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LIQUID CRYSTAL DISPLAY

[0001] This application claims priority to Korean Patent
Application No. 10-2013-0082385, filedon Jul. 12,2013, and
all the benefits accruing therefrom under 35 U.S.C. §119, the
entire contents of which are incorporated herein by reference.

BACKGROUND
[0002] (1) Field
[0003] The invention relates to a liquid crystal display.
[0004] (2) Description of the Related Art
[0005] A liquid crystal display (“LLCD”), which is one of

the flat panel displays most widely used, typically includes
two display panels on which field generating electrodes such
as a pixel electrode and a common electrode are formed and
a liquid crystal layer inserted therebetween, and displays an
image by generating an electric field in the liquid crystal layer
by applying a voltage to the field generating electrodes. The
electric field determines alignments of liquid crystal mol-
ecules of the liquid crystal layer through the electric field,
thereby controlling polarization of incident light.

[0006] The LCD typically includes a switching element
connected to each pixel electrode, a plurality of signal lines
such as gate lines and data lines for applying a voltage to a
pixel electrode by controlling the switching element and a
driver for driving the display panel by applying a driving
signal to the signal line.

[0007] The driver typically includes a gate driver for sup-
plying a gate signal including a gate on voltage and a gate off
voltage to the gate line of the display panel, a data driver for
supplying a data signal to the dataline of the display panel and
a signal controller for controlling the data driver and the gate
driver.

[0008] An LCD in a vertically aligned (“VA”) mode, in
which, in a state where an electric field is not applied, longer
axes of the liquid crystal molecules are vertically arranged
with respect to the upper and lower display panels, among the
LCDs has a high contrast ratio and easily implement a wide
reference viewing angle, thereby getting the spotlight.

[0009] In the LCD in the vertically aligned mode, in order
to implement a wide viewing angle, a plurality of domains
having different alignment directions of the liquid crystals
may be formed at one pixel.

[0010] A means for forming the plurality of domains as
described above includes a method of defining a cutout such
as a slit, for example, at the field generating electrode.
According to the method, the liquid crystals are re-arranged
by fringe fields formed between an edge of the cutout and the
field generating electrode facing the edge of the cutout, so that
the plurality of domains may be formed.

[0011] The LCD including a domain forming means
includes a vertical alignment mode LCD in which the domain
forming means are formed on both the upper and lower sub-
strates, and a patternless VA mode LCD in which a micropat-
tern is formed only on the lower substrate, and a pattern is not
formed on the upper substrate, for example. A display area is
divided into a plurality of domains by the domain forming
means, and liquid crystals within each domain substantially
incline in the same direction.
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SUMMARY

[0012] The invention has been made in an effort to provide
a liquid crystal display (“LCD”) capable of effectively pre-
venting a defect such as light leakage between pixels due to an
electric field by a gate signal.

[0013] Further, the invention has been made in an effort to
improve transmittance and an aperture ratio of an LCD.
[0014] An exemplary embodiment of the invention pro-
vides an LCD including a lower substrate and an upper sub-
strate facing each other, a liquid crystal layer disposed
between the lower substrate and the upper substrate, a pixel
electrode disposed on the lower substrate and including a
plurality of sub-regions differently controlling an inclination
direction of liquid crystal molecules included in the liquid
crystal layer for one pixel and a gate line disposed on the
lower substrate and including a portion that extends overlap-
ping a boundary between adjacent sub-regions of the pixel
electrode.

[0015] The pixel electrode may include a first stem portion
forming the boundary between the adjacent sub-regions, and
the gate line may include a portion that extends overlapping
the first stem portion.

[0016] The pixel electrode may include a second stem por-
tion substantially vertically connected to the first stem por-
tion, and a plurality of minute branches extending in different
directions in different sub-regions.

[0017] The LCD may further include a data line configured
to transmit a data voltage, a thin film transistor (“TFT”)
configured to apply the data voltage to the pixel electrode, and
a storage electrode line configured to transmit a common
voltage, in which the TFT includes a gate electrode connected
with the gate line, and a source electrode and a drain electrode
facing each other on the gate electrode, and the storage elec-
trode line includes a portion overlapping the pixel electrode
or the drain electrode.

[0018] The gate line may include a bent portion bent at an
edge portion of the pixel electrode.

[0019] Thefirst stem portion may extend in a first direction,
and the TFT may be disposed between two pixels neighboring
in the first direction.

[0020] The pixel electrode the pixel electrode may include
aplurality of unit electrodes connected with each other, a umt
electrode of the unit electrodes may include the plurality of
sub-regions, and the gate line may include a portion that
extends overlapping a boundary between the sub-regions of
the unit electrode.

[0021] TheLCD may furtherinclude an opposing electrode
disposed on the upper substrate, in which the opposing elec-
trode includes an opening facing and extending parallel to at
least one of the first stem portion and the second stem portion.
[0022] A lengthofthe first stem portion may be longer than
a length of the second stem portion.

[0023] A length of the second stem portion may be longer
than a length of the first stem portion.

[0024] The pixel electrode may include a first sub-pixel
electrode and a second sub-pixel electrode adjacent to each
other with a gap defined therebetween, and the gate line may
include a portion that extends overlapping the gap.

[0025] One of the first sub-pixel electrode and the second
sub-pixel electrode may include a plurality of unit electrodes
connected with each other.

[0026] A unit electrode of the unit electrodes may include
the plurality of sub-regions, and the unit electrode may
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include a plurality of minute branches extending in different
direction in different sub-regions.

[0027] A first cutout providing a boundary between the
sub-regions may be defined in the pixel electrode.

[0028] Thel.CD may further include an opposing electrode
disposed on the upper substrate, and a second cutout extend-
ing substantially parallel to the first cutout and providing a
boundary between the sub-regions may be defined in the
opposing electrode.

[0029] The LCD may further include a vertical alignment
layer disposed on an inner surface of one of the lower sub-
strate and the upper substrate.

BRIEF DESCRIPTION OF THE DRAWINGS

[0030] The above and other aspects, advantages and fea-
tures of this disclosure will become more apparent by
describing in further detail exemplary embodiments thereof
with reference to the accompanying drawings, in which:
[0031] FIG. 11is a top plan view illustrating an exemplary
embodiment of a pixel electrode and gate lines for one pixel
ofaliquid crystal display (“LCD”) according to the invention.
[0032] FIG. 2 is a plan view of the exemplary embodiment
of one pixel of the LCD according to the invention.

[0033] FIG. 3 is a cross-sectional view of the LCD of FIG.
2 taken along line III-II1.

[0034] FIGS. 4 to 6 are plan views of exemplary embodi-
ments of one pixel of an LCD according to the invention,
respectively.

[0035] FIGS. 7 and 8 are exemplary embodiments of block
diagrams of an LCD according to the invention, respectively.
[0036] FIG.9is aplan view of an exemplary embodiment
of one pixel of an LCD according to the invention.

[0037] FIGS. 10 and 11 are exemplary embodiments of
block diagrams of an LCD according to the invention, respec-
tively.

[0038] FIGS. 12 and 13 are plan views of exemplary
embodiments of one pixel of an LCD according to the inven-
tion, respectively.

[0039] FIG. 14 is an equivalent circuit diagram of an exem-
plary embodiment of one pixel of an LCD according to the
invention.

[0040] FIGS.15t0 18 are plan views of exemplary embodi-
ments of one pixel of an LCD according to the invention,
respectively.

DETAILED DESCRIPTION

[0041] According to exemplary embodiments of the inven-
tion, it is possible to effectively prevent a defect such as light
leakage between pixels due to an electric field by a gate
signal, and improve transmittance and an aperture ratio of a
liquid crystal display (“LCD”).

[0042] The invention will be described more fully herein-
after with reference to the accompanying drawings, in which
exemplary embodiments of the invention are shown. As those
skilled in the art would realize, the described exemplary
embodiments may be modified in various different ways, all
without departing from the spirit or scope of the invention.
[0043] In the drawings, the thickness of layers, films, pan-
els, regions, etc., are exaggerated for clarity. Like reference
numerals designate like elements throughout the specifica-
tion. It will be understood that when an element such as a
layer, film, region, or substrate is referred to as being “on”
another element, it can be directly on the other element or
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intervening elements may also be present. In contrast, when
an element is referred to as being “directly on” another ele-
ment, there are no intervening elements present.

[0044] It will be understood that when an element is
referred to as being “on” another element, it can be directly on
the other element or intervening elements may be present
therebetween. In contrast, when an element is referred to as
being “directly on” another element, there are no intervening
elements present.

[0045] Itwill be understood that, although the terms “first,”
“second,” “third” etc. may be used herein to describe various
elements, components, regions, layers and/or sections, these
elements, components, regions, layers and/or sections should
not be limited by these terms. These terms are only used to
distinguish one element, component, region, layer or section
from another element, component, region, layer or section.
Thus, “a first element,” “component,” “region,” “layer” or
“section” discussed below could be termed a second element,
component, region, layer or section without departing from
the teachings herein.

[0046] The terminology used herein is for the purpose of
describing particularembodiments only and is not intended to
be limiting. As used herein, the singular forms “a,” “an,” and
“the” are intended to include the plural forms, including “at
least one,” unless the content clearly indicates otherwise.
“Or” means “and/or”” As used herein, the term “and/or”
includes any and all combinations of one or more of the
associated listed items. It will be further understood that the
terms “comprises” and/or “comprising,” or “includes” and/or
“including” when used in this specification, specify the pres-
ence of stated features, regions, integers, steps, operations,
elements, and/or components, but do not preclude the pres-
ence or addition of one or more other features, regions, inte-
gers, steps, operations, elements, components, and/or groups
thereof.

[0047] Furthermore, relative terms, such as “lower” or
“bottom” and “upper” or “top,” may be used herein to
describe one element’s relationship to another element as
illustrated in the Figures. It will be understood that relative
terms are intended to encompass different orientations of the
device in addition to the orientation depicted in the Figures.
For example, if the device in one of the figures is turned over,
elements described as being on the “lower” side of other
elements would then be oriented on “upper” sides of the other
elements. The exemplary term “lower,” can therefore, encom-
passes both an orientation of “lower” and “upper,” depending
on the particular orientation of the figure. Similarly, if the
device in one of the figures is turned over, elements described
as “below” or “beneath™ other elements would then be ori-
ented “above” the other elements. The exemplary terms
“below” or “beneath” can, therefore, encompass both an ori-
entation of above and below.

[0048] “About” or “approximately” as used herein is inclu-
sive 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
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.

[0049] Unless otherwise defined, all terms (including tech-
nical and scientific terms) used herein have the same mearning
as commonly understood by one of ordinary skill in the art to
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which this disclosure belongs. It will be further understood
that terms, such as those defined in commonly used dictio-
naries, should be interpreted as having a meaning that is
consistent with their meaning in the context of the relevant art
and the present disclosure, and will not be interpreted in an
idealized or overly formal sense unless expressly so defined
herein.

[0050] Exemplary embodiments are described herein with
reference to cross section illustrations that are schematic
illustrations of idealized embodiments. 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 described herein
should not be construed as limited to the particular shapes of
regions as illustrated herein but are to include deviations in
shapes that result, for example, from manufacturing. For
example, a region illustrated or described as flat may, typi-
cally, have rough and/or nonlinear features. Moreover, sharp
angles that are illustrated may be rounded. Thus, the regions
illustrated in the figures are schematic in nature and their
shapes are not intended to illustrate the precise shape of a
region and are not intended to limit the scope of the present
claims.

[0051] First, an LCD according to an exemplary embodi-
ment of the invention will be described with reference to FIG.
1.

[0052] FIG.1isatopplan view illustrating a pixel electrode
and gate lines for one pixel of an LCD according to an exem-
plary embodiment of the invention.

[0053] Referring to FIG. 1, the LCD according to the exem-
plary embodiment of the invention includes a liquid crystal
panel assembly (not illustrated), a gate driver (not illustrated)
and a data driver (not illustrated) for driving the liquid crystal
panel assembly.

[0054] The liquid crystal panel assembly includes a plural-
ity of signal lines, and a plurality of pixels PX connected to
the plurality of signal lines and arranged in a form of a matrix.
The liquid crystal panel assembly includes a lower display
panel (not illustrated) and an upper display panel (not illus-
trated), which face each other, and a liquid crystal layer (not
illustrated) interposed between the two display panels. Align-
ment layers (not illustrated) may be disposed on inner sur-
faces of the two display panels, and may be vertical alignment
layers. Further, a polarizer (not illustrated) is provided at an
external surface of at least one of the two display panels, and
polarization axes of the two polarizers may be substantially
perpendicular to each other.

[0055] The signal lines include a plurality of gate lines 121
for transmitting gate signals (also referred to as “scan sig-
nals”) and a plurality of data lines (not illustrated) for trans-
mitting a data voltage. The gate lines 121 may be extended
substantially in a row direction and may be substantially
parallel to each other, and the data lines may be extended in a
column direction and may be substantially parallel to each
other.

[0056] Each pixel PX includes a liquid crystal capacitor
(not illustrated) and a switching element (not illustrated) con-
nected with the liquid crystal capacitor. In an exemplary
embodiment, the switching element may be a three-terminal
element of a thin film transistor (“TFT”), for example, and the
like. A control terminal of the switching element is connected
with the gate lines 121, an input terminal thereof may be
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connected with the data line, and an output terminal thereof
may be directly/indirectly connected with the liquid crystal
capacitor.

[0057] Two electrodes of the liquid crystal capacitor, for
example, a pixel electrode 191 of the lower display panel and
an opposing electrode (not illustrated) of the upper display
panel, may serve as the two terminals, and the liquid crystal
layer between the two electrodes serves as a dielectric mate-
rial.

[0058] Each pixel PX may further include a storage capaci-
tor (not illustrated) playing an auxiliary role of the liquid
crystal capacitor.

[0059] Referring to FIG. 1, the pixel electrode 191 accord-
ing to the exemplary embodiment of the invention includes a
cross-shaped branch portion including a horizontal stem por-
tion 192 and a vertical stem portion 193 perpendicular to the
horizontal stem portion 192. The pixel electrode 191 is
divided into four sub-regions by the horizontal stem portion
192 and the vertical stem portion 193. That is, the horizontal
stem portion 192 and the vertical stem portion 193 provide a
border between adjacent sub-regions.

[0060] The pixel electrode 191 may further include a plu-
rality of minute branches 199 disposed at each sub-region.
The minute branches 199 may be obliquely extended to an
outside from the horizontal stem portion 192 or the vertical
stem portion 193. The minute branches 199 of different sub-
regions of one pixel electrode 191 may extend in different
directions from each other. Particularly, the minute branches
199 of adjacent two sub-regions may provide an angle of
approximately 90 degrees or approximately 180 degrees ther-
ebetween. Directions in which the minute branches 199 are
extended in the respective sub-regions may be uniform.

[0061] Micro slits 91, in which material of an electrode is
omitted, are disposed between and/or defined by adjacent
minute branches 199.

[0062] Inanexemplary embodiment, pitches of the minute
branches 199 and the micro slits 91 may be approximately 5
micrometers (um) to approximately 8 pm, but are not limited
thereto. In an exemplary embodiment, a ratio of a width ofthe
minute branch 199 to a width of the micro slit 91 may be
approximately 1.5:1 to approximately 1:1.5, but is not lim-
ited, and may be appropriately adjusted considering a display
characteristic. The pitch and the width may be taken in a
direction perpendicular to an elongation direction of the
minute branch 199.

[0063] In an exemplary embodiment, an acute angle
between the minute branch 199 and the horizontal stem por-
tion 192 may be approximately 40 degrees to approximately
45 degrees, but is not limited thereto, and may be appropri-
ately adjusted considering a display characteristic such as
visibility of the LCD, for example.

[0064] According to the exemplary embodiment of the
invention, the horizontal branch portions 192 of the pixel
electrode 191 and the gate lines 121 disposed at different
layers may be overlapping each other. A width of the hori-
zontal stem portion 192 of the pixel electrode 191 may be
larger than or equal to, or smaller than a width of the gate line
121.

[0065] An entire shape of the pixel electrode 191 may be a
quadrangle. In FIG. 1, the pixel electrode 191 elongating ina
horizontal direction is illustrated as an exemplary embodi-
ment, but the invention is not limited thereto, and a length of
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the pixel electrode 191 in a vertical direction may also be
longer than a length of the pixel electrode 191 in the horizon-
tal direction.

[0066] The pixel electrode 191 may further include a pro-
trusion 195 for a connection with another layer.

[0067] Inordertoimplement a display of colors, each pixel
PX uniquely displays one of the primary colors (spatial divi-
sion), or each pixel PX alternately displays the primary colors
according to a time (temporal division), so that adesired color
is recognized through a spatial or temporal sum of the primary
colors. In an exemplary embodiment, the primary colors
include three primary colors such as a red color, a green color
and a blue color, for example. In the spatial division, each
pixel PX may include a color filter (not illustrated) represent-
ing one of the primary colors.

[0068] The liquid crystal layer includes liquid crystal mol-
ecules (not illustrated) having a dielectric anisotropy. The
liquid crystal molecules may have, particularly, negative
dielectric anisotropy. The liquid crystal molecules may be
aligned so that longer axes thereof are generally vertical to the
surfaces of the two display panels in a state where an electric
field is not generated in the liquid crystal layer.

[0069] The liquid crystal layer disposed at one pixel PX
may include a plurality of domains (not illustrated) where
inclination directions of the liquid crystal molecules are dif-
ferent from each other when the electric field is generated in
the liquid crystal layer to implement a wide viewing angle.
The inclination direction of the liquid crystal molecules may
be uniform in each domain. The domains of the liquid crystal
layer in one pixel PX may correspond to the plurality of
sub-regions of the corresponding pixel electrode 191, respec-
tively. In an exemplary embodiment, in a case where the pixel
electrode 191 includes four sub-regions, the liquid crystal
layer corresponding to the pixel electrode 191 may have four
domains corresponding to the sub-regions, respectively, for
example.

[0070] Theliquid crystal molecules of each domain may be
initially aligned while having a pretilt in each moving direc-
tion in a state where the electric field does not exist in the
liquid crystal layer for a fast response speed.

[0071] The data driver is connected with the data lines of
the liquid crystal panel assembly, and applies the data voltage
to the data lines.

[0072] The gate driver is connected with the gate lines 121
of the liquid crystal panel assembly, and applies the gate
signal including a combination of a gate on voltage through
which the switching element is turned on, and a gate off
voltage through which the switching element is turned off to
the gate lines 121.

[0073] Then, an operation of the LCD will be described.
[0074] When the switching element is turned on by apply-
ing the gate on voltage to the gate electrode of the switching
element, the data voltage is applied to the pixel electrode 191.
The pixel electrode 191 to which the data voltage is applied
and the opposed electrode to which the common voltage is
applied together generate an electric field in the liquid crystal
layer.

[0075] Theelectric field includes a vertical component hav-
ing a substantially vertical direction with respect to a surface
of the display panel, and the liquid crystal molecules tend to
incline in a direction substantially parallel to the surface of the
display panel by the vertical component of the electric field.
Fringe fields are provided between the edges of the horizontal
stem portion 192, the vertical stem portion 193, and the
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minute branches 199 of the pixel electrode 191 and the
opposed electrode, so that the liquid crystal molecules gen-
erally incline toward a connecting portion of the horizontal
stem portion 192 and the horizontal stem portion 193, and in
a direction substantially parallel to the minute branches 199.
Accordingly, a plurality of domains having different inclina-
tion directions of the liquid crystal molecules from each other
is provided in the liquid crystal layer for one pixel PX.
[0076] When the gate off voltage is applied to the gate line
121, the switching element is turned off, and the pixel voltage
charged in the liquid crystal capacitor is maintained until the
switching element is turned on again in a next frame. In this
case, the storage capacitor Cst may assist voltage storage
performance of the liquid crystal capacitor. According to the
related art, the gate lines 121 are generally disposed between
the adjacent pixels PX, and when the gate off voltage is
applied to the gate lines 121, charges are accumulated at a
boundary of the pixels PX due to a large difference of a
voltage between the opposing electrode and the gate line 121,
and a defect of light leakage may be generated at a boundary
of the pixels PX due to the electric field by the accumulated
charges.

[0077] However, according to the exemplary embodiment
of the invention, the gate lines 121 are disposed to overlap the
horizontal stem portion 192 providing the boundary between
the sub-regions of the pixel electrode 191, so that the electric
field by the gate off voltage is fundamentally blocked by the
horizontal stem portion 192 of the pixel electrode 191, and the
defect of light leakage between the pixels PX is not generated.
[0078] Further, contrary to the related art, according to the
exemplary embodiment of the invention, the gate lines 121
are not disposed between the adjacent pixels PX so that it is
possible to decrease a non-opening region between the adja-
cent pixels PX, thereby further increasing an aperture ratio of
one pixel PX and improving transmittance.

[0079] Further, the region corresponding to the horizontal
stem portion 192 of the pixel electrode 191 is a boundary
between the sub-regions of the pixel electrode 191 and is not
a main transmitting region of light so that the gate lines 121
overlap the horizontal stem portion 192 of the pixel electrode
191. Therefore, an aperture ratio and transmittance are not
decreased.

[0080] Then, the LCD according to the exemplary embodi-
ment of the invention will be described with reference to
FIGS. 2 and 3 together with the aforementioned drawing. The
same constituent elements as those of the aforementioned
exemplary embodiment are indicated by the same reference
numerals, and the same description will be omitted, which
will be equally applied hereinafter.

[0081] FIG. 2 is a plan view of one pixel of the LCD
according to the exemplary embodiment of the invention, and
FIG. 3 is a cross-sectional view of the LCD of FIG. 2 taken
along line [I-1IL.

[0082] Referring to FIGS. 2 and 3, the display device
according to the exemplary embodiment of the invention
includes a lower display panel 100 and an upper display panel
200 facing each other, and a liquid crystal layer 3 interposed
between the two display panels 100 and 200.

[0083] First, the lower display panel 100 will be described.
The gate lines 121 including the gate electrode 124, and
storage electrode lines 125 are disposed on an insulating
substrate 110.

[0084] The gate line 121 transmits a gate signal, and is
generally extended in a horizontal direction.
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[0085] The storage electrode line 125 generally transmits a
predetermined voltage, such as a common voltage, in a direc-
tion substantially parallel to the gate line 121. In a case where
the gate line 121 is extended in the horizontal direction, the
storage electrode line 125 may be generally extended in the
horizontal direction, for example. The storage electrode line
125 may include a main line extended in substantially parallel
to the gate line 121, the plurality of branch portions 127
extended to be substantially vertical to the gate line 121 and a
storage electrode 126.

[0086] A gate insulating layer 140 is disposed on the gate
lines 121 and the storage electrode lines 125, and a semicon-
ductor 154 including hydrogenated amorphous silicon, poly-
silicon or an oxide semiconductor is disposed on the gate
insulating layer 140.

[0087] A data line 171 and a drain electrode 175 are dis-
posed on the semiconductor 154 and the gate insulating layer
140.

[0088] In an exemplary embodiment, chmic contact layers
163 and 165 are disposed on the semiconductor 154. The
ohmic contact layers 163 and 165 may face opposite to each
other.

[0089] The data line 171 transmits a data voltage, and is
generally extended in a vertical direction to cross the gate line
121. The data line 171 includes a source electrode 173
extended toward the gate electrode 124. The data line 171
may be periodically bent.

[0090] The drain electrode 175 is separated from the data
line 171, and includes a portion facing the source electrode
173. In an exemplary embodiment, the source electrode 173
and the drain electrode 175 may be disposed on the ohmic
contact layers 163 and 165, respectively.

[0091] Thegateelectrode 124, the source electrode 173 and
the drain electrode 175 are included in a TFT Q together with
the semiconductor 154.

[0092] A passivation layer 180 including an insulating
material is disposed onthe TFT Q. A contact hole 185 through
which the drain electrode 175 is exposed is defined in the
passivation layer 180.

[0093] The pixel electrode 191 is disposed on the passiva-
tion layer 180. The pixel electrode 191 may include a trans-
parent conductive material such as indium tin oxide (“ITO”)
or indium zinc oxide (“I1Z0”), or a reflective metal such as
aluminum, silver, chromium, or an alloy thereof. A detailed
structure of the pixel electrode 191 is substantially the same
as the aforementioned exemplary embodiment illustrated in
FIG. 1, thereby a detailed description thereof will be omitted.
[0094] A protrusion 195 of the pixel electrode 191 may be
connected to the drain electrode 175 via the contact hole 185.
The pixel electrode 191 may receive the data voltage from the
drain electrode 175.

[0095] Next, the upper display panel 200 will be described.
In the upper display panel 200, a color filer 230 and a light
blocking member 220 may be disposed on the insulating
substrate 210.

[0096] Thelight blocking member 220 may also bereferred
to as a black matrix, and may effectively prevent light leakage
between the pixel electrodes 191. The light blocking member
220 may overlap most of the data line 171, the gate line 121
and the TFT Q.

[0097] The color filter 230 may display one of the primary
colors such as the three primary colors including a red color,
a green color and a blue color. According to another exem-
plary embodiment of the invention, at least one of the light
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blocking member 220 and the color filter 230 may be dis-
posed on the lower display panel 100.

[0098] An overcoat 250 is disposed on the color filter 230
and the light blocking member 220, and an opposing elec-
trode 270 is disposed on the overcoat 250. The opposing
electrode 270 may include a transparent conductor, such as
ITO and 17O or a metal. The opposing electrode 270 may
receive the common voltage. The opposing electrode 270 are
disposed on an entire surface of the insulating substrate 210,
and the opposed electrodes 270 of the plurality of pixels PX
are connected with each other. A cutout may or may not be
defined in the opposing electrode 270.

[0099] The liquid crystal layer 3 includes a liquid crystal
molecule 31 having negative dielectric anisotropy. The liquid
crystal molecule 31 is aligned so that a longer axis thereof is
generally vertical to the surfaces of the two display panels 100
and 200 in a state where an electric field is not generated in the
liquid crystal layer 3.

[0100] The pixel electrode 191 and the opposing electrode
270 provide the liquid crystal capacitor together with the
liquid crystal layer 3 part interposed therebetween to main-
tain the applied voltage even after the TFT Q is turned off. The
pixel electrode 191 or the drain electrode 175 overlaps the
storage electrode line 125 with the gate insulating layer 140 or
the passivation layer 180 interposed therebetween to provide
astorage capacitor Cst. The storage electrode line 125 includ-
ing the storage electrode 126 and the branch portion 127 may
mainly overlap the pixel electrode 191 or the drain electrode
175 at an edge portion of the pixel electrode 191.

[0101] Next, an LCD according to an exemplary embodi-
ment of the invention will be described with reference to
FIGS. 4 to 6 together with the aforementioned drawings.
[0102] FIGS. 4 to 6 are plan views of one pixel of an LCD
s according to exemplary embodiments of the invention,
respectively.

[0103] First, referring to FIG. 4, the LCD according to the
exemplary embodiment is similar to the aforementioned
exemplary embodiment illustrated in FIGS. 2 and 3, but a
horizontal portion of the storage electrode line 125 may be
omitted. Accordingly, the storage electrode line 125 may have
a structure connected only in the vertical direction.

[0104] Accordingly, capacitance of the storage capacitor
Cst may be generally decreased, but it is possible to compen-
sate for decreased capacitance of the storage capacitor Cst by
appropriately adjusting parasitic capacitance between the
gate electrode 124 and the drain electrode 175 of the TFT Q,
or a parasitic capacitance between the gate electrode 124 and
the source electrode 173, and minimize an influence by a
kickback voltage.

[0105] According to the illustrated exemplary embodi-
ment, the horizontal portion of the storage electrode line 125,
which is disposed at the opening of the pixel PX in the
aforementioned exemplary embodiment in FIGS. 2 and 3, is
not present, so that transmittance may be further improved
compared to the aforementioned exemplary embodiment
illustrated in FIGS. 2 and 3.

[0106] Next, referring to FIG. 5, the LCD according to the
exemplary embodiment is similar to the aforementioned
exemplary embodiment illustrated in FIGS. 2 and 3, but the
storage electrode line 125 may include a pair of horizontal
portions (denoted by reference numeral “125”) overlapping
the pixel electrode 191 of one pixel PX to provide a storage
capacitor Cst. Accordingly, as illustrated in FIG. 5, the stor-
age capacitor Cst may be disposed along most of the sides of



US 2015/0015822 Al

the edge of one pixel PX to maximize capacitance of the
storage capacitor Cst, and further effectively reduce a size of
a kickback voltage.

[0107] Next, referring to FIG. 6, the LCD according to the
exemplary embodiment is similar to the aforementioned
exemplary embodiment illustrated in FIGS. 2 and 3, but a
structure of the gate line 121 may be different.

[0108] According to the exemplary embodiment, the gate
line 121 may further include a horizontal portion overlapping
the horizontal stem portion 192 of the pixel electrode 191, a
gate electrode 124 included in the TFT Q, and a bent portion
122 connecting the horizontal portion and the gate electrode
124. The bent portion 122 is bent so as not to overlap the data
line 171 and the drain electrode 175 and be as far as possible
therefrom, and may be provided to be relatively narrower than
other portions of the gate line 121.

[0109] According to the exemplary embodiment, an over-
lapping area between the gate line 121 and the data line 171 or
the drain electrode 175 may be decreased so that it is possible
to decrease a size of a kickback voltage, and improve a poor
image quality such as flicker.

[0110] Then, an LCD according to the exemplary embodi-
ment of the invention will be described with reference to
FIGS. 7 and 8 together with the aforementioned drawings.
[0111] FIGS. 7 and 8 are block diagrams of the LCD
according to the exemplary embodiment of the invention,
respectively.

[0112] First, referring to FIG. 7, the LCD according to the
exemplary embodiment of the invention includes a liquid
crystal panel assembly 300, gate drivers 400a and 4005 and a
data driver 500.

[0113] The liquid crystal panel assembly 300 includes a
plurality of gate lines 121, a plurality of data lines 171 and a
plurality of pixels PX connected to the signal lines including
the plurality of gate lines 121 and the plurality of data lines
171, and arranged in a matrix form. A structure of the liquid
crystal panel assembly 300 is similar to that of the aforemen-
tioned exemplary embodiment, thereby a detailed description
thereof will be omitted.

[0114] The gate drivers 4004 and 4005 are connected with
the gate line 121 of the liquid crystal panel assembly 300, and
apply a gate signal including a combination of a gate on
voltage through which a switching element is turned on and a
gate off voltage through which a switching element is turned
off to the gate line 121. The gate drivers 400z and 4005 may
be disposed at opposing side edges of the liquid crystal panel
assembly 300 as illustrated in FIG. 7. respectively. In an
exemplary embodiment, the gate driver 400a may be dis-
posed at a left side edge of the liquid crystal panel assembly
300, and the gate driver 4005 may be disposed at a right side
edge of the liquid crystal panel assembly 300, for example.
However, in another exemplary embodiment, one gate driver
(not illustrated) may be disposed at one side edge of the liquid
crystal panel assembly 300.

[0115] Referring to FIG. 7, the gate drivers 400a and 4005
may be integrated on the liquid crystal panel assembly 300
together with a TFT Q. However, in another exemplary
embodiment, the gate drivers 400a and 4005 may be directly
mounted on the liquid crystal panel assembly 300 in a form of
at least one integrated circuit (“1C”) chip, may be mounted on
a flexible printed circuit film (not illustrated) and attached to
the liquid crystal panel assembly 300 in a form of a tape
carrier package (“TCP”), or may be mounted on a separate
printed circuit board (“PCB”) (not illustrated).
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[0116] The data driver 500 is connected with the data line
171 of the liquid crystal panel assembly 300, and applies the
data voltage to the data line 171. In the illustrated exemplary
embodiment, the data driver 500 may be disposed at only one
side edge of an upper side or a lower side of the liquid crystal
panel assembly 300 as illustrated in FIG. 7, to be connected
with the data line 171. However, in another exemplary
embodiment, a pair of data drivers (not illustrated) may be
disposed at both side edges of the liquid crystal panel assem-
bly 300 that face each other.

[0117] The data driver 500 may be directly mounted on the
liquid crystal panel assembly 300 in a form of at least one IC
chip, or may be mounted on a flexible printed circuit film and
attached to the liquid crystal panel assembly 300 in a form of
a TCP, or may be mounted on a separate PCB. In another
exemplary embodiment, the data driver 500 may also be
integrated on the liquid crystal panel assembly 300 together
with the TFT Q.

[0118] Next, referring to FIG. 8, the exemplary embodi-
ment is similar to the exemplary embodiment illustrated in
FIG. 7, but gate drivers 4004 and 4005 may not be integrated
on a liquid crystal panel assembly 300. The gate driver 400a
and 4005 may be directly mounted on the liquid crystal panel
assembly 300 in a form of at least one IC chip, may be
mounted on a flexible printed circuit film and attached to the
liquid crystal panel assembly 300 in a form of a TCP, or may
be mounted on a separate PCB.

[0119] Next, an LCD according to an exemplary embodi-
ment of the invention will be described with reference to
FIGS. 9 to 11 together with the aforementioned drawings.
[0120] FIG. 9isaplan view of one pixel of an LCD accord-
ing to an exemplary embodiment of the invention, and FIGS.
10 and 11 are block diagrams of an LCD according to another
exemplary embodiment of the invention, respectively.
[0121] Referringto FIG. 9, the LCD according to the exem-
plary embodiment is similar to that of the aforementioned
exemplary embodiments illustrated in FIGS. 2 to 6, but a
length of one pixel PX and a pixel electrode 191 in a vertical
direction may be longer than a length thereof in a horizontal
direction.

[0122] According to the exemplary embodiment, gate lines
121 may be vertically extended, and data lines 171 may be
horizontally extended. Further, a TFT Q may be disposed
between the pixel electrodes 191 adjacent in a vertical direc-
tion.

[0123] Inacase where the pixel PX has the same structure
as that of the exemplary embodiment illustrated in FIG. 9,
positions of a gate driver and a data driver may be different
from those in previously described FIGS. 7 and 8.

[0124] Referring to FIG. 10, an LCD according to the
exemplary embodiment is similar to the aforementioned
exemplary embodiment illustrated in FIG. 7, but gate drivers
400a and 4005 may be disposed at edges of both upper and
lower sides or at one edge of one side of a liquid crystal panel
assembly 300, respectively, and a data driver 500 may be
disposed at an edge of a left side or a right side, or edges of
both sides of the liquid crystal panel assembly 300.

[0125] The gate drivers 400a and 4005 may be integrated
on the liquid crystal panel assembly 300 as illustrated in FIG.
10, and may be directly mounted on the liquid crystal panel
assembly 300 in a form of at least one IC chip, may be
mounted on a flexible printed circuit film and attached to the
liquid crystal panel assembly 300 in a form of a TCP, or may
be mounted on a separate PCB, as illustrated in FIG. 11.
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[0126] Now, an LCD according to an exemplary embodi-
ment of the invention will be described with reference to FIG.
12.

[0127] FIG. 12 is a plan view of one pixel of the LCD

according to the exemplary embodiment of the invention.
[0128] Referring to FIG. 12, the LCD according to the
exemplary embodiment is similar to that of the aforemen-
tioned exemplary embodiments illustrated in FIGS. 2 to 6, but
alength of one pixel PX and a pixel electrode 191 in a vertical
direction may be longer than a length thereof in a horizontal
direction.

[0129] According to the exemplary embodiment, a length
of a horizontal stem portion 192 of the pixel electrode 191
may be smaller than a length of a vertical stem portion 193.
The gate line 121 overlaps the horizontal stem portion 192
like the aforementioned exemplary embodiment.

[0130] A storage electrode line 125 may include a portion
overlapping an upper portion of the pixel electrode 191 and a
portion overlapping a lower portion of the pixel electrode 191
based on the gate line 121.

[0131] Next, an LCD according to an exemplary embodi-
ment of the invention will be described with reference to FIG.
13.

[0132] FIG. 13 is a plan view of one pixel of the LCD
according to the exemplary embodiment of the invention
[0133] One pixel PX of the LCD according to the exem-
plary embodiment of the invention may include at least two
sub-pixels. Different sub-pixels of one pixel PX may display
an image according to different gamma curved lines or dis-
play an image according to the same gamma curved line for
oneinput image signal. Thatis, the different sub-pixels of one
pixel PX may display images with different luminance in
order to improve side visibility for one input image signal.
[0134] A gate line 121 and a storage electrode line 125 are
disposed on an insulating substrate 110 (refer to FIG. 3) of a
lower display panel.

[0135] The gate line 121 is extended in a substantially
horizontal direction, and includes a first gate electrode 124a
and a second gate electrode 124b. The gate line 121 may
further include a connecting portion 123 connecting a main
line extended in a horizontal direction and the first and second
gate electrodes 124a and 1245. The connecting portion 123
may be extended in the substantially vertical direction.
[0136] The storage electrode line 125 may include the main
line extended in the substantially horizontal direction, and a
plurality of branch portions 127 extended to be substantially
vertical to the main line.

[0137] A gate insulating layer 140 (refer to FIG. 3) is dis-
posed on the gate line 121 and the storage electrode line 125,
and a first semiconductor 154a and a second semiconductor
1545 are disposed on the gate insulating layer 140. The first
semiconductor 154¢ and the second semiconductor 1546 may
be connected with each other.

[0138] A firstdataline 171a, a second data line 1715, a first
drain electrode 1754 and a second drain electrode 17556 are
disposed on the first and second semiconductor 154a and
1545 and the gate insulating layer 140.

[0139] The first and second data lines 171a and 1715 are
extended in the substantially vertical direction, and may be
parallel to each other. The first and the second data lines 171a
and 1715 includes a first source electrode 173a and a second
source electrode 1735 extended toward the first gate electrode
124a and the second gate electrode 1245.
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[0140] The first drain electrode 175a and the second drain
electrode 1755 may include end portions facing the first
source electrode 173a and the second source electrode 1735,
respectively.

[0141] The first and second gate electrodes 124¢ and 1245,
the first and second source electrodes 173a and 1735, and the
first and second drain electrodes 175a and 17556 constitute
first and second TFTs Qa and Qb together with the first and
second semiconductors 154a and 1545.

[0142] A passivation layer 180 (refer to FIG. 3) is disposed
on the first and second TFTs Qa and Qb. Contact holes 185a
and 185, through which the first and second drain electrodes
175a and 1756 are exposed, respectively, are defined in the
passivation layer 180.

[0143] A pixel electrode 191 is disposed on the passivation
layer 180 (refer to FIG. 3). The pixel electrode 191 includes a
first sub-pixel electrode 191a and a second sub-pixel elec-
trode 1915, Each of the first sub-pixel electrode 191a and the
second sub-pixel electrode 1915 may have the same structure
as that of the pixel electrodes 191 according to the previously
described several exemplary embodiments. That is, the first
sub-pixel electrode 191a may include a horizontal stem por-
tion 192a and a vertical stem portion 193a, and the second
sub-pixel electrode 1915 may include a horizontal stem por-
tion 1925 and a vertical stem portion 1934.

[0144] The first sub-pixel electrode 191a and the second
sub-pixel electrode 1915 may be disposed above and under
the gate line 121 with the gate line 121 interposed therebe-
tween, respectively. In an exemplary embodiment, an area of
the first sub-pixel electrode 191a may be smaller than an area
of the second sub-pixel electrode 1915.

[0145] The first sub-pixel electrode 191a may receive a
data voltage from the first drain electrode 175a through the
contact hole 1854, and the second sub-pixel electrode 1915
may receive a data voltage from the second drain electrode
1755 through the contact hole 1855.

[0146] According to the exemplary embodiment, the gate
line 121 overlaps the horizontal stem portion 1926 of the
second sub-pixel electrode 19154. In this case, the connecting
portion 123 of the gate line 121 may overlap the vertical stem
portion 1935 of the second sub-pixel electrode 19154. How-
ever, differently from FIG. 13, the gate line 121 may overlap
the horizontal stem portion 1925 of the first sub-pixel elec-
trode 191a, and the connecting portion 123 of the gate line
121 may overlap the vertical stem portion 1935 of the first
sub-pixel electrode 191a. An effect by the above described
alignment is the same as that of the aforementioned exem-
plary embodiment, thereby a detailed description will be
omitted.

[0147] In addition, some characteristics of the aforemen-
tioned exemplary embodiments may be applied to the exem-
plary embodiment.

[0148] Next, an LCD according to an exemplary embodi-
ment of the invention will be described with reference to
FIGS. 14 to 18.

[0149] FIG. 14 is an equivalent circuit diagram of one pixel
of an LCD according to an exemplary embodiment of the
invention.

[0150] Referring to FIG. 14, the LCD according to the
exemplary embodiment of the invention includes signal lines
such as a gate line 121, a data line 171 and a reference voltage
line 178 transmitting a reference voltage and a pixel PX
connected to the signal lines.
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[0151] Each pixel PX includes first and second sub-pixels
PXa and PXb. The first subpixel PXa includes a first switch-
ing element Qa and a first liquid crystal capacitor Clca, and
the second subpixel PXa includes second and third switching
elements Qb and Qc, and a second liquid crystal capacitor
Cleb. Each of the first switching element Qa and the second
switching element Qb are connected to the gate line 121 and
the data line 171, and the third switching element Qc is
connected to an output terminal of the second switching ele-
ment Qb and the reference voltage line 178. An output termi-
nal of the first switching element Qa is connected to the first
liquid crystal capacitor Clca, and the output terminal of the
second switching element Qb is connected to the second
liquid crystal capacitor Clcb and an input terminal of the third
switching element Qc. A control terminal of the third switch-
ing element Qc is connected with the gate line 121, an input
terminal thereof is connected to the second liquid crystal
capacitor Cleb, and the output terminal thereof is connected
to the reference voltage line 178.

[0152] An operation of the pixel PX illustrated in F1G. 14
will be described. First, when a gate on voltage is applied to
the gate line 121, the first switching element Qa, the second
switching element Qb, and the third switching element Qc
connected to the gate line 121 are turned on. Accordingly, the
data voltage applied to the data line 171 is applied to the first
liquid crystal capacitor Clca and the second liquid crystal
capacitor Clcb through the turned-on first switching element
Qa and the second switching element Qb, respectively, so that
the first liquid crystal capacitor Clca and the second liquid
crystal capacitor Cleb are charged by a difference between the
data voltage and a common voltage. In this case, the same data
voltage is transmitted to the first liquid crystal capacitor Clca
and the second liquid crystal capacitor Clcb through the first
and second switching elements Qa and Qb, but a charged
voltage of the second liquid crystal capacitor Clcb is divided
through the third switching element Qc. Accordingly, the
charged voltage of the second liquid crystal capacitor Clcb is
smaller than the charged voltage of the first liquid crystal
capacitor Clca so that luminance of the two sub-pixels PXa
and PXb may be different. Accordingly, an image viewed
from a side may be maximally similar to an image viewed
from a front side by appropriately adjusting the charged volt-
age of the first liquid crystal capacitor Clca and the charged
voltage of the second liquid crystal capacitor Clcb, thereby
improving side visibility.

[0153] However, the structure of the pixel PX of the LCD
according to the exemplary embodiment of the invention is
not limited to the exemplary embodiment illustrated in FIG.
14, and may be various.

[0154] FIGS.15t0 18 areplan views of one pixelofan LCD
according to an exemplary embodiment of the invention,
respectively.

[0155] FIGS. 15 to 18 illustrate exemplary embodiments
having the same circuit structure as that of the aforemen-
tioned circuit illustrated in FIG. 14, but the invention is not
limited thereto.

[0156] First, a lower display panel will be described with
reference to FIG. 15. A plurality of gate lines 121 is disposed
on an insulating substrate.

[0157] A gate line 121 is extended in a substantially hori-
zontal direction, and includes a first gate electrode 1244, a
second gate electrode 1245 and a third gate electrode 124c.
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The gate line 121 includes a bent portion 129 periodically
bent from a main line extended in the substantially horizontal
direction.

[0158] A gate insulating layer 140 is disposed on the gate
line 121, and a first semiconductor 1544, a second semicon-
ductor 1545, and a third semiconductor 154¢ are disposed on
the gate insulating layer 140.

[0159] A data conductor including a data line 171, a first
drain electrode 1754, a second drain electrode 17554, a third
source electrode 173¢, and a third drain electrode 175¢, and a
reference voltage line 178 is disposed on the first semicon-
ductor 154a, the second semiconductor 1546 and the third
semiconductor 154¢.

[0160] The data line 171 is extended in a substantially
vertical direction, and includes a first source electrode 173a
and a second source electrode 1735, which are extended
toward the first and second gate electrodes 124a and 124b,
respectively.

[0161] The reference voltage line 178 may include a main
line 178a generally parallel to the data line 171, and a branch
portion 1785 extended from the main line 1784 to be gener-
ally parallel to the gate line 121. One end of'the branch portion
1785 provides the third drain electrode 175¢.

[0162] The first drain electrode 175a faces the first source
electrode 173a, the second drain electrode 17556 faces the
second source electrode 1735, and the third drain electrode
175¢ faces the third source electrode 173c¢. The third source
electrode 173c is connected with the second drain electrode
175b.

[0163] The first gate electrode 124a, the first source elec-
trode 1734 and the first drain electrode 1754 constitute a first
TFT Qa together with the first semiconductor 154a, the sec-
ond gate electrode 1245, the second source electrode 1735
and the second drain electrode 1755 constitute a second TFT
Qb together with the second semiconductor 1545, and the
third gate electrode 124c, the third source electrode 173¢ and
the third drain electrode 175¢ constitute a third TFT Qc
together with the third semiconductor 154c.

[0164] A passivation layer is disposed on the data conduc-
tor, and a pixel electrode 191 is disposed on the passivation
layer.

[0165] One pixel electrode 191 includes a first sub-pixel
electrode 191a and a second sub-pixel electrode 1915, and an
entire shape of the pixel electrode 191 may be a quadrangle.
The first sub-pixel electrode 191a may be surrounded by the
second sub-pixel electrode 1915 with a gap 92 defined ther-
ebetween.

[0166] The first sub-pixel electrode 191 includes a pair of
oblique portions obliquely extended with respect to the gate
line 121. The pair of oblique portions may meet at a center
portion of the pixel PX.

[0167] The second sub-pixel electrode 1915 includes a tri-
angular portion disposed under the pair of oblique portions of
the first sub-pixel electrode 1914, and portions disposed at a
side or an upper side of each of the pair of oblique portions of
the first sub-pixel electrode 191a. A plurality of cutouts 93
may be defined in the second sub-pixel electrode 1915. A
hypotenuse of the cutout 93 may be extended to be substan-
tially parallel to a hypotenuse of the gap 92. The hypotenuse
ofthe gap 92 and the hypotenuse of the cutout 93 may have an
angle of approximately 45 degrees or approximately 135
degrees with respect to the gate line 121. The pixel electrode
191 may be divided into approximately four sub-regions by
the gap 92 and the cutout 93.
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[0168] An area of the second sub-pixel electrode 1915 may
be larger than an area of the first sub-pixel electrode 191a.
[0169] The first sub-pixel electrode 191a receives a data
voltage from the first drain electrode 175a through a first
contact hole 1854, and the second sub-pixel electrode 1915
receives a data voltage from the second drain electrode 1756
through a second contact hole 1855. In this case, a part of the
data voltage applied to the second drain electrode 1756 is
divided through the third source electrode 173¢, so that a
magnitude of the voltage applied to the second sub-pixel
electrode 1915 may be smaller than a magnitude of the volt-
age applied to the first sub-pixel electrode 191a.

[0170] Next, an upper display panel 200 will be described.
An opposing electrode (not illustrated) facing the pixel elec-
trode 191 and receiving a common voltage is disposed on the
insulating substrate. A plurality pair of cutouts 71 having
oblique portions substantially parallel to the hypotenuse of
the gap 92 and the hypotenuse of the cutout 93 of the pixel
electrode 191 may be defined in the opposing electrode. Each
cutout 71 may be defined between an edge side of the adjacent
pixel electrode 191, and the cutout 93 and the gap 92 of the
pixel electrode 191.

[0171] A liquid crystal layer interposed between the lower
display panel and the upper display panel includes liquid
crystal molecules having negative dielectric anisotropy. The
liquid crystal molecules may be aligned so that longer axes
thereof are generally vertical to surfaces of the two display
panels in a state where an electric field is not present.

[0172] The first sub-pixel electrode 191a provides a first
liquid crystal capacitor Clca together with the opposing elec-
trode of the upper display panel and the liquid crystal layer
interposed therebetween, and the second sub-pixel electrode
1915 provides a second liquid crystal capacitor Cleb together
with the opposing electrode and the liquid crystal layer inter-
posed therebetween.

[0173] The first and second sub-pixel electrodes 191a and
1915 to which the data voltage is applied generate an electric
field on the liquid crystal layer together with the opposing
electrode of the upper display panel, thereby determining a
direction of the liquid crystal molecules of the liquid crystal
layer between the two electrodes. The inclination direction of
the liquid crystal molecules may be primary determined by a
horizontal component created by distorting a main electric
field in which the sides of the gap 92 and the cutout 93 of the
pixel electrode 191 and the cutout 71 of the opposing elec-
trode are substantially vertical to the surfaces of the display
panels. The horizontal component of the main electric field is
substantially vertical to the sides of the gap 92 and the cutouts
71 and 93, and the liquid crystal molecules incline in a direc-
tion substantially vertical to the sides of the gap 92 and the
cutouts 71 and 93.

[0174] According to the exemplary embodiment, the bent
portion 129 of the gate line 121 may be extended along
portions in which the electrode of the pixel electrode 191 is
removed, for example, the gap 92 or the cutout 93, and over-
lap the gap 92 or the cutout 93. FIG. 15 illustrates an exem-
plary embodiment in which the bent portion 129 of the gate
line 121 extends substantially parallel to and overlapping the
gap 92 of the pixel electrode 191.

[0175] According to the exemplary embodiment of the
invention, the gap 92 or the cutout 93 of the pixel electrode
191 provides a border between the sub-regions of the pixel
electrode 191, and is a non-transmission region through
which light is hardly transmitted. Accordingly, even though
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the gate off voltage is applied to the gate line 121 overlapping
the gap 92 or the cutout 93 of the pixel electrode 191, light
leakage due to the liquid crystal molecules inclined by the
electric field by the gate off voltage is covered by the non-
transmission region or does not influence an image displayed
by the pixel PX. Further, differently from the related art,
according to the exemplary embodiment of the invention, the
gate line 121 is not disposed between the adjacent pixels PX,
thereby light leakage by the gate off voltage is not generated
at the edge of the pixel PX. Accordingly, it is possible to
decrease a non-opening region between the adjacent pixels
PX, thereby further increasing an aperture ratio of one pixel
PX and improving transmittance.

[0176] Further, the region corresponding to the gap 92 or
the cutout 93 of the pixel electrode 191 is a boundary between
the sub-regions of the pixel electrode 191 and is not a main
transmission region of light, thereby the aperture ratio and
transmittance of the pixel PX are not decreased.

[0177] Next, referring to FIG. 16, an LCD according to the
exemplary embodiment is similar to that of the exemplary
embodiment illustrated in FIG. 15, but structures of a pixel
electrode 191 and a gate line 121 may be different.

[0178] The gate line 121 is extended in a substantially
horizontal direction even at an opening of the pixel PX.
[0179] The pixel electrode 191 includes a first sub-pixel
electrode 191a and a second sub-pixel electrode 1915. The
first sub-pixel electrode 191a and the second sub-pixel elec-
trode 1915 may be adjacent to each other in a vertical direc-
tion with a gap 95 defined therebetween, and each of the first
sub-pixel electrode 191a and the second sub-pixel electrode
1915 may be extended in a horizontal direction.

[0180] Each of the first sub-pixel electrode 191a and the
second sub-pixel electrode 1915 may include a plurality of
unit electrodes UP disposed in a line in the horizontal direc-
tion and connected with each other. FIG. 16 illustrates an
exemplary embodiment in which each of the first sub-pixel
electrode 191a and the second sub-pixel electrode 1915
includes six unit electrodes UP.

[0181] An entire shape of the unit electrode UP is a quad-
rangle, and may include a center electrode 198 disposed at a
center and a plurality of minute branches 199 extending to the
outside from a side of the center electrode 198. However, the
unit electrode UP is not limited thereto, and the unit electrode
UP may include a horizontal branch portion (not illustrated)
and a vertical branch portion (not illustrated) extended to be
vertical to each other, and in this case, the center electrode 198
may be disposed at a portion at which the horizontal branch
portion and the vertical branch portion cross each other.
[0182] In an exemplary embodiment, the center electrode
198 may be shaped like a polygon, for example, a rhombus,
including four straight sides disposed at four sub-regions of
the unit electrode UP, respectively. In this case, each side of
the center electrode 198 may have an angle of approximately
45 degrees or approximately 135 degrees with respect to a
direction in which the gate line 121 is extended. A liquid
crystal control is enhanced through a fringe field by the edge
side of the center electrode 198, so that it is possible to further
improve transmittance of the LCD.

[0183] Anopposing electrode disposed on an upper display
panel includes a cross-shaped opening including a horizontal
opening 72 corresponding to each unit electrode UP, and a
vertical opening 73 crossing the horizontal opening 72. The
unit electrode UP may be divided into four sub-regions by the
cross-shaped opening of the opposed electrode. The opposing
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electrode may further include a center opening 78 disposed at
acenter portion of the cross-shaped opening. In an exemplary
embodiment, the center opening 78 may be shaped like a
polygon, for example, a rthombus, including four straight
sides, which are disposed at the four sub-regions, respec-
tively.

[0184] According to the exemplary embodiment, the gate
line 121 is extended along a gap 95 between the first sub-pixel
electrode 191¢ and the second sub-pixel electrode 1915, and
may overlap the gap 95. The gap 95 of the pixel electrode 191
is a boundary between the sub-regions of the pixel electrode
191 and is a non-transmission region in which light is hardly
transmitted. Accordingly, even though a gate off voltage is
applied to the gate line 121, light leakage by the liquid crystal
molecules inclined by the electric field by the gate off voltage
is covered by the non-transmission region or does not influ-
ence an image displayed by the pixel PX. Further, differently
from the related art, according to the exemplary embodiment
of the invention, the gate line 121 is not disposed between the
adjacent pixels PX, so that light leakage by the gate off
voltage is not generated at the edge of the pixel PX. Therefore,
it is possible to decrease a non-opening region between the
adjacent pixels PX, thereby further increasing an aperture
ratio of one pixel PX and improving transmittance.

[0185] Further, the region corresponding to the gap 95 of
the pixel electrode 191 is not a main transmission region of
light, so that the aperture ratio and transmittance of the pixel
PX are not decreased.

[0186] Next, referring to FIG. 17, an LCD according to the
exemplary embodiment is similar to that of the exemplary
embodiment illustrated in FIG. 16, but a gate line 121 may
overlap a horizontal opening 72 of an opposing electrode
facing a first sub-pixel electrode 191a or a second sub-pixel
electrode 19156 while being extended along the horizontal
opening 72. FIG. 17 illustrates an exemplary embodiment in
which the gate line 121 overlaps the horizontal opening 72 of
the opposing electrode facing the second sub-pixel electrode
1915 having a relatively larger area while being extended
along the horizontal opening 72.

[0187] Thehorizontal opening 72 of the opposing electrode
is also a boundary between sub-regions and is a non-trans-
mission region in which light is hardly transmitted. Accord-
ingly, even though a gate off voltage is applied to the gate line
121, light leakage by the liquid crystal molecules inclined by
the electric field by the gate off voltage is covered by the
non-transmission region or does not influence an image dis-
played by the pixel PX. Other effects are the same as those of
the aforementioned exemplary embodiments.

[0188] Lastly,referring to FIG. 18, an LCD according to the
exemplary embodiment is similar to that of the exemplary
embodiment illustrated in FIG. 16, but structures of a gate line
121 and a pixel electrode 191 may be different.

[0189] According to the exemplary embodiment, a first
sub-pixel electrode 191a and a second sub-pixel electrode
1915 are adjacent in a horizontal direction, and each of the
first sub-pixel electrode 191a and the second sub-pixel elec-
trode 1915 may include a plurality of unit electrodes UP. In
this case, in a case where an area of the second sub-pixel
electrode 1915 and an area of the first sub-pixel electrode
191q are different in order to improve side visibility, anumber
of unit electrodes UP included in the first sub-pixel electrode
191a may be smaller than a number of unit electrodes UP
included in the second sub-pixel electrode 1915. FIG. 18
illustrates an exemplary embodiment in which the first sub-
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pixel electrode 191a includes the four unit electrodes UP, and
the second sub-pixel electrode 1915 includes the six unit
electrodes UP.

[0190] The unit electrode UP according to the exemplary
embodiment may have a different structure from that of the
unit electrode UP of the aforementioned exemplary embodi-
ment. In an exemplary embodiment, the unit electrode UP
may have the similar structure to that of the aforementioned
pixel electrode 191 illustrated in FIG. 1. The unit electrode
UP may be shaped similar to a square, for example.

[0191] According to the exemplary embodiment, the gate
line 121 may be extended in a horizontal direction along a
boundary between the adjacent unit electrodes UP. However,
in another exemplary embodiment, the gate line 121 may also
be extended in a horizontal direction along a plurality of
horizontal branch portions 192 aligned in the horizontal
direction.

[0192] Theboundary between the unitelectrodes UP is also
a boundary between sub-regions and is a non-transmission
region in which light is hardly transmitted, so that even
though a gate off voltage is applied to the gate line 121, light
leakage by the liquid crystal molecules inclined by the elec-
tric field by the gate off voltage is covered by the non-trans-
mission region or does not influence an image displayed by
the pixel PX. Further, in a case where the gate line 121
overlaps the horizontal stem portion 192 of the pixel electrode
191, an electric field by the gate off voltage may be funda-
mentally blocked by the horizontal stem portion 192 of the
pixel electrode 191. Other effects are the same as those ofthe
aforementioned exemplary embodiment.

[0193] In the exemplary embodiment, in which it is illus-
trated that the length of the pixel electrode 191 of one pixel
PX in the horizontal direction is longer than the length of the
pixel electrode 191 in the vertical direction, among the afore-
mentioned exemplary embodiments, the length of the pixel
electrode 191 in the horizontal direction may also be smaller
than the length of the pixel electrode 191 in the vertical
direction.

[0194] While this invention has been described in connec-
tion with what is presently considered to be practical exem-
plary embodiments, it is to be understood that the invention is
not limited to the disclosed exemplary embodiments, but, on
the contrary, is intended to cover various modifications and
equivalent arrangements included within the spirit and scope
of the appended claims.

What is claimed is:

1. A liquid crystal display, comprising:

a plurality of pixels;

a lower substrate and an upper substrate facing each other;

a liquid crystal layer disposed between the lower substrate
and the upper substrate;

a pixel electrode disposed on the lower substrate and
including a plurality of sub-regions which differently
controls an inclination direction of liquid crystal mol-
ecules included in the liquid crystal layer for a pixel of
the plurality of pixels; and

a gate line disposed on the lower substrate and including a
portion which overlaps a boundary between adjacent
sub-regions of the plurality of sub-regions of the pixel
electrode.

2. The liquid crystal display of claim 1, wherein:

the pixel electrode further includes a first stem portion
providing the boundary between the adjacent sub-re-
gions, and
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the gate line further includes a portion which overlaps the
first stem portion.

3. The liquid crystal display of claim 2, wherein:

the pixel electrode further includes a second stem portion
substantially vertically connected to the first stem por-
tion, and a plurality of minute branches extending in
different directions in different sub-regions, respec-
tively.

4. The liquid crystal display of claim 3, further comprising:

adata line configured to transmit a data voltage, a thin film
transistor configured to apply the data voltage to the
pixel electrode, and a storage electrode line configured
to transmit a common voltage,

wherein

the thin film transistor includes a gate electrode connected
with the gate line, and a source electrode and a drain
electrode facing each other with respect to the gate elec-
trode, and

the storage electrode line includes a portion which overlaps
atleast one of the pixel electrode and the drain electrode.

5. The liquid crystal display of claim 4, wherein:

the gate line further includes a bent portion bent at an edge
portion of the pixel electrode.

6. The liquid crystal display of claim 5, wherein:

the first stem portion extends in a first direction, and

the thin film transistor is disposed between two pixels of
the plurality of pixels which neighbor each other in the
first direction.

7. The liquid crystal display of claim 3, wherein:

the pixel electrode further includes a plurality of unit elec-
trodes connected with each other,

a unit electrode of the plurality of unit electrodes includes
the plurality of sub-regions, and

the gate line further includes a portion which overlaps a
boundary between sub-regions of the unit electrode.

8. The liquid crystal display of claim 7, further comprising:

an opposing electrode disposed on the upper substrate,

and an opening defined in the opposing electrode, and
facing and extending substantially parallel to at least one
of the first stem portion and the second stem portion.

9. The liquid crystal display of claim 3, further comprising:

an opposing electrode disposed on the upper substrate,

and an opening defined in the opposing electrode, and
facing and extending substantially parallel to at least one
of the first stem portion and the second stem portion.

10. The liquid crystal display of claim 3, wherein:

alength of the first stem portion is longer than a length of
the second stem portion.

11. The liquid crystal display of claim 3, wherein:

a length of the second stem portion is longer than a length
of the first stem portion.

12. The liquid crystal display of claim 1, wherein:

the pixel electrode further includes a first sub-pixel elec-
trode and a second sub-pixel electrode adjacent to each
other with a gap defined therebetween, and

the gate line further includes a portion which overlaps the

gap.
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13. The liquid crystal display of claim 12, wherein:

at least one of the first sub-pixel electrode and the second
sub-pixel electrode includes a plurality of unit elec-
trodes connected with each other.

14. The liquid crystal display of claim 13, wherein:

a unit electrode of the plurality of unit electrodes includes
the plurality of sub-regions, and

the unit electrode includes a plurality of minute branches
extending in different direction in different sub-regions,
respectively.

15. The liquid crystal display of claim 12, wherein:

a first cutout providing a boundary between the sub-regions
is defined in the pixel electrode.

16. The liquid crystal display of claim 15, further compris-

ing:

an opposing electrode disposed on the upper substrate, and

a second cutout is defined in the opposing electrode,
extends substantially parallel to the first cutout and pro-
vides a boundary between the sub-regions.

17. The liquid crystal display of claim 1, further compris-

ing:

a data line configured to transmit a data voltage, a thin film
transistor configured to apply the data voltage to the
pixel electrode, and a storage electrode line configured
to transmit a common voltage,

wherein

the thin film transistor includes a gate electrode connected
with the gate line, and a source electrode and a drain
electrode facing each other with respect to the gate elec-
trode, and

the storage electrode line includes a portion which overlaps
at least one of the pixel electrode and the drain electrode.

18. The liquid crystal display of claim 1, further compris-

ing:

a data line configured to transmit a data voltage, and a thin
film transistor configured to apply the data voltage to the
pixel electrode,

wherein

the thin film transistor is disposed between adjacent pixels
of the plurality of pixels, and

the gate line further includes a bent portion bent at an edge
portion of the pixel electrode adjacent to the thin film
transistor.

19. The liquid crystal display of claim 1, wherein:

the pixel electrode further includes a plurality of unit elec-
trodes connected with each other,

a unit electrode of the plurality of unit electrodes includes
the plurality of sub-regions, and

the gate line further includes a portion which overlaps a
boundary between sub-regions of the unit electrode.

20. The liquid crystal display of claim 1, further compris-

ing:

avertical alignment layer disposed onan inner surface ofat
least one of the lower substrate and the upper substrate.

* #* * #* #®
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