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LIQUID CRYSTAL DISPLAY

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority from and the benefit
of Korean Patent Application No. 10-2011-0121700, filed on
Now. 21, 2011, which is hereby incorporated by reference for
all purposes as if fully set forth herein.

BACKGROUND
[0002] 1.Field
[0003] Exemplary embodiments of the present invention
relate to a liquid crystal display having improved display
quality.
[0004] 2. Discussion of the Background
[0005] In general, a liquid crystal display includes two

transparent substrates and a liquid crystal layer disposed
between the two substrates. The liquid crystal display drives
the liquid crystal layer to control a light transmittance in each
pixel, thereby displaying a desired image.

[0006] As an operation mode for the liquid crystal display,
a vertical alignment mode is widely used. In the vertical
alignment mode liquid crystal display, liquid crystal mol-
ecules of the liquid crystal layer have a negative (-) dielectric
anisotropy and are vertically aligned. When an electric field is
generated between the two substrates, the liquid crystal mol-
ecules are realigned to transmit light. In the vertical alignment
mode liquid crystal display, at least one of a pixel electrode or
a common electrode is patterned in order to align the liquid
crystal molecules in different directions from each other.
Accordingly, the vertical alignment mode liquid crystal dis-
play includes liquid crystal domains different from each
other, so a viewing angle of the vertical alignment mode
liquid crystal display is increased.

[0007] However, when thin film transistors or capacitors
are formed in the pixel in order to form the liquid crystal
domains in the vertical alignment mode liquid crystal display,
an aperture ratio of the vertical alignment mode liquid crystal
display is reduced.

SUMMARY OF THE INVENTION

[0008] Exemplary embodiments of the present invention
provide a liquid crystal display capable of enhancing an aper-
ture ratio and increasing a side viewing angle thereof.
[0009] Additional features of the invention will be set forth
in the description which follows, and in part will be apparent
from the description, or may be learned by practice of the
invention

[0010] An exemplary embodiment of the present invention
discloses a liquid crystal display including a first substrate, a
second substrate, and liquid crystal molecules disposed
between the first substrate and the second substrate. The first
substrate includes a first base substrate and a common elec-
trode disposed on the first base substrate. The second sub-
strate includes a second base substrate facing the first base
substrate and a first pixel electrode disposed on the second
base substrate. The first pixel electrode includes a first area
and a second area to form different electric fields in coopera-
tion with the common electrode.

[0011] TItistobeunderstood that both the foregoing general
description and the following detailed description are exem-
plary and explanatory and are intended to provide further
explanation of the invention as claimed.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0012] The accompanying drawings, which are included to
provide a further understanding of the invention and are
incorporated in and constitute a part of this specification,
illustrate embodiments of the invention, and together with the
description serve to explain the principles of the invention.
[0013] FIG. 1 is a block diagram showing a liquid crystal
display according to a first exemplary embodiment of the
present invention.

[0014] FIG. 2 is a plan view showing a pixel shown in FIG.
1

[0015] FIG. 3 is a cross-sectional view taken along line I-I'
shown in FIG. 2.

[0016] FIG. 4 is a cross-sectional view taken along line
II-IT' shown in FIG. 2.

[0017] FIG. 5 is a graph showing a pixel voltage applied to
the pixel shown in FIG. 1 as a function of a transmittance.
[0018] FIG. 6 is a plan view showing a pixel of a liquid
crystal display according to a second exemplary embodiment
of the present invention.

[0019] FIG. 7 is a cross-sectional view taken along line
III-1IT' shown in FIG. 6.

[0020] FIG. 8 is a cross-sectional view taken along line
IV-IV' shown in FIG. 6.

[0021] FIG. 9 is a plan view showing a pixel of a liquid
crystal display according to a third exemplary embodiment of
the present invention.

[0022] FIG. 10 is a plan view showing a pixel of a liquid
crystal display according to a fourth exemplary embodiment
of the present invention.

DETAILED DESCRIPTION OF THE
ILLUSTRATED EMBODIMENTS

[0023] The invention is described more fully hereinafter
with reference to the accompanying drawings, in which
embodiments of the invention are shown. This invention may,
however, be embodied in many different forms and should not
be construed as limited to the embodiments set forth herein.
Rather, these embodiments are provided so that this disclo-
sure is thorough, and will fully convey the scope of the inven-
tion to those skilled in the art. In the drawings, the size and
relative sizes of layers and regions may be exaggerated for
clarity Like reference numerals in the drawings denote like
elements.

[0024] It will be understood that when an element or layer
is referred to as being “on”, “connected to” or “coupled to”
another element or layer, it can be directly on, connected or
coupled to the other element or layer, or intervening elements
or layers may be present. In contrast, when an element is
referred to as being “directly on,” “directly connected to” or
“directly coupled to” another element or layer, there are no
intervening elements or layers present. As used herein, the
term “and/or” includes any and all combinations of one or
more of the associated listed items. It will be understood that
forthe purposes of this disclosure, “atleast one of X, Y, and Z”
can be construed as X only, Y only, Z only, or any combination
of two or more items X, Y, and Z (e.g., XYZ, XYY, YZ, Z7).
[0025] It will be understood that, although the terms first,
second, 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 distin-
guish one element, component, region, layer or section from
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another region, layer or section. Thus, a first element, com-
ponent, region, layer or section discussed below could be
termed a second element, component, region, layer or section
without departing from the teachings of the present invention.
[0026] Spatially relative terms, such as ‘“beneath”,
“below”, “lower”, “above”, “upper” and the like, may be used
herein for ease of description to describe one element or
feature’s relationship to another element(s) or feature(s) as
illustrated in the figures. It will be understood that the spa-
tially relative terms are intended to encompass different ori-
entations of the device in use or operation in addition to the
orientation depicted in the figures. For example, if the device
in the figures is turned over, elements described as “below” or
“beneath” other elements or features would then be oriented
“above” the other elements or features. Thus, the exemplary
term “below” can encompass both an orientation of above and
below. The device may be otherwise oriented (rotated 90
degrees or at other orientations) and the spatially relative
descriptors used herein interpreted accordingly.

[0027] The terminology used herein is for the purpose of
describing particular embodiments only and is not intended to
be limiting of the invention. As used herein, the singular
forms, “a”, “an” and “the” are intended to include the plural
forms as well, unless the context clearly indicates otherwise.
It will be further understood that the terms “includes” and/or
“including”, when used in this specification, specify the pres-
ence of stated features, integers, steps, operations, elements,
and/or components, but do not preclude the presence or addi-
tion of one or more other features, integers, steps, operations,
elements, components, and/or groups thereof.

[0028] Unless otherwise defined, all terms (including tech-
nical and scientific terms) used herein have the same meaning
as commonly understood by one of ordinary skill in the art to
which this invention belongs. It will be further understood
that terms, such as those defined in commonly used dictio-
naries, should be interpreted as having a meaning that is
consistent with their meaning in the context of the relevant art
and will not be interpreted in an idealized or overly formal
sense unless expressly so defined herein.

[0029] Hereinafter, the present invention will be explained
in detail with reference to the accompanying drawings.
[0030] FIG. 1 is a block diagram showing a liquid crystal
display according to a first exemplary embodiment of the
present invention, FIG. 2 is a plan view showing a pixel shown
in FIG. 1, FIG. 3 is a cross-sectional view taken along line I-I'
shown in FIG. 2, and FIG. 4 is a cross-sectional view taken
along line II-IT' shown in FIG. 2.

[0031] Referringto FIG. 1, aliquid crystal display includes
a liquid crystal display panel 100, a timing controller 200, a
gate driver 300, and a data driver 400.

[0032] The liquid crystal display panel 100 includes a first
substrate 110, a second substrate 120 facing the first substrate
110, and liquid crystal molecules 130 disposed between the
first substrate 110 and the second substrate 120.

[0033] The first substrate 110 includes a first base substrate
111 and a common electrode 112 disposed on the first base
substrate 111.

[0034] The second substrate 120 includes a second base
substrate 121 facing the first base substrate 111 and a first
pixel electrode PE1 disposed on the second base substrate
121. The first pixel electrode PE1 includes a first area PE1-Al
and a second area PE1-A2 to form different electric fields
from each other in cooperation with the common electrode
112.
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[0035] A plurality of signal lines is disposed on the second
base substrate 121. In addition, a plurality of pixels PX is
disposed on the liquid crystal display panel 100 and con-
nected to the signal lines.

[0036] Thesignallines include a plurality of gate lines GL.1
to GLn having gate signals applied thereto and a plurality of
data lines DL1 to DLm having data voltages applied thereto.
The gate lines GL1 to GLn are extended in a row direction and
substantially parallel to each other. The data lines DL1 to
DLm are extended in a column direction and substantially
parallel to each other.

[0037] Theliquid crystal molecules 130 have a negative (-)
dielectric anisotropy and are vertically aligned with respect to
the first base substrate 111 or the second base substrate 121.
[0038] Inthe present exemplary embodiment, the pixels PX
all have the same structure and function, and thus one pixel
PX will be described with reference to FIGS. 2 to 4 as a
representative example.

[0039] As shown in FIGS. 2 to 4, each pixel PX includes a
liquid crystal capacitor Clc and a first thin film transistor
TFT1 for switching a voltage applied to the liquid crystal
capacitor Clec. The liquid crystal capacitor Clc includes the
first pixel electrode PE1 as a first electrode thereof and the
common electrode 112 as a second electrode thereof. The
liquid crystal molecules 130 serve as a dielectric layer of the
liquid crystal capacitor Clc.

[0040] The first thin film transistor TFT1 includes a first
gate electrode GE1, a first active layer AL1, a first source
electrode SE1, and a first drain electrode DE1.

[0041] Referring to FIGS. 2 to 4, the first gate electrode
GE1 is branched from one gate is line GLi (hereinafter,
referred to as “first gate line”) of the gate lines GL1 to GLn.
That is, the first gate electrode GE1 is protruded from the first
gate line GLi when viewed in a plan view.

[0042] A gate insulating layer 122 is disposed on the sec-
ond base substrate 121 to cover the first gate line GLi and the
first gate electrode GE1.

[0043] The first active layer AL1 is disposed on the first
gate electrode GE1 while interposing the gate insulating layer
122 therebetween. The first active layer AL1 is overlapped
with the first gate electrode GE1 when viewed in a plan view.
The first active layer ALL1 may include a metal oxide material
serving as a semiconductor.

[0044] The datalines DL1 to DLm are disposed on the gate
insulating layer 122. The first source electrode SE1 is
branched from one data line DL (hereinafter, referred to as
“first data line”) of the data lines DL1 to DLm. The first
source electrode SE1 is partially overlapped with the first gate
electrode GE1 and the first active layer AL1.

[0045] In addition, the first drain electrode DE1 is spaced
apart from the first source electrode SE1. The first drain
electrode DFE1 is partially overlapped with the first gate elec-
trode GE1 and the first active layer AL1.

[0046] A protective layer 123 is disposed on the second
base substrate 121 to cover the first drain electrode DFE1, the
first source electrode SE1, and the first data line DL1.
[0047] The first pixel electrode PE1 is disposed on the
protective layer 123 and is connected to the first drain elec-
trode DE1. The first thin film transistor TFT1 receives the data
voltage and outputs the data voltage to the first pixel electrode
PE1 as a first pixel voltage.

[0048] When the first pixel voltage is applied to the first
pixel electrode PE1, the first pixel electrode PE1 forms an
electric field together with the common electrode 112.
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Accordingly, the alignment of the liquid crystal molecules
130 is changed so as to transmit the light incident to the liquid
crystal molecules 130.

[0049] The first pixel electrode PE1 includes two areas
PE1-Aland PE1-A2. The electric field formed by the first area
PE1-A1 and the common electrode 112 is different from the
electric field formed by the second area PE1-A2 and the
common electrode 112. Thus, the liquid crystal molecules
130 disposed corresponding to the first area PE1-Al are
aligned in a direction different from a direction in which the
liquid crystal molecules 130 disposed corresponding to the
second area PE1-A2 are aligned. The first area PE1-Al and the
second area PE1-A2 have different sizes. For example, the
second area PE1-A2 may be larger than the first area PE1-Al
[0050] The transmittance of the light passing through the
first area PE1-Al is different from the transmittance of the
light passing through the second area PE1-A2. The light
passing through the pixel PX travels in various directions
according to the first and second areas PE1-Al and PE1-A2 of
the first pixel electrode PE1, and thus the viewing angle of the
liquid crystal display may be increased.

[0051] FIG. 5 is a graph showing a pixel voltage applied to
the pixel shown in FIG. 1 as a function of a transmittance.
[0052] According to FIG. 5, a first graph PG1 represents a
transmittance greater than a transmittance represented by a
second graph PG2 with respect to the same pixel voltage. A
y-axis of the first and second graphs PG1 and PG2 represents
a relative value. The first graph PG1 represents the transmit-
tance of the light passing through the first area PE1-A1 and
the second graph PG2 represents the transmittance of the light
passing through the second area PE1-A2.

[0053] The first and second graphs PG1 and PG2 are
obtained under a condition in which a cell gap between the
common electrode 112 and the first pixel electrode PE1 is
about 3.2 micrometers. In addition, the first and second
graphs PG1 and PG2 are obtained under conditions in which
a birefringence (An) of the liquid crystal molecules 130 is
about 0.1018, a dielectric anisotropy (Ae) is about -3.2, a
rotation viscosity (y1) is about 112, and a density is about
1.0036. In addition, the second graph PG2 is obtained under
a condition in which a distance between a first electrode part
SPE3-1 and a second electrode part SPE3-2 of a third sub-
pixel electrode SPE3 (refer to FIGS. 2 to 4) is about 4
micrometers.

[0054] Hereinafter, the first pixel electrode PE1 will be
described in detail with reference to FIGS. 2 to 4.

[0055] The first pixel electrode PE1 includes a first sub-
pixel electrode SPE1, a second sub-pixel electrode SPE2, and
a third sub-pixel electrode SPE3.

[0056] The firstsub-pixel electrode SPE1 is disposed on the
protective layer 123. The first sub-pixel electrode SPE1 is
connected to the first drain electrode DE1 through a first
contact hole CH1 formed through the protective layer 123.
The first sub-pixel electrode SPE1 is disposed in the first area
PE1-Al and the second area PE1-A2.

[0057] An insulating layer 124 is disposed on the second
base substrate 121 to cover the first sub-pixel electrode SPE1.
The second sub-pixel electrode SPE2 is disposed on the insu-
lating layer 124 to correspond to the first area PE1-Al. In
addition, the third sub-pixel electrode SPE3 is disposed on the
insulating layer 124 to correspond to the second area PE1-A2.
[0058] The second sub-pixel electrode SPE2 includes a
plurality of first slits SL.1 and second slits SL.2. Each of the
first slits SL.1 and second slits SL.2 exposes the insulating
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layer 124. The second sub-pixel electrode SPE2 includes a
first trunk portion TL1 and a plurality of branch portions BL.1
extended from the first trunk portion TL1 in a radial manner
so as to divide the first area PE1-A1 into domains. As shown
in FIG. 2, the first trunk portion TL.1 may have a cross shape,
and thus the first area PE1-A1 is divided into four sub-do-
mains.

[0059] The first slits SL1 and second slits SL.2 are disposed
between two first branch portions BL1 adjacent to each other
among the first branch portions BL1. The two adjacent first
branch portions BL1 are spaced apart from each other on the
order of a micrometer by the slits SL1 and SL.2. The first slits
SL1 are disposed in a first sub-domain and a third sub-domain
of the four domains, and the second slits SL2 are disposed in
a second sub-domain and a fourth sub-domain of the four
domains.

[0060] The first slits SI.1 are extended in a first direction
and the second slits SL2 are extended in a second direction
crossing the first direction. The liquid crystal molecules 130
disposed in the first area PE1-Al are pre-tilted in different
directions from each other in the domains by the first and
second slits SL.1 and SL.2. Consequently, a response speed of
the liquid crystal molecules 130 becomes high.

[0061] The second sub-pixel electrode SPE2 is connected
to the first sub-pixel electrode SPE1 through a second contact
hole CH2 formed through the insulating layer 124. In FIG. 2,
four second contact holes CH2 have been shown. As
described above, since the second sub-pixel electrode SPE2 is
connected to the first sub-pixel electrode SPE1, the second
sub-pixel electrode SPE2 receives the same voltage as the first
sub-pixel electrode SPE1.

[0062] The third sub-pixel electrode SPE3 includes the first
electrode part SPE3-1 and the second electrode part SPE3-2.
The first electrode part SPE3-1 and the second electrode part
SPE3-2 are separated from each other.

[0063] The first electrode part SPE3-1 is connected to the
first sub-pixel electrode SPE1 through a third contact hole
CH3 formed through the insulating layer 124. Accordingly,
the first electrode part SPE3-1 receives the same voltage as
the first sub-pixel electrode SPE1. Three third contact holes
CH3 have been shown in FIG. 2.

[0064] Thesecond electrode part SPE3-2 receives a voltage
different from a voltage applied to the first sub-pixel electrode
SPE1. The second electrode part SPE3-2 is connected to a
reference voltage line RL. The reference voltage line RL may
connect the second electrode parts SPE3-2 to each other of the
third sub-pixel electrodes of the pixels arranged adjacent to
each other in the same pixel row. In addition, the voltage
applied to the reference voltage line RL may have the same
level as the common voltage Vcom applied to the common
electrode 112.

[0065] The first electrode part SPE3-1 and the second elec-
trode part SPE3-2 are alternately arranged with each other in
the second area PE1-A2 so as to have a branch shape. In
detail, one branch portion of the first electrode part SPE3-1 is
disposed between two branch portions of the second elec-
trode part SPE3-2, which are adjacent to each other, and one
branch portion of the second electrode part SPE3-2 is dis-
posed between two branch portions of the first electrode part
SPE3-1, which are adjacent to each other. In the present
exemplary embodiment, each of the first electrode part
SPE3-1 and the second electrode part SPE3-2 has a width
equal to or less than a distance between the first electrode part
SPE3-1 and the second electrode part SPE3-2. As the distance
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between the first electrode part SPE3-1 and the second elec-
trode part SPE3-2 decreases, the rate of transmittance
increase shown in the second graph PG2 becomes greater.

[0066] When the first pixel voltage is applied to the first
sub-pixel electrode SPE1, a first fringe field is generated
between the common electrode 112 and the second sub-pixel
electrode SPE2. In addition, when the first pixel voltage is
applied to the first sub-pixel electrode SPE1, a second fringe
field different from the first fringe field is generated between
the common electrode 112 and the first electrode part SPE3-1,
and a lateral field is generated between the first electrode part
SPE3-1 and the second electrode part SPE3-2.

[0067] As described above, electric fields different from
each other are formed in the first area PE1-A1 and the second
area PE1-A2, respectively. Accordingly, the alignment of the
liquid crystal molecules 130 in the first area PE1-A1 is dif-
ferent from the alignment of the liquid crystal molecules 130
in the second area PE1-A2. Thus, the side viewing angle of
the liquid crystal display may be increased.

[0068] Meanwhile, a first storage line STL1 and a second
storage line STL.2 may be further disposed on the second base
substrate 121. The first and second storage lines STL1 and
STL2 are disposed on the same layer as the first gate line GLi
is disposed. Each of the first and second storage lines STL.1
and STL2 forms a storage capacitor together with the first
pixel electrode PE1.

[0069] Referring to FIG. 1 again, the timing controller 200
receives a plurality of image signals RGB and a plurality of
control signals CS from an external device (not shown). The
timing controller 200 converts a data format of the image
signals RGB into a data format appropriate to an interface
between the data driver 400 and the timing controller 200 and
provides the converted image signals R'G'B' to the data driver
400. In addition, the timing controller 200 applies data con-
trol signals CONT?2, such as an output start signal, a horizon-
tal start signal, etc., to the data driver 400 and gate signals
CONT1, such as a vertical start signal, a clock signal, a clock
bar signal, etc., to the gate driver 300.

[0070] The gate driver 300 generates a gate signal including
a gate-on voltage Von and a gate-off voltage Voff in response
to the gate control signals CONT1 provided from the timing
controller 200. The gate signal is sequentially applied to the
gate lines GL1 to GLn of the liquid crystal display panel 100.

[0071] The data driver 400 is operated in response to the
data control signals CONT?2 provided from the timing con-
troller 200. The data driver 400 converts the image signals
R'G'B' into the data voltages based on a reference gray scale
voltage GVDD from the outside. The data voltages are
applied to the data lines DL1 to DLm of the liquid crystal
display panel 100. Meanwhile, the reference gray scale volt-
age GVDD may have a positive (+) value or a negative (-)
value with respect to the common voltage Vcom.

[0072] FIG. 6 is a plan view showing a pixel of a liquid
crystal display according to a second exemplary embodiment
ofthe present invention, FIG. 7 is a cross-sectional view taken
along a line III-III' shown in FIG. 6, and FIG. 8 is a cross-
sectional view taken along a line IV-IV' shown in FIG. 6. In
FIGS. 6 to 8, the same reference numerals denote the same
elements in FIGS. 1to 5, and thus detailed descriptions of the
same elements will be omitted.

[0073] Referring to FIGS. 6 to 8, a liquid crystal display
includes a liquid crystal display panel 100, a timing controller
200, a gate driver 300, and a data driver 400.
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[0074] The liquid crystal display panel 100 includes a first
substrate 110, a second substrate 120 facing the first substrate
110, and liquid crystal molecules 130 disposed between the
first substrate 110 and the second substrate 120.

[0075] The liquid crystal display panel 100 includes a plu-
rality of pixels PX-1, each of which is connected to a corre-
sponding gate line of the gate lines GL.1 to GLn and a corre-
sponding data line of the data lines DL1 to DLm. Each of the
pixels PX-1 includes a liquid crystal capacitor Clc and a first
thin film transistor TFT1 for switching a voltage applied to
the liquid crystal capacitor Clc. The liquid crystal capacitor
Clc includes the first pixel electrode PE1 as a first electrode
thereof and the common electrode 112 as a second electrode
thereof. The liquid crystal molecules 130 serve as a dielectric
layer of the liquid crystal capacitor Clc.

[0076] The first pixel electrode PE1 is disposed on the
second base substrate 121. The first pixel electrode PE1
includes a first area PE1-Al and a second area PE1-A2 to
form different electric fields from each other in cooperation
with the common electrode 112.

[0077] As described with reference to FIG. 5, the transmit-
tance of the first area PE1-A1 is greater than the transmittance
of the second area PE1-A2 at the same voltage level. How-
ever, the transmittance of the first area PE1-A1 of the pixel
PX-1 shown in FIG. 6 according to the voltage level may not
match with that represented by the first graph PG1 shown in
FIG. 5. In addition, the transmittance of the second area
PE1-A2 of the pixel PX-1 shown in FIG. 6 according to the
voltage level may not match with that represented by the
second graph PG2 shown in FIG. 5.

[0078] The first pixel electrode PE1 includes a first sub-
pixel electrode SPE1 and a second sub-pixel electrode SPE2,
which are disposed on the protective layer 123. The first pixel
electrode PE1 has a structure similar to that of the first pixel
electrode PE1 of the liquid crystal display described with
reference to FIGS. 1 to 5 except that the first sub-pixel elec-
trode SPE1 is omitted from the first pixel electrode PE1 of the
liquid crystal display described with referenceto FIGS. 1to 5.
[0079] As shown in FIGS. 6 to 8, the first sub-pixel elec-
trode SPE1 is disposed on the protective layer 123 to corre-
spond to the first area PE1-Al and the second sub-pixel
electrode SPE2 is disposed on the protective layer 123 to
correspond to the second area PE1-A2.

[0080] The first sub-pixel electrode SPE1 shown in FIG. 6
has the same structure as the second sub-pixel electrode SPE2
shown in FIG. 2. The first sub-pixel electrode SPE1 includes
aplurality of slits SL1 and SL.2 and is divided into a plurality
of'sub-domains. The first sub-pixel electrode SPE1 includes a
first trunk portion TL1 in a cross shape and a plurality of
branch portions BL1 extended from the first trunk portion
TL1 in a radial manner.

[0081] The second sub-pixel electrode SPE2 includes at
least one first opening SPE2-op for dividing the second area
PE1-A2 into plural domains. The first opening SEP2-op
exposes the protective layer 123 therethrough. The second
sub-pixel electrode SPE2 is disposed on the same layer as the
first sub-pixel electrode SPE1 and connected to the first sub-
pixel electrode SPE1.

[0082] As shown in FIG. 6, the second sub-pixel electrode
SPE2 may be connected to the first sub-pixel electrode SPE1
through a connection electrode CNE. The connection elec-
trode CNE is connected to the first drain electrode DE1 of the
first thin film transistor TFT1 through a first contact hole CH1
formed through the protective layer 123. Thus, the first sub-
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pixel electrode SPE1 and the second sub-pixel electrode
SPE2 receive the first pixel voltage.

[0083] The second sub-pixel electrode SPE2 may include
three first openings SEP2-op. In addition, each of the first
openings SEP2-op may be symmetrical with each other with
reference to an imaginary line IL that divides the second
sub-pixel electrode SPE2.

[0084] In this case, the common electrode 112 includes at
least one second opening 112-op corresponding to the second
area PE1-A2. Each of the second openings 112-op may be
symmetrical with each other with reference to the imaginary
line IL.

[0085] As a result of the first openings SPE2-op and the
second openings 112-op, a deformed electric field is formed
between the pixel electrode PE1 and the common electrode
112. The liquid crystal molecules 130 are aligned differently
with reference to the first openings SPE2-op and the second
openings 112-op and are included in different sub-domains.
[0086] Meanwhile, the sub-pixel electrodes of the first area
PE1-A1 shown in FIGS. 2 to 4 may be disposed in the first
area PE1-A1 of the pixel PX-1 shown in FIG. 6, and the
sub-pixel electrodes of the second area PE1-A2 shown in
FIGS. 2 to 4 may be disposed in the second area PE1-A2 of
the pixel PX-1 shown in FIG. 6.

[0087] FIG. 9 is a plan view showing a pixel of a liquid
crystal display according to a third exemplary embodiment of
the present invention. In FIG. 9, the same reference numerals
denote the same elements in FIGS. 1 to 8, and thus detailed
descriptions of the same elements will be omitted.

[0088] Referring to FIG. 9, the liquid crystal display panel
100 includes a plurality of pixels PX-2. Each of the pixels
PX-2 includes a first liquid crystal capacitor, a second liquid
crystal capacitor, a first thin film transistor TF'T1 configured
to switch a voltage applied to the first liquid crystal capacitor,
and a second thin film transistor TFT2 configured to switch a
voltage applied to the second liquid crystal capacitor.

[0089] The first liquid crystal capacitor includes the first
pixel electrode PE1 as a first electrode thereof and the com-
mon electrode 112 (refer to FIGS. 2 and 3) as a second
electrode thereof. The liquid crystal molecules 130 serve as a
dielectric layer of the first liquid crystal capacitor.

[0090] In addition, the second liquid crystal capacitor
includes a second pixel electrode PE2 as a first electrode
thereof and the common electrode 112 (refer to FIGS. 2 and
3) as a second electrode thereof. The liquid crystal molecules
130 serve as a dielectric layer of the second liquid crystal
capacitor.

[0091] That is, the pixel PX-2 shown in FIG. 9 further
includes the second pixel electrode PE2 and the second thin
film transistor TFT2 when compared with the pixel PX shown
in FIGS. 2 to 4. Meanwhile, the first pixel electrode PE1 of the
pixel PX-2 shown in FIG. 9 may be replaced with the first
pixel electrode PE1 shown in FIGS. 6 to 8.

[0092] A second gate line GLi-1 is disposed on the second
base substrate 121 to be extended in the same direction in
which the first gate line GL1i1s extended. Among the gate lines
GL1 to GLn, the first and second gate lines GLi and GLi-1 are
successively arranged.

[0093] The second thin film transistor TFT2 includes a
second gate electrode GE2, a second active layer AL2, a
second source electrode SE2, and a second drain electrode
DE2.

[0094] The second gate electrode GE2 is provided from the
second gate line GLi-1 when viewed in a plan view in FIG. 9.
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The second active layer AL2 is disposed on the second gate
electrode GE2 while interposing the gate insulating layer 122
therebetween. The second active layer AL2 is overlapped
with the second gate electrode GE2. The second source elec-
trode SE2 is branched from the first data line DLj, from which
the first source electrode SE1 is branched. The second source
electrode SE2 is partially overlapped with the second gate
electrode GE2 and the second active layer AL2. In addition,
the second drain electrode DE2 is spaced apart from the
second source electrode SE2. The second drain electrode
DE2 is partially overlapped with the second gate electrode
GE2 and the second active layer AL2 as the second source
electrode SE2.

[0095] The protective layer 123 covers the second drain
electrode DE2, the second source electrode SE2, and the
second data line DL2.

[0096] The second pixel electrode PE2 connected to the
second drain electrode DE2 is disposed on the protective
layer 123. The second thin film transistor TFT2 receives the
data voltage and applies the data voltage to the second pixel
electrode PE2 as a second pixel voltage. The second pixel
voltage may have a level different from that of the first pixel
voltage.

[0097] When viewed in a plan view, the first and second
gate lines GLi and GLi-1 are disposed between the first pixel
electrode PE1 and the second pixel electrode PE2. In addi-
tion, the areas of the first pixel electrode PE1 and the second
pixel electrode PE2 may differ from each other. For instance,
the first pixel electrode PE1 may have a greater area than that
of the is second pixel electrode PE2, as shown in FIG. 9.
[0098] The second pixel electrode PE2 has the same struc-
ture as the first area PE1-A1 of the first pixel electrode PE1
shown in FIGS. 2 and 3. In other words, the second pixel
electrode PE2 includes a fourth sub-pixel electrode SPE4
disposed on the protective layer 123 and a fifth sub-pixel
electrode SPES5 facing the fourth sub-pixel electrode SPE4
while interposing the insulating layer 124 therebetween.
[0099] The fourth sub-pixel electrode SPE4 is connected to
the second drain electrode DE2 through a fourth contact hole
CH4 formed through the protective layer 123. In addition, the
fifth sub-pixel electrode SPES is connected to the fourth
sub-pixel electrode SPE4 through a fifth contact hole CHS
formed through the insulating layer 124.

[0100] The fifth sub-pixel electrode SPES includes a plu-
rality of first slits SL1 and second slits SL.2 and is divided into
a plurality of sub-domains, similar to the second sub-pixel
electrode SPE2 shown in FIG. 2.

[0101] Because the pixel shown in FIG. 9 further includes
one thin film transistor and one pixel electrode when com-
pared with the pixels shown in FIGS. 1 to 8, the number of the
domains of the pixels shown in FIG. 9 may be increased.
Thus, the liquid crystal display shown in FIG. 9 may have
improved aperture ratio and an increased side viewing angle.
[0102] FIG. 10 is a plan view showing a pixel of a liquid
crystal display according to a fourth exemplary embodiment
of the present invention.

[0103] Referring to FIG. 10, a liquid crystal display
includes a liquid crystal display panel 100 on which a plural-
ity of pixels PX-3 is disposed. In each pixel PX-3 shown in
FIG. 10, a second pixel electrode PE2 has a structure different
from that of the pixel PX-2 shown in FIG. 9.

[0104] The second pixel electrode PE2 may have the same
structure as the second area PE1-A2 of the first pixel electrode
PE1 shown in FIGS. 2 and 4. That is, the second pixel elec-
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trode PE2 includes a fourth sub-pixel electrode SPE4 dis-
posed on the protective layer 123 and a fifth sub-pixel elec-
trode SPES facing the fourth sub-pixel electrode SPE4 while
interposing the insulating layer 124 therebetween.

[0105] The fourth sub-pixel electrode SPE4 is connected to
the second drain electrode DE2 through a fourth contact hole
CH4 formed through the protective layer 123.

[0106] The fifth sub-pixel electrode SPES includes a first
electrode part SPES-1 and a second electrode part SPES-2.
The first electrode part SPE5-1 and the second electrode part
SPES-2 are separated from each other.

[0107] The first electrode part SPES-1 is connected to the
first sub-pixel electrode SPE1 through a fifth contact hole
CHS formed through the insulating layer 124. Thus, the sec-
ond pixel voltage is applied to the first electrode part SPES-1.
A voltage different from the voltage applied to the first sub-
pixel electrode SPE1 is applied to the second electrode part
SPES-2.

[0108] The first electrode part SPES-1 is alternately
arranged with the second electrode part SPE5-2 in a branch
shape. The arrangement of the first electrode part SPE5-1 and
the second electrode part SPE5-2 is the same as the first
electrode part SPE3-1 and the second electrode part SPE3-2
described with reference to FIGS. 2 and 4.

[0109] According to the above, the liquid crystal display
includes two different domains from each other, thereby
increasing a side viewing angle of the liquid crystal display. In
addition, the liquid crystal display drives the two domains
using one thin film transistor to thereby enhance the aperture
ratio.

[0110] It will be apparent to those skilled in the art that
various modifications and variations can be made in the
present invention without departing from the spirit or scope of
the invention. Thus, it is intended that the present invention
cover the modifications and variations of this invention pro-
vided they come within the scope of the appended claims and
their equivalents.

What is claimed is:

1. A liquid crystal display comprising;:

a first substrate comprising a common electrode disposed
on the first substrate;

a second substrate facing the first substrate and a first pixel
electrode disposed on the second substrate, the first pixel
electrode comprising a first area and a second area con-
figured to form different electric fields from each other
in cooperation with the common electrode; and

liquid crystal molecules disposed between the first sub-
strate and the second substrate.

2. The liquid crystal display of claim 1, further comprising:

a first gate line disposed on the second substrate;

a data line insulated from the first gate line and crossing the
first gate line; and

afirst thin film transistor connected to the first gate line, the
data line, and the first pixel electrode and configured to
apply a first pixel voltage to the first pixel electrode.

3. The liquid crystal display of claim 2, wherein the liquid
crystal molecules transmit a light incident thereto when the
first pixel voltage is applied to the first pixel electrode, and the
liquid crystal molecules disposed corresponding to the first
area have a greater transmittance of the light than a transmit-
tance of the liquid crystal molecules disposed corresponding
to the second area.

4. The liquid crystal display of claim 3, wherein the second
area is greater than the first area.
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5. The liquid crystal display of claim 3, wherein the liquid
crystal molecules are vertically aligned between the first sub-
strate and the second substrate.

6. The liquid crystal display of claim 1, wherein the first
pixel electrode comprises:

a first sub-pixel electrode disposed in the first area and the

second area;

a second sub-pixel electrode disposed in the first area fac-
ing the first sub-pixel electrode, an insulating layer dis-
posed between the first sub-pixel electrode and the sec-
ond sub-pixel electrode, and the second sub-pixel
electrode comprising a plurality of slits; and

a third sub-pixel electrode disposed in the second area
facing the first sub-pixel electrode, the insulating layer
disposed between the first sub-pixel electrode and the
third sub-pixel electrode, and the third sub-pixel elec-
trode comprising a first electrode part and a second
electrode part which receive different voltages from
each other.

7. The liquid crystal display of claim 6, further comprising

a plurality of the first electrode parts and a plurality of the
second electrode parts, and the first electrode parts are alter-
nately arranged with the second electrode parts.

8. The liquid crystal display of claim 7, wherein the first
electrode parts are connected to the first sub-pixel electrode.

9. The liquid crystal display of claim 7, wherein the second
sub-pixel electrode is connected to the first sub-pixel elec-
trode.

10. The liquid crystal display of claim 9, wherein a portion
of the slits is extended in a first direction and a remaining
portion of the slits is extended in a second direction.

11. The liquid crystal display of claim 1, wherein the first
pixel electrode comprises:

a first sub-pixel electrode disposed in the first area and

comprising a plurality of slits; and

a second sub-pixel electrode disposed in the second area
and comprising at least one first opening.

12. The liquid crystal display of claim 11, wherein the
common electrode comprises at least one second opening
corresponding to the second area of the first pixel electrode.

13. The liquid crystal display of claim 11, further compris-
ing a plurality of the first openings and each of the first
openings is symmetrical with reference to an imaginary line
crossing the second sub-pixel electrode.

14. The liquid crystal display of claim 2, further compris-
ing a second pixel electrode disposed on the second substrate.

15. The liquid crystal display of claim 14, further compris-
ing:

a second gate line disposed on the second substrate; and

a second thin film transistor connected to the second gate
line, the data line, and the second pixel electrode and
configured to apply a second pixel voltage to the second
pixel electrode.

16. The liquid crystal display of claim 14, wherein an area
of'the first pixel electrode is greater than an area of the second
pixel electrode.

17. The liquid crystal display of claim 14, wherein the
second pixel electrode comprises:

a first sub-pixel electrode disposed on the first substrate;

and

a second sub-pixel electrode disposed facing the first sub-
pixel electrode, an insulating layer disposed therebe-
tween, and the second sub-pixel electrode comprising a
plurality of slits.
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18. The liquid crystal display of claim 17, wherein the
second sub-pixel electrode is connected to the first sub-pixel
electrode.

19. The liquid crystal display of claim 14, wherein the
second pixel electrode comprises:

a first sub-pixel electrode disposed on the first substrate;

and

a second sub-pixel electrode disposed facing the first sub-

pixel electrode, the insulating layer disposed therebe-
tween, and the second sub-pixel comprising a first elec-
trode part and a second electrode part receiving voltages
which differ from each other.

20. The liquid crystal display of claim 19, wherein the first
electrode part is connected to the first sub-pixel electrode.

Ed * * #* Ed
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