Cr), tantalum (Ta), titanium (Ti), and/or the like, for
example.

[0057] In addition, the gate wirings 121 and 122 may have
a multilayer structure including two or more conductive
layers (not illustrated) having different physical properties.
In an exemplary embodiment, a conductive layer of the
multilayer structure may include or consist of metal having
low resistivity to reduce signal delay or voltage drop, such
as, an aluminum (Al)-based metal, a silver (Ag)-based
metal, a copper (Cu)-based metal, and another conductive
layer of the multilayer structure may include a material that
is found to impart an excellent contact property with indium
tin oxide (“ITO”) and indium zinc oxide (“IZ0™), such as a
molybdenum-based metal, chromium, titanium, tantalum,
and the like.

[0058] Other examples of the multilayer structure may
include a chromium lower layer and an aluminum upper
layer, an aluminum lower layer and a molybdenum upper
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layer, a titanium lower layer and a copper upper layer.
However, the invention is not limited thereto, and the gate
wirings 121 and 122 may include various other kinds and a
different number of layers of metals and conductors.
[0059] The gate wirings 121 and 122 include a gate line
121 extending in a direction, for example, a first direction
D1, and a gate electrode 122 branching off from the gate line
121 and extending therefrom. The gate wirings 121 and 122
may be simultaneously provided in a same process.

[0060] The gate line 121 transmits a gate signal, and the
gate electrode 122 defines three terminals of a thin film
transistor (“TFT”) TR, along with a source electrode 153
and a drain electrode 155 to be described below.

[0061] The gate insulating layer 130 is disposed over the
base substrate 110 on which the gate wirings 121 and 122 are
disposed. In an exemplary embodiment, the gate insulating
layer 130 may include silicon oxide (Si0,) or silicon nitride
(SiN,). In an exemplary embodiment, the gate insulating
layer 130 may further include aluminum oxide, titanium
oxide, tantalum oxide, or zirconium oxide.

[0062] The semiconductor layer 140 is disposed on a
portion of the first insulating layer 130 corresponding to the
gate electrode 122. In an exemplary embodiment, the semi-
conductor layer 140 may include a semiconductor material
such as amorphous silicon and crystalline silicon. In an
exemplary embodiment, the semiconductor layer 140 may
include an oxide semiconductor such as indium gallium zinc
oxide (“IGZ0”), ZnO, SnO,, In,0,, Zn,Sn0,, Ge,0,, and
HfO, and may include a compound semiconductor such as
GaAs, GaP, and InP.

[0063] In an exemplary embodiment, the semiconductor
layer 140 is depicted as substantially overlapping the gate
electrode 122. However, exemplary embodiments are not
limited thereto, and the semiconductor layer 140 may sub-
stantially overlap the data wirings 151, 153, and 155 to be
described hereinbelow.

[0064] The data wirings 151, 153, and 155 are disposed on
the base substrate 110 on which the semiconductor layer 140
1s disposed. The data wirings 151, 153, and 155 may include
or consist of the same material as that forming the gate
wirings 121 and 122.

[0065] The data wirings 151, 153, and 155 include a data
line 151 extending in a direction, e.g., a second direction D2,
which intersects the gate line 121, a source electrode 153
branching off from the data line 151 to extend onto the
semiconductor layer 140, and a drain electrode 155 spaced
apart from the source electrode 153 and overlapping a
portion of the semiconductor layer 140, for example. The
data wirings 151, 153, and 155 may be simultaneously
provided in a same process.

[0066] An ohmic contact layer (not illustrated) may fur-
ther be disposed among the semiconductor layer 140 and
each of the source electrode 153 and the drain electrode 155
so as to improve electric characteristics. A channel through
which electric charges moves when the TFT TR is driven is
defined in the semiconductor layer 140 between the source
electrode 153 and the drain electrode 155.

[0067] In an exemplary embodiment of the LCD device,
the gate line 121 extends in the first direction D1, and the
data line 151 extends in the second direction D2 which
intersect the first direction D1. Hereinafter, for ease of
description, a direction forming about 45 degrees with
respect to the first direction D1 is defined as a third direction
D3, a direction forming about 135 degrees with respect
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thereto is defined as a fourth direction D4, a direction
forming about 225 degrees with respect thereto is defined as
a fifth direction D5, and a direction forming about 315
degrees with respect thereto is defined as a sixth direction
D6. The third, fourth, fifth, and sixth directions D3, D4, D5,
and D6 are depicted as being perpendicular to one another,
but exemplary embodiments are not limited thereto. In
another exemplary embodiment, the third, fourth, fifth, and
sixth directions D3, D4, D5, and D6 may intersect one
another with predetermined degrees thereamong, although
not perpendicular to one another.

[0068] The gate electrode 122, the semiconductor layer
140, the source electrode 153, and the drain electrode 155
are collectively referred to as the TFT TR, and the TFT TR
may be connected to the gate line 121 and the data line 151
alternately in a zigzag shape in a plan view.

[0069] The gate line 121 sequentially outputs gate signals
in response to a gate control signal externally applied to a
gate driver (not shown), for example. The gate signal
includes a gate-on voltage that may turn on the TFTs TR that
are connected to a selected one of the gate lines 121, and a
gate-off voltage that may turn off the TFTs TR that are
connected to unselected ones of the gate lines 121.

[0070] The data line 151 sequentially outputs data volt-
ages in response to a data control signal externally applied
to a data driver (not shown), for example. In an exemplary
embodiment, in terms of the data voltage, voltages having
different polarities may be input alternately at each frame, or
in an alternative exemplary embodiment, voltages having
different polarities may be input to adjacent ones of the data
lines 151 in a single frame (refer to FIG. 1).

[0071] In an exemplary embodiment of the LCD device,
the TFTs TR are alternatively disposed in a zigzag shape in
a plan view. Accordingly, although voltages having different
polarities are applied to the adjacent ones of the data lines
151 in a single frame, an apparent inversion is recognized as
a dot inversion. That is, although a driver inversion corre-
sponds to a column inversion, the apparent inversion may
become a dot inversion.

[0072] As such, in the case that the apparent inversion
becomes a dot inversion, a luminance difference that occurs
due to a kick-back voltage is distributed when the data
voltage has a positive polarity and a negative polarity such
that a vertical flickering line may not appear.

[0073] In addition, in the case that the driver inversion
becomes a column inversion, polarities of the data voltages
applied to respective ones of the data lines 151 in a single
frame are the same, and thus a charging rate of the pixel
electrode 190 may be improved.

[0074] The first insulating layer 160 is disposed on the
base substrate 110 on which the data wirings 151, 153, and
155 are disposed. In an exemplary embodiment, the first
insulating layer 160 has a monolayer structure or a multi-
layer structure including, for example, silicon oxide, silicon
nitride, a photosensitive organic material, or a low dielectric
constant (low-k) insulating material, e.g., a-Si:C:O or a-Si:
O:F.

[0075] In addition, in the case that the LCD device has a
color filter on array (“COA”) structure in which the color
filter is disposed on a display substrate, the first insulating
layer 160 may be a color filter. In an exemplary embodiment,
the color filter may have one of red, green, blue, cyan,
magenta, yellow, and white colors. In an exemplary embodi-
ment, the three primary colors of red, green, and blue or
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cyan, magenta, and yellow may define a base pixel group for
color formation. Howevet, the invention is not limited
thereto, and the color filter may have various other colors.
[0076] The shielding electrode 170 is disposed on the first
insulating layer 160. The shielding layer 170 may include
transparent conductive materials. In an exemplary embodi-
ment, the shielding electrode 170 may include ITO or 170,
for example.

[0077] FIG. 4 is a plan view illustrating an exemplary
embodiment of the shielding electrode 170, and FIG. 5 is a
plan view illustrating an alternative exemplary embodiment
of the shielding electrode 170.

[0078] Referring to FIG. 4, an exemplary embodiment of
the shielding electrode 170 may be disposed over an entire
surface of the base substrate 110 on which the first insulating
layer 160 is disposed.

[0079] In addition, referring to FIG. 5, an alternative
exemplary embodiment of the shielding electrode 170 may
only be disposed on portions of the base substrate 110
corresponding to at least one of the gate line 121 and the data
line 151.

[0080] In an exemplary embodiment of the LCD device,
as the pixel electrode 190 overlaps at least one of the gate
line 121 and the data line 151, the shielding electrode 170
may be disposed to thereby significantly reduce a parasitic
capacitance that is generated between the pixel electrode
190 and each of the gate line 121 and the data line 151,
which will be described further hereinbelow.

[0081] The shielding electrode 170 may be grounded, or
may receive a direct current (“DC”) voltage having a pre-
determined level. In an exemplary embodiment, the shield-
ing electrode 170 may receive the same voltage as a voltage
applied to the common electrode 240 described hereinbelow,
or may receive the same voltage as a voltage applied to the
storage electrode (not illustrated), for example.

[0082] FIG. 6 is a cross-sectional view taken along line
[I-IP of FIG. 2.
[0083] Referring to FIG. 6, in the case that the shielding

electrode 170 receives a voltage Vcom having a level the
same as that of a voltage applied to the common electrode
240, light may not be transmitted through an area BA among
portions of the pixel electrode 190, e.g., among a second
branch portion 194 and a fourth branch portion 196 to be
described hereinbelow, by an electric field thereamong with-
out using an additional light blocking member 220.

[0084] Referring to FIGS. 1, 2, and 3, the second insulat-
ing layer 180 is disposed on the base substrate 110 on which
the shielding electrode 170 is disposed. In an exemplary
embodiment, the second insulating layer 180 has a mono-
layer structure or a multilayer structure including, for
example, silicon oxide, silicon nitride, a photosensitive
organic material, or a low dielectric constant (low-k) insu-
lating material, e.g., a-Si:C:O or a-Si:O:F.

[0085] The pixel electrode 190 is disposed on the second
insulating layer 180. In an exemplary embodiment, the pixel
electrode 190 may be an electrode including a transparent
conductor such as ITO or 1ZO. The pixel electrode 190 may
pass through the first insulating layer 160, the shielding
electrode 170, and the second insulating layer 180 to be
connected to the drain electrode 155.

[0086] FIG. 7A is a plan view illustrating an exemplary
embodiment of the pixel electrode 190, and FIG. 7B is a
picture illustrating a simulation result on a transmittance of
the pixel electrode 190 illustrated in FIG. 7A.
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[0087] Referring to FIGS. 1, 3, and 7A. an exemplary
embodiment of the pixel electrode 190 includes a first stem
portion 191 extending in the first direction D1, a second
stem portion 192 extending from the first stem portion 191
in the second direction D2 which intersects the first direction
D1, and first, second, third, and fourth branch portions 193,
194, 195, and 196 extending in an inclined manner with
respect to at least one of the first stem portion 191 and the
second stem portion 192.

[0088] The first branch portion 193 extends in a third
direction D3 from at least one of the first stem portion 191
and the second stem portion 192, the second branch portion
194 extends in a fourth direction D4 from at least one of the
first stem portion 191 and the second stem portion 192, the
third branch portion 195 extends in a fifth direction D5 from
at least one of the first stem portion 191 and the second stem
portion 192, and the fourth branch portion 196 extends in a
sixth direction D6 from at least one of the first stem portion
191 and the second stem portion 192.

[0089] A first domain is defined by the first branch portion
193, a second domain is defined by the second branch
portion 194, a third domain is defined by the third branch
portion 195, and a fourth domain is defined by the fourth
branch portion 196.

[0090] Liquid crystal molecules 301 are aligned parallel to
extension directions of the first, second, third, and fourth
branch portions 193, 194, 195, and 196. That is, the liquid
crystal molecules 301 are aligned in different directions in
the first, second, third, and fourth domains, respectively.

[0091] In an exemplary embodiment, the pixel electrode
190 including the first stem portion 191, the second stem
portion 192, and the first, second, third, and fourth branch
portions 193, 194, 195, and 196 may have a substantially
rhombus (e.g., lozenge) shape, for example. As used herein,
the “substantially rhombus shape” means that a shape
defined by an imaginary line connecting edges of the first
stem portion 191, the second stem portion 192, and the first,
second, third, and fourth branch portions 193, 194, 195, and
196 corresponds to a rhombus shape.

[0092] In an exemplary embodiment of the pixel electrode
190, at least one of the first stem portion 191 and the second
stem portion 192 is disposed to overlap at least one of the
gate line 121 and the data line 151 such that transmittance
degradation may be significantly reduced.

[0093] Referring to FIG. 7B, since an exemplary embodi-
ment of the pixel electrode 190 has a rhombus shape, the
liquid crystal molecules 301 disposed in an edge portion of
the pixel electrode 190 may be controlled parallel to the
extension directions of the first, second, third, and fourth
branch portions 193, 194, 195, and 196. Accordingly, trans-
mitting efliciency of the LCD device may be significantly
enhanced.

[0094] FIG. 8 is a plan view illustrating an alternative
exemplary embodiment of the pixel electrode 190.

[0095] Referring to FIG. 8, an alternative exemplary
embodiment of the pixel electrode 190 may be a whole-plate
electrode that has a rhombus shape. In such an exemplary
embodiment, a cross-shaped slit 245 that overlaps the pixel
electrode 190 may be defined in the common electrode 240.
However, exemplary embodiments are not limited thereto,
and the common electrode 240 may be a whole-plate elec-
trode. In addition, the pixel electrode 190 may overlap at
least one of the gate line 121 and the data line 151. In
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particular, an edge of the pixel electrode 190 may overlap at
least one of the gate line 121 and the data line 151.

[0096] Referring to FIGS. 1, 2, and 3, an alignment layer
(not illustrated) may be disposed on the pixel electrode 190.
The alignment layer aligns liquid crystal molecules 301 of
the liquid crystal layer 300 so that a major axis of the liquid
crystal molecules 301 is perpendicular to surfaces of the
display substrate 100 and the opposing substrate 200 in the
absence of an electric field between the display substrate 100
and the opposing substrate 200.

[0097] The opposing substrate 200 includes an opposing
base substrate 210, a light blocking member 220, an over-
coat layer 230, and a common electrode 240.

[0098] In an exemplary embodiment, the opposing base
substrate 210 may be an insulating substrate, such as a
plastic substrate, which has light transmitting characteristics
and flexibility. However, exemplary embodiments are not
limited thereto, and the opposing base substrate 210 may
include a hard substrate such as a glass substrate.

[0099] The light blocking member 220 is disposed on the
opposing base substrate 210. In an exemplary embodiment,
the light blocking member 220 may be referred to as a black
matrix, and may include a metal such as chromium oxide
(CrOx) or an opaque organic-layer material. The light block-
ing member 220 may be omitted, and may be disposed on
the display substrate 100.

[0100] The overcoat layer 230 is disposed on the light
blocking member 220. The overcoat layer 230 planarizes an
uneven surface of a layer therebelow, e.g., the light blocking
member 220, and efficiently suppresses or prevents exuda-
tion of undesired materials from the layer therebelow.

[0101] The common electrode 240 is disposed on the
overcoat layer 230. An exemplary embodiment of the com-
mon electrode 240 may include a whole-plate electrode
including a transparent conductor such as ITO or [ZO. In an
alternative exemplary embodiment, a cross-shaped slit may
be defined in the common electrode 240 to define a plurality
of domains.

[0102] FIG. 9 is a plan view illustrating a portion of a
plurality of pixel electrodes 190 in an alternative exemplary
embodiment of an LCD device. Herein, descriptions with
regard to an exemplary embodiment described hereinabove
will be omitted in the descriptions with regard to an alter-
native exemplary embodiment to be described hereinbelow.

[0103] Referring to FIG. 9, an alternative exemplary
embodiment of the LCD device includes a base substrate
110, a gate line 121 disposed on the base substrate 110 and
extending in a diagonal direction, a data line 151 extending
in a second direction D2 which intersects the first direction
D1, a TFT TR connected to the gate line 121 and the data
line 151, and a pixel electrode 190 connected to the TFT TR.

[0104] An alternative exemplary embodiment of the pixel
electrode 190 may have a substantially rhombus shape, and
at least one of the gate line 121 and the data line 151 may
be bent in a zigzag shape along an edge of the pixel electrode
190.

[0105] In FIG. 9, the gate line 121 is depicted as being
bent in a zigzag shape along the edge of the pixel electrode
190 which has a rhombus shape, but exemplary embodi-
ments are not limited thereto. In alternative exemplary
embodiments, the data line 151 may be bent in a zigzag
shape along the edge of the pixel electrode 190, or alterna-
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tively, both of the gate line 121 and the data line 151 may
be bent in a zigzag shape along the edge of the pixel
electrode 190.

[0106] As set forth hereinabove, in one or more exemplary
embodiments of the LCD device, since the pixel electrode
that includes the stem portion and the branch portion has a
rhombus shape, irregular movements of the liquid crystals
that may occur at an edge portion of a conventional pixel
electrode having a quadrangular shape may be significantly
reduced or prevented, such that display quality may be
improved.

[0107] In one or more exemplary embodiments of the
LCD device, at least one of the gate line and the data line
overlaps the stem portion of the pixel electrode such that
transmittance degradation may be significantly reduced, i.e.,
minimized.

[0108] In one or more exemplary embodiments of the
LCD device, the shielding electrode is disposed among the
pixel electrode and each of the gate line and the data line
such that a parasitic capacitance among the pixel electrode
and each of the gate line and the data line may be signifi-
cantly reduced.

[0109] In one or more exemplary embodiments of the
LCD device, the TFTs are alternately disposed in a zigzag
shape in a plan view, and thus a flickering phenomenon
showing vertical flickering lines may be prevented.

[0110] From the foregoing, it will be appreciated that
various embodiments in accordance with the invention have
been described herein for purposes of illustration, and that
various modifications may be made without departing from
the scope and spirit of the teachings. Accordingly, the
various embodiments disclosed herein are not intended to be
limiting of the true scope and spirit of the teachings. Various
features of the above described and other embodiments can
be mixed and matched in any manner, to produce further
embodiments consistent with the invention.

What is claimed is:

1. A display substrate comprising:

a base substrate;

a gate line on the base substrate, the gate line extending

in a first direction;

a data line on the base substrate, the data line extending

in a second direction which intersects the first direction;

a thin film transistor which is connected to the gate line

and the data line;
a first insulating layer on the thin film transistor;
a shielding electrode on the first insulating layer;
a second insulating layer on the shielding electrode; and
a pixel electrode on the second insulating layer, the pixel
electrode connected to the thin film transistor,

wherein the pixel electrode has a substantially rhombus
shape and overlaps at least one of the gate line and the
data line.

2. The display substrate as claimed in claim 1, wherein an
edge of the pixel electrode overlaps at least one of the gate
line and the data line.

3. The display substrate as claimed in claim 1, wherein the
shielding electrode comprises a transparent conductive
material.

4. The display substrate as claimed in claim 1, wherein the
shielding electrode is disposed over an entire surface of the
base substrate.
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5. The display substrate as claimed in claim 1, wherein the
shielding electrode is only disposed on a portion of the base
substrate corresponding to at least one of the gate line and
the data line.

6. The display substrate as claimed in claim 1, wherein the
shielding electrode receives a direct current voltage.

7. The display substrate as claimed in claim 1, wherein the
pixel electrode comprises:

a first stem portion which extends in a first direction;

a second stem portion which extends in the second
direction, the second direction intersecting the first
direction; and

first, second, third, and fourth branch portions extending
from at least one of the first stem portion and the second
stem portion in an inclined manner,

wherein at least one of the first stem portion and the
second stem portion overlaps at least one of the gate
line and the data line.

8. The display substrate as claimed in claim 7, wherein the
first stem portion and the second stem portion have a
cross-shape.

9. The display substrate as claimed in claim 1, wherein the
thin film transistors are connected to the gate line and the
data line alternately in a zigzag shape in a plan view.

10. The display substrate as claimed in claim 1, wherein
at least one of the gate line and the data line is bent in a
zigzag shape along an edge of the pixel electrode.

11. A liquid crystal display device comprising:

a display substrate;

an opposing substrate disposed to oppose the display
substrate; and

a liquid crystal layer between the display substrate and the
opposing substrate,

wherein the display substrate comprises:

a base substrate;

a gate line on the base substrate, the gate line extending
in a first direction;

a data line on the base substrate, the data line extending
in a second direction which intersects the first direction;

a thin film transistor which is connected to the gate line
and the data line;

a first insulating layer on the thin film transistor;

a shielding electrode on the first insulating layer;

a second insulating layer on the shielding electrode; and

a pixel electrode on the second insulating layer, the pixel
electrode connected to the thin film transistor, and

wherein the pixel electrode has a substantially rhombus
shape and overlaps at least one of the gate line and the
data line.

12. The liquid crystal display device as claimed in claim
11, wherein an edge of the pixel electrode overlaps at least
one of the gate line and the data line.

13. The liquid crystal display device as claimed in claim
11, wherein the shielding electrode comprises a transparent
conductive material.

14. The liquid crystal display device as claimed in claim
11, wherein the shielding electrode is disposed over an entire
surface of the base substrate.

15. The liquid crystal display device as claimed in claim
11, wherein the shielding electrode is only disposed on a
portion of the base substrate corresponding to at least one of
the gate line and the data line.
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16. The liquid crystal display device as claimed in claim
11, wherein the shielding electrode receives a direct current
voltage.

17. The liquid crystal display device as claimed in claim
11, wherein the pixel electrode comprises:

a first stem portion which extends in a first direction;

a second stem portion which extends in the second
direction, the second direction intersecting the first
direction; and

first, second, third, and fourth branch portions extending
from at least one of the first stem portion and the second
stem portion in an inclined manner,

wherein at least one of the first stem portion and the
second stem portion overlaps at least one of the gate
line and the data line.

18. The liquid crystal display device as claimed in claim

17, wherein the first stem portion and the second stem
portion have a cross-shape.
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19. The liquid crystal display device as claimed in claim
11, wherein the gate line and the data line are perpendicular
to each other, and the thin film transistors are connected to
the gate line and the data line alternately in a zigzag shape.

20. The liquid crystal display device as claimed in claim
11, wherein at least one of the gate line and the data line is
bent in a zigzag shape along an edge of the pixel electrode.

21. The liquid crystal display device as claimed in claim
18, wherein the opposing substrate comprises:

an opposing base substrate; and
a common electrode on the opposing base substrate.

22. The liquid crystal display device as claimed in claim
21, wherein a cross-shaped slit which overlaps the pixel
electrode is defined in the common electrode.

L S T T
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