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each pixel has a shape elongated in a horizontal direction, and
includes a thin film transistor formation region and a display
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FIG. 14
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LIQUID CRYSTAL DISPLAY DEVICE

[0001] This application claims priority to Korean Patent
Application No. 10-2013-0144856 filed on Nov. 26, 2013,
and all the benefits accruing therefrom under 35 U.S.C. §119,
the contents of which are incorporated by reference herein in
its entirety.

BACKGROUND

[0002] (a) Field

[0003] Exemplary embodiments of the invention relate to a
liquid crystal display.

[0004] (b) Description of the Related Art

[0005] A liquid crystal display (“LCD”) is one of the most
widely used types of flat panel displays. The LCD typically
includes two display panels, in which field generating elec-
trodes such as pixel electrodes and common electrodes are
provided, and a liquid crystal layer interposed between the
two display panels. In such an LCD, a voltage is applied to the
field generating electrodes to generate an electric field in the
liquid crystal layer, which determines the direction of liquid
crystal molecules of the liquid crystal layer, and an image is
displayed by controlling the polarization of incident light.
[0006] Among the LCDs, a vertical alignment (“VA™)
mode LCD, in which longitudinal axes of liquid crystal mol-
ecules are aligned perpendicular to the panels in the absence
of an electric field, has been developed.

[0007] Inthe VA mode LCD, awide viewing angle may be
realized by forming cutouts such as minute slits in the field-
generating electrodes. Since the cutouts and protrusions may
determine the tilt directions of the liquid crystal molecules,
the tilt directions may be distributed in various directions
using the cutouts and protrusions such that the reference
viewing angle is widened.

SUMMARY

[0008] 1In a vertical alignment mode liquid crystal display,
where the minute slits are defined in the pixel electrode
including a plurality of branch electrodes, the response speed
of liquid crystal molecules may be deteriorated due a rela-
tionship with other liquid crystal control forces of the liquid
crystal molecule as well as the minute slits, such that a texture
may be displayed over time.

[0009] Exemplary embodiments of the invention provide a
liquid crystal display with reduced deterioration of display
quality due to texture while minimizing a reduction of an
aperture ratio. The invention also provides a liquid crystal
display in which a vertical line stain is not generated.

[0010] An exemplary embodiment of a liquid crystal dis-
play according to the invention includes: an insulation sub-
strate; a plurality of pixels disposed on an insulation sub-
strate, where each pixel has a shape elongated in a horizontal
direction, and includes a thin film transistor formation region
and a display area; and a reference voltage line extending in a
vertical direction along a center of the display area, where the
display area includes a single high-gray subpixel area and two
low-gray subpixel areas, and the single high-gray subpixel
area is positioned between the two low-gray subpixel areas.
[0011] Inanexemplary embodiment, the liquid crystal dis-
play may further include a first thin film transistor connected
to ahigh-gray pixel electrode disposed in the single high-gray
subpixel area, a second thin film transistor connected to two
low-gray pixel electrodes disposed in the two low-gray sub-
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pixel areas, respectively, and a third thin film transistor con-
nected to the two low-gray pixel electrodes and the reference
voltage line.

[0012] Inanexemplary embodiment, the reference voltage
line may include a branch extending toward the thin film
transistor formation region along an outer region of the dis-
play area.

[0013] In an exemplary embodiment, each of the single
high-gray subpixel area and the two low-gray subpixel areas
may include four domains.

[0014] Inanexemplary embodiment, the reference voltage
line may cross a center of the single high-gray subpixel area.
[0015] In an exemplary embodiment, the display area may
include eight domains.

[0016] In an exemplary embodiment, the single high-gray
subpixel area may include four domains, and each of the two
low-gray subpixel areas may include two domains.

[0017] In an exemplary embodiment, the single high-gray
subpixel area may include three domains, one of the two
low-gray subpixel areas may include three domains, and the
other of the two low-gray subpixel areas may include two
domains.

[0018] Inan exemplary embodiment, the eight domains of
the display area may be arranged in two rows extending in the
horizontal direction and four columns extending in the verti-
cal direction in the display area, and the single high-gray
subpixel area may include a domain disposed in a second
column and a second row, a domain disposed in a third col-
umn and a first row, and a domain disposed in the third
column and the second row.

[0019] Inan exemplary embodiment, the liquid crystal dis-
play may further include a first connection disposed along an
upper region of the display area, wherein the first connection
connects the single high-gray pixel electrode and the first thin
film transistor to each other, and a second connection dis-
posed along the upper region of the display area, wherein the
third connection connects one of the two low-gray pixel elec-
trodes and the second thin film transistor.

[0020] In an exemplary embodiment, each of the first con-
nection and the second connection may include a bent end
portion bent from an extending direction thereof toward the
display area, and alength of the bent end portion of each of the
first connection and the second connection may be in a range
of about 6 micrometers (um) to about 8 pm.

[0021] In an exemplary embodiment, each of the single
high-gray pixel electrode and the two low-gray pixel elec-
trodes may include a plurality of unit pixel electrodes, each
unit pixel electrode may include a center electrode having a
plane shape and a plurality of minute branches extending
from a side of the center electrode, each of the single high-
gray subpixel area and the two low-gray subpixel areas may
include a common electrode facing the unit pixel electrodes
thereof, and an opening may be defined in the common elec-
trode.

[0022] An exemplary embodiment of a liquid crystal dis-
play according to the invention includes: an insulation sub-
strate; a plurality of pixels disposed on the insulation sub-
strate, where each pixel has a shape elongated in a horizontal
direction, and includes a thin film transistor formation region
and a display area; and a reference voltage line extending in a
vertical direction along a center of the display area, where the
display area includes a plurality of domains arranged in two
rows, one row domain among two row domains is the high-
gray subpixel area, the domains in a first row of the two rows
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define a high-gray subpixel area of the display area, the
domains in a second row of the two rows define a low-gray
subpixel area of the display area, and the reference voltage
line includes a branch extending toward the thin film transis-
tor formation region along an outer region of the display area.
[0023] Inan exemplary embodiment, the liquid crystal dis-
play may further include a first thin film transistor connected
to a high-gray pixel electrode disposed in the high-gray sub-
pixel area, a second thin film transistor connected to a low-
gray pixel electrode disposed in the low-gray subpixel area,
and a third thin film transistor connected to the low-gray pixel
electrode and the reference voltage line.

[0024] Inanexemplary embodiment, each of the high-gray
subpixel area and the low-gray subpixel area may include six
domains.

[0025] Inanexemplary embodiment, the reference voltage
line may cross a center of the high-gray subpixel area and the
low-gray subpixel area.

[0026] In an exemplary embodiment, the high-gray pixel
electrode may include a plurality of unit pixel electrodes
corresponding to the domains in the high-gray pixel area, the
low-gray pixel electrode may include a plurality of unit pixel
electrodes corresponding to the domains in the low-gray pixel
area, one of the unit pixel electrodes of the high-gray pixel
electrode in the high-gray subpixel area and one of the unit
pixel electrodes of the low-gray pixel electrode in the low-
gray subpixel area may be disposed adjacent to each other in
the vertical direction, and a distance between the unit pixel
electrodes disposed adjacent to each other in the vertical
direction may be uniform.

[0027] In an exemplary embodiment, the high-gray pixel
electrode may include a plurality of unit pixel electrodes
corresponding to the domains in the high-gray pixel area, the
low-gray pixel electrode may include a plurality of unit pixel
electrodes corresponding to the domains inthe low-gray pixel
area, one of the unit pixel electrodes of the high-gray pixel
electrode in the high-gray subpixel area and one of the umt
pixel electrodes of the low-gray pixel electrode in the low-
gray subpixel area may be disposed adjacent to each other in
the vertical direction, and a distance between the unit pixel
electrodes disposed adjacent to each other in the vertical
direction may increase in a direction away from the center of
the display area toward a side of the display area.

[0028] In an exemplary embodiment, a difference between
the distance between the unit pixel electrodes disposed adja-
cent to each other in the vertical direction at the center of the
display area and the distance between the unit pixel electrodes
disposed adjacent to each other in the vertical direction at the
side of the display area may be in a range of about zero (0) um
to about 3 pm.

[0029] Inanexemplary embodiment, each of the high-gray
pixel electrode and the low-gray pixel electrode may include
a plurality of unit pixel electrodes, each of the unit pixel
electrodes may include a center electrode having a plane
shape and a plurality of minute branches extending from a
side of the center electrode, each of the high-gray subpixel
area and the low-gray subpixel area may include a common
electrode facing the unit pixel electrodes thereof, and an
opening may be defined in the common electrode.

[0030] As described above, in exemplary embodiments of
the liquid crystal display including the pixel having an elon-
gated shape in the horizontal direction, the texture and the
portion to be covered by the light blocking member may be
minimized, thereby improving the aperture ratio. In such
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embodiments, by forming the right-left symmetry of the pixel
that is elongated in the horizontal direction, an occurrence of
a vertical line stain is effectively prevented.

BRIEF DESCRIPTION OF THE DRAWINGS

[0031] The above and other features of the invention will
become more apparent by describing in detailed exemplary
embodiments thereof with reference to the accompanying
drawings, in which:

[0032] FIG. 1 is a block diagram showing an exemplary
embodiment of a display device according to the invention;
[0033] FIG. 2 is a schematic diagram showing an exem-
plary embodiment of a pixel of a display device according to
the invention;

[0034] FIG. 3 is a view showing a connection relationship
of pixels of an exemplary embodiment of a display device,
according to the invention;

[0035] FIG. 4 is a plan view of a pixel electrode and sur-
roundings thereof in an exemplary embodiment of a display
device according to the invention;

[0036] FIG. 5 is a view of a detailed structure of a pixel of
FIG. 4;
[0037] FIG. 6 is a view of texture of an exemplary embodi-

ment of a pixel in a structure of FIG. 5;

[0038] FIG. 7 is a schematic diagram showing another
alternative exemplary embodiment ofa pixel according to the
invention;

[0039] FIG. 8 is a plan view of a pixel electrode and sur-
roundings thereof'in an alternative exemplary embodiment of
a display device according to the invention;

[0040] FIG. 9 is a view of texture of an exemplary embodi-
ment of a pixel in a structure of FIG. 8;

[0041] FIG. 10 is a plan view of a pixel electrode and
surroundings thereof in another alternative exemplary
embodiment of a display device according to the invention;
[0042] FIG. 11 is aview of texture of an exemplary embodi-
ment of a pixel in a structure of FIG. 10;

[0043] FIG. 12 to FIG. 14 are views of a connection struc-
ture of an exemplary embodiment of a pixel electrode accord-
ing to the invention;

[0044] FIG. 15 is a schematic diagram showing an alterna-
tive exemplary embodiment of a pixel of a display device
according to the invention;

[0045] FIG. 16 is a view of a detailed structure of another
alternative exemplary embodiment a pixel of FIG. 15;
[0046] FIG. 17 is aview of texture of an exemplary embodi-
ment of a pixel in a structure of FIG. 16;

[0047] FIG. 18is across-sectional view of a position where
texture is generated according to an electric field in an exem-
plary embodiment of a liquid crystal display according to the
invention;

[0048] FIG. 19 to FIG. 22 are views of texture of exemplary
embodiments of a pixel electrode having various structures,
according to the invention;

[0049] FIG. 23 to FIG. 27 are equivalent circuit diagrams
showing exemplary embodiments of a pixel according to the
invention; and

[0050] FIG. 28 is a view showing an exemplary embodi-
ment of a process of providing a pretilt angle to liquid crystal
molecules using prepolymers that are polarized by light such
as ultraviolet rays.
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DETAILED DESCRIPTION

[0051] The invention now will be described more fully
hereinafter with reference to the accompanying drawings, in
which various embodiments 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
disclosure will be thorough and complete, and will fully
convey the scope of the invention to those skilled in the art.
Like reference numerals refer to like elements throughout.
[0052] 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 therebe-
tween. In contrast, when an element is referred to as being
“directly on” another element, there are no intervening ele-
ments present.

[0053] Itwill beunderstood 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.

[0054] The terminology used herein is for the purpose of
describing particular embodiments 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.

[0055] 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, ifthe 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.

[0056] Similarly, if the device in one of the figures is turned
over, elements described as “below” or “beneath” other ele-
ments would then be oriented “above” the other elements.
The exemplary terms “below” or “beneath” can, therefore,
encompass both an orientation of above and below.

[0057] “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
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particular quantity (i.e., the limitations of the measurement
system). For example, “about” can mean within one or more
standard deviations, or within +30%, 20%, 10%, 5% of the
stated value.

[0058] Unless otherwise defined, all terms (including tech-
nical and scientific terms) used herein have the same meaning
as commonly understood by one of ordinary skill in the art to
which this disclosure belongs. It will be further understood
that terms, such as those defined in commonly used dictio-
naries, should be interpreted as having a meaning that is
consistent with their meaning in the context of the relevant art
and the disclosure, and will not be interpreted in an idealized
or overly formal sense unless expressly so defined herein.
[0059] 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, 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, typically, 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 claims.

[0060] Now, an exemplary embodiment of a display device
according to the invention will be described with reference to
FIG. 1.

[0061] FIG. 1 is a block diagram showing an exemplary
embodiment of a display device according to the invention.
[0062] Asshown in FIG. 1, an exemplary embodiment of a
display device, according to the invention, includes a display
panel 300 for displaying an image, a data driver 500 and a gate
driver 400 for driving the display panel 300, and a signal
controller 600 for controlling the data driver 500 and the gate
driver 400.

[0063] The display panel 300 includes a plurality of gate
lines G1 to Gn and a plurality of data lines D1 to D(m+1). The
plurality of gate lines G1 to Gn extend substantially in a
transverse direction, and the plurality of data lines D1 to
D(m+1) extends substantially in a longitudinal direction,
thereby crossing the plurality of gate lines G1 to Gn. In such
an embodiment, a plurality of reference voltage lines V1 to
Vm extending substantially in the longitudinal direction are
disposed between the plurality of data lines D1 to D(m+1).
The reference voltage lines V1 to Vm cross the gate lines G1
to Gn.

[0064] Each pixel PX is connected to a corresponding gate
line and a corresponding data line. The pixels PX are arranged
substantially in a matrix form including a plurality of pixel
rows and a plurality of pixel columns, and each pixel PX may
be a transverse type pixel having a shape elongated substan-
tially in the horizontal or the transverse direction that is an
extension direction of the gate lines G1 to Gn. As described
above, the transverse type pixel may include a thin film tran-
sistor, a liquid crystal capacitor, and storage capacitor. A
control terminal of the thin film transistor is connected to the
corresponding gate line of the gate lines G1 to Gn, an input
terminal of the thin film transistor is connected to the corre-
sponding data line of the data lines D1 to D(m+1), and an
output terminal of the thin film transistor is connected to one
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terminal (a pixel electrode) of the liquid crystal capacitor and
one terminal of a storage capacitor. The other terminal of the
liquid crystal capacitor is connected to the common electrode,
and the other terminal of the storage capacitor may be applied
with a storage voltage. According to an exemplary embodi-
ment, a channel layer of the thin film transistor may include or
be made of amorphous silicon, polysilicon, or an oxide semi-
conductor, for example. The reference voltage lines V1 to Vm
provide a reference voltage to the pixels PX. In an exemplary
embodiment, the reference voltage has a constant level that is
not changed according to time. In an alternative exemplary
embodiment, the reference voltage may have a voltage level
that changes according to time.

[0065] In an exemplary embodiment of the liquid crystal
display according to the invention, a data line is alternately
connected to left and right pixels PX. In such an embodiment,
the data line is connected to the pixel PX positioned at the
right side in the first row, is connected to the pixel PX posi-
tioned at the left side in the second row, and is connected to the
pixels PX positioned at the right side in the third row. In an
exemplary embodiment, a gate line is connected to all pixels
PX of a pixel row corresponding thereto.

[0066] According to such an embodiment, the odd-num-
bered pixels and the even-numbered pixels in a pixel column
are connected to different data lines, e.g., two adjacent data
lines thereof. In such an embodiment, when each data line is
applied with the data voltage of the same polarity during one
frame, a polarity inversion displayed at the pixels PX may
appear as a dot inversion.

[0067] A number ofthe data lines D1 to D(m+1) (e.g., m+1)
may be greater than a number (m) of the pixel columns by
one. In an exemplary embodiment, as shown in FIG. 1, the
pixel column does not exist at the left side of the first data line
D1 such that only the pixel column at the right side thereof'is
alternately connected to the first data line D1, and the pixel
column does not exist at the right side such that the last data
line, that is, the (m+1)-th data line D(m+1), may only be
alternately connected to the pixel column at the left side
thereof.

[0068] The signal controller 600 operates based on an
operation condition of the liquid crystal display panel 300 in
response to input data and a control signal from the outside,
for example, a vertical synchronization signal, a horizontal
synchronization signal, a main clock signal, and a data enable
signal, and then generates and outputs image data DAT, a gate
control signal CONT1, a data control signal CONT2, and a
clock signal based on the input data and the control signal.

[0069] The gate control signal CONT1 may include a scan-
ning start signal which instructs to start outputting the gate-on
voltage, and a gate clock signal which controls an output
timing of the gate-on voltage.

[0070] The data control signal CONT?2 may include a hori-
zontal synchronization start signal which instructs to start
inputting the image data DAT, and a load signal which applies
a data voltage to the data lines D1 to D(m+1).

[0071] The plurality of gate lines G1 to Gn of the display
panel 300 are connected to the gate driver 400, and the gate
driver 400 sequentially applies the gate-on voltage Von to the
gate lines G1 to Gn based on the gate control signal CONT1
applied from the signal controller 600.

[0072] The gate-off voltage is applied during a section of a
frame in which the gate-on voltage Von is not applied to the
gate lines G1 to Gn.
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[0073] The plurality of data lines D1 to D(m+1) of the
display panel 300 are connected to the data driver 500, and the
data driver 500 receives the data control signal CONT2 and
the image data DAT from the signal controller 600. The data
driver 500 converts the image data DAT into the data voltage
using gray voltages generated in a gray voltage generator (not
shown) and transmits the data voltage to the data lines D1 to
D(m+1). The data voltage includes a data voltage of a positive
polarity and a data voltage of a negative polarity. The data
voltage of the positive polarity and the data voltage of the
negative polarity are alternately applied with reference to a
frame, the pixel row, or the pixel column to be driven by the
inversion method. The inversion driving may be performed to
display a motion picture or a still image.

[0074] According to an exemplary embodiment, various
pixel connection structures that are not shown in FIG. 1 may
be provided.

[0075] Next, a structure of one pixel PX will be schemati-
cally described with reference to FIG. 2.

[0076] FIG. 2 is a schematic diagram showing a pixel of an
exemplary embodiment of a display device according to the
invention.

[0077] According to an exemplary embodiment of the
invention, a pixel PX of the display device is a transverse type
pixel having a shape elongated substantially in the horizontal
direction. In such an embodiment, the pixel PX includes a thin
film transistor formation region TA and a display area DA.
The pixel electrode of the pixel is disposed in the display area
DA, and the image is displayed through liquid crystal mol-
ecules disposed in the display area DA. The thin film transis-
tor formation region TA includes an element and wiring such
as a thin film transistor for transmitting a voltage to be applied
to the pixel electrode of the display area DA.

[0078] Inan exemplary embodiment, as shown in FIG. 2, a
reference voltage line V is disposed in the longitudinal direc-
tion along an imaginary vertical center line ofthe display area
DA in the pixel PX. In such an embodiment, the display area
DA is largely divided into three subpixel areas, e.g., one or
single high-gray subpixel area H sub and two low-gray sub-
pixel areas [ sub. The high-gray subpixel area H sub is posi-
tioned at a center portion of the pixel PX and the two low-gray
subpixel areas L sub are positioned at respective sides of the
one high-gray subpixel area H sub, as shown in FIG. 2. In
such an embodiment, the reference voltage line V passes
through the center of the high-gray subpixel area H sub in the
longitudinal direction.

[0079] In an exemplary embodiment, each of the subpixel
areas H sub and L sub include four domains, as shown by
dotted lines in FIG. 2. In such an embodiment, each subpixel
area is divided into four domains by lines intersecting the
center in a transverse direction and a longitudinal direction.
Accordingly, in such an embodiment, the pixel PX includes
twelve domains. In such an embodiment, the reference volt-
age line V is positioned while dividing twelve the domains in
half, and four domains of the low-gray subpixel area L sub
and two domains of the high-gray subpixel area H sub are
positioned at each of the left and right sides of the reference
voltage line V. Accordingly, in such an embodiment, the left
part and the right part of the display area DA with reference to
the reference voltage line V display images substantially
symmetrical to each other. In an exemplary embodiment,
where the pixel displays an image of the left and right sym-
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metry with reference to the reference voltage line V, the
plurality of pixels PX may output an image as shown in FIG.
3.

[0080] FIG. 3 is a view showing a connection relationship
of pixels of an exemplary embodiment of a display device
according to the invention.

[0081] FIG. 3 shows a structure in which each pixel PX
outputs an image with left-right or mirror symmetry with
reference to the reference voltage line V corresponding
thereto, and the adjacent pixels PX have different polarities.
In FIG. 3, D refers to the data line.

[0082] In an exemplary embodiment, as shown in FIG. 3,
each pixel PX is right-left symmetrical, and the adjacent
pixels PX are applied with the data voltages of different
polarities. Accordingly, in such an embodiment, although the
high-gray subpixels are disposed along a same subpixel col-
umn and the low-gray subpixels are disposed along a same
subpixel column, a luminance difference may not occur and a
vertical line stain is not recognized by a viewer.

[0083] Inanexemplary embodiment, the reference voltage
line V crosses the center of the pixel PX such that a portion of
the high-gray subpixel overlaps, e.g., is covered by, the ref-
erence voltage line V. However, in such an embodiment, the
higher luminance higher than the low-gray subpixel is dis-
played by the high-gray subpixel such that the luminance
deterioration due to the reference voltage line V is substan-
tially small and a reduction of the aperture ratio is decreased.
In such an embodiment, the reference voltage line V divides
the display luminance to be substantially constant on the right
and left of the pixel PX such that the display quality may be
substantially constantly maintained at the right and left of the
pixel PX.

[0084] Next, a structure of the pixel electrode and the ref-
erence voltage line V in the pixel PX will be described with
reference to FIG. 4.

[0085] FIG. 4 is a plan view of a pixel electrode and sur-
roundings thereof in an exemplary embodiment of a display
device according to the invention.

[0086] The pixel electrode in a pixel PX includes a high-
gray pixel electrode 191a as the pixel electrode of the high-
gray subpixel and a low-gray pixel electrode 1915 as the pixel
electrode of the low-gray subpixel.

[0087] Each of the high-gray pixel electrode 191a and the
low-gray pixel electrode 1915 includes four unit pixel elec-
trodes 198 and 199 corresponding to four domains, respec-
tively, and each unit pixel electrode includes a center elec-
trode 198 and a plurality of minute branches 199 extending
outside from a side of the center electrode 198. The plurality
of minute branches 199 may form an angle of about 45
degrees with respect to a horizontal direction or a vertical
direction, or may form an angle in a range of about 40 degrees
to about 50 degrees with respect to the horizontal direction or
the vertical direction. Also, one side of the center electrode
198 and the minute branches 199 may be vertical to each
other.

[0088] Four unit pixel electrodes of the high-gray pixel
electrode 191a and four unit pixel electrodes the low-gray
pixel electrode 1915 are connected to each other through an
extension. In an exemplary embodiment, as shown in FIG. 4,
the center electrode 198 has a size large enough to contact or
to define a side of a region where the unit pixel electrode is
disposed, but not being limited thereto. In an alternative
exemplary embodiment, the size of the center electrode 198
may be decreased, and the minute branches 199 may be
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positioned at the corner of the center electrode 198 to contact
or define the side of the region where the unit pixel electrode
is disposed. The extension of the unit pixel electrode extends
from the center electrode 198 or the minute branches 199.
Four unit pixel electrodes connected by the extension are
applied with a same voltage. The unit pixel electrodes in a
same pixel electrode, e.g., the high-gray pixel electrode 191a
or the low-gray pixel electrode 1915, are connected to each
other through the extension, and are separated from the unit
pixel electrodes included in another pixel electrode, e.g., the
low-gray pixel electrode 1915 or the high-gray pixel elec-
trode 191a.

[0089] In an exemplary embodiment, openings 72, 73 and
78 are defined in an upper common electrode of one domain
region where the unit pixel electrodes 198 and 199 are posi-
tioned as a domain divider. In such an embodiment, the open-
ings in the upper common electrode may be a cross-shaped
opening including a transverse opening 72 and a longitudinal
opening 73 crossing the transverse opening 72, and a center
opening 78 positioned at the center of the cross-shaped open-
ing. The center opening 78 may have a polygonal shape
including four straight sides respectively positioned at four
subregions divided by the cross-shaped opening. In one
exemplary embodiment, for example, the center opening 78
has a rhombus shape.

[0090] In an exemplary embodiment, the openings 72, 73
and 78 corresponding to the adjacent unit pixel electrodes are
not connected to each other. In an alternative exemplary
embodiment, the openings 72, 73 and 78 in the adjacent umt
pixel electrodes may be connected to each other.

[0091] In the structure in which a low-gray pixel electrode
1915, a high-gray pixel electrode 191a and a low-gray pixel
electrode 1915 are sequentially arranged, the reference volt-
age line 178 crosses the center of the high-gray pixel elec-
trode 1914 positioned at the center of the pixel in the longi-
tudinal direction.

[0092] The entire structure of the pixel including the pixel
electrode, the common electrode and the reference voltage
line described above will be described in greater detail with
reference to FIG. 5.

[0093] FIG. 5is a view of the detailed structure of the pixel
of FIG. 4.
[0094] Firstly, in an exemplary embodiment of a display

device, a plurality of gate lines 121 is disposed on an insula-
tion substrate (not shown) of a lower panel thereof.

[0095] The gate lines 121 extend substantially in the trans-
verse direction and include a first gate electrode 124a, a
second gate electrode 1245 and a third gate electrode 124¢
protruding and extending upwardly from the gate line 121. In
such an embodiment, the third gate electrode 124¢ extends
and expands upwardly from the gate line 121, and the first
gate electrode 124a and the second gate electrode 1245
extend from the third gate electrode 124¢. The first gate
electrode 124a and the second gate electrode 1245 may be
defined at a same expanded region from the third gate elec-
trode 124¢. In such an embodiment, the gate line 121 may
include a curved portion that is periodically curved from a
main line extending in the transverse direction.

[0096] A gate insulating layer is disposed on the gate line
121, and a first semiconductor 1544, a second semiconductor
1545 and a third semiconductor 154¢ are disposed on the first
gate electrode 124a, the second gate electrode 1245 and the
third gate electrode 124c¢, respectively.
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[0097] A data conductor including a data line 171, a first
drain electrode 175a, a second drain electrode 1755, a third
source electrode 173c¢, a third drain electrode 175¢ and the
reference voltage line 178 is disposed on the first semicon-
ductor 1544, the second semiconductor 1545, third semicon-
ductor 154¢ and the gate insulating layer.

[0098] The dataline 171 extends substantially in the longi-
tudinal direction and includes a first source electrode 1734
and a second source electrode 1734 respectively extending
from a main line of the data line 171 toward the first and
second gate electrodes 124 and 124b.

[0099] The reference voltage line 178 includes a main line
1784 extending substantially parallel to the data line 171 and
a branch 17856 extending from the main line 1784 and sub-
stantially parallel to the gate line 121. The branch 1785
extends to a thin film transistor formation region TA along an
outer region of the display area, and one end of the branch
178b defines the third drain electrode 175¢.

[0100] In such an embodiment, the first drain electrode
175a faces the first source electrode 1734, the second drain
electrode 1755 faces the second source electrode 1734, and
the third drain electrode 175¢ faces the third source electrode
173c. The third source electrode 173¢ is connected to the
second drain electrode 1756.

[0101] The first gate electrode 124a, the first source elec-
trode 173a and the first drain electrode 175« collectively
define a first thin film transistor along with the first semicon-
ductor 154a, the second gate electrode 1245, the second
source electrode 1735 and the second drain electrode 1755
collectively define a second thin film transistor along with the
second semiconductor 1545, and the third gate electrode
124c, the third source electrode 173¢ and the third drain
electrode 175¢ collectively define a third thin film transistor
along with the third semiconductor 154¢. In such an embodi-
ment, the data voltage is applied through the source electrode
of the first thin film transistor and the second thin film tran-
sistor, and the reference voltage is applied through the source
electrode of the third thin film transistor.

[0102] A passivation layer is disposed on the data conduc-
tor and a pixel electrode is disposed on the passivation layer.
[0103] In such an embodiment, each pixel electrode
includes one high-gray pixel electrode 191a and two low-
gray pixel electrodes 1915 as shown in FIG. 4.

[0104] The first drain electrode 175a of the first thin film
transistor is connected to the high-gray pixel electrode 191a
through a first contact hole 185a4. In an exemplary embodi-
ment, as shown in FIG. 5, the first drain electrode 175a of the
first thin film transistor is connected to the high-gray pixel
electrode 191a through a first connection 195a disposed in an
upper region of the pixel (the display area). The first connec-
tion 1954 includes a bent end portion connected to one unit
pixel electrode of the high-gray pixel electrode 191a. In an
exemplary embodiment, the first connection 195 may have a
linear structure, and is directly connected to the center elec-
trode 198 of the high-gray pixel electrode 191a, as shown in
FIG. 14. Referring to FIG. 12 and FIG. 13, in an alternative
exemplary embodiment, where the first connection 195a
include a bent end portion connected to one unit pixel elec-
trode of the high-gray pixel electrode 191a, a length of the
bent end portion of the first connection 1954 bent toward the
high-gray pixel electrode 191a may be in a range of about 6
micrometers (im) to about 8 pm.

[0105] The second drain electrode 1755 of the second thin
film transistor is connected to two low-gray pixel electrodes
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1915 through a second connection 1954 and a third connec-
tion 195¢, respectively, via a second contact hole 1855. The
center electrode 198 of the low-gray pixel electrode 1915
closer to the second thin film transistor is connected to the
second drain electrode 1755 through the second connection
1955b. The low-gray pixel electrode 1915 far from the second
thin film transistor is connected to the second drain electrode
17556 through the third connection 195¢ disposed along the
upper region of the pixel (the display area). In an exemplary
embodiment, the third connection 195¢ includes a bent end
portion connected to one unit pixel electrode of the low-gray
pixel electrode 1914. In an alternative exemplary embodi-
ment, the third connection 195¢ is not divided into two por-
tions by bending but linearly extends to be connected to the
center electrode 198 of the low-gray pixel electrode 1915 as
shown in FIG. 14. Referring to FIG. 12 and FIG. 13, in an
exemplary embodiment, where the third connection 195¢
includes a bent end portion connected to one unit pixel elec-
trode of the low-gray pixel electrode 1915, alength ofthe bent
end portion of the third connection 195¢ bent toward the
low-gray pixel electrode 1915 may be in a range of about 6 um
to about 8 pm.

[0106] Next, acommon electrode facing the pixel electrode
and which receives a common voltage is disposed on an
insulation substrate of an upper panel of the display device. In
such an embodiment, the openings 72, 73 and 78 are defined
in the common electrode, as shown in FIG. 4. According to an
exemplary embodiment, the common electrode may include a
protrusion as the domain divider.

[0107] Insuchanembodiment, the display device includes
a liquid crystal layer interposed between the lower panel and
the upper panel, and the liquid crystal layer includes liquid
crystal molecules having negative dielectric anisotropy. The
liquid crystal molecules may be aligned such that longitudi-
nal axes thereof are substantially perpendicular to the two
display panels when an electric field is not generated therein.

[0108] In such an embodiment, when the data voltage is
transmitted to the pixel PX, the data voltage is applied as it is
to the high-gray pixel electrode 191a through the first thin
film transistor. In such an embodiment, the two low-gray
pixel electrodes 1915 are applied with a middle voltage
between the data voltage applied through the second thin film
transistor and the reference voltage applied through the third
thin film transistor. As a result, the high-gray pixel electrode
191a and two low-gray pixel electrodes 1915 are applied with
the voltages of the different levels.

[0109] The high-gray and low-gray pixel electrodes 191a
and 1915 applied with the data voltages of the different levels
generate an electric field along with a common electrode of
the upper panel such that the orientation of the liquid crystal
molecules of the liquid crystal layer between the two elec-
trodes is determined. When the orientation of the liquid crys-
tal molecules of the liquid crystal layer between the two
electrodes is determined, the inclination direction of the lig-
uid crystal molecules may be firstly determined by a horizon-
tal component generated by a gap where the pixel electrode is
not positioned and the side of the opening of the common
electrode that distorts the main electric field substantially
perpendicular to the surface of the display panel. The hori-
zontal component of the main electric field is substantially
perpendicular to the side of the unit pixel electrode and the
opening, and the liquid crystal molecules are inclined in the
direction substantially vertical to the sides thereof.
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[0110] A portion where texture is generated in the pixel
having the structure of FIG. 4 and FIG. 5§ will be described
with reference to FIG. 6.

[0111] FIG. 6 is a view showing texture of an exemplary
embodiment of a pixel in a structure of FIG. 5.

[0112] In FIG. 6, the texture is shown in the portion indi-
cated by T. This portion is below the low-gray pixel electrode
1915 and above the branch 1785 of the reference voltage line
178. In general, the texture mainly appears on the circumfer-
ence (up/down/right/left) of the low-gray pixel electrode
1915. In the pixel structure of an exemplary embodiment of
the invention, as shown in FIG. 6, the texture is only recog-
nized under the low-gray pixel electrode 1915 closer to the
thin film transistor formation region TA among two low-gray
pixel electrodes 1915 such that the formation of the texture is
reduced.

[0113] Exemplary embodiments, in which one display area
DA is divided into twelve domains, are described above.
[0114] Next, exemplary embodiments in which one display
area DA is divided into eight domains will be described with
reference to FIG. 7 to FIG. 11.

[0115] FIG. 7 is a schematic diagram of a pixel of an alter-
native exemplary embodiment of a display device, according
to the invention.

[0116] In an exemplary embodiment, a pixel PX is the
transverse type pixel having a shape elongated substantially
in the horizontal direction with a total of eight domains. The
eight domains are arranged in the horizontal direction and the
vertical direction with 2 rows and 4 columns.

[0117] In such an embodiment, the pixel PX generally
includes the thin film transistor formation region TA and the
display area DA. Thepixel electrode is disposed in the display
area DA, and the image is displayed through the liquid crystal
molecules positioned at the display area DA. In such an
embodiment, an element and wiring such as a thin film tran-
sistor transmitting the voltage to be applied to the pixel elec-
trode of the display area DA are disposed in the thin film
transistor formation region TA.

[0118] In an exemplary embodiment of the pixel PX, as
shown in FIG. 7, the reference voltage line V is positioned in
the longitudinal direction along the center of the display area
DA. The reference voltage line V vertically extends while
dividing eight domains into two regions, each of which
includes four domains. In such an embodiment, the display
area DA is divided into three subpixel areas, and includes one
high-gray subpixel area H sub and two low-gray subpixel
areas L sub.

[0119] FIG. 7 does not show positions of the high-gray
subpixel area H sub and the two low-gray subpixel areas L sub
in the pixel PX. In an exemplary embodiment, the high-gray
subpixel area H sub may be positioned at the center and the
low-gray subpixel areas [ sub may be positioned at sides
thereof, but not being limited thereto. In an alternative exem-
plary embodiment, the positions of the high-gray subpixel
area H sub and the two low-gray subpixel areas [, sub may be
variously modified as shown in FIG. 8 and FIG. 10.

[0120] Firstly, an exemplary embodiment shown in FIG. 8
will be described.

[0121] FIG. 8 is a plan view of a pixel electrode and sur-
roundings thereof'in an alternative exemplary embodiment of
a display device according to the invention.

[0122] In an exemplary embodiment, as shown in FIGS. 7
and 8. four domains among a total of eight domains corre-
spond to the high-gray subpixel area H sub and the remaining
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four domains among a total of eight domains correspond to
two low-gray subpixel areas L sub. In such an embodiment,
four domains positioned at the center correspond to the high-
gray subpixel area H sub, and two domains in each side
portion correspond to the low-gray subpixel areas I sub. Each
of the two low-gray subpixel areas L sub are defined by two
domains. In such an embodiment, the reference voltage line V
crosses the center of the high-gray subpixel area H sub in the
longitudinal direction. In FIG. 8, the high-gray pixel elec-
trode included in the high-gray subpixel area H sub is indi-
cated by 191a, and the low-gray pixel electrode of the low-
gray subpixel area L sub is indicated by 1915.

[0123] The high-gray subpixel area H sub includes four
domains, and each low-gray subpixel area L sub includes two
domains. Each domain is indicated by a dotted line in FIG. 7,
and the dotted line in FIG. 8 divides the subpixel areas. In
such an embodiment, the reference voltage line V is disposed
in the vertical direction through the center of the pixel PX
while dividing eight domain into half, and one low-gray sub-
pixel area L sub and two domains of the high-gray subpixel
area H are positioned at the right side of the reference voltage
line V, and the other low-gray subpixel area L, sub and the
remaining two domains of the high-gray subpixel area H are
positioned at the left side of the reference voltage line V. As a
result, an image displayed by the pixel PX have a right-left
symmetry with reference to the reference voltage line V.

[0124] The pixel electrode positioned in the pixel PX
includes the high-gray pixel electrode 191a as the pixel elec-
trode of the high-gray subpixel and the low-gray pixel elec-
trode 1915 as the pixel electrode of the low-gray subpixel.

[0125] The high-gray pixel electrode 191a includes four
unit pixel electrodes 198 and 199 corresponding to four
domains, respectively, and each of the two low-gray pixel
electrodes 1914 include two unit pixel electrodes 198 and
199. A total number of the unit pixel electrodes 198 and 199
included in two low-gray pixel electrodes 1915 is 4.

[0126] Each unit pixel electrode includes the center elec-
trode 198 and the minute branches 199 extending outwardly
from the side of the center electrode 198. The minute
branches 199 may form an angle of about 45 degrees with
respect to a horizontal direction or a vertical direction, or may
form an angle in a range of about 40 degrees to about 50
degrees. Also, one side of the center electrode 198 and the
minute branches 199 may be substantially vertical to each
other.

[0127] Theunit pixel electrodes of the high-gray pixel elec-
trode 191a and the low-gray pixel electrode 1915 may be
connected to each other through the extension. In an exem-
plary embodiment, as shown in FIG. 8, the center electrode
198 has a size large enough to contact or define the side of the
region where the unit pixel electrode is disposed. In an alter-
native exemplary embodiment, the size of the center electrode
198 may be decreased, and the minute branches 199 may be
positioned at the corner of the center electrode 198 to contact
or define the side of the region where the unit pixel electrode
is disposed. The extension of the unit pixel electrode extends
from the center electrode 198 or the minute branches 199. The
unit pixel electrodes connected to each other by the extension
are applied with the same voltage. The unit pixel electrodes
included in a pixel electrode, e.g., the high-gray pixel elec-
trode 191a or the low-gray pixel electrode 1915, are con-
nected to each other through the extension, and are separated
or spaced apart from the unit pixel electrodes included in the
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other pixel electrodes, e.g., the low-gray pixel electrode 1915
or the high-gray pixel electrode 191a.

[0128] In an exemplary embodiment, openings 72, 73 and
78 are defined in an upper common electrode of one domain
region where the unit pixel electrodes 198 and 199 are posi-
tioned as domain dividers. In such an embodiment, the open-
ing in the upper common electrode may be a cross-shaped
opening including a transverse opening 72, a longitudinal
opening 73 crossing the transverse opening 72, and, a center
opening 78 positioned at the center of the cross-shaped open-
ing. The center opening 78 may have the polygonal shape
including four straight sides respectively positioned at four
sub-regions divided by the cross-shaped opening. In one
exemplary embodiment, for example, the center opening 78
has a rhombus shape.

[0129] In an exemplary embodiment, the openings 72, 73
and 78 corresponding to the adjacent unit pixel electrodes are
not connected to each other. In an alternative exemplary
embodiment, the adjacent openings 72, 73 and 78 may be
connected to each other.

[0130] In the structure in which the low-gray pixel elec-
trode 1915, the high-gray pixel electrode 191a, and the low-
gray pixel electrode 1912 are sequentially arranged, the ref-
erence voltage line 178 crosses the center of the high-gray
pixel electrode 191a positioned at the center of the pixel in the
longitudinal direction.

[0131] Inanexemplary embodiment, as shown in FIG. 8, a
size of the unit pixel electrodes 198 and 199, each of which
defines a domain, may be different from each other. In such an
embodiment, the size of the unit pixel electrodes 198 and 199
included in the low-gray pixel electrode 1915 may be larger
than the size the unit pixel electrodes 198 and 199 included in
the high-gray pixel electrode 191a. In an exemplary embodi-
ment, in which the high-gray pixel electrode 191a and the
low-gray pixel electrode 1915 have a different number of unit
pixel electrodes, the size of each unit pixel electrodes may be
different from each other such that areas occupied by the
high-gray pixel electrode 191a and the low-gray pixel elec-
trode 1915 may be substantially the same or similar to each
other.

[0132] The portion where the texture is generated in the
pixel having the structure of FIG. 8 will be described with
reference to FIG. 9.

[0133] FIG. 9 is a view showing texture of an exemplary
embodiment of a pixel in a structure of FIG. 8.

[0134] In FIG. 9, the texture is shown in the portion indi-
cated by T. This portion is below the low-gray pixel electrode
1915 and above the branch 1785 of the reference voltage line
178. In general, the texture mainly appears on the circumfer-
ence (up/down/right/left) of the low-gray pixel electrode
1915. In the pixel structure of an exemplary embodiment of
the invention, as shown in FIG. 9, the texture is recognized
only under the low-gray pixel electrode 1915 closer to the thin
film transistor formation region TA among two low-gray
pixel electrodes 1915 such that the formation of the texture is
reduced.

[0135] Next, an alternative exemplary embodiment having
an asymmetric structure in which the high-gray pixel elec-
trode 191q includes three unit pixel electrodes 198 and 199
will be described with reference to FIG. 10.

[0136] FIG. 10 is a plan view of a pixel electrode and
surroundings thereof in another alternative exemplary
embodiment of a display device according to the invention.
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[0137] 1In an exemplary embodiment, as shown in FIG. 10,
three domains among a total of eight domains define the
high-gray subpixel area H sub, and the remaining five
domains defines two low-gray subpixel areas L sub. In such
an embodiment, three domains positioned at the center cor-
respond to one high-gray subpixel area H sub, and the remain-
ing five domains positioned at both sides correspond to two
low-gray subpixel areas L sub. Each domain is divided by the
dotted line in F1G. 7, and the dotted line in FIG. 10 divides the
subpixel areas.

[0138] Inan exemplary embodiment, as shown in FIG. 10,
three domains included in the high-gray subpixel area H sub
include two domains of a lower row and one domain of an
upper row. In such an embodiment, the left low-gray subpixel
area L sub includes three domains, and the right low-gray
subpixel area L sub includes two domains.

[0139] In such an embodiment, the reference voltage line
178 crosses the center of eight domains in the longitudinal
direction. The reference voltage line 178 extends while divid-
ing two domains of the lower row among three domains of the
high-gray subpixel area H sub. The high-gray subpixel area H
sub has an asymmetric structure with respect to the reference
voltage line 178, however two low-gray subpixel areas L sub
may exist sides (e.g., left and right sides) of the reference
voltage line 178. respectively. In such an embodiment,
although two low-gray subpixel areas [ sub have the asym-
metrical structure, the two low-gray subpixel areas L sub are
positioned adjacent to only one side of the reference voltage
line 178, that is, the low-gray subpixel area L of the left side
1s spaced apart from the reference voltage line 178.

[0140] InFIG. 10,thehigh-gray pixel electrode included in
the high-gray subpixel area H sub is indicated by 191a, and
the low-gray pixel electrode of the low-gray subpixel area L.
sub is indicated by 1915.

[0141] The pixel electrode positioned in one pixel PX
includes the high-gray pixel electrode 191a as the pixel elec-
trode of the high-gray subpixel and the low-gray pixel elec-
trode 1915 as the pixel electrode of the low-gray subpixel.
[0142] The high-gray pixel electrode 191a includes three
unit pixel electrodes 198 and 199 corresponding to three
domains, respectively, and two low-gray pixel electrodes
1915 respectively include three and two unit pixel electrodes
198 and 199. The total number of unit pixel electrodes 198
and 199 included in two low-gray pixel electrodes 1915 is 5.
[0143] Each unit pixel electrode includes the center elec-
trode 198 and the minute branches 199 extending outwardly
from the side of the center electrode 198. The minute
branches 199 may form an angle of about 45 degrees with
respect to a horizontal direction or a vertical direction, or may
form an angle in a range of about 40 degrees to about 50
degrees. Also, one side of the center electrode 198 and the
minute branches 199 may be substantially vertical to each
other.

[0144] Theunit pixel electrodes of the high-gray pixel elec-
trode 1914 and the low-gray pixel electrode 1916 may be
connected to each other through the extension. In an exem-
plary embodiment, as shown in FIG. 10, the center electrode
198 has a size large enough to contact or define the side of the
region where the unit pixel electrode is disposed. In an alter-
native exemplary embodiment, the size of the center electrode
198 may be decreased, and the minute branches 199 may be
positioned at the corner of the center electrode 198 to contact
or define the side of the region where the unit pixel electrode
is disposed. The extension of the unit pixel electrode extends
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from the center electrode 198 or the minute branches 199. The
unit pixel electrodes connected by the extension are applied
with the same voltage. The unit pixel electrodes included in a
pixel electrode, e.g., the high-gray pixel electrode 1914 or the
low-gray pixel electrode 1915, are connected to each other
through the extension, and are separated or spaced apart from
the unit pixel electrodes included in the other pixel electrodes,
e.g., the low-gray pixel electrode 1915 or the high-gray pixel
electrode 191a.

[0145] In an exemplary embodiment, openings 72, 73 and
78 are defined in an upper common electrode of one domain
region where the unit pixel electrodes 198 and 199 are posi-
tioned as domain dividers. In an exemplary embodiment, the
openings in the upper common electrode may be a cross-
shaped opening including a transverse opening 72, a longitu-
dinal opening 73 crossing the transverse opening 72, and a
center opening 78 positioned at the center of the cross-shaped
opening. The center opening 78 may have the polygonal
shape including four straight sides respectively positioned at
four sub-regions divided by the cross-shaped opening. In one
exemplary embodiment, for example, the center opening 78
has rhombus shape.

[0146] In an exemplary embodiment, the openings 72, 73
and 78 corresponding to the adjacent unit pixel electrodes and
are not connected to each other. In an alternative exemplary
embodiment, the adjacent openings 72, 73, and 78 may be
connected to each other.

[0147] Inthe structure in which a low-gray pixel electrode
1915, a high-gray pixel electrode 1914, and a low-gray pixel
electrode 1915 are sequentially arranged, the reference volt-
age line 178 crosses the center of the high-gray pixel elec-
trode 191a positioned at the center of the pixel in the longi-
tudinal direction.

[0148] The portion where the texture is generated in the
pixel having the structure of FIG. 10 will be described with
reference to FIG. 11.

[0149] FIG. 11 is a view showing texture of an exemplary
embodiment of a pixel in a structure of FIG. 10.

[0150] InFIG. 11, the texture is shown in the portion indi-
cated by T. This portion is below the low-gray pixel electrode
1915 and above the branch 1785 of the reference voltage line
178. In general, the texture mainly appears on the circumfer-
ence (up/down/right/left) of the low-gray pixel electrode
1915. In the pixel structure of an exemplary embodiment of
the invention, the texture is recognized only under the low-
gray pixel electrode 1915 closer to the thin film transistor
formation region TA among two low-gray pixel electrodes
1915 such that the formation of the texture is reduced.
[0151] In an exemplary embodiment of FIG. 10, two unit
pixel electrodes among the high-gray pixel electrode 191a are
positioned at the lower row. In such an embodiment, where
the texture is generated at the lower left region of the pixel PX
and near the low-gray pixel electrode 1915, a width of the
lower row on the left side is greater than a width of the lower
row on the right side such that the size ofthe texture is further
reduced, that is, the size of the texture shown in FIG. 11 may
be smaller than the size of the texture shown in FIG. 9.
[0152] Intheabove, thetexture generated near the low-gray
pixel electrode 1915 was described.

[0153] Hereinafter, a generation degree of the texture
according to the connection structure of the connection 195,
in which each unit pixel electrode 198 and 199 is connected to
the drain electrode of the thin film transistor, will be described
with reference to In FI1G. 12 to FIG. 14.
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[0154] FIG. 12 to FIG. 14 are views of a connection struc-
ture of an exemplary embodiment of a pixel electrode accord-
ing to the invention.

[0155] FIG. 12 to FIG. 14 includes a description of the
structure of the pixel electrode in photographs.

[0156] In an exemplary embodiment, as shown in FIG. 12
and FIG. 13, the connection 195 connected to the unit pixel
electrode 198 and 199 has a linear structure. In FIG. 14, a
connection 195' connected to the unit pixel electrode 198 and
199 has two bent structure (hereinafter, a dual bent connec-
tion 195").

[0157] Asshownby the texture of FIG. 14 and the texture of
FIG. 12, the texture near the connection 195 is substantially
decreased in the exemplary embodiment of FIG. 12. That is,
the texture is less generated in an embodiment including the
connection 195 in a linear structure (hereinafter, a linear
connection 195) rather than the dual bent connection 195'.

[0158] FIG. 12 and FIG. 13 show embodiments including
the linear connection 195 disposed apart from the unit pixel
electrode 198 and 199 by different distances, that is, the linear
connection 195 includes a bent portion extending from an
extending direction thereof toward the unit pixel electrode
198 and 199 to be connected thereto. In FIG. 13, anexemplary
embodiment including the linear connection 195 disposed
apart from the unit pixel electrode 198 and 199 with a distance
longer by about 1 um than the connection 195 of the exem-
plary embodiment shown in FIG. 12 in the left side of F1IG. 13,
and an exemplary embodiment of the linear connection 195
disposed apart from the unit pixel electrode 198 and 199 with
adistance longer by about 2 um than the connection 195 of the
exemplary embodiment shown in FIG. 12 is shown in the
right side of FIG. 13. Here, a reference distance, with which
the connection disposed apart from the unit pixel electrode
198 and 199, that is, the connection 195 of the exemplary
embodiment shown in FIG. 12, may be about 6 pm. As shown
in FIG. 12 and FIG. 13, as the distance of the connection 195
from the unit pixel electrode 198 and 199 (or the length of the
bent end portion of the connection 195) is increased, the
texture is decreased while the position of the unit pixel elec-
trode is farther from the boundary of the domain. However,
when the unit pixel electrode is positioned substantially
inwardly, the region of the liquid crystal molecules that are
not effectively controlled is increased. Accordingly, in an
exemplary embodiment, the distance of the connection may
be increased up to about 2 pm from the reference distance as
shown in FIG. 13. In an exemplary embodiment, the distance
of the connection 195 from the unit pixel electrode 198 and
199 may be in the range of about 6 pm to about 8 pum, as
described above.

[0159] Next, another exemplary embodiment of the inven-
tion will be described with reference to FIG. 15.

[0160] FIG. 15 is a schematic diagram of another alterna-
tive exemplary embodiment of a pixel of a display device
according to the invention.

[0161] In an exemplary embodiment, the pixel PX is the
transverse type pixel having a shape elongated substantially
in the horizontal direction. In such an embodiment, the pixel
PX includes the thin film transistor formation region TA and
the display area DA. The pixel electrode is disposed in the
display area DA and displays the image through the liquid
crystal molecules disposed in the display area DA. In such an
embodiment, the element and the wiring such as the thin film
transistor that transmits the voltage to be applied to the pixel
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electrode of the display area DA are disposed in the thin film
transistor formation region TA.

[0162] In an exemplary embodiment, as shown in FIG. 15,
the pixel PX includes the reference voltage line V positioned
in the vertical direction at the center of the display area DA. In
such an embodiment, the display area DA is divided into two
subpixel areas including one high-gray subpixel area H sub
and one low-gray subpixel area I sub. The high-gray subpixel
area H sub and the low-gray subpixel area L sub extend
substantially in the vertical direction. In an exemplary
embodiment, as shown in FIG. 15, the high-gray subpixel
area H sub is positioned at the upper side in the pixel PX, and
the low-gray subpixel area L sub is positioned at the lower
side in the pixel PX. As a result, the reference voltage line V
crosses the center of the high-gray subpixel area H sub and the
low-gray subpixel area L sub in the vertical or the longitudinal
direction.

[0163] In an exemplary embodiment, each of the subpixel
areas H sub and L sub includes six domains. Each domain is
divided by the dotted line in FIG. 15, and the solid line
indicates the boundary of the high-tray and low-gray subpixel
areas H sub and L sub. In such an embodiment, the subpixel
areas are divided into upper and lower parts. In an exemplary
embodiment, the pixel PX includes twelve domains, and each
subpixel area H sub or L sub includes six domains. According
to an exemplary embodiment, the pixel PX may be divided
into an even-number of domains, e.g., 12. Also, the reference
voltage line V is positioned while dividing twelve domains,
and the low-gray subpixel area [, sub and the high-gray sub-
pixel area H sub are divided into half by the reference voltage
line V. As aresult, animage display by the pixel may have the
right-left symmetry with reference to the reference voltage
line V.

[0164] The entire structure of the pixel including the pixel
electrode, the common electrode and the reference voltage
line will be described with reference to FI1G. 16.

[0165] FIG. 16 is a view of a detailed structure of an exem-
plary embodiment of a pixel of FIG. 15.

[0166] Firstly, referring to the lower panel of the display
device, a plurality of gate lines 121 are positioned on an
insulation substrate of the lower panel.

[0167] The gate line 121 extends substantially in the hori-
zontal or transverse direction and includes a first gate elec-
trode 1244, a second gate electrode 1245 and a third gate
electrode 124c¢ protruding and extending upwardly from the
gate line 121. In such an embodiment, the third gate electrode
124¢ extends and expands upwardly from the gate line 121,
and the first gate electrode 1244 and the second gate electrode
1245 extend from the third gate electrode 124¢. The first gate
electrode 124a and the second gate electrode 1245 may
include an expanded portion. In such an embodiment, the gate
line 121 may include a curved portion that is periodically
curved from a main line extending substantially in the trans-
verse direction.

[0168] A gate insulating layer is disposed on the gate line
121, and a first semiconductor 154a, a second semiconductor
154b and a third semiconductor 154¢ are respectively dis-
posed on the first gate electrode 124a, the second gate elec-
trode 1245 and the third gate electrode 124¢ thereon.

[0169] A data conductor including a data line 171, a first
drain electrode 175a, a second drain electrode 1754, a third
source electrode 173¢, a third drain electrode 175¢ and a
reference voltage line 178 is disposed on the first semicon-
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ductor 1544, the second semiconductor 1545, the third semi-
conductor 154¢ and the gate insulating layer.

[0170] The dataline 171 extends substantially in the longi-
tudinal direction, and includes a first source electrode 173a
and a second source electrode 1735 respectively extending
from a main line of the data line 171 toward the first and
second gate electrodes 124¢ and 1245.

[0171] The reference voltage line 178 includes a main line
1784 extending substantially parallel to the data line 171 and
a branch 17856 extending from the main line 1784 and sub-
stantially parallel to the gate line 121. The branch 1785
extends to a thin film transistor formation region TA along an
outer region of the display area, and one end of the branch
1785 defines the third drain electrode 175¢.

[0172] In such an embodiment, the first drain electrode
175a faces the first source electrode 1734, the second drain
electrode 1755 faces the second source electrode 1735, and
the third drain electrode 175¢ faces the third source electrode
173¢. The third source electrode 173¢ is connected to the
second drain electrode 1754.

[0173] The first gate electrode 124a, the first source elec-
trode 173a and the first drain electrode 175a collectively
define a first thin film transistor along with the first semicon-
ductor 154a, the second gate electrode 1244, the second
source electrode 1735 and the second drain electrode 17556
collectively define a second thin film transistor along with the
second semiconductor 1545, and the third gate electrode
124c, the third source electrode 173¢ and the third drain
electrode 175¢ collectively define a third thin film transistor
along with the third semiconductor 154¢. In such an embodi-
ment, the data voltage is applied through the source electrode
of the first thin film transistor and the second thin film tran-
sistor, and the reference voltage is applied through the source
electrode of the third thin film transistor.

[0174] A passivation layer is disposed on the data conduc-
tor, and a pixel electrode is disposed on the passivation layer.
[0175] In such an embodiment, the pixel electrode posi-
tioned in a pixel PX includes the high-gray pixel electrode
191a as the pixel electrode of the high-gray subpixel, and the
low-gray pixel electrode 1915 as the pixel electrode of the
low-gray subpixel. The pixel electrode includes one high-
gray pixel electrode 191a and one low-gray pixel electrode
1915.

[0176] Each of the high-gray pixel electrode 191a and the
low-gray pixel electrode 1915 include six unit pixel elec-
trodes 198 and 199 corresponding to six domains, and each
unit pixel electrode includes the center electrode 198 and the
minute branches 199 extending outwardly from the side of the
center electrode 198. The minute branches 199 may form an
angle of about 45 degrees with respect to a horizontal direc-
tion or a vertical direction, or may form an angle in a range of
about 40 degrees to about 50 degrees. Also, one side of the
center electrode 198 and the minute branches 199 may be
substantially vertical to each other.

[0177] Six unit pixel electrodes of the high-gray pixel elec-
trode 191a or the low-gray pixel electrode 1915 are arranged
in the vertical direction with a line and are connected through
the extension. In an exemplary embodiment of FIG. 16, the
center electrode 198 has a size large enough to contact or
define the side of the region where the unit pixel electrode is
disposed, but not being limited thereto. In an alternative
exemplary embodiment, the size of the center electrode 198
may be decreased, and the minute branches 199 may be
positioned at the corner of the center electrode 198. The
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extension of the unit pixel electrode extends from the center
electrode 198 or the minute branches 199. Six unit pixel
electrodes connected by the extension are applied with the
same voltage. The unit pixel electrodes included in one of the
high-gray pixel electrode 191a and the low-gray pixel elec-
trode 1915 are connected to each other through the extension,
and are separated or spaced apart from the unit pixel elec-
trodes included in the other of the high-gray pixel electrode
191q and the low-gray pixel electrode 1915.

[0178] The first drain electrode 175a of the first thin film
transistor is connected to the high-gray pixel electrode 1914
through the first contact hole 185a. In an exemplary embodi-
ment, as shown in FIG. 16, the first connection 195a extends
in the left side to be connected to the high-gray pixel electrode
191a.

[0179] The second drain electrode 1755 of the second thin
film transistor is connected to the low-gray pixel electrode
1915 through the second contact hole 1955. In an exemplary
embodiment, as shown in FIG. 16, the low-gray pixel elec-
trode 1915 is connected through the second connection 1955,
and the second connection 1955 extends in the left side to be
connected to the low-gray pixel electrode 1915. The third thin
film transistor connects the second drain electrode 1755 of the
second thin film transistor and the reference voltage line 178
to change the level of the data voltage applied to the low-gray
pixel electrode 1915.

[0180] Next, referring to the upper panel of the display
device, a common electrode that faces the pixel electrode and
receives a common voltage is disposed on an insulation sub-
strate of the upper panel.

[0181] In an exemplary embodiment, openings 72, 73 and
78 may be defined in an upper common electrode of one
domain region where the unit pixel electrodes 198 and 199 are
positioned as a domain divider. In such an embodiment, the
openings in the upper common electrode may be a cross-
shaped opening including a transverse opening 72, a longitu-
dinal opening 73 crossing the transverse opening 72, and, a
center opening 78 positioned at the center of the cross-shaped
opening may be further included. The center opening 78 may
have the polygonal shape including four straight sides respec-
tively positioned at four sub-regions divided by the cross-
shaped opening. In one exemplary embodiment, for example,
the center opening 78 has a rhombus shape.

[0182] In an exemplary embodiment, the openings 72, 73,
and 78 corresponding to the adjacent unit pixel electrodes are
not connected to each other. In an alternative exemplary
embodiment, the adjacent openings 72, 73 and 78 may be
connected to each other.

[0183] According to an exemplary embodiment, the com-
mon electrode may include a protrusion as the domain
divider.

[0184] A liquid crystal layer interposed between the lower
panel and the upper panel includes liquid crystal molecules
having negative dielectric anisotropy. The liquid crystal mol-
ecules may be aligned such that longitudinal axes thereof are
disposed substantially perpendicular to the upper and lower
display panels when an electric field is not generated therein.
[0185] When the data voltage is transmitted to the pixel PX,
the data voltage is applied to the high-gray pixel electrode
191a through the first thin film transistor as it is. In such an
embodiment, the low-gray pixel electrode 1915 is applied
with a middle voltage between the data voltage applied
through the second thin film transistor and the reference volt-
age through the third thin film transistor. As a result, the
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high-gray pixel electrode 191a and the low-gray pixel elec-
trode 1915 are applied with the voltages having different
levels.

[0186] The high-gray and low-gray pixel electrodes 191a
and 1915 applied with the data voltages of the different levels
generate an electric field along with a common electrode of
the upper panel such that the orientation of the liquid crystal
molecules ofthe liquid crystal layer between two electrodes is
determined. When the orientation of the liquid crystal mol-
ecules of the liquid crystal layer between two electrodes is
determined, the inclination direction of the liquid crystal
molecules may be firstly determined by a horizontal compo-
nent generated by a gap where the pixel electrode is not
positioned, and the side of the opening of the common elec-
trode that distorts the main electric field substantially vertical
to the surface of the display panel. The horizontal component
of the main electric field is almost perpendicular to the side of
the unit pixel electrode 198 and 199 and the openings 72, 73,
and 78, and the liquid crystal molecules are inclined in the
direction substantially perpendicular to the sides thereof.
[0187] In the structure in which the high-gray pixel elec-
trode 191a and the low-gray pixel electrode 1915 are
arranged in the upper and lower portions of the pixel, respec-
tively, the reference voltage line 178 crosses the center of the
high-gray pixel electrode 191a and the low-gray pixel elec-
trode 1915 in the vertical direction, thereby having the sym-
metrical structure.

[0188] A portion where a texture is generated in the pixel
having the structure of FI1G. 16 will be described with refer-
ence to FIG. 17.

[0189] FIG. 17 is a view showing texture of an exemplary
embodiment a pixel in a structure of FIG. 16.

[0190] InFIG. 17, the texture is shown in the portion indi-
cated by T. As shown in FIG. 17, the texture is generated in the
portion T between the high-gray pixel electrode 1914 and the
low-gray pixel electrode 1915.

[0191] Inanexemplary embodiment of the pixel having the
structure of FIG. 16, the texture is generated between the
high-gray pixel electrode 191a and the low-gray pixel elec-
trode 1915, and in such an embodiment, the texture near the
outer of the pixel is decreased.

[0192] Hereinafter, the texture generated between the high-
gray pixel electrode 191a and the low-gray pixel electrode
1915 shown in FIG. 17 will be described in greater detail with
reference to FIG. 18.

[0193] FIG. 18is across-sectional view of a position where
texture is generated according to an electric field in an exem-
plary embodiment of a liquid crystal display according to the
invention.

[0194] In FIG. 18, ‘High’ means that the high voltage is
relatively applied to the side of the high-gray pixel electrode
191a. In FIG. 18, ‘Low’ means that the low voltage is rela-
tively applied to the side of the low-gray pixel electrode 1914.
[0195] The liquid crystal molecules are arranged by the
high voltage applied to the high-gray pixel electrode 191a on
the high-gray pixel electrode 191a and are relatively arranged
by the low voltage on the low-gray pixel electrode 1915.
However, in the center of two pixel electrodes, the arrange-
ment direction of the liquid crystal molecule arranged on the
high-gray pixel electrode 191a and the arrangement direction
of the liquid crystal molecules arranged on the low-gray pixel
electrode 1915 may contact or collide to each other. However,
the arrangement direction on the high-gray pixel electrode
191a applied with the high voltage has a stronger control
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force such that the texture is generated at the position closer to
the low-gray pixel electrode 1915, not the middle position of
two electrodes as shown in FIG. 18.

[0196] According to an exemplary embodiment having a
pixel structure of FIG. 16, the texture generated near the pixel
electrode may be reduced.

[0197] Hereinafter, exemplary embodiments in which the
texture generated at the center shown in FIG. 17 is reduced
will be described in greater detail with reference to FIG. 19 to
FIG. 22.

[0198] FIG.19to FI1G. 22 are views of texture of exemplary
embodiments of a pixel electrode having various structures,
according to the invention.

[0199] In the upper side of each of FIG. 19 to FIG. 22, an
exemplary embodiment of the unit pixel electrode included in
the high-gray pixel electrode 1914 and the unit pixel electrode
of the low-gray pixel electrode 1915 are shown.

[0200] Also, in the lower side of each of FIG. 19 to FIG. 22,
the texture of the unit pixel is shown.

[0201] In FIG. 19 to FIG. 22, the change of the texture is
shown while changing the interval between the high-gray
pixel electrode 191a and the low-gray pixel electrode 1915 in
the pixel.

[0202] Firstly, in an exemplary embodiment, as shown in
FIG. 19, the interval between the unit pixel electrode included
in the high-gray pixel electrode 191a and the unit pixel elec-
trode of the low-gray pixel electrode 1915 may be substan-
tially uniform. That is, the distance in the vertical direction
between any parts of the unit pixel electrode is substantially
constant.

[0203] In alternative exemplary embodiment, as shown in
FIG. 20 to FIG. 22, the distance between two unit pixel
electrodes in the vertical direction may increase as being
closer to both ends from the center, that is, in a direction away
from the center of the display area toward a side of the display
area. FIG. 20 shows an exemplary embodiment in which the
distance of the vertical direction between two unit pixel elec-
trodes at both ends of the display area is longer than the
distance of the vertical direction between two unit pixel elec-
trodes in the middle portion or the center of the display area,
that is, the reference distance, by about 1 pm, FIG. 21 shows
an exemplary embodiment in which the distance of the ver-
tical direction between two unit pixel electrodes at both ends
is longer than the reference distance by about 2 um, and FIG.
22 shows an exemplary embodiment in which the distance of
the vertical direction between two unit pixel electrodes at
both ends is longer than the reference distance by about 3 pm.

[0204] As shown in the texture at the lower side of FIG. 19
to FIG. 22, the texture is generated smallest in the exemplary
embodiment of FIG. 22. Accordingly, in an exemplary
embodiment, at least one unit pixel electrode of the unit pixel
electrode of the high-gray pixel electrode 191¢ and the unit
pixel electrode of the low-gray pixel electrode 1915 has the
quadrangular structure, and one of facing sides of the unit
pixel electrode of the high-gray pixel electrode 191¢ and the
unit pixel electrode of the low-gray pixel electrode 1915 may
have a curved line structure or may be a convex side. In such
an embodiment, when the curvature of the convex side
becomes greater, the texture may be decreased. A distance or
height difference between the center and both ends of the
convex side may be in a range of about zero (0) um to about
3 um.
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[0205] 1In an exemplary embodiment, the high-gray pixel
electrode and the low-gray pixel electrode may have the dif-
ferent voltage levels by using the reference voltage line 178,
as described above.

[0206] Next, an exemplary embodiment, in which the volt-
age levels of two subpixel electrodes are changed. will be
described with reference to the circuit diagrams of FIG. 23 to
FIG. 27.

[0207] FIG. 23 to FIG. 27 are equivalent circuit diagrams of
exemplary embodiments of a pixel according to the invention.
[0208] Firstly, a pixel of an exemplary embodiment of the
liquid crystal display will be described with reference to FIG.
12.

[0209] FIG. 23 is a circuit diagram of an exemplary
embodiment of the pixel in which the voltages of the different
levels are applied to two subpixel electrodes by using the
reference voltage line 178, as described above.

[0210] In FIG. 23, the high-gray subpixel is indicated by
PXa and the low-gray subpixel is indicated by PXb.

[0211] Referring to FIG. 23, an exemplary embodiment of
the liquid crystal display according to the invention includes
the signal lines such as the gate line 121, the data line 171 and
the reference voltage line 178 that transmits the reference
voltage, and the pixels PX connected to the signal lines.
[0212] Each pixel PX includes the first and second subpix-
els PXa and PXb. The first subpixel PXa includes a first
switching element Qa and a first liquid crystal capacitor Clca,
and the second subpixel PXb includes second and third
switching elements Qb and Qc and a second liquid crystal
capacitor Clcb. The first and second thin film transistors Qa
and Qb are respectively connected to the gate line 121 and the
dataline 171, and the third thin film transistor Qc is connected
to an output terminal of the second switching element Qb and
the reference voltage line 178. An output terminal of the first
switching element Qa is connected to the first liquid crystal
capacitor Clca, and the output terminal of the second switch-
ing element Qb is connected to input terminals of the second
liquid crystal capacitor Clcb and the third switching element
Qc. The third switching element Qc includes a control termi-
nal connected to the gate line 121, an input terminal con-
nected to the second liquid crystal capacitor Clcb, and an
output terminal connected to the reference voltage line 178.
[0213] Referring to the operation of the pixel PX shown in
FIG. 23, firstly, when the gate line 121 is applied with the
gate-on voltage, 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 Clch through the turned-on first and second switch-
ing elements Qa and Qb such that the first liquid crystal
capacitor Clca and the second liquid crystal capacitor Clcb
are charged by the difference between the data voltage and the
common voltage. When the first liquid crystal capacitor Clch
and the second liquid crystal capacitor Clcb are equally
applied with the data voltage through the first and second
switching elements Qa and Qb, the charging voltage of the
second liquid crystal capacitor Clcb is divided through the
third switching element Qc. Accordingly, the charging volt-
age ofthe second liquid crystal capacitor Clcb is less than the
charging voltage of the first liquid crystal capacitor Clca such
that the luminances of the two subpixels PXa and PXb may be
different from each other. Accordingly, by properly control-
ling the voltage charged in the first liquid crystal capacitor
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Clca and the voltage charged in the second liquid crystal
capacitor Clcb, an image viewed from the side may be sub-
stantially close to an image viewed from the front, thereby
improving side visibility.

[0214] However, the structure of the pixel PX of an exem-
plary embodiment of the liquid crystal display according to
the invention is not limited to the exemplary embodiment
shown in FIG. 23, and may be variously modified.

[0215] Next, a pixel of an alternative exemplary embodi-
ment of the liquid crystal display will be described with
reference to FIG. 24.

[0216] Such an embodiment of the liquid crystal display
according to the invention includes signal lines including a
plurality of gate lines GL, a plurality of data lines DL and a
plurality of storage electrode lines SL, and a plurality of
pixels PX connected thereto. Each pixel PX includes a pair of
first and second subpixels PXa and PXb. The first subpixel
electrode 191a is disposed in the first subpixel PXa and the
second subpixel electrode 1915 is disposed in the second
subpixel PXb.

[0217] In such an embodiment, each pixel of the liquid
crystal display may further include a switching element Q
connected to a gate line GL and a data line DL, a first liquid
crystal capacitor Clca and a first storage capacitor Csta that
are connected to the switching element Q and disposed in the
first subpixel PXa, and a second liquid crystal capacitor Clcb
and a second storage capacitor Cstb that are connected to the
switching element Q and disposed in the second subpixel
PXb, and an auxiliary capacitor Cas disposed between the
switching element Q and the second liquid crystal capacitor
Cleb.

[0218] In such an embodiment, the switching element Q,
which is a three-terminal element such as a thin film transistor
and the like and disposed in the lower display panel, includes
a control terminal connected to the gate line GL, an input
terminal connected to the data line DL, and an output terminal
connected to the first liquid crystal capacitor Clea, the first
storage capacitor Csta and the auxiliary capacitor Cas.
[0219] One terminal of the auxiliary capacitor Cas is con-
nected to an output terminal of the switching element Q, and
the other terminal of the auxiliary capacitor Cas is connected
to the second liquid crystal capacitor Clcb and the second
storage capacitor Cstb.

[0220] The charged voltage of the second liquid crystal
capacitor Clcb is lower than the charged voltage of the first
liquid crystal capacitor Clca by the auxiliary capacitor Cas,
thereby improving the side visibility of the liquid crystal
display.

[0221] Next, a pixel of another alternative exemplary
embodiment of the liquid crystal display will be described
with reference to FIG. 25.

[0222] In such an embodiment, the liquid crystal display
includes signal lines including a plurality of gate lines GLn
and GL(n+1), a plurality of data lines DL and a plurality of
storage electrode lines SL, and a plurality of pixels PX con-
nected thereto. Each pixel PX includes a pair of first and
second subpixels PXa and PXb. The first subpixel electrode
191q is disposed in the first subpixel PXa and the second
subpixel electrode 1915 is disposed in the second subpixel
PXb.

[0223] In such an embodiment, the liquid crystal display
may further include a first switching element Qa and a second
switching element Qb that are connected to a gate line GLn
and a data line DL, a first liquid crystal capacitor Clca and a
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first storage capacitor Csta that are connected to the first
switching element Qa and formed in the first subpixel PX, a
second liquid crystal capacitor Clcb and a second storage
capacitor Cstb that are connected to the second switching
element Qb and disposed in the second subpixel, a third
switching element Qc connected to the second switching
element Qb and a subsequent gate line GL(n+1), and an
auxiliary capacitor Cas connected to the third switching ele-
ment Qc.

[0224] The first and second switching elements Qa and Qb,
which are three-terminal elements such as a thin film transis-
tor, etc. and disposed in a lower display panel, include control
terminals connected to the gate line GLn, input terminals
connected to the data line DL, and output terminals connected
to the first liquid crystal capacitor Clca and the first storage
capacitor Csta, and the second liquid crystal capacitor Clcb
and the second storage capacitor Cstb, respectively.

[0225] The third switching element Qc, which is a three-
terminal element such as a thin film transistor and the like and
disposed in the lower display panel, includes a control termi-
nal connected to the subsequent gate line GL(n+1), an input
terminal connected to the second liquid crystal capacitor
Clcb, and an output terminal connected to the auxiliary
capacitor Cas.

[0226] One terminal of the auxiliary capacitor Cas is con-
nected to the output terminal of the third switching element
Qc, and the other terminal is connected to a storage electrode
line SL.

[0227] Hereinafter, an operation of such an embodiment of
the liquid crystal display will be described. When a gate-on
voltage is applied to the gate line GLn, the first and second
switching elements Qa and Qb that are connected to the gate
line GLn are turned on, and a data voltage of the data line 171
is applied to the first and second subpixel electrodes through
the turned-on first and second switching elements Qa and Qb.
[0228] Subsequently, when a gate-off voltage is applied to
the gate line GLn and the gate-on voltage is applied to the
subsequent gate line GL(n+1), the first and second switching
elements Qa and Qb are turned off and the third switching
element Qc is turned on. As a result, electrical charges of the
second subpixel electrode (1915 of FIG. 6) connected to the
output terminal of the second switching element Qb flow into
the auxiliary capacitor Cas such that the voltage of the second
liquid crystal capacitor Clcb is decreased.

[0229] As described above, in such an embodiment, the
charged voltages of the first and second liquid crystal capaci-
tors Clca and Cleb are different from each other, thereby
improving the side visibility of the liquid crystal display.
[0230] Next, a pixel of another alternative exemplary
embodiment of the liquid crystal display will be described
with reference to FIG. 26.

[0231] Anexemplary embodiment of the liquid crystal dis-
play according to the invention includes the signal lines such
as a plurality of gate lines GL, a plurality of data lines DL1
and DL2, and a plurality of storage electrode lines SL, and a
plurality of pixels PX connected thereto. Each pixel PX
includes a pair of first and second liquid crystal capacitors
Clca and Clab and a pair of first and second storage capacitors
Csta and Cstb.

[0232] In such an embodiment, each subpixel of the pixel
PX includes one liquid crystal capacitor and one storage
capacitor in addition to one thin film transistor Q. The thin
film transistors Q of two subpixels included in one pixel are
connected to the gate lines GL, and connected to different
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data lines (e.g., two adjacent data lines) DL1 and DL2,
respectively. The different data lines DL1 and DL2 simulta-
neously apply the voltages of the different levels such that the
first and second liquid crystal capacitors Clca and Cleb of two
subpixels have different charged voltages. As a result, in such
an embodiment, the lateral visibility of the liquid crystal
display may be improved.

[0233] Next, a pixel of another alternative exemplary
embodiment of the liquid crystal display will be described
with reference to FIG. 27.

[0234] In an exemplary embodiment, as shown in FIG. 27,
the liquid crystal display includes the gate line GL, the data
line DL, a first power line SL1, a second power line SL.2, and
the first and second switching elements Qa and Qb connected
to the gate line GL and the data line DL.

[0235] In such an embodiment, the liquid crystal display
further includes an assistance step-up capacitor Csa and the
firstliquid crystal capacitor Clca connected to the first switch-
ing element Qa, and an assistance step-down capacitor Csb
and the second liquid crystal capacitor Clch connected to the
second switching element Qb.

[0236] The first switching element Qa and the second
switching element Qb may be the three-terminal elements
such as the thin film transistor. The first switching element Qa
and the second switching element Qb are connected to the
same gate line GL and the same data line DL to be turned on
such that the same data signals are output thereto at the same
time.

[0237] A voltage that swings in a constant period is applied
to the first power line SL1 and the second power line SL.2. The
first power line SL1 is applied with a first low voltage during
a predetermined period or a first period (for example, a hori-
zontal period), and is applied with a first high voltage during
a next predetermined period or a second period. The second
power line SL.2 is applied with a second high voltage during
the predetermined period or the first period, and is applied
with a second low voltage during the next predetermined
period or the second period. In such an embodiment, the first
period and the second period are set repeatedly (e.g., alter-
nately or several times) during one frame, such that the volt-
age that swings is applied to the first power line SL1 and the
second power line SL2. In such an embodiment, the first low
voltage and the second low voltage may be substantially the
same as each other, and the first high voltage and the second
high voltage may be substantially the same as each other.
[0238] Theassistance step-up capacitor Csa is connected to
the first switching element Qa and the first power line SL1,
and the assistance step-down capacitor Csb is connected to
the second switching element Qb and the second power line
SL2.

[0239] A voltage Va of a terminal (hereinafter referred to as
a “first terminal”) through which the assistance step-up
capacitor Csais connected to the first switching element Qa is
decreased when the first power line SL1 is applied with the
first low voltage, and the voltage Va of the first terminal is
increased when the first power line SL1 is applied with the
first high voltage. Then, the voltage Va of the first terminal
swings according to the swing of the voltage of the first power
line SL1.

[0240] In such an embodiment, a voltage Vb of a terminal
(hereinafter referred to as a “second terminal ) through which
the assistance step-down capacitor Csb is connected to the
first switching element Qb is increased when the second
power line SL.2 is applied with the second high voltage, and
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the voltage Vb of the second terminal is decreased when the
second power line SL.2 is applied with the second low voltage.
Then, the voltage Vb of the second terminal swings according
to the swing of the voltage of the second power line SL2.
[0241] As described above, in an exemplary embodiment,
two subpixels are applied with the same data voltage, and the
voltages Va and Vb of the pixel electrodes of two subpixels
becomes different from each other according to the magni-
tude of the voltages swung in the first and second power lines
SL.1 and SL.2 such that the transmittance of the two subpixels
is set differently from each other, thereby improving the lat-
eral visibility.

[0242] In an exemplary embodiment, as shown in FIG. 24
to FIG. 27, the reference voltage line is used, but not being
limited thereto. In an exemplary embodiment of the inven-
tion, any line parallel to the data line and passing the center of
the display area of the pixel in the longitudinal direction may
be used to improve the display quality.

[0243] Inexemplary embodiments of the liquid crystal dis-
play, the unit pixel electrode included in the pixel electrode
has the minute branches 199 and the number of the unit pixel
electrodes is substantially great such that the number of the
minute branches 199 in the pixel electrode is substantially
great. As a result, in such embodiments, the liquid crystal
control force to control the liquid crystal molecule may be
sufficiently obtained such that a prepolymer polymerized by
a separate light may be omitted in the liquid crystal layer.
[0244] However, according to an alternative exemplary
embodiment, the liquid crystal control force may be partially
decreased such that the prepolymer may be included in the
liquid crystal layer.

[0245] An exemplary embodiment of a method of forming
the pretilt in a liquid crystal layer including the prepolymer
will be described with reference to FIG. 28.

[0246] FIG. 28 is a view showing an exemplary embodi-
ment of a process of providing a pretilt angle to liquid crystal
molecules using prepolymers polarized by light such as ultra-
violet rays.

[0247] Referring to FIG. 28, first, prepolymers 330 such as
monomers, which is cured by polymerization by rays such as
ultraviolet rays, and liquid crystal materials are injected
together between two display panels, e.g., a lower panel 100
and an upper panel 200, of a liquid crystal display. The pre-
polymer 330 may be a reactive mesogen that is polymerized
by rays such as ultraviolet rays.

[0248] Next, the data voltage is applied to the first and
second subpixel electrodes, and a common voltage is applied
to the common electrode of the upper panel 200, thereby
generating the electric field in a liquid crystal layer 3 between
the two display panels 100 and 200. Thus, the liquid crystal
molecules 31 of the liquid crystal layer 3 are inclined in a
predetermined direction in response to the electric field.

[0249] As described above, when light, e.g., the ultraviolet
rays, is irradiated in the state that the liquid crystal molecules
31 of the liquid crystal layer 3 are inclined in the predeter-
mined direction, the prepolymer 330 is polymerized, and as
shown in FIG. 28, a pretilt providing polymer 350 is formed.
The pretilt providing polymer 350 contacts the two display
panels 100 and 200. The liquid crystal molecules 31 are
determined to have the alignment direction in the above-
described direction with the pretilt angle by the pretilt pro-
viding polymer 350. Accordingly, in the state that the voltage
is not applied to the field generating electrodes, e.g., the pixel
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electrode and the common electrode, the liquid crystal mol-
ecules 31 are arranged with the pretilt angle in four directions.
[0250] As aresult, the liquid crystal molecules 31 have the
pretilt angle in four directions in each region of the upper and
lower subpixels in a pixel.

[0251] In an exemplary embodiment, the pretilt using the
polymer as shown in FIG. 28 is additionally applied such that
the texture may be further reduced together with the control
by the liquid crystal control force provided by the minute
branches 199.

[0252] In an exemplary embodiment, as described with
reference to FIG. 28, the liquid crystal layer includes the
photo-reactive material, but not being limited thereto. In an
alternative exemplary embodiment, the alignment layer may
include the photo-reactive material.

[0253] While the 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 embodiments, but, on the con-
trary, is intended to cover various modifications and equiva-
lent arrangements included within the spirit and scope of the
appended claims.

What is claimed is:

1. A liquid crystal display comprising:

an insulation substrate;

a plurality of pixels disposed on the insulation substrate,
wherein each pixel has a shape elongated in a horizontal
direction, and comprises a thin film transistor formation
region and a display area; and

a reference voltage line extending in a vertical direction
along a center of the display area,

wherein

the display area comprises a single high-gray subpixel area
and two low-gray subpixel areas, and

the single high-gray subpixel area is positioned between
the two low-gray subpixel areas.

2. The liquid crystal display ofclaim 1, further comprising:

a first thin film transistor connected to a high-gray pixel
electrode disposed in the single high-gray subpixel area;

a second thin film transistor connected to two low-gray
pixel electrodes disposed in the two low-gray subpixel
areas, respectively; and

a third thin film transistor connected to the two low-gray
pixel electrodes and the reference voltage line.

3. The liquid crystal display of claim 2, wherein

the reference voltage line comprises a branch extending
toward the thin film transistor formation region along an
outer region of the display area.

4. The liquid crystal display of claim 2, wherein

each of the single high-gray subpixel area and the two
low-gray subpixel areas comprises four domains.

5. The liquid crystal display of claim 4, wherein

the reference voltage line crosses a center of the single
high-gray subpixel area.

6. The liquid crystal display of claim 2, wherein

the display area comprises eight domains.

7. The liquid crystal display of claim 6, wherein

the single high-gray subpixel area comprises four domains,
and

each of the two low-gray subpixel areas comprises two
domains.

8. The liquid crystal display of claim 6, wherein

the single high-gray subpixel area comprises three
domains,
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one of the two low-gray subpixel areas comprises three
domains, and

the other of the two low-gray subpixel areas comprises two
domains.

9. The liquid crystal display of claim 8, wherein

the eight domains of the display area are arranged in two
rows extending in the horizontal direction and four col-
umns extending in the vertical direction in the display
area, and

the single high-gray subpixel area comprises a domain
disposed in a second column and a second row, a domain
disposed in a third column and a first row, and a domain
disposed in the third column and the second row.

10. The liquid crystal display of claim 2, further compris-

ing:

a first connection disposed along an upper region of the
display area, wherein the first connection connects the
single high-gray pixel electrode and the first thin film
transistor to each other; and

a second connection disposed along the upper region of the
display area, wherein the second connection connects
one of the two low-gray pixel electrodes and the second
thin film transistor.

11. The liquid crystal display of claim 10, wherein

each of the first connection and the second connection
comprises a bent end portion bent from an extending
direction thereof toward the display area, and

a length of'the bent end portion of each of the first connec-
tion and the second connection is in a range of about 6
micrometers to about 8 micrometers.

12. The liquid crystal display of claim 2, wherein

each of the single high-gray pixel electrode and the two
low-gray pixel electrodes comprises a plurality of unit
pixel electrodes,

each unit pixel electrode comprises a center electrode hav-
ing a plane shape and a plurality of minute branches
extending from a side of the center electrode,

each of the single high-gray subpixel area and the two
low-gray subpixel areas comprises a common electrode
facing the unit pixel electrodes thereof, and

an opening is defined in the common electrode.

13. A liquid crystal display comprising:

an insulation substrate;

a plurality of pixels formed on the insulation substrate,
wherein each pixel has a shape elongated in a horizontal
direction and comprises a thin film transistor formation
region and a display area; and

a reference voltage line extending in a vertical direction
along a center of the display area,

wherein

the display area comprises a plurality of domains arranged
in two rows,

the domains in a first row of the two rows define a high-gray
subpixel area of the display area, the domains in a sec-
ond row of the two rows define a low-gray subpixel area
of the display area, and

the reference voltage line comprises a branch extending
toward the thin film transistor formation region along an
outer region of the display area.

14. The liquid crystal display of claim 13, further compris-

ing:

a first thin film transistor connected to a high-gray pixel
electrode disposed in the high-gray subpixel area;
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a second thin film transistor connected to a low-gray pixel
electrode disposed in the low-gray subpixel area; and

a third thin film transistor connected to the low-gray pixel
electrode and the reference voltage line.

15. The liquid crystal display of claim 14, wherein

each of the high-gray subpixel area and the low-gray sub-
pixel area comprises six domains.

16. The liquid crystal display of claim 15, wherein

the reference voltage line crosses a center of the high-gray
subpixel area and the low-gray subpixel area.

17. The liquid crystal display of claim 14, wherein

the high-gray pixel electrode comprises a plurality of unit
pixel electrodes corresponding to the domains in the
high-gray pixel area,

the low-gray pixel electrode comprises a plurality of unit
pixel electrodes corresponding to the domains in the
low-gray pixel area,

one of the unit pixel electrodes of the high-gray pixel
electrode in the high-gray subpixel area and one of the
unit pixel electrodes of the low-gray pixel electrode in
the low-gray subpixel area are disposed adjacent to each
other in the vertical direction, and

a distance between the unit pixel electrodes disposed adja-
cent to each other in the vertical direction is uniform.

18. The liquid crystal display of claim 14, wherein

the high-gray pixel electrode comprises a plurality of unit
pixel electrodes corresponding to the domains in the
high-gray pixel area,

the low-gray pixel electrode comprises a plurality of unit
pixel electrodes corresponding to the domains in the
low-gray pixel area,
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one of the unit pixel electrodes of the high-gray pixel
electrode in the high-gray subpixel area and one of the
unit pixel electrodes of the low-gray pixel electrode in
the low-gray subpixel area are disposed adjacent to each
other in the vertical direction, and

a distance between the unit pixel electrodes disposed adja-
cent to each other in the vertical direction increases in a
direction away from the center ofthe display area toward
a side of the display area.

19. The liquid crystal display of claim 18, wherein

a difference between the distance between the unit pixel
electrodes disposed adjacent to each other in the vertical
direction at the center of the display area and the distance
between the unit pixel electrodes disposed adjacent to
each other in the vertical direction at the side of the
display area is in a range of about zero (0) micrometer to
about 3 micrometers.

20. The liquid crystal display of claim 14, wherein

each of the high-gray pixel electrode and the low-gray
pixel electrode comprises a plurality of unit pixel elec-
trodes,

each of the unit pixel electrodes comprise a center elec-
trode having a plane shape and a plurality of minute
branches extending from a side of the center electrode,

each of the high-gray subpixel area and the low-gray sub-
pixel area comprises a common electrode facing the unit
pixel electrodes thereof, and

an opening is defined in the common electrode.
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