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LIQUID CRYSTAL DISPLAY

CROSS REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority from and the benefit
of Korean Patent Application No. 10-2010-0021242 filed on
Mar. 10, 2010, which is hereby incorporated by reference for
all purposes as if fully set forth herein.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

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

[0004] 2. Discussion of the Background

[0005] A liquid crystal display is currently one of the most
widely used flat panel displays. The liquid crystal display
includes two display panels on which field generating elec-
trodes such as a pixel electrode and a common electrode are
formed and a liquid crystal layer that is disposed therebe-
tween. An image is shown on the liquid crystal display by
applying voltage to a field generating electrode to generate an
electric field in a liquid crystal layer, which determines align-
ment of liquid crystal molecules of the liquid crystal layer and
controls polarization of incident light.

[0006] The liquid crystal display includes a switching ele-
ment that is connected to each pixel electrode, and a plurality
of signal lines such as a gate line and a data line for applying
voltage to a pixel electrode by controlling the switching ele-
ment.

[0007] The liquid crystal display receives an input image
signal from an external graphic controller. The input image
signal includes luminance information of each pixel, and each
luminance has a predetermined value. Each pixel receives a
data voltage that corresponds to desired luminance informa-
tion. The data voltage that is applied to the pixel is represented
by the pixel voltage according to a difference in relative
voltage, and each pixel shows luminance illustrating a gray
level of an image signal according to the pixel voltage. At this
time, the pixel voltage range that can be used by the liquid
crystal display is determined according to a driving unit.
[0008] Meanwhile, in order to apply a data voltage to each
pixel electrode of the liquid crystal display, each pixel elec-
trode is connected to a switching element, and since light does
not penetrate through a position at which the switching ele-
ment is formed, as the number of switching elements is
increased, the aperture ratio of the liquid crystal display
decreases. In addition, in order to connect various signal
transfer lines that are formed on different layers to transfer
signals to each pixel, a contact hole is formed, and light does
not penetrate through a region in which the contact hole is
formed, such that the aperture ratio of the liquid crystal dis-
play is lowered.

[0009] Meanwhile, as the length of the signal line for trans-
ferring the signal to each pixel electrode of the liquid crystal
display is increased, resistance increases, such that a signal
delay occurs, thereby lowering a display quality.

[0010] Meanwhile, the driving unit of the liquid crystal
display is attached to the display panel by directly mounting
itin a form of a plurality of integrated circuit (IC) chips on the
display panel or mounting it on a flexible circuit layer, and the
IC chip accounts for a high percentage of the manufacturing
cost when manufacturing the liquid crystal display. Particu-
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larly, as the number of data lines to which data voltage is
applied increases, the cost of the driving unit of the liquid
crystal display increases.

[0011] In addition, in order to increase a display quality of
the liquid crystal display, it is necessary to implement a liquid
crystal display that has a high contrast ratio, an excellent light
viewing angle, and a rapid response speed.

[0012] The above information disclosed in this Back-
ground section is only for enhancement of understanding of
the background of the invention and therefore it may contain
information that is not prior art.

SUMMARY OF THE INVENTION

[0013] Exemplary embodiments of the present invention
provide a liquid crystal display that can simultaneously
ensure a high contrast ratio and light viewing angle of the
liquid crystal display, increase a response speed of a liquid
crystal molecule, increase an aperture ratio of the liquid crys-
tal display, prevent a signal delay, lower the number of data
lines, and lower a cost of a driving unit of the liquid crystal
display.

[0014] Exemplary embodiments of the present invention
also provide a method for driving a liquid crystal display that
can simultaneously ensure a high contrast ratio and light
viewing angle of the liquid crystal display, increase a
response speed of a liquid crystal molecule, increase an aper-
ture ratio of the liquid crystal display, prevent a signal delay,
lower the number of data lines, and lower a cost of a driving
unit of the liquid crystal display.

[0015] Additional features of the invention will be set forth
in the description which follows, and in part will be apparent
from the description, or may be learned by practice of the
invention.

[0016] An exemplary embodiment of the present invention
discloses a liquid crystal display that includes a first substrate
and a second substrate that face each other, and a liquid
crystal layer that is disposed between the first and the second
substrates and includes a liquid crystal molecule. A first gate
line and a second gate line are disposed on the first substrate
and transfer a gate signal. A first data line and a second data
line are disposed on the first substrate, and a first power line is
disposed on the first substrate. A first switching element is
connected to the first gate line and the first data line, a second
switching element is connected to the first gate line and the
first power line, a third switching element is connected to the
second gate line and the second data line, a first pixel elec-
trode is connected to the first switching element, a second
pixel electrode is connected to the second switching element,
a third pixel electrode is connected to the second switching
element, and a fourth pixel electrode is connected to the third
switching element.

[0017] TItisto be understood that both the foregoing general
description and the following detailed description are exem-
plary and explanatory and are intended to provide further
explanation of the invention as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] The accompanying drawings, which are included to
provide a further understanding of the invention and are
incorporated in and constitute a part of this specification,
illustrate embodiments of the invention, and together with the
description serve to explain the principles of the invention.
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[0019] FIG.1is a block diagram of a liquid crystal display
according to an exemplary embodiment of the present inven-
tion.

[0020] FIG. 2 is an equivalent circuit diagram illustrating a
pixel in conjunction with a structure of the liquid crystal
display according to an exemplary embodiment of the present
invention.

[0021] FIG. 3 isaschematic cross-sectional view of a liquid
crystal display according to an exemplary embodiment of the
present invention.

[0022] FIG. 4 is a layout view illustrating a shape of the
pixel of a liquid crystal display according to an exemplary
embodiment of the present invention.

[0023] FIG. 5 is an equivalent circuit diagram illustrating
four pixels of the liquid crystal display according to an exem-
plary embodiment of the present invention.

[0024] FIG. 6 is an equivalent circuit diagram illustrating
four pixels of the liquid crystal display according to an exem-
plary embodiment of the present invention.

[0025] FIG. 7 is an equivalent circuit diagram illustrating
four pixels of the liquid crystal display according to an exem-
plary embodiment of the present invention.

[0026] FIG. 8 illustrates an example of a pixel structure of
the liquid crystal display that is shown in FIG. 6.

[0027] FIG. 9 is an equivalent circuit diagram illustrating
four pixels of the liquid crystal display according to an exem-
plary embodiment of the present invention.

[0028] FIG. 10 is an equivalent circuit diagram illustrating
four pixels of the liquid crystal display according to an exem-
plary embodiment of the present invention.

[0029] FIG. 11 is an equivalent circuit diagram illustrating
six pixels of the liquid crystal display according to an exem-
plary embodiment of the present invention.

DETAILED DESCRIPTION OF THE
ILLUSTRATED EMBODIMENTS

[0030] The present invention will be described more fully
hereinafter with reference to the accompanying drawings, in
which exemplary embodiments of the invention are shown.
As those skilled in the art would realize, the described
embodiments may be modified in various different ways, all
without departing from the spirit or scope of the present
invention.

[0031] In the drawings, the thickness of layers, films, pan-
els, regions, etc., may be exaggerated for clarity. Like refer-
ence numerals designate like elements throughout the speci-
fication. It will be understood that when an element such as a
layer, film, region, or substrate is referred to as being “on” or
“connected to” another element, it can be directly on or
directly connected to the other element or intervening ele-
ments may also be present. In contrast, when an element is
referred to as being “directly on” or “directly connected to”
another element, there are no intervening elements present.
[0032] Hereinafter, a liquid crystal display according to an
exemplary embodiment of the present invention will be
described in detail with reference to the accompanying draw-
ings.

[0033] FIG.1is a block diagram of a liquid crystal display
according to an exemplary embodiment of the present inven-
tion, and FIG. 2 is an equivalent circuit diagram illustrating a
pixel in conjunction with a structure of the liquid crystal
display according to the exemplary embodiment of the
present invention.
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[0034] With reference to FIG. 1, a liquid crystal display
according to an exemplary embodiment of the present inven-
tion includes a liquid crystal panel assembly 300, a gate driver
400, a data driver 500, a gray voltage generator 800 and a
signal controller 600.

[0035] With reference to FIG. 2, the liquid crystal panel
assembly 300 includes a lower display panel 100 and an upper
display panel 200 that face each other and a liquid crystal
layer 3 that is disposed between them.

[0036] The liquid crystal capacitor Clc uses a first pixel
electrode PEa and a second pixel electrode PEb of the lower
display panel 100 as two terminals, and the liquid crystal
layer 3 that is disposed between the first pixel electrode PEa
and the second pixel electrode PEb acts as a dielectric mate-
rial. The first pixel electrode PEa is connected to the first
switching element (not shown), and the second pixel elec-
trode PEDb is connected to the second switching element (not
shown). The first switching element and the second switching
element are each connected to a corresponding gate line (not
shown) and data line (not shown).

[0037] Theliquid crystal layer 3 has a dielectric anisotropy,
and the liquid crystal molecules of the liquid crystal layer 3
may be aligned so that long axes thereof are vertical with
respect to the facing surfaces of the two display panels in a
state in which there is no electric field.

[0038] The first pixel electrode PEa and the second pixel
electrode PEb may be formed on different layers or the same
layer. A first storage capacitor (not shown) and a second
storage capacitor (not shown) that act as an auxiliary capaci-
tor of the liquid crystal capacitor Clc may be formed so that a
separate electrode (not shown) that is disposed on the lower
display panel 100 overlaps between the first and the second
pixel electrodes PEa and PEb and the insulator.

[0039] Meanwhile, in order to implement a color display, a
desired color is recognized by using the spatial and temporal
sum of primary colors by intrinsically displaying any one of
the primary colors by each pixel PX (spatial division) or
alternately displaying the primary colors according to the
time by each pixel PX (temporal division). Examples of the
primary colors may include three primary colors such as red,
green and blue. FIG. 2 is an example of the spatial division,
and shows that each pixel PX is provided with a color filter CF
showing any one of the primary colors in the region of the
upper display panel 200 corresponding to the first and the
second pixel electrodes PEa and PEb. Unlike FIG. 2, the color
filter CF may be disposed above or beneath the first and the
second pixel electrodes PEa and PEb of the lower display
panel 100.

[0040] At least one polarizer (not shown) is provided in the
liquid crystal panel assembly 300.

[0041] With reference to FIG. 3 and FIG. 1 and FIG. 2, an
operation of the liquid crystal display according to an exem-
plary embodiment of the present invention will be described.
[0042] FIG. 3is aschematic cross-sectional view ofa liquid
crystal display according to an exemplary embodiment of the
present invention.

[0043] Withreference to FIG. 2 and FIG. 3, if voltage VCH
and VCL is applied to the data line or power line that is
connected to each pixel, it is applied to the corresponding
pixel PX through the first and the second switching elements
that are turned on by the gate signal. That is, the first data
voltage or the first voltage is applied through the first switch-
ing element to the first pixel electrode PEa, and the second
data voltage or the second voltage is applied through the
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second switching element to the second pixel electrode PEb.
At this time, a difference in voltage that is applied to the first
pixel electrode PEa and the second pixel electrode PEDb is a
voltage that corresponds to the luminance that is displayed by
the pixel PX, and the polarities of the voltage that is applied to
the first pixel electrode PEa and the second pixel electrode
PEb may be opposites in respect to the reference voltage Vref.
[0044] A difference between two voltages in which the
polarities applied to the first pixel electrode PEa and the
second pixel electrode PEb are different from each other is
displayed as a charge voltage of the liquid crystal capacitor
Clc, that is, the pixel voltage. If a potential difference occurs
at the liquid crystal capacitor Clc, as shown in FIG. 3, the
electric field is parallel to the surfaces of the display panels
100 and 200 in the liquid crystal layer 3 between the first and
the second pixel electrodes PEa and PEDb. In the case of when
the liquid crystal molecules 31 have a positive dielectric
anisotropy, the liquid crystal molecules 31 are inclined to be
parallel to a direction of the electric field, and the degree of
inclination varies according to the size of the pixel voltage.
This liquid crystal layer 3 is called an electrically-induced
optical compensation (EOC) mode. According to the degree
ofiinclination of the liquid crystal molecules 31, the degree of
polarization of light that passes through the liquid crystal
layer 3 varies. The variation of the polarization is displayed as
a variation in transmittance of light by a polarizer, and a
desired predetermined luminance is displayed by the pixel
PX.

[0045] The driving voltage may be increased, a response
speed of the liquid crystal molecules 31 may be increased,
and the transmittance of the liquid crystal display may be
increased by applying two voltages which have different
polarities with respect to the reference voltage Vref to the
pixel PX. In addition, since the polarities of two voltages that
are applied to one pixel PX are opposites, in the case of when
an inversion type in the data driver 500 is a column inversion
or row inversion, like a dot inversion driving, image degrada-
tion by a flicker can be prevented.

[0046] Inaddition, when the first and the second switching
elements are turned off in one pixel PX, since the voltages that
are applied to the first and the second pixel electrodes PEa and
PEb decrease by a kickback voltage, there is little variation in
charge voltage of the pixel PX. Thus, the display character-
istics of the liquid crystal display can be improved.

[0047] Now, with reference to FIG. 4, the shapes of the first
and the second pixel electrodes PEa and PEb of one pixel PX
of the liquid crystal panel assembly 300 according to an
exemplary embodiment of the present invention will be
described. FIG. 4 is a layout view illustrating a shape of the
pixel PX of aliquid crystal display according to an exemplary
embodiment of the present invention.

[0048] With reference to FIG. 4, an entire external appear-
ance of one pixel electrode PE is a quadrangle, and the first
and the second pixel electrodes PEa and PEb are engaged
while a gap 91 is disposed therebetween. The first and the
second pixel electrodes PEa and PEb are vertically symmetri-
cal with an interface of the virtual central line CL, and divided
into upper and lower regions.

[0049] The first pixel electrode PEa includes a protruding
portion at a lower part thereof, a vertical stem portion at a left
part thereof, a transverse stem portion that extends from the
central portion of the vertical stem portion rightward, and a
plurality of branched portions. The branched portion that is
over the transverse central line CL inclinedly extends from
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the vertical stem portion or transverse stem portion in a right
and upward direction, and the branched portion that is dis-
posed at a lower part thereof inclinedly extends from the
vertical stem portion or transverse stem portion in a right and
downward direction. An angle that is formed by the branched
portions and the transverse central line CL may be about 45°.

[0050] The second pixel electrode PEb includes a protrud-
ing portion at a lower part thereof, a vertical stem portion at a
right part thereof, a transverse stem portion at an upper and
lower part thereof and a plurality of branched portions. The
transverse stem portions at the upper and lower parts thereof
extend from the upper and lower parts of the vertical stem
portion to the left in a transverse direction. The branched
portion that is disposed at the upper part thereof on the basis
of'the transverse central line CL inclinedly extends from the
vertical stem portion or upper transverse stem portion in a left
and downward direction, and the branched portion that is
disposed at a lower part thereof inclinedly extends from the
vertical stem portion or lower transverse stem portion in a left
and upward direction. An angle that is formed by the
branched portions of the second pixel electrode PEb and the
transverse central line CL. may be about 45°. The branched
portions at the upper and lower parts thereof may be in a right
angle while the transverse central line CL is disposed as the
centre thereof.

[0051] The branched portions of the first and the second
pixel electrodes PEa and PEb are engaged at a predetermined
interval and alternately disposed to form a pattern of teeth of
a comb.

[0052] However, the shapes of the first and the second pixel
electrodes PEa and PED of one pixel PX of the liquid crystal
panel assembly according to an exemplary embodiment of the
present invention are not limited thereto, and the pixel elec-
trode PE may include all shapes in which at least portions of
the first pixel electrode PEa and the second pixel electrode
PEb are formed on the same layer and alternately disposed.
[0053] Withreference to FIG. 2 and FIG. 5, arrangement of
the signal line and pixel of the liquid crystal display according
to an exemplary embodiment of the present invention and a
driving method thereof will be described. FIG. 5 is an equiva-
lent circuit diagram illustrating four pixels of the liquid crys-
tal display according to the exemplary embodiment of the
present invention.

[0054] With reference to FIG. 2 and FIG. 5, the liquid
crystal display according to the present exemplary embodi-
ment includes a plurality of the first pixels PX(i, j) and a
plurality of the second pixels PX(i+1, j) that are adjacent in a
pixel column direction, a plurality of the third pixels PX(,
j+1) and a plurality of the fourth pixels PX(i+1, j+1) that are
adjacent to a plurality of the first pixels PX(i, j) and a plurality
of the second pixels PX(i+1, j) respectively in a pixel row
direction, and a plurality of signal lines (Gni, Gni+1, Dj, Dj',
Dj+1, Dj+1', Chigh, Clow) that are connected thereto. The
signal lines (Gni, Gni+1, Dj, Dj', Dj+1, Dj+1', Chigh, Clow)
include a gate line Gn that transfers a gate signal (it may be
called a “scanning signal”), data lines (Dj and Dj', Dj+1 and
Dj+1") that transfer the data voltage, and power lines Chigh
and Clow that transfer a predetermined voltage. The gate line
Gn is divided into the first gate line Gni and the second gate
line Gni+1 that are disposed upward and downward in a pixel
column direction, and the first gate line Gni and the second
gate line Gni+1 are simultaneously applied with the gate on
signal or gate off signal.
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[0055] The first pixel PX(i,j) =1,2,...,n,j=1,2,...,m)
includes the first gate line Gni among a pair of gate lines (Gni,
Gni+1, n is a predetermined integer), the first data line Dj (j is
a predetermined integer) and power lines Chigh and Clow, the
first switching element Qaj and the second switching element
Qbj and a liquid crystal capacitor Clc connected thereto. The
first switching element Qaj and the second switching element
Qbj are three terminal elements such as a thin film transistor
and the like, the control terminal of the first switching element
Qaj is connected to the first gate line Gni, the input terminal is
connected to the first data line Dj, and the output terminal is
connected to the liquid crystal capacitor Clc. The control
terminal of the second switching element Qbj is connected to
the first gate line Gni, the input terminal is connected to the
first power line Chigh among a pair of power lines Chigh and
Clow, and the output terminal is connected to the liquid crys-
tal capacitor Clec.

[0056] The second pixel PX(i+1, j) that is adjacent to the
first pixel PX(i, j) in a pixel column direction includes the
second gate line Gni+1 among the pair of gate lines Gni and
Gni+1, the second data line Dj' and power lines Chigh and
Clow, the third switching element Qcj and the liquid crystal
capacitor Clc connected thereto. The third switching element
Qcj is a three terminal element such as a thin film transistor
and the like, the control terminal of the third switching ele-
ment Qcj is connected to the second gate line Gni+1 among
the pair of gate lines Gni and Gni+1, the input terminal is
connected to the second data line Dj', and the output terminal
is connected to a terminal of the liquid crystal capacitor Clec.
Another terminal of the liquid crystal capacitor Clc of the
second pixel PX(i+1, j) is connected to the second switching
element Qbj of the first pixel PX(, j).

[0057] The third pixel PX(i, j+1) that is adjacent to the first
pixel PX(i, j) in a pixel row direction includes the first gate
line Gni among the pair of gate lines Gni and Gni+1, the third
data line Dj+1 and power lines Chigh and Clow, the fourth
switching element Qaj+1 and the fifth switching element
Qbj+1 and the liquid crystal capacitor Clc connected thereto.
The fourth switching element Qaj+1 and the fifth switching
element Qbj+1 are three terminal elements such as a thin film
transistor and the like, the control terminal of the fourth
switching element Qaj+1 is connected to the first gate line
Gni, the input terminal is connected to the third data line
Dj+1, and the output terminal is connected to the liquid crys-
tal capacitor Clc. The control terminal of the fifth switching
element Qbj+1 is connected to the first gate line Gni, the input
terminal is connected to the second power line Clow among
the pair of power lines Chigh and Clow, and the output ter-
minal is connected to the liquid crystal capacitor Clc.

[0058] The fourth pixel PX(i+1, j+1) that is adjacent to the
second pixel PX(i+1, j) in a pixel row direction includes the
second gate line Gni+1 among the pair of gate lines Gni and
Gni+1, the fourth data line Dj+1' and power lines Chigh and
Clow, the sixth switching element Qcj+1 and the liquid crys-
tal capacitor Clc connected thereto. The sixth switching ele-
ment Qcj+1 is a three terminal element such as a thin film
transistor and the like, the control terminal of the sixth switch-
ing element Qcj+1 is connected to the second gate line Gni+1
among the pair of gate lines Gni and Gni+1, the input terminal
is connected to the fourth data line Dj+1', and the output
terminal is connected to a terminal of the liquid crystal
capacitor Clc. Another terminal of the liquid crystal capacitor
Clc of'the fourth pixel PX(i+1,j+1) is connected to the second
switching element Qbj+1 of the third pixel PX(i, j+1).
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[0059] The first power lines Chigh among a plurality of
pairs of power lines Chigh and Clow are connected to each
other and applied with the same first voltage, and the second
power lines Clow among the plural pairs of power lines Chigh
and Clow are connected to each other and applied with the
same second voltage even though they are not shown in the
drawings. With respect to the reference voltage Vref, the
polarities of the first voltage and the second voltage that are
applied respectively to the first power line Chigh and the
second power line Clow are different from each other. For
example, when the reference voltage Vref is 7.5V, the first
voltage may be about 15V or more, the second voltage may
be about 0V or less, and vice versa.

[0060] An example of the driving method of the liquid
crystal display according to the present exemplary embodi-
ment will now be described in detail. If the gate-on voltage is
applied to the gate line Gn, the first data voltage is applied to
the first pixel PX(i, j) through the turned-on first switching
element Qaj, the first voltage is applied to the first pixel PX(i,
j) and the second pixel PX(i+1, j) through the turned-on
second switching element Qbj, and the second data voltage is
applied to the second pixel PX(i+1, j) through the turned-on
third switching element Qcj. In addition, the third data volt-
age is applied to the third pixel PX(i, j+1) through the turned-
on fourth switching element Qaj+1, the second voltage is
applied to the third pixel PX(i, j+1) and the fourth pixel
PX(i+1, j+1) through the turned-on fifth switching element
Qbj+1, and the fourth data voltage is applied to the fourth
pixel PX(i+1, j+1) through the turned-on sixth switching
element Qcj+1.

[0061] That is, the first data voltage that flows through the
first data line Dj is applied through the first switching element
Qaj to the first pixel electrode PEa of the first pixel PX(, j),
and the first voltage that flows through the first power line
Chigh is applied through the second switching element Qbj to
the second pixel electrode PEb. A difference in voltage
between the first pixel electrode PEa and the second pixel
electrode PEb to which the first data voltage and the first
voltage are applied becomes a charge voltage of the liquid
crystal capacitor Clc of the first pixel PX(1, j). At this time, the
polarities of the first data voltage and the first voltage that are
applied to the first pixel electrode PEa of the first pixel PX(i,
j) and the second pixel electrode PEb of the first pixel PX(i, j),
respectively, are opposites with respect to the reference volt-
age Vref and the difference in voltage corresponds to the
luminance that is displayed by the first pixel PX(, j).

[0062] In addition, the first voltage that flows through the
second switching element Qbj from the first power line Chigh
is applied to the first pixel electrode PEa of the second pixel
PX(i+1, j), and the second data voltage that flows through the
third switching element (Qci) from the second data line Dj' is
applied to the second pixel electrode PEb of the second pixel
PX(i+1, j). At this time, the difference in voltage between the
first voltage and the second data voltage that are applied to the
first pixel electrode PEa ofthe second pixel PX(i+1, j) and the
second pixel electrode PEb of the second pixel PX(i+1, j),
respectively, is a voltage that corresponds to the luminance
that is displayed by the second pixel (PX(i, j+1)), and the
polarities of these voltages are opposites with respect to the
reference voltage Vref. Therefore, the polarities of the first
data voltage and the second data voltage may be the same as
each other with respect to the reference voltage Vref.

[0063] Inaddition, the third data voltage that flows through
the fourth switching element Qaj+1 from the third data line
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Dj+1 is applied to the first pixel electrode PEa of the third
pixel PX(i, j+1), and the second voltage that flows through the
fifth switching element Qbj+1 from the second power line
Clow is applied to the second pixel electrode PEb of the third
pixel PX(i, j+1). A difference in voltage between the first
pixel electrode PEa and the second pixel electrode PEb to
which the third data voltage and the second voltage are
applied, respectively, becomes a charge voltage of the liquid
crystal capacitor Clc of the third pixel PX(i, j+1). At this time,
the third data voltage and the second voltage that are applied
to the first pixel electrode PEa of the third pixel PX(i, j+1) and
the second pixel electrode PEb of the third pixel PX(i, j+1),
respectively, establish a voltage difference that corresponds
to the luminance that is displayed by the third pixel PX(i, j+1),
and the polarities thereof are opposites with respect to the
reference voltage Vref.

[0064] In addition, the second voltage that flows through
the fifth switching element Qbj+1 from the second power line
Clow is applied to the first pixel electrode PEa of the fourth
pixel PX(i+1, j+1), and the fourth data voltage that flows
through the sixth switching element Qcj+1 from the fourth
data line Dj+1' is applied to the second pixel electrode PEb of
the fourth pixel PX(i+1, j+1). At this time, the second voltage
and the fourth data voltage that are applied to the first pixel
electrode PEa of the fourth pixel PX(i+1, j+1) and the second
pixel electrode PEb of the fourth pixel PX(i+1, j+1), respec-
tively, establish a voltage difference that corresponds to the
luminance that is displayed by the fourth pixel PX(i+1, j+1),
and the polarities thereof are opposites with respect to the
reference voltage Vref.

[0065] In general, to charge a desired voltage to the liquid
crystal capacitor Clc by dividing two pixels that are adjacent
in a column direction into two pixel electrodes PEa and PEb,
and by applying voltages having different polarities using
different switching elements, it may have been necessary to
connect the two pixels to the two gate lines to which the
gate-on voltage is applied at different times, and two different
data lines, or connect the two pixels to one gate line to which
the gate-on voltage is applied at the same time and four
different data lines. That is, in the case of when two pixels that
are adjacent in a column direction are connected to different
gate lines, the data voltage is applied through two data lines to
the first pixel electrode and the second pixel electrode of the
two pixels for different gate-on times, and since the gate-on
signals are sequentially applied, a driving speed is slow. In
addition, in the case of when two pixels that are adjacent to
each other are connected to the gate line to which the same
gate-on voltage is applied, since two data voltages should be
simultaneously applied to the first pixel electrode and the
second pixel electrode of the two pixels, a total of four data
lines are required, and in such a case, the number of data lines
is increased, so that a cost of the driving unit of the liquid
crystal display is increased.

[0066] However, the first pixel PX(i) and the second pixel
PX(i+1), which are adjacent in a pixel column direction, of
the liquid crystal display according to the present exemplary
embodiment are connected to the first gate line Gni and the
second gate line Gni+1 that are branched lines of the same
gate line Gn, and the gate on/off voltages are applied from one
gate line Gn connected thereto. Therefore, a driving speed
may become more rapid.

[0067] In addition, since any one of two pixel electrodes
PEa and PEb of the two pixels that are adjacent in a column
direction is connected to not the data line but any one of the

Sep. 15,2011

first power line Chigh and the second power line Clow, the
number of data lines is lowered, so that a cost of the driving
unit of the liquid crystal display can be lowered.

[0068] In addition, the two pixel electrodes that are con-
nected to any one of the first power line Chigh and the second
power line Clow do not require an additional switching ele-
ment by applying the first voltage or the second voltage
through one switching element Qbj and Qbj+1, thereby
increasing an aperture ratio of the liquid crystal display.
[0069] Like this, two pixels that are adjacent in a pixel
column direction of the liquid crystal display according to the
present exemplary embodiment are connected to each other,
thereby being connected to two gate lines to which the gate
on/off voltage is simultaneously applied, two data lines and
one power line. Accordingly, a driving speed becomes more
rapid, the number of data lines is lowered, so that a cost of the
driving unit of the liquid crystal display can be lowered and
the aperture ratio of the liquid crystal display is increased. By
the signal line and pixel arrangement of the liquid crystal
display according to the present exemplary embodiment, as
compared to the arrangement of the general signal line and
pixel, an additional two power lines are provided, but since
the same voltage is always applied to each of the power lines,
only a simple driving unit may be added to apply the voltage
having a predetermined value, so that the driving method is
simple and the manufacturing cost is low.

[0070] The arrangement and driving method of the signal
lines and pixels of the liquid crystal display according to the
exemplary embodiment may be applied to all pixel structures
that include the first pixel electrode and the second pixel
electrode having at least a portion formed on the same layer
and alternately disposed.

[0071] Withreference to FIG. 2 and FIG. 6, arrangement of
the signal lines and the pixels of the liquid crystal display
according to another exemplary embodiment of the present
invention will be described. FIG. 6 is an equivalent circuit
diagram illustrating four pixels of the liquid crystal display
according to the exemplary embodiment of the present inven-
tion.

[0072] The arrangement of the signal lines and the pixels of
the liquid crystal display that is shown in FIG. 6 is similar to
the arrangement of the signal lines and the pixels that are
shown in FIG. 5. With reference to FIG. 6, the liquid crystal
display according to the present exemplary embodiment
includes a plurality of the first pixels PX(i, j) and a plurality of
the second pixels PX(i+1, j) that are adjacent in a pixel col-
umn direction, a plurality of the third pixels PX(i, j+1) and a
plurality of the fourth pixels PX(i+1, j+1) that are adjacent to
a plurality of the first pixels PX(i, j) and a plurality of the
second pixels PX(i+1, j), respectively, in a pixel row direc-
tion, and a plurality of signal lines (Gni, Gni+1, Dj, Dj', Dj+1,
Dj+1', Chigh, Clow) that are connected thereto. However,
unlike the exemplary embodiment of the liquid crystal dis-
play that is shown in FIG. 5, the first power line Chigh and the
second power line Clow are disposed at the lower part of the
second pixel PX(i+1, j) and the fourth pixel PX(i+1, j+1), and
the current exemplary embodiment includes the first pixel
electrode PEa of the second pixel PX(i+1, j) connected to
storage capacitors Cstal and Csta2 having terminals that are
connected to the first power line Chigh and the second power
line Clow, respectively, the second pixel electrode PEb of the
fourth pixel PX(i+1, j+1) connected to storage capacitors
Cstb1 and Cstb2 having terminals that are connected to the
first power line Chigh and the second power line Clow,
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respectively. The voltage that is applied to the pixel electrode
may be maintained and light leakage that occurs at the lower
part of the second pixel PX(i+1, j) and the fourth pixel PX(i+
1, j+1) may be prevented by including the storage capacitors
Cstb1 and Cstb2.

[0073] Thefirst power line Chigh and the second power line
Clow that are disposed at the lower part of the second pixel
PX(i+1, j) and the fourth pixel PX(i+1, j+1) are connected to
the respective first power line Chigh and the second power
line Clow that are disposed between the first pixel PX(i, j) and
the second pixel PX(i+1, j), and between the third pixel PX(i,
j+1) and the fourth pixel PX(i+1, j+1), and the same first
voltage and the same second voltage are applied thereto.

[0074] Two pixels that are adjacent in a pixel column direc-
tion of the liquid crystal display according to the present
exemplary embodiment are connected to each other, thereby
being connected to two gate lines to which the gate on/off
voltage is simultaneously applied, two data lines and one
power line. Accordingly, a driving speed becomes more rapid,
the number of data lines is lowered, so that a cost of the
driving unit of the liquid crystal display can be lowered and
the aperture ratio of the liquid crystal display is increased.

[0075] Many characteristics of the exemplary embodiment
shown in FIG. 5 may be applied to the liquid crystal display of
the present exemplary embodiment shown in FIG. 6.

[0076] Next, with reference to FIG. 2 and FIG. 7, arrange-
ment of the signal lines and the pixels of the liquid crystal
display according to another exemplary embodiment of the
present invention will be described. FIG. 7 is an equivalent
circuit diagram illustrating four pixels of the liquid crystal
display according to the exemplary embodiment of the
present invention.

[0077] The arrangement of the signal lines and the pixels of
the liquid crystal display that is shown in FIG. 7 is similar to
the arrangement of the signal lines and the pixels that are
shown in FIG. 5 and FIG. 6. With reference to FIG. 7, the
liquid crystal display according to the present exemplary
embodiment includes a plurality of the first pixels PX(i,j) and
a plurality of the second pixels PX(i+1, j) that are adjacent in
a pixel column direction, a plurality of the third pixels PX(i,
j+1) and a plurality of the fourth pixels PX(i+1, j+1) that are
adjacent to the plurality of the first pixels PX(i, j) and the
plurality of the second pixels PX(i+1, j), respectively, in a
pixel row direction, and a plurality of signal lines (Gni, Gni+
1, Dj, Dj', Dj+1, Dj+1', Chigh, Clow) that are connected
thereto. However, unlike the exemplary embodiment of the
liquid crystal display that is shown in FIG. 5, the first power
line Chigh and the second power line Clow are disposed at the
lower part of the second pixel PX(i+1, j) and the fourth pixel
PX(i+1, j+1), and the current exemplary embodiment of the
liquid crystal display includes the first pixel electrode PEa of
the second pixel PX(i+1, j) connected to storage capacitors
Cstal and Csta2 having terminals that are connected to the
first power line Chigh and the second power line Clow,
respectively, and the second pixel electrode PEDb of the fourth
pixel PX(i+1, j+1) connected to storage capacitors Cstb1 and
Cstb2 having terminals that are connected to the first power
line Chigh and the second power line Clow, respectively. In
addition, unlike the exemplary embodiment of the liquid
crystal display that is shown in FIG. 6, the current exemplary
embodiment of the liquid crystal display further includes a
third power line Ct that is disposed between the second data
line Dj' and the third data line Dj+1, wherein the third power
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line Ct is connected to any one of the first power line Chigh
and the second power line Clow through a connection portion
A.

[0078] The third power line Ct may be parallel to the data
lines, and may be formed on the same layer as the data lines.
The third power line Ct may be formed on a layer that is
different from the first power line Chigh and the second power
line Clow. The third power line Ct is connected to any one of
the first power line Chigh and the second power line Clow and
the first voltage or the second voltage is additionally applied
thereto, so that a signal delay of the first power line Chigh or
the second power line Clow that extends in a pixel row direc-
tion may be prevented. Even though not shown in the draw-
ings, the connection portion A for connecting the third power
line Ct to any one of the first power line Chigh and the second
power line Clow is formed on different layers, and may be a
connecting member that electrically connects a portion of the
third power line Ct which is exposed through a contact hole to
portions of the first power line Chigh or the second power line
Clow.

[0079] Even though not shown in the drawings, the third
power line Ct may be disposed every three pixels, and the
third power line Ct that applies the first voltage and the third
power line Ct that applies the second voltage may be alter-
nately arranged. By this, the third power line Ct that applies
the first voltage and the third power line Ct that applies the
second voltage may each be disposed every six pixel col-
umns.

[0080] Two pixels that are adjacent in a pixel column direc-
tion of the liquid crystal display according to the present
exemplary embodiment are connected to each other, thereby
being connected to two gate lines to which the gate on/off
voltage is simultaneously applied, two data lines and one
power line. Accordingly, a driving speed becomes more rapid,
the number of data lines is lowered, so that a cost of the
driving unit of the liquid crystal display can be lowered and
the aperture ratio of the liquid crystal display is increased. By
including the third power line Ct that applies the first voltage
or the second voltage and additionally applying the first volt-
age or the second voltage, the signal delay of the first power
line Chigh or the second power line Clow that extends in a
pixel row direction may be prevented. In the exemplary
embodiment illustrated in FIG. 7, even though the third power
line Ct is shown connected to the first power line Chigh it is
not limited thereto, that is, the present exemplary embodi-
ment may include an additional power line that is connected
to the second power line Clow or to the first power line Chigh
and is parallel to the data lines. In addition, any one of the
third power line Ct and the additional power line may be
disposed at every pixel column.

[0081] Many characteristics of the exemplary embodiment
shown in FIG. 5 or FIG. 6 may be applied to the liquid crystal
display of the present exemplary embodiment shown in FIG.
7.

[0082] With reference to FIG. 8, an example of a pixel
structure of the liquid crystal display that is shown in FIG. 6
will be described. FIG. 8 illustrates an example of a pixel
structure of the liquid crystal display that is shown in FIG. 6.
[0083] With reference to FIG. 8, the liquid crystal display
according to the present exemplary embodiment includes the
first pixels PX(i, j) and the second pixels PX(i+1, j) that are
adjacent in a pixel column direction, the third pixels PX(i,
j+1) and the fourth pixels PX(i+1, j+1) that are adjacent to the
first pixels PX(i, j) and the second pixels PX(i+1, j) in a pixel
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row direction, and gate lines 121a and 1215, datalines 171al,
17151, 171a2, 17152, the first power lines 131a, the second
power lines 1315 and the third power line 173 that are con-
nected thereto. The first power lines 131a and the second
power lines 1315 may be formed on the same layer as the gate
lines 121a and 1215, and the third power line 173 may be
formed on the same layer as the data lines 171a1, 17151,
17142, and 17152.

[0084] The first pixel PX(i, j) includes the first pixel elec-
trode 191a and the second pixel electrode 1915 that are con-
nected to the first switching element Qaj and the second
switching element Qbj, respectively. The first switching ele-
ment Qaj and the second switching element Qbj are three
terminal elements such as thin film transistors and the like,
respective control electrodes are the first gate electrode 124a
and the second gate electrode 1245, respective input elec-
trodes are the first source electrode 173a and the second
source electrode 1735, and respective output electrodes are
the first drain electrode 1754 and the second drain electrode
175b. The first source electrode 1734 is connected to the first
data line 171al, and the second source electrode 1735 is
connected to the first power line 131a. The second pixel
PX(i+1, j) includes the first pixel electrode 1914 that is con-
nected to the second switching element Qbj and the second
pixel electrode 1915 that is connected to the third switching
element Qcj. The third switching element is a three terminal
element such as a thin film transistor and the like, the control
electrode is the third gate electrode 124c, the input electrode
is the third source electrode 173¢, and the output electrode is
the third drain electrode 175c¢.

[0085] The first drain electrode 175a is connected to the
first pixel electrode 191a of the first pixel PX(i, j) through the
contact hole 1854, the second drain electrode 1755 is con-
nected to the second pixel electrode 1915 of the first pixel
PX(i, j) and the first pixel electrode 1914 of the second pixel
PX(i+1, j) through the contact hole 1855, and the third drain
electrode 175¢ is connected to the second pixel electrode
1915 of the second pixel PX(i+1, j) through the contact hole
185¢. The first power line 131a may be electrically connected
to the second source electrode 1735 that are exposed through
respective contact holes 186a and 1865 and through a con-
necting member 196 that covers the first power line 131a. The
connecting member 196 may be formed on the same layer as
the first pixel electrode 191a or the second pixel electrode
1915. In addition, the third power line 173 may be electrically
connected to the first power line 131a that are exposed
through respective contact holes 187a and 1875 and through
a connecting member 197 that covers the third power line
173. The first pixel electrode 191a and the second pixel elec-
trode 1915 of each pixel are formed on the same layer and
alternately disposed.

[0086] The first power line 131a and the second power line
1315 that are disposed at the lower part of the second pixel
PX(i+1,j) overlap the storage conductor 177 that is connected
through the contact hole 188 to the first pixel electrode 191a
to form the storage capacitor. The storage conductor 177 may
be formed on the same layer as the data lines 171a1, 17151,
17142, and 17152.

[0087] The first power line 131a and the second power line
1315 that are disposed at the lower part of the second pixel
PX(i+1, j) may prevent light leakage at the lower part of the
second pixel PX(i+1, j).

[0088] Many characteristics of the liquid crystal display
according to the exemplary embodiments shown in FIG. 5,
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FIG. 6 and FIG. 7 may be applied to the liquid crystal display
according to the present exemplary embodiment shown in
FIG. 8.

[0089] Next, with reference to FIG. 2 and FIG. 9, arrange-
ment of the signal lines and the pixels of the liquid crystal
display according to another exemplary embodiment of the
present invention will be described. FIG. 9 is an equivalent
circuit diagram illustrating four pixels of the liquid crystal
display according to the exemplary embodiment of the
present invention.

[0090] With reference to FIG. 2 and FIG. 9, the present
exemplary embodiment of the liquid crystal display includes
a plurality of the first pixels PX(i, j) and a plurality of the
second pixels PX(i+1, j) that are adjacent in a pixel column
direction, a plurality of the third pixels PX(i, s j+1) and a
plurality of the fourth pixels PX(i+1, j+1) that are adjacent to
a plurality of the first pixels PX(i, j) and a plurality of the
second pixels PX(i+1, j) in a pixel row direction, and a plu-
rality of signal lines (Gni, Gni+1, Dj, Dj', Dj+1, Dj+1', Chigh,
Clow) that are connected thereto. The signal lines (Gni, Gni+
1, Dj, Dj', Dj+1, Dj+1', Chigh, Clow) include a gate line Gn
that transfers a gate signal (it may be called a “scanning
signal”), data lines (Dj and Dj', Dj+1 and Dj+1") that transfer
the data voltage, and power lines Chigh and Clow that transfer
a predetermined voltage. The gate line Gn is divided into the
first gate line Gni and the second gate line Gni+1 that are
disposed upward and downward in a pixel column direction,
and the first gate line Gni and the second gate line Gni+1 are
simultaneously applied with the gate on signal or gate off
signal.

[0091] The power lines Chigh and Clow include a first
portion (x) that is parallel to the gate lines Gni and Gni+1 and
a second portion (y) that is parallel to the data lines (Dj and
Dj', Dj+1 and Dj+1"). The first portion (x) that is parallel to the
gate lines Gni and Gni+1 may prevent light leakage between
two pixels that are adjacent in a column direction, and the
second portion (y) that is parallel to the data lines (Dj and Dj',
Dj+1 and Dj+1") may prevent light leakage between two
pixels that are disposed adjacent in a row direction between
the pixel electrode and the data line and prevent coupling
between the pixel electrode and the data line.

[0092] The first pixel PX(i, j) includes the first gate line Gni
among a pair of gate lines (Gni, Gni+1, n is a predetermined
integer), the first data line Dj (j is a predetermined integer) and
power lines Chigh and Clow, a first switching element Qaj
and a second switching element Qbj and a liquid crystal
capacitor Clc connected thereto. The first switching element
Qaj and the second switching element Qbj are three terminal
elements such as thin film transistors and the like, the control
terminal of the first switching element Qaj is connected to the
first gate line Gni, the input terminal is connected to the first
data line Dj, and the output terminal is connected to the liquid
crystal capacitor Clc. The control terminal of the second
switching element Qbj is connected to the first gate line Gni,
the input terminal is connected to the first power line Chigh
among a pair of power lines Chigh and Clow, and the output
terminal is connected to the liquid crystal capacitor Clc.
[0093] The second pixel PX(i+1, j) that is adjacent to the
first pixel PX(i, j) in a pixel column direction includes the
second gate line Gni+1 among the pair of gate lines Gn and
Gni+1, the second data line Dj' and the first power line Chigh,
a third switching element(Qcj), a fourth switching element
Qdj and the liquid crystal capacitor Clc connected thereto.
The third switching element Qcj and the fourth switching
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element Qdj are three terminal elements such as a thin film
transistor and the like, the control terminal of the third switch-
ing element Qcj is connected to the second gate line Gni+1
among the pair of gate lines Gni and Gni+1, the input terminal
is connected to the first power line Chigh among the pair of
power lines Chigh and Clow, and the output terminal is con-
nected to a terminal of the liquid crystal capacitor Clc. The
control terminal of the fourth switching element Qdj is con-
nected to the second gate line Gni+l, the input terminal is
connected to the second data line Dj', and the output terminal
is connected to one terminal of the liquid crystal capacitor
Cle.

[0094] The third pixel PX(i, j+1) that is adjacent to the first
pixel PX(i, j) in a pixel row direction includes the first gate
line Gni among the pair of gate lines Gni and Gni+1, the third
dataline Dj+1 and power lines Chigh and Clow, a fifth switch-
ing element Qaj+1 and a sixth switching element Qbj+1 and
the liquid crystal capacitor Clc connected thereto. The fifth
switching element Qaj+1 and the sixth switching element
Qbj+1 are three terminal elements such as a thin film transis-
tor and the like, the control terminal of the fifth switching
element Qaj+1 is connected to the first gate line Gni, the input
terminal is connected to the third data line Dj+1, and the
output terminal is connected to the liquid crystal capacitor
Clc. The control terminal of the sixth switching element
Qbj+1is connected to the first gate line Gni, the input terminal
is connected to the second power line Clow among the pair of
power lines Chigh and Clow, and the output terminal is con-
nected to the liquid crystal capacitor Clec.

[0095] The fourth pixel PX(i+1, j+1) that is adjacent to the
second pixel PX(i+1, j) in a pixel row direction includes the
second gate line Gni+1 among the pair of gate lines Gni and
Gni+1, the fourth data line Dj+1' and the second power line
Clow, a seventh switching element Qcj+1 and an eighth
switching element Qdj+1 and the liquid crystal capacitor Clc
connected thereto. The seventh switching element Qcj+1 and
the eighth switching element Qdj+1 are three terminal ele-
ments such as thin film transistors and the like, the control
terminal of the seventh switching element Qcj+1 is connected
to the second gate line Gni+1 among the pair of gate lines Gni
and Gni+1, the input terminal is connected to the second
power line Clow, and the output terminal is connected to a
terminal of the liquid crystal capacitor Clc.

[0096] The control terminal of the eighth switching ele-
ment Qdj+1 is connected to the second gate line Gni+1, the
input terminal is connected to the fourth data line Dj+1', and
the output terminal is connected to one terminal of the liquid
crystal capacitor Clc.

[0097] The first power lines Chigh among a plurality of
pairs of power lines Chigh and Clow are connected to each
other and applied with the same first voltage, and second
power lines Clow among the plural pairs of power lines Chigh
and Clow are connected to each other and applied with the
same second voltage even though not shown in the drawings.
With respect to the reference voltage Vref, the polarities of the
first voltage and the second voltage that are applied to the first
power line Chigh and the second power line Clow, respec-
tively, are different from each other. For example, when the
reference voltage Vref'is 7.5 V, the first voltage may be about
15V ormore, the second voltage may be about 0V or less, and
vice versa.

[0098] An example of the driving method of the liquid
crystal display according to the present exemplary embodi-
ment will now be described in detail. If the gate-on voltage is
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applied to the gate line Gn, the first data voltage is applied to
the first pixel PX(i, j) through the turned-on first switching
element Qaj, the first voltage is applied to the first pixel PX(i,
j) and the second pixel PX(i+1, j) through the turned-on
second switching element Qbj and the third switching ele-
ment Qcj, respectively, and the second data voltage is applied
to the second pixel PX(i+1, j) through the turned-on fourth
switching element Qdj. In addition, the third data voltage is
applied to the third pixel PX(i, j+1) through the turned-on fifth
switching element is Qaj+1, the second voltage is applied to
the third pixel PX(i, j+1) and the fourth pixel PX(i+1, j+1)
through the turned-on sixth switching element Qbj+1 and the
seventh switching element Qbj+1, respectively, and the fourth
data voltage is applied to the fourth pixel PX(i+1, j+1)
through the turned-on eighth switching element Qdj+1.

[0099] That is, the first data voltage that flows through the
first data line Dj is applied through the first switching element
Qaj to the first pixel electrode PEa of the first pixel PX(i, j),
and the first voltage that flows through the first power line
Chigh is applied through the second switching element Qbj to
the second pixel electrode PEb. A difference in voltage
between the first pixel electrode PEa and the second pixel
electrode PEb to which the first data voltage and the first
voltage are respectively applied becomes a charge voltage of
the liquid crystal capacitor Clc of the first pixel PX(, j). At
this time, the polarities of the first data voltage and the first
voltage that are applied to the first pixel electrode PEa of the
first pixel PX(i, j) and the second pixel electrode PEb of the
first pixel PX(i, j), respectively, are opposites with respect to
the reference voltage Vref and the difference in voltage cor-
responds to the luminance that is displayed by the first pixel
PX(@, j).

[0100] In addition, the first voltage that flows through the
third switching element Qcj from the first power line Chigh is
applied to the first pixel electrode PEa of the second pixel
PX(i+1, j), and the second data voltage that flows through the
fourth switching element Qdj from the second data line Dj' is
applied to the second pixel electrode PEb of the second pixel
PX(i+1, j). At this time, the difference in voltage between the
first voltage and the second data voltage that are applied to the
first pixel electrode PEa ofthe second pixel PX(i+1, j) and the
second pixel electrode PEb of the second pixel PX(i+1, j),
respectively, is a voltage that corresponds to the luminance
that is displayed by the second pixel PX(i+1, j), and the
polarities thereof are is opposites with respect to the reference
voltage Vref. Therefore, the polarities of the first data voltage
and the second data voltage may be the same as each other
with respect to the reference voltage Vref.

[0101] Inaddition, the third data voltage that flows through
the fifth switching element Qaj+1 from the third data line
Dj+1 is applied to the first pixel electrode PEa of the third
pixel PX(i, j+1), and the second voltage that flows through
sixth switching element Qbj+1 from the second power line
Clow is applied to the second pixel electrode PEb of the third
pixel PX(i, j+1). A difference in voltage between the first
pixel electrode PEa and the second pixel electrode PEb to
which the third data voltage and the second voltage are
respectively applied becomes a charge voltage of the liquid
crystal capacitor Clc of the third pixel PX(i, j+1). At this time,
the third data voltage and the second voltage that are applied
to the first pixel electrode PEa of the third pixel PX(i, j+1) and
the second pixel electrode PED of the third pixel PX(i, j+1),
respectively, establish a voltage difference that corresponds



US 2011/0221988 Al

to the luminance that is displayed by the third pixel PX(i,j+1),
and the polarities thereof are opposites with respect to the
reference voltage Vref.

[0102] In addition, the second voltage that flows through
the seventh switching element Qcj+1 from the second power
line Clow is applied to the first pixel electrode PEa of the
fourth pixel PX(i+1, j+1), and the fourth data voltage that
flows through the eighth switching element Qdj+1 from the
fourth data line Dj+1' is applied to the second pixel electrode
PED of the fourth pixel PX(i+1, j+1). At this time, the second
voltage and the fourth data voltage that are applied to the first
pixel electrode PEa of the fourth pixel PX(i+1, j+1) and the
second pixel electrode PEb of the fourth pixel PX(i+1, j+1),
respectively, establish a voltage difference that corresponds
to the luminance that is displayed by the fourth pixel PX(i+1,
j+1), and the polarities thereof are opposites with respect to
the reference voltage Vref.

[0103] However, the first pixel PX(i) and the second pixel
PX(i+1), which are adjacent in a pixel column direction of the
liquid crystal display according to the present exemplary
embodiment are connected to the first gate line Gni and the
second gate line Gni+1 that are branched lines of the same
gate line Gn, and the gate on/off voltages are applied from one
gate line Gn connected thereto. Therefore, a driving speed
may become more rapid.

[0104] In addition, since any one of two pixel electrodes
PEa and PEb of two pixels that are adjacent in a column
direction is connected to not the data line but any one of the
first power line Chigh and the second power line Clow, the
number of data lines is lowered, so that a cost of the driving
unit of the liquid crystal display can be lowered.

[0105] In addition, the power lines Chigh and Clow of the
liquid crystal display according to the present exemplary
embodiment each include a first portion (x) that is parallel to
the gate lines Gni and Gni+1 and a second portion (y) that is
parallel to the data lines (Dj and Dj', s Dj+1 and Dj+1"). The
first portion (x) that is parallel to the gate lines Gni and Gni+1
may prevent light leakage between two pixels that are adja-
cent in a column direction, and the second portion (y) that is
parallel to the data lines (Dj and Dj', Dj+1 and Dj+1') may
prevent light leakage between two pixels that are disposed
adjacent in a row direction between the pixel electrode and
the data line and prevent coupling between the pixel electrode
and the data line.

[0106] Like this, two pixels that are adjacent in a pixel
column direction of the liquid crystal display according to the
present exemplary embodiment are connected to each other,
thereby being connected to two gate lines to which the gate
on/off voltage is simultaneously applied, two data lines and
one power line. Accordingly, a driving speed becomes more
rapid, and the number of data lines is lowered, so that a cost of
the driving unit of the liquid crystal is display can be lowered.
By the signal line and pixel arrangement of the liquid crystal
display according to the present exemplary embodiment, as
compared to the arrangement of the general signal line and
pixel arrangement, two additional power lines are provided,
but since the same voltage is always applied to each of the
power lines, only a simple driving unit may be added to apply
the voltage having a predetermined value, so that the driving
method is simple and the manufacturing cost is low.

[0107] The arrangement and driving method of the signal
line and pixel of the liquid crystal display according to the
exemplary embodiment may be applied to all pixel structures
that include the first pixel electrode and the second pixel
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electrode which are formed on the same layer or at least
respective portions thereof are formed on the same layer and
alternately disposed.

[0108] Next, with reference to FIG. 2 and FIG. 10, the
liquid crystal display according to another exemplary
embodiment of the present invention will be described. FIG.
10 is an equivalent circuit diagram illustrating four pixels of
the liquid crystal display according to the exemplary embodi-
ment of the present invention.

[0109] The arrangement of the signal lines and the pixels of
the liquid crystal display that is shown in FIG. 6 is similar to
the arrangement of the signal lines and the pixels that are
shown in FIG. 5. With reference to FIG. 10, the liquid crystal
display according to the present exemplary embodiment
includes a plurality of the first pixels PX(i, j) and a plurality of
the second pixels PX(i+1, j) that are adjacent in a pixel col-
umn direction, a plurality of the third pixels PX(i, j+1) and a
plurality of the fourth pixels PX(i+1, j+1) that are adjacent to
the plurality of the first pixels PX(i, j) and the plurality of the
second pixels PX(i+1, j) in a pixel row direction, and a plu-
rality of signal lines (Gni, Gni+1, Dj, Dj', Dj+1, Dj+1', Chigh,
Clow) that are is connected thereto. However, unlike the
exemplary embodiment of the liquid crystal display that is
shown in FIG. 5, the power lines Chigh and Clow of the liquid
crystal display according to the present exemplary embodi-
ment includes a first portion (x) that is parallel to the gate lines
Gni and Gni+1 and a second portion (y) that is parallel to the
data lines (Dj and Dj', Dj+1 and Dj+1"). The first portion (x)
that is parallel to the gate lines Gni and Gni+1 may prevent
light leakage between two pixels that are adjacent in a column
direction, and the second portion (y) that is parallel to the data
lines (Dj and Dj', Dj+1 and Dj+1') may prevent light leakage
between two pixels that are disposed adjacent in a row direc-
tion between the pixel electrode and the data line and prevent
coupling between the pixel electrode and the data line.
[0110] Two pixels that are adjacent in a pixel column direc-
tion of the liquid crystal display according to the present
exemplary embodiment are connected to each other, thereby
being connected to two gate lines to which the gate on/off
voltage is simultaneously applied, two data lines and one
power line. Accordingly, a driving speed becomes more rapid,
the number of data lines is lowered, so that a cost of the
driving unit of the liquid crystal display can be lowered, the
aperture ratio of the liquid crystal display can be increased,
light leakage between two pixels that are adjacent to each
other can be prevented, and coupling between the pixel elec-
trode and the data line can be prevented.

[0111] Next, with reference to FIG. 2 and FIG. 11, the
liquid crystal display according to another exemplary
embodiment of the present invention will be described. FIG.
11 is an equivalent circuit diagram illustrating six pixels of the
liquid crystal display according to the exemplary embodi-
ment of the present invention.

[0112] With reference to FIG. 2 and FIG. 11, the liquid
crystal display according to the present exemplary embodi-
ment includes a plurality of the first pixels PX(i, j) and a
plurality of the second pixels PX(i+1, j) that are adjacent in a
pixel column direction, a plurality of the third pixels PX(i,
j+1) and a plurality of the fourth pixels PX(i+1, j+1) that are
adjacent to a plurality of the first pixels PX(4, j) and a plurality
of the second pixels PX(i+1, j), respectively, in a pixel row
direction, a plurality of the fifth pixels PX(i, j+2) and a plu-
rality of the sixth pixels PX(i+1 and j+2) that are adjacent to
a plurality of the third pixels PX(i, j+1) and a plurality of the
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fourth pixels PX(i+1, j+1), respectively, in a pixel row direc-
tion, and a plurality of signal lines (Gni, Gni+1, Dj, Dj', Dj+1,
Dj+1', Dj+2, Dj+2', Chigh, Clow) that are connected thereto.
The signal lines (Gni, Gni+1, Dj, Dj', Dj+1, Dj+1', Dj+2,
Dj+2', Chigh, Clow) include a gate line Gn that transfers a
gate signal (it may be called a “scanning signal”), data lines
(Dj and Dj', Dj+1 and Dj+1', Dj+2, Dj+2') that transfer the
data voltages, and power lines Chigh and Clow that transfer
predetermined voltages. The gate line Gn is divided into the
first gate line Gni and the second gate line Gni+1 that are
disposed upward and downward in a pixel column direction,
and the first gate line Gni and the second gate line Gni+1 are
simultaneously applied with the gate on signal or the gate off
signal.

[0113] The first pixel PX(i, j) includes the first gate line Gni
among a pair of gate lines (Gni, Gni+1, n is a predetermined
integer), the first data line Dj (j is a predetermined integer) and
power lines Chigh and Clow, the first switching element Qaj
and the second switching element Qbj and a liquid crystal
capacitor Clc connected thereto. The first switching element
Qaj and the second switching element Qbj are three terminal
elements such as a thin film transistor and the like, the control
terminal of the first switching element Qaj is connected to the
first gate line Gni, the input terminal is connected to the first
data line Dj, and the output terminal is connected to the liquid
crystal capacitor Clc. The control terminal of the second
switching element Qbj is connected to the first gate line Gni,
the input terminal is connected to the first power line Chigh is
among a pair of power lines Chigh and Clow, and the output
terminal is connected to the liquid crystal capacitor Clc.
[0114] The second pixel PX(i+1, j) that is adjacent to the
first pixel PX(i, j) in a pixel column direction includes the
second gate line Gni+1 among the pair of gate lines Gni and
Gni+1, the second data line Dj' and power lines Chigh and
Clow, the third switching element(Qcj) and the liquid crystal
capacitor Clc connected thereto. The third switching element
Qcj is a three terminal element such as a thin film transistor
and the like, the control terminal of the third switching ele-
ment Qcj is connected to the second gate line Gni+1 among
the pair of gate lines Gni and Gni+1, the input terminal is
connected to the second data line Dj', and the output terminal
is connected to a terminal of the liquid crystal capacitor Clc.
Another terminal of the liquid crystal capacitor Clc of the
second pixel PX(i+1, j) is connected to the output terminal of
the second switching element Qbj of the first pixel PX(i, j).
[0115] The third pixel PX(i, j+1) that is adjacent to the first
pixel PX(i, j) in a pixel row direction includes the first gate
line Gni among the pair of gate lines Gn and Gni+1, the third
data line Dj+1 and power lines Chigh and Clow, the fourth
switching element Qaj+1 and the liquid crystal capacitor Clc
connected thereto. The fourth switching element Qaj+1 is a
three terminal element such as a thin film transistor and the
like, the control terminal of the fourth switching element
Qaj+1 is connected to the first gate line Gni, the input terminal
is connected to the third data line Dj+1, and the output termi-
nal is connected to the liquid crystal capacitor Clc. Another
terminal of the liquid crystal capacitor Clc of the third pixel
PX(i, j+1) is connected to the output terminal of the second
switching element Qbj of the first pixel PX(, j).

[0116] The fourth pixel PX(i+1, j+1) that is adjacent to the
second pixel PX(i+1, j) in a pixel row direction includes the
second gate line Gni+1 among the pair of gate lines Gni and
Gni+1, the fourth data line Dj+1' and power lines Chigh and
Clow, the sixth switching element
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[0117] Qcj+1 and the liquid crystal capacitor Clc connected
thereto. The control terminal of the fifth switching element
Qcj+1 is connected to the second gate line Gni+1, the input
terminal is connected to the fourth data line Dj+1', and the
output terminal is connected to the liquid crystal capacitor
Clc. Another terminal of the liquid crystal capacitor Clc of the
fourth pixel PX(i+1, j+1) is connected to the output terminal
of'the second switching element Qbj of the first pixel PX(, j).
[0118] The fifth pixel PX(i, j+2) that is adjacent to the third
pixel PX(i, j+1) in a pixel row direction includes the first gate
line Gni, the fifth data line Dj+2, power lines Chigh and Clow,
the sixth switching element Qaj+2, the seventh switching
element Qbj+2 and the liquid crystal capacitor Clc connected
thereto. The sixth switching element Qaj+2 and the seventh
switching element Qbj+2 are three terminal elements such as
a thin film transistor and the like, the control terminal of the
sixth switching element Qaj+2 is connected to the first gate
line Gni, the input terminal is connected to the fifth data line
Dj+2, and the output terminal is connected to the liquid crys-
tal capacitor Clc. The control terminal of the seventh switch-
ing element Qbj+2 is connected to the first gate line Gni, the
input terminal is connected to the second power line Clow
among the pair of power lines Chigh and Clow, and the output
terminal is connected to the liquid crystal capacitor Clc.
[0119] The sixth pixel PX(i+2, j+2) that is adjacent to the
fifth pixel PX(4, j+2) in a pixel column direction includes the
second gate line Gni+1 among the pair of gate lines Gni and
Gni+l, the sixth data line Dj+2', the power lines Chigh and
Clow, the eighth switching element Qcj+2 and the liquid
crystal capacitor Clc connected thereto. The eighth switching
element Qcj+2 is a three terminal element such as a thin film
transistor and the like, the control terminal of the eighth
switching element Qcj+2 is connected to the second gate line
Gni+1 among the pair of gate lines Gni and Gni+1, the input
terminal is connected to the sixth data line Dj+2', and the
output terminal is connected to a terminal of the liquid crystal
capacitor Clc.

[0120] The first power lines Chigh among a plurality of
pairs of power lines Chigh and Clow are connected to each
other and applied with the same first voltage, and second
power lines Clow among the plural pairs of power lines Chigh
and Clow are connected to each other and applied with the
same second voltage. With respect to the reference voltage
Vref, the polarities of the first voltage and the second voltage
that are applied to the first power line Chigh and the second
power line Clow, respectively, are different from each other.
For example, in the case of when the reference voltage Vrefis
7.5V, the first voltage may be about 15 V or more, the second
voltage may be about 0 V or less, and vice versa.

[0121] An example of the driving method of the liquid
crystal display according to the present exemplary embodi-
ment will now be described in detail. If the gate-on voltage is
applied to the gate line Gn, the first data voltage is applied to
the first pixel PX(i, j) through the turned-on first switching
element Qaj, the first voltage is applied to the first pixel PX(i,
j), the second pixel PX(i+1, j), the third pixel PX(i, j+1) and
the fourth pixel PX(i+1, j+1) through the turned-on second
switching element Qbj, and the second data voltage is applied
to the second pixel PX(i+1, j) through the turned-on third
switching element Qcj. In addition, the third data voltage is
applied through the turned-on fourth switching element
Qaj+1 to the third pixel PX(i, j+1), and the fourth data voltage
is applied through the turned-on fifth switching element
Qcj+1 to the fourth pixel PX(i+1, j+1). In addition, the fifth
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data voltage is applied to the fifth pixel PX(i, j+2) through the
turned-on sixth switching element Qaj+2, the second voltage
is applied to the fifth pixel PX(i, j+2) and the sixth pixel
PX(i+1, j+2) through the turned-on seventh switching ele-
ment Qbj+2, and the sixth data voltage is applied to the sixth
pixel PX(i+1, j+2) through the turned-on eighth switching
element Qcj+2.

[0122] That is, the first data voltage that flows from the first
data line Dj through the first switching element Qaj is applied
to the first pixel electrode PEa of the first pixel PX(i, j), and
the first voltage that flows through the second switching ele-
ment Qbj from the first power line Chigh is applied to the
second pixel electrode PEb of the first pixel PX(i, j). A dif-
ference in voltage between the first pixel electrode PEa and
the second pixel electrode PEb to which the first data voltage
and the first voltage are applied becomes a charge voltage of
the liquid crystal capacitor Clc of the first pixel PX(i, j). At
this time, a difference between the first data voltage and the
first voltage that are applied to the first pixel electrode PEa of
the first pixel PX(i, j) and the second pixel electrode PEb of
the first pixel PX(i, j), respectively, is a voltage that corre-
sponds to the luminance that is displayed by the first pixel
PX(, j), and the polarities thereof are opposites with respect
to the reference voltage Vref.

[0123] In addition, the first voltage that flows through the
second switching element Qbj from the first power line Chigh
is applied to the first pixel electrode PEa of the second pixel
PX(1,j+1), and the second data voltage that flows through the
third switching element Qci from the second data line Dj' is
applied to the second pixel electrode PEb of the second pixel
PX(1, j+1). At this time, a difference between the first voltage
and the second data voltage that are applied to the first pixel
electrode PEa of the second pixel PX(i, j+1) and the second
pixel electrode PEb of the second pixel PX(i, j+1), respec-
tively, is a voltage that corresponds to the luminance that is
displayed by the second pixel PX (i, j+1), and the polarities
thereof are opposites with respect to the reference voltage
Vref. Therefore, the polarities of the first data voltage and the
second data voltage may be the same as each other with
respect to the reference voltage Vref.

[0124] Inaddition, the third data voltage that flows through
the fourth switching element Qaj+1 from the third data line
Dj+1 is applied to the first pixel electrode PEa of the third
pixel PX(i+1, j), and the first voltage that flows through the
second switching element Qbj from the first power line Chigh
is applied to the second pixel electrode PEb of the third pixel
PX(i+1, j). A difference in voltage between the first pixel
electrode PEa and the second pixel electrode PEb to which the
third data voltage and the first voltage are applied becomes a
charge voltage of the liquid crystal capacitor Clc of the third
pixel PX(i+1, j). At this time, the voltage difference between
the third data voltage and the first voltage that are applied to
the first pixel electrode PEa of the third pixel PX(i+1, j) and
the second pixel electrode PEb of the third pixel PX(i+1, j),
respectively, is a voltage that corresponds to the luminance
that is displayed by the third pixel PX(i+1, j), and the polari-
ties thereof are opposites with respect to the reference voltage
Vref.

[0125] In addition, the first voltage that flows through the
second switching element Qbj from the first power line Chigh
is applied to the first pixel electrode PEa of the fourth pixel
PX(i+1, j+1), and the fourth data voltage that flows through
the fifth switching element Qcj+1 from the fourth data line
Dj+1' is applied to the second pixel electrode PEb of the
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fourth pixel PX(i+1, j+1). A difference in voltage between the
first pixel electrode PEa and the second pixel electrode PEb to
which the first voltage and the fourth data voltage are applied
becomes a charge voltage of the liquid crystal capacitor Clc of
the fourth pixel PX(i+1, j+1). At this time, the voltage differ-
ence between the first voltage and the fourth data voltage that
are applied to the first pixel electrode PEa and the second
pixel electrode PEb of the fourth pixel PX(i+1, j+1) is a
voltage that corresponds to the luminance that is displayed by
the fourth pixel PX(i+1, j+1), and the polarities thereof are
opposites with respect to the reference voltage Vref.

[0126] Inaddition, the fifth data voltage that flows through
the sixth switching element Qaj+2 from the fifth data line
Dj+2is applied to the first pixel electrode PEa of the fifth pixel
PX(i, j+2), and the second voltage that flows through the
seventh switching element Qbj+2 from the second power line
Clow is applied to the second pixel electrode PEb of the fifth
pixel PX(i, j+2). A difference in voltage between the first
pixel electrode PEa and the second pixel electrode PEb to
which the fifth data voltage and the second voltage are applied
becomes a charge voltage of the liquid crystal capacitor Clc of
the fifth pixel PX(i, j+2). At this time, the difference in voltage
between the fifth data voltage and the second voltage that are
applied to the first pixel electrode PEa and the second pixel
electrode PEDb of the fifth pixel PX(i, j+2) is a voltage that
corresponds to the luminance that is displayed by the fifth
pixel PX(i, j+2), and the polarities thereof are opposites with
respect to the reference voltage Vref.

[0127] In addition, the second voltage that flows through
the seventh switching element Qbj+2 from the second power
line Clow is applied to the first pixel electrode PEa of the sixth
pixel PX(i+1, j+2), and the sixth data voltage that flows
through the eighth switching element Qcj+2 from the sixth
data line Dj+2' is applied to the second pixel electrode PEb of
the sixth pixel PX(i+1, j+2). A difference in voltage between
the first pixel electrode PEa and the second pixel electrode
PEDb to which the second voltage and the sixth data voltage are
respectively applied becomes a charge voltage of the liquid
crystal capacitor Clc of the sixth pixel PX(i+1, j+2). At this
time, the difference in voltage between the second voltage
and the sixth data voltage that are applied to the first pixel
electrode PEa and the second pixel electrode PEb of the sixth
pixel PX(i+1, j+2) is a voltage that corresponds to the lumi-
nance that is displayed by the sixth pixel PX(i+1, j+2), and the
polarities of the second voltage and the sixth data voltage are
opposites with respect to the reference voltage Vref.

[0128] The first pixel PX(, j), the third pixel PX(i, j+1) and
the fifth pixel PX(i, j+2) of the liquid crystal display accord-
ing to the present exemplary embodiment may display any
one of red, green and blue colors, and may display any one of
other three primary colors instead of the three primary colors
of red, green and blue. In addition, the second pixel PX(i+1,
j), the fourth pixel PX(i+1, j+1) and the sixth pixel PX(i+1,
j+2) may display any one of red, green and blue colors, and
may display any one of other three primary colors instead of
the three primary colors of red, green and blue.

[0129] The liquid crystal display according to the present
exemplary embodiment receives a voltage that corresponds to
the charge voltage of the liquid crystal capacitor Clc by using
five switching elements Qaj, Qbj, Qcj, Qaj+1, and Qcj+1 by
four pixels PX(4, j), PX(i+1, j), PX(, j+1), and PX(i+1, j+1)
that are adjacent to each other. Particularly, since the first
voltage is applied through the second switching element Qbj
that is disposed in the first pixel PX(i, j) to four pixels PX(, j),
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PX(i+1, j), PX(, j+1), and PX(@i+1, j+1), the number of
switching elements is lowered, thereby increasing an aperture
ratio of the liquid crystal display.

[0130] Inaddition, like the above exemplary embodiments,
the power lines Chigh and Clow of the liquid crystal display
according to the present exemplary embodiment each include
a first portion (x) that is parallel to the gate lines Gni and
Gni+1 and a second portion (y) that is parallel to the data lines
(Dj and Dj', Dj+1 and Dj+1', Dj+2, Dj+2"). The first portion
(x) that is parallel to the gate lines Gni and Gni+1 may prevent
light leakage between two pixels that are adjacent in a column
direction, and the second portion (y) that is parallel to the data
lines (Dj and Dj', Dj+1 and Dj+1', Dj+2, Dj+2') may prevent
light leakage between two pixels that are disposed adjacent in
a row direction between the pixel electrode and the data line
and prevent coupling between the pixel electrode and the data
line.

[0131] Inaddition, like the above exemplary embodiments,
two pixels, which are adjacent to each other in a pixel column
direction, of the liquid crystal display according to the present
exemplary embodiment are connected to the first gate line
Gni and the second gate line Gni+1 that are branched lines of
the same gate line Gn, respectively, and the gate on/off volt-
ages are applied through one gate line Gn thereto. Therefore,
a driving speed may become more rapid.

[0132] Inaddition, since at least one of two pixel electrodes
PEa and PEb of two pixels that are adjacent in a column
direction is connected to not the data line but any one of the
first power line Chigh and the second power line Clow, the
number of data lines is lowered, so that a cost of the driving
unit of the liquid crystal display can be lowered.

[0133] Many characteristics of the liquid crystal display
according to the above exemplary embodiments may be
applied to the liquid crystal display according to the present
exemplary embodiment.

[0134] The arrangement and driving method of the signal
lines and the pixels of the liquid crystal display according to
the present exemplary embodiment may be applied to all
pixel structures that include the first pixel electrode and the
second pixel electrode, which at least portions thereof, are
formed on the same layer and alternately disposed.

[0135] While this invention has been described in connec-
tion with what is presently considered to be practical exem-
plary embodiments, it is to be understood that the invention is
not limited to the disclosed embodiments, but, on the con-
trary, it will be apparent to those skilled in the art that various
modifications and variations can be made in the present
invention without departing from the spirit or scope of the
invention. Thus, it is intended that the present invention cover
the modifications and variations of this invention provided
they come within the scope of the appended claims and their
equivalents.

What is claimed is:

1. A liquid crystal display, comprising:

a first substrate and a second substrate facing each other;

a liquid crystal layer disposed between the first substrate
and the second substrate and comprising a liquid crystal
molecule;

a first gate line and a second gate line disposed on the first
substrate;

a first data line and a second data line disposed on the first
substrate;

a first power line disposed on the first substrate;
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a first switching element connected to the first gate line and
the first data line;

a second switching element connected to the first gate line
and the first power line;

a third switching element connected to the second gate line
and the second data line;

a first pixel electrode connected to the first switching ele-
ment;

a second pixel electrode connected to the second switching
element;

a third pixel electrode connected to the second switching
element; and

a fourth pixel electrode connected to the third switching
element.

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

the first gate line and the second gate line are branched lines
of a gate line, and a gate-on voltage through the gate line
is simultaneously applied to the first gate line and the
second gate line.

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

the first pixel electrode and the second pixel electrode each
comprises a plurality of branched electrodes, and the
branched electrodes of the first pixel electrode and the
branched electrodes of the second pixel electrode are
alternately disposed.

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

the third pixel electrode and the fourth pixel electrode each
comprises a plurality of branched electrodes, and the
branched electrodes of the third pixel electrode and the
branched electrodes of the fourth pixel electrode are
alternately disposed.

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

when a gate-on voltage is applied to the first gate line and
the second gate line,

a first data voltage is applied to the first pixel electrode
through the first data line, and a first voltage is applied to
the second pixel electrode through the first power line,

the first voltage is applied to the third pixel electrode
through the first power line, and a second data voltage is
applied to the fourth pixel electrode through the second
data line,

polarities of the first data voltage and the first voltage are
different from each other, and

polarities of the first data voltage and the second data
voltage are the same as each other.

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

the first pixel electrode and the second pixel electrode each
comprises a plurality of branched electrodes, and the
branched electrodes of the first pixel electrode and the
branched electrodes of the second pixel electrode are
alternately disposed.

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

the third pixel electrode and the fourth pixel electrode each
comprises a plurality of branched electrodes, and the
branched electrodes of the third pixel electrode and the
branched electrodes of the fourth pixel electrode are
alternately disposed.

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

the first power line and a second power line each comprise
a portion adjacent to the first gate line and another por-
tion adjacent to the second gate line,

the portion adjacent to the second gate line forms a storage
capacitor in conjunction with the third pixel electrode.
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9. The liquid crystal display of claim 1, wherein:

the first power line comprises a first portion parallel to the
first gate line and the second gate line, and a second
portion parallel to the first data line and the second data
line, and the first portion and the second portion are
connected to each other.

10. The liquid crystal display of claim 9, wherein:

the second portion of the first power line is disposed
between the second pixel electrode and the second data
line and between the third pixel electrode and the first
data line.

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

ing:

a third data line and a fourth data line disposed on the first
substrate;

a second power line disposed on the first substrate;

a fourth switching element connected to the first gate line
and the third data line;

a fifth switching element connected to the first gate line and
the second power line;

a sixth switching element connected to the second gate line
and the fourth data line;

a fifth pixel electrode connected to the fourth switching
element;

a sixth pixel electrode connected to the fifth switching
element;

a seventh pixel electrode connected to the fifth switching
element; and

an eighth pixel electrode connected to the sixth switching
element.

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

a polarity of a first voltage that is applied to the first power
line is different from a polarity of a second voltage that
is applied to the second power line.

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

the first gate line and the second gate line are branched lines
of a gate line, and a gate-on voltage through the gate line
is simultaneously applied to the first gate line and the
second gate line.

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

the fifth pixel electrode and the sixth pixel electrode each
comprises a plurality of branched electrodes, and the
branched electrodes of the fifth pixel electrode and the
branched electrodes of the sixth pixel electrode are alter-
nately disposed.

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

the seventh pixel electrode and the eighth pixel electrode
each comprises a plurality of branched electrodes, and
the branched electrodes of the seventh pixel electrode
and the branched electrodes of the eighth pixel electrode
are alternately disposed.

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

the first gate line and the second gate line are branched lines
of a gate line, and a gate-on voltage through the gate line
is simultaneously applied to the first gate line and the
second gate line.

17. The liquid crystal display of claim 16, wherein:

the fifth pixel electrode and the sixth pixel electrode each
comprises a plurality of branched electrodes, and the
branched electrodes of the fifth pixel electrode and the
branched electrodes of the sixth pixel electrode are alter-
nately disposed.
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18. The liquid crystal display of claim 17, wherein:

the seventh pixel electrode and the eighth pixel electrode
each comprises a plurality of branched electrodes, and
the branched electrodes of the seventh pixel electrode
and the branched electrodes of the eighth pixel electrode
are alternately disposed.

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

when a gate-on voltage is applied to the first gate line and
the second gate line,

a third data voltage is applied to the fifth pixel electrode
through the third data line, and a second voltage is
applied to the sixth pixel electrode through the second
power line,

the second voltage is applied to the seventh pixel electrode
through the second power line, and a fourth data voltage
is applied to the eighth pixel electrode through the fourth
data line,

polarities of the third data voltage and the second voltage
are different from each other,

polarities of the third data voltage and the fourth data
voltage are the same as each other.

20. The liquid crystal display of claim 11, further compris-

ing:

a third power line disposed between the second data line
and the third data line,

wherein the third power line is connected to any one of the
first power line and the second power line.

21. The liquid crystal display of claim 20, wherein:

the third power line is disposed on a layer different from the
first power line and the second power line, and

the third power line is connected to any one of the first
power line and the second power line through a connect-
ing member covering a contact hole exposing a portion
of the third power line and a contact hole exposing a
portion of any one of the first power line and the second
power line.

22. The liquid crystal display of claim 20, wherein:

the first power line and the second power line are parallel to
the first gate line and the second gate line,

the third power line is parallel to the second data line and
the third data line.

23. The liquid crystal display of claim 20, wherein:

the first power line and the second power line are formed on
the same layer as the first gate line and the second gate
line,

the third power line is formed on the same layer as the
second data line and the third data line.

24. The liquid crystal display of claim 20, wherein:

the third power line is disposed every at least six pixel lines.

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

ing:

a fourth power line disposed on the substrate,

wherein another of the first power line and the second
power line not connected to the third power line is con-
nected to the fourth power line.

26. The liquid crystal display of claim 25, wherein:

the fourth power line is disposed on a layer different from
the first power line and the second power line,

the fourth power line is connected to the other of the first
power line and the second power line through a connect-
ing member covering a contact hole exposing a portion
of the fourth power line and a contact hole exposing a
portion of the other of the first power line and the second
power line.
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27. The liquid crystal display of claim 25, wherein:

the first power line and the second power line are parallel to
the first gate line and the second gate line,

the third power line and the fourth power line are parallel to
the second data line and the third data line.

28. The liquid crystal display of claim 25, wherein:

the first power line and the second power line are formed on
the same layer as the first gate line and the second gate
line,

the third power line and the fourth power line are formed on
the same layer as the second data line and the third data
line.

29. The liquid crystal display of claim 25, wherein:

the fourth power line is disposed every at least six pixel
lines.

30. The liquid crystal display of claim 25, wherein:

the third power line and the fourth power line are alter-
nately arranged every at least three pixel lines.

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

the first power line and the second power line each com-
prises a portion adjacent to the first gate line and a
portion adjacent to the second gate line,

the portion adjacent to the second gate line forms a storage
capacitor in conjunction with the seventh pixel elec-
trode.

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

the second power line comprises a first portion parallel to
the first gate line and the second gate line, and a second
portion parallel to the third data line and the fourth data
line, and the first portion and the second portion are
connected to each other.

33. The liquid crystal display of claim 32, wherein:

the second portion of the second power line is disposed
between the sixth pixel electrode and the fourth data line
and between the seventh pixel electrode and the third
data line.

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

ing:

a third data line and a fourth data line disposed on the first
substrate;

a fourth switching element connected to the first gate line
and the third data line;

a fifth switching element connected to the second gate line
and the fourth data line;

a fifth pixel electrode connected to the fourth switching
element;

a sixth pixel electrode connected to the second switching
element;

a seventh pixel electrode connected to the second switch-
ing element; and

an eighth pixel electrode connected to the fifth switching
element.

35. The liquid crystal display of claim 34, wherein:

the first gate line and the second gate line are branched lines
of a gate line, and a gate-on voltage through the gate line
is simultaneously applied to the first gate line and the
second gate line.

36. The liquid crystal display of claim 35, wherein:

the fifth pixel electrode and the sixth pixel electrode each
comprises a plurality of branched electrodes, and the
branched electrodes of the fifth pixel electrode and the
branched electrodes of the sixth pixel electrode are alter-
nately disposed.

Sep. 15,2011

37. The liquid crystal display of claim 36, wherein:

the seventh pixel electrode and the eighth pixel electrode
each comprises a plurality of branched electrodes, and
the branched electrodes of the seventh pixel electrode
and the branched electrodes of the eighth pixel electrode
are alternately disposed.

38. The liquid crystal display of claim 35, wherein:

when a gate-on voltage is applied to the first gate line and
the second gate line,

a third data voltage is applied to the fifth pixel electrode
through the third data line, and a first voltage is applied
to the sixth pixel electrode through the first power line,

the first voltage is applied to the seventh pixel electrode
through the first power line, and a fourth data voltage is
applied to the eighth pixel electrode through the fourth
data line,

polarities of the third data voltage and the first voltage are
different from each other,

polarities of the third data voltage and the fourth data
voltage are the same as each other.

39. The liquid crystal display of claim 34, wherein:

the fifth pixel electrode and the sixth pixel electrode each
comprises a plurality of branched electrodes, and the
branched electrodes of the fifth pixel electrode and the
branched electrodes of the sixth pixel electrode are alter-
nately disposed.

40. The liquid crystal display of claim 39, wherein:

the seventh pixel electrode and the eighth pixel electrode
each comprises a plurality of branched electrodes, and
the branched electrodes of the seventh pixel electrode
and the branched electrodes of the eighth pixel electrode
are alternately disposed.

41. The liquid crystal display of claim 34, further compris-

a fifth data line and a sixth data line disposed on the first
substrate;

a second power line disposed on the first substrate;

a sixth switching element connected to the first gate line
and the fifth data line;

a seventh switching element connected to the first gate line
and the second power line;

an eighth switching element connected to the second gate
line and the sixth data line;

a ninth pixel electrode connected to the sixth switching
element;

a tenth pixel electrode connected to the seventh switching
element;

an eleventh pixel electrode connected to the seventh
switching element; and

a twelfth pixel electrode connected to the eighth switching
element.

42. The liquid crystal display of claim 41, wherein:

the first gate line and the second gate line are branched lines
of a gate line, and a gate-on voltage through the gate line
is simultaneously applied to the first gate line and the
second gate line.

43. The liquid crystal display of claim 42, wherein:

the ninth pixel electrode and the tenth pixel electrode each
comprises a plurality of branched electrodes, and the
branched electrodes of the ninth pixel electrode and the
branched electrodes of the tenth pixel electrode are alter-
nately disposed.

44. The liquid crystal display of claim 43, wherein:

the eleventh pixel electrode and the twelfth pixel electrode
each comprises a plurality of branched electrodes, and
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the branched electrodes of the eleventh pixel electrode
and the branched electrode of the twelfth pixel elec-
trodes are alternately disposed.

45. The liquid crystal display of claim 42, wherein:

when a gate-on voltage is applied to the first gate line and
the second gate line,

a fifth data voltage is applied to the ninth pixel electrode
through the fifth data line, and a second voltage is
applied to the tenth pixel electrode through the second
power line,

the second voltage is applied to the eleventh pixel electrode
through the second power line, and a sixth data voltage
is applied to the twelfth pixel electrode through the sixth
data line,

polarities of the fifth data voltage and the second voltage
are different from each other,

polarities of the fifth data voltage and the sixth data voltage
are the same as each other.

46. The liquid crystal display of claim 41, wherein:

the ninth pixel electrode and the tenth pixel electrode each
comprises a plurality of branched electrodes, and the
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branched electrodes of the ninth pixel electrode and the
branched electrodes of the tenth pixel electrode are alter-
nately disposed.

47. The liquid crystal display of claim 46, wherein:

the eleventh pixel electrode and the twelfth pixel electrode
each comprises a plurality of branched electrodes, and
the branched electrodes of the eleventh pixel electrode
and the branched electrodes of the twelfth pixel elec-
trode are alternately disposed.

48. The liquid crystal display of claim 41, wherein:

the second power line comprises a first portion parallel to
the first gate line and the second gate line, and a second
portion parallel to the fifth data line and the sixth data
line, and the first portion and the second portion are
connected to each other.

49. The liquid crystal display of claim 48, wherein:

the second portion of the second power line is disposed
between the tenth pixel electrode and the sixth data line
and between the eleventh pixel electrode and the fifth
data line.
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