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(57) ABSTRACT

A liquid crystal display includes: first and second substrates;
a liquid crystal layer; first and second gate lines; a data line
and a voltage supplying line disposed on the first substrate;
and a pixel. The pixel includes a first switching element
connected to the first gate line and the data line, a second
switching element connected to the first gate line and the
voltage supplying line, a third switching element connected
to the second gate line, a first pixel electrode connected to the
first switching element, and a separate second pixel electrode
connected to the second switching element. The voltage sup-
plying line is supplied with a first voltage, which has a sub-
stantially uniform magnitude.
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LIQUID CRYSTAL DISPLAY

[0001] This application claims priority to Korean Patent
Application No. 10-2009-0117739, filed on Dec. 1, 2009, and
all the benefits accruing therefrom under 35 U.S.C. §119, the
content of which in its entirety is herein incorporated by
reference.

BACKGROUND OF THE INVENTION

[0002] (1) Field of the Invention

[0003] The present invention relates to a liquid crystal dis-
play.

[0004] (2) Description of the Related Art

[0005] A liquid crystal display (“LCD”) is a widely used

type of flat panel display. The LCD typically includes two
display panels, which are provided with electric field gener-
ating electrodes, and a liquid crystal layer interposed between
the two display panels. In the LCD, voltages are applied to the
electric field generating electrodes to generate an electric
field in the liquid crystal layer. Due to the generated electric
field, liquid crystal molecules in liquid crystal layer are
aligned, and polarization of light incident to the liquid crystal
layer is controlled to display a desired image.

[0006] The LCDs also typically include switching ele-
ments connected to pixel electrodes, and signal lines, such as
gate lines and data lines, that control the switching elements
to apply data voltages to the pixel electrodes.

[0007] The LCD receives an input image signal from an
external graphics controller, the input image signal contains
luminance information for each of the pixels, and the lumi-
nance has grays from a given number of grays. Each pixel is
supplied with the data voltage, which corresponds to desired
luminance information to display the image. The data voltage
applied to the pixel is a pixel voltage, and each pixel thereby
displays a luminance representing a gray of the image signal
according to the pixel voltage. Thus, a range of the pixel
voltage applicable to the particular liquid crystal display is
determined according to a driver included in the LCD.
[0008] The driver of the LCD is typically mounted on one
of the display panels, in a form of integrated circuit (“IC*)
chips, or may be installed on a flexible circuit film and
attached to the display panel. Generally, the cost of the driver
is a significant portion of the manufacturing cost of the LCD.
In addition, the cost of the driver of the liquid crystal display
increases as the number of data lines for supplying the data
voltage to the pixels increases.

[0009] Also, to improve the display quality of LCDs, con-
trast ratio, viewing angle and response speed need to be
improved.

BRIEF SUMMARY OF THE INVENTION

[0010] The present invention provides a liquid crystal dis-
play (“LLCD”) that has a high contrast ratio and a wide view-
ing angle, while also having reduces cost of a driver thereof,
by decreasing a required number of data lines in the LCD.

[0011] A liquid crystal display according to an exemplary
embodiment of the present invention includes: a first sub-
strate and a second substrate facing, e.g., disposed opposite
to, the first substrate; a liquid crystal layer interposed between
the first and second substrates and including liquid crystal
molecules; a first gate line and a second gate line disposed on
the first substrate; a data line disposed on the first substrate; a
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voltage supplying line disposed on the first substrate; and a
pixel. The pixel includes 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 voltage sup-
plying line a third switching element connected to the second
gate line a first pixel electrode connected to the first switching
element and a second pixel electrode connected to the second
switching element. The voltage supplying line is supplied
with a first voltage having a substantially uniform magnitude.

[0012] A first sharing capacitor including the first pixel
electrode and an output terminal of the second switching
element as terminals thereof, and a second sharing capacitor
including the second pixel electrode and an output terminal of
the first switching element as terminals thereof may be further
included.

[0013] An input terminal of the third switching element
may be connected to the output electrode of the first switching
element, and an output terminal of the third switching ele-
ment may be connected to the output terminal of the second
switching element.

[0014] When the first gate line is supplied with a gate-on
signal, the first pixel electrode is supplied with a first data
voltage through the data line, the second pixel electrode is
supplied with the first voltage through the voltage supplying
line, and an absolute value of the first data voltage may be
greater than an absolute value of the first voltage.

[0015] When the first gate line is supplied with the gate-on
signal, the first sharing capacitor is charged with a first charge
by the first voltage, the second sharing capacitor is charged
with a second charge by the data voltage, and an amount of the
second charge may be greater than an amount of the first
charge.

[0016] When the second gate line is supplied with the gate-
on signal, the second charge charged to the second sharing
capacitor may be transferred to the first sharing capacitor by
the third switching element.

[0017] When the second gate line is supplied with the gate-
on signal, the first pixel electrode and the second pixel elec-
trode may be electrically floated.

[0018] The second charge charged to the second sharing
capacitor is transferred to the first sharing capacitor by the
third switching element such that a voltage of the first pixel
electrode increases and a voltage of the second pixel electrode
decreases.

[0019] The voltage of the first pixel electrode may be
greater than the first voltage, and the voltage of the second
pixel electrode may be less than the first voltage.

[0020] A common electrode may be disposed onthe second
substrate.
[0021] The liquid crystal molecules may be arranged sub-

stantially parallel to surfaces of the first substrate and the
second substrate when an electric field is not applied to the
liquid crystal layer.

[0022] The liquid crystal molecules may have negative
dielectric anisotropy.

[0023] In another exemplary embodiment, the liquid crys-
tal molecules have positive dielectric anisotropy.

[0024] The first pixel electrode and the second pixel elec-
trode may include branch electrodes, and the branch elec-
trodes of the first pixel electrode and the branch electrodes of
the second pixel electrode may be alternately disposed on the
first substrate.
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[0025] The liquid crystal molecules may be arranged sub-
stantially parallel to surfaces of the first substrate and the
second substrate when an electric field is not applied to the
liquid crystal layer.

[0026] In another exemplary embodiment, the liquid crys-
tal molecules may be arranged substantially perpendicular to
surfaces of the first substrate and the second substrate when
an electric field is not applied to the liquid crystal layer.
[0027] Thus, according to exemplary embodiments of the
present invention as described herein, the display quality ofa
liquid crystal display is substantially increased, and a
required number of data lines is significantly reduced, such
that the driver cost of the liquid crystal display is substantially
reduced.

BRIEF DESCRIPTION OF THE DRAWINGS

[0028] The above and other aspects and features of the
present invention will become more readily apparent by
describing in further detail exemplary embodiments thereof
with reference to the accompanying drawings, in which:
[0029] FIG. 1 is a block diagram of an exemplary embodi-
ment of a liquid crystal display (“LCD”) according to the
present invention;

[0030] FIG. 2 is an equivalent circuit diagram of an exem-
plary embodiment of one pixel in a liquid crystal display
according to the present invention;

[0031] FIGS.3A and 3B are partial cross-sectional views of
an exemplary embodiment of a liquid crystal display accord-
ing to the present invention;

[0032] FIG. 4 is a schematic circuit diagram of an exem-
plary embodiment of one pixel in a liquid crystal display
according to the present invention,

[0033] FIG. 5is a plan view of an exemplary embodiment
of a liquid crystal panel assembly according to the present
invention;

[0034] FIG. 6 is a partial cross-sectional view taken along
line VI-VI of FIG. 5;

[0035] FIG. 7 s a partial cross-sectional view taken along
line VII-VII of FIG. 5;

[0036] FIGS. 8A and 8B are graphs of voltage versus time
showing driving simulation results of an exemplary embodi-
ment of a liquid crystal display according to the present
invention;

[0037] FIG.9 is an equivalent circuit diagram of one pixel
of another exemplary embodiment of one pixel in a liquid
crystal display according to the present invention;

[0038] FIG. 10 is a partial cross-sectional view of yet
another exemplary embodiment of a liquid crystal display
according to the present invention;

[0039] FIG. 11 is a schematic circuit diagram of an exem-
plary embodiment of two pixels in a liquid crystal display
according to the present invention,

[0040] FIG. 12 is a plan view of still another exemplary
embodiment of a liquid crystal panel assembly according to
the present invention;

[0041] FIG. 13 is a partial cross-sectional view of taken
along line XIII-X1IIT of FI1G. 12; and

[0042] FIG. 14 is a partial cross-sectional view taken along
the line XIV-XIV of FIG. 12.

DETAILED DESCRIPTION OF THE INVENTION

[0043] The invention now will be described more fully
hereinafter with reference to the accompanying drawings, in
which various embodiments are shown. This invention may,
however, be embodied in many different forms, and should
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not be construed as limited to the embodiments set forth
herein. Rather, these embodiments are provided so that this
disclosure will be thorough and complete, and will fully
convey the scope of the invention to those skilled in the art.
Like reference numerals refer to like elements throughout.

[0044] It will be understood that when an element is
referred to as being “on” another element, it can be directly on
the other element or intervening elements may be present
therebetween. In contrast, when an element is referred to as
being “directly on” another element, there are no intervering
elements present. As used herein, the term “and/or” includes
any and all combinations of one or more of the associated
listed items.

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

[0046] The terminology used herein is for the purpose of
describing particular embodiments only and is not intended to
be limiting. As used herein, the singular forms “a,” “an” and
“the” are intended to include the plural forms as well, unless
the context clearly indicates otherwise. It will be further
understood that the terms “comprises” and/or “comprising,”
or “includes” and/or “including” when used in this specifica-
tion, specify the presence of stated features, regions, integers,
steps, operations, elements, and/or components, but do not
preclude the presence or addition of one or more other fea-
tures, regions, integers, steps, operations, elements, compo-
nents, and/or groups thereof

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

[0048] Unless otherwise defined, all terms (including tech-
nical and scientific terms) used herein have the same meaning
as commonly understood by one of ordinary skill in the art to
which this invention belongs. It will be further understood
that terms, such as those defined in commonly used dictio-
naries, should be interpreted as having a meaning that is
consistent with their meaning in the context of the relevant art
and the present disclosure, and will not be interpreted in an
idealized or overly formal sense unless expressly so defined
herein.
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[0049] Exemplary embodiments are described herein with
reference to cross section illustrations that are schematic
illustrations of idealized embodiments. As such, variations
from the shapes of the illustrations as a result, for example, of
manufacturing techniques and/or tolerances, are to be
expected. Thus, embodiments described herein should not be
construed as limited to the particular shapes of regions as
illustrated herein but are to include deviations in shapes that
result, for example, from manufacturing. For example, a
region illustrated or described as flat may, typically, have
rough and/or nonlinear features. Moreover, sharp angles that
are illustrated may be rounded. Thus, the regions illustrated in
the figures are schematic in nature and their shapes are not
intended to illustrate the precise shape of a region and are not
intended to limit the scope of the present claims.

[0050] Hereinafter, exemplary embodiments of the present
invention will be described in further detail with reference to
the accompanying drawings.

[0051] FIG.1 is a block diagram of an exemplary embodi-
ment of a liquid crystal display (“LCD”) according to the
present invention, and FIG. 2 is an equivalent circuit diagram
of an exemplary embodiment of one pixel in the LCD accord-
ing to the present invention.

[0052] Referring to FIG. 1, a liquid crystal display accord-
ing to an exemplary embodiment of the present invention
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. The signal controller 600 receives input
image signals R, G and B, as well as a data enable signal DE,
a horizontal synchronization signal Hsync, a vertical syn-
chronization signal Vsync and a main clock signal MCLK.
The signal controller 600 outputs a gate control signal
CONT1 to the gate driver 400, which generates gate voltages
Vg, and outputs an image data signal DAT and a data control
signal CONT?2 to the data driver 500 to generate data voltages
Vd using gray voltages received from the gray voltage gen-
erator 800.

[0053] Referring to FIG. 2, the liquid crystal panel assem-
bly 300 includes a lower panel 100 and an upper panel 200
facing the lower panel 100, e.g., disposed opposite to the
lower panel 100, and a liquid crystal layer 3 interposed thet-
ebetween.

[0054] The liquid crystal capacitor includes a horizontal
portion Clc_h corresponding to a first pixel electrode 1914
and a second pixel electrode 1915 of the lower panel 100 as
two terminals and vertical portions Clc_Va and Clc_Vb
respectively corresponding to the first pixel electrode 191a
and the second pixel electrode 1915, and a common electrode
270 of the upper panel 200, as two terminals, and the liquid
crystal layer 3 between the first and second pixel electrodes
191q and 1915 and between the first and second pixel elec-
trodes 191a and 1916 and the common electrode 270 serves
as a dielectric material. The first pixel electrode 1914 is con-
nected to a first switching element Qa (F1G. 4), and the second
pixel electrode 1915 is connected to a second switching ele-
ment Qb (FIG. 4). The first switching element Qa and the
second switching element Qb are connected to corresponding
gate lines Gi (FIG. 4) and data lines Dj (FIG. 4).

[0055] The liquid crystal layer 3 has dielectric anisotropy,
and liquid crystal molecules 31 (FIGS. 3A and 3B) of the
liquid crystal layer 3 may be arranged such that their longi-
tudinal axes are aligned substantially parallel to surfaces of
the lower panel 100 and the upper panel 200 when an electric
field is not applied to the liquid crystal layer 3. The liquid
crystal layer 3 may have negative dielectric anisotropy, but
additional exemplary embodiments are not limited thereto,
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and, in one or more additional exemplary embodiments, the
liquid crystal layer 3 may have positive dielectric anisotropy,
as will be discussed below.

[0056] The first and second pixel electrodes 191a and 1915
may be formed in different layers from each other, or in the
same layer on the lower panel 100. First and second storage
capacitors Cs_a and Cs_b (FIG. 4) assist of the liquid crystal
capacitor Clec and may be formed by overlapping separate
electrodes (not shown) provided on the lower panel 100 and
the first and second pixel electrodes 191a and 1915 via an
insulator while being interposed therebetween.

[0057] To display a color image, each pixel PX displays one
of the primary colors (e.g., spatial division), or, alternatively,
each pixel PX temporally and alternately displays the primary
colors (e.g., temporal division). Thus, the primary colors
(e.g., red, green and blue) are spatially or temporally synthe-
sized, and thus a desired color is displayed. An LCD accord-
ing to an exemplary embodiment that uses spatial division is
shown in FIG. 2, where each pixel PX is provided with a color
filter 230 corresponding to one of the primary colors on a
region of the upper panel 200 corresponding to the first and
second pixel electrodes 191a and 1916. However, in contrast
to as shown in FIG. 2, the color filter 230 may be disposed on
or below the first and second pixel electrodes 191a and 1915
of the lower panel 100 in one or more additional exemplary
embodiments.

[0058] At least one polarizer (not shown) for providing
light polarization is provided in the liquid crystal panel
assembly 300.

[0059] An operation of a liquid crystal display according to
an exemplary embodiment of the present invention will now
be described in further detail with reference to FIGS. 3A and
3B, as well as FIGS. 1 and 2. FIGS. 3A and 3B are partial
cross-sectional views of an exemplary embodiment of a lig-
uid crystal display according to the present invention. More
particularly, FIG. 3A shows a state in which a voltage is not
applied the liquid crystal display, and FIG. 3B shows a state in
which a voltage is applied to the liquid crystal display.
[0060] Referring to FIG. 3A, liquid crystal molecules 31 in
the liquid crystal layer 3, which is disposed between the lower
panel 100 and the upper panel 200, are aligned in a predeter-
mined direction substantially parallel to surfaces of the lower
panel 100 and the upper panel 200. In another exemplary
embodiment, alignment layers (not shown) may be disposed
on surfaces inside the lower panel 100 and the upper panel
200, and, more particularly, the alignment layers may be
horizontal alignment layers, although alternative exemplary
embodiments are not limited thereto.

[0061] Referring to FIG. 3B, when the data voltage is sup-
plied to a corresponding pixel PX through the switching
element connected to the pixel electrodes 191 and 1915, and
the common electrode 270 is supplied with the common
voltage Vcom, a horizontal electric field is formed between
the first pixel electrode 191 a and the second pixel electrode
1915, and the horizontal electric field may be further enforced
by the influence of the common voltage Veom supplied to the
common electrode 270 (as compared to a case in which the
data voltage is only supplied between the first pixel electrode
1914 and the second pixel electrode 1915). Thus, when the
horizontal electric field is formed between the first pixel
electrode 191 and the second pixel electrode 1915, the long
axis of the liquid crystal molecules 31 is horizontally aligned
to be substantially perpendicular to the direction of the elec-
tric field. A rotation degree of the liquid crystal molecules 31



US 2011/0128460 Al

changes according to a magnitude of the date voltage applied
to the first and second pixel electrodes 191a and 1915 (rela-
tive to the common voltage Vcom). Also, the change in
degrees of the polarization of light that passes through the
liquid crystal layer 3 changes according to a declination
degree of the liquid crystal molecules 31. This change of
polarization causes a change of transmittance through the
polarizer, and the pixels PX thereby display images of a
desired luminance.

[0062] In one or more exemplary embodiments, the data
voltages applied to the first and second pixel electrodes 191a
and 1915 are voltages corresponding to the luminance to be
displayed with the pixel PX, and may have opposite polarities
with respect to the common voltage Veom.

[0063] Thus, the data voltages having the opposite polari-
ties with respect to the common voltage Vcom are supplied to
one pixel PX, such that the driving voltage is increased, the
response speed of the liquid crystal molecules may is sub-
stantially improved, and the transmittance of the liquid crys-
tal display is significantly increased. Also, the data voltages
supplied to one pixel PX are of opposite polarities, such that
degradation of the display quality, due to flicker, for example,
is effectively prevented during driving of the data driver 500
using driving methods such as column inversion, row inver-
sion and/or dot inversion.

[0064] An arrangement of a signal line and a pixel of a
liquid crystal display and a driving method thereof according
to an exemplary embodiment of the present invention will
now be described in further detail with reference to FIG. 4, as
well as FIG. 2. FIG. 4 is a schematic circuit diagram of an
exemplary embodiment of one pixel of a liquid crystal display
according to the present invention.

[0065] Referring to FIG. 2 and FIG. 4, a liquid crystal
display according to an exemplary embodiment includes pix-
els PX(1), each including a first pixel electrode 191 a and a
second pixel electrode 1915, and a plurality of signal lines
Gi(a), Gi(b), Ci, and Dj connected thereto. The plurality of
signallines Gi(a), Gi(b), Ci, and Dj include a plurality of pairs
of gate lines Gi(a) and Gi(b) for transmitting a gate signal
(also referred to as “scanning signal”), data lines Dj for trans-
mitting a data voltage and voltage supplying lines Ci for
transmitting a first voltage having a substantially uniform
magnitude, such as the common voltage Vcom.

[0066] each of the pixels PX(i) (where i=1, 2, . . ., n)
includes a first switching element Qa, a second switching
element Qb and a third switching element Qc connected to the
plurality of signal lines Gi(a), Gi(b), Ci, and Dj, liquid crystal
capacitors Cle_h, Cle_Va, and Clc_Vb, a first sharing capaci-
tor Cs_a and a second sharing capacitor Cs_b connected
thereto.

[0067] The first switching element Qa, the second switch-
ing element Qb and the third switching element Qc are three-
terminal elements such as a thin film transistor (“TFT”) pro-
vided in the lower panel 100, and the first switching element
Qa has a control terminal connected to a first gate line Gi(a) of
a pair of gate lines Gi(a) and Gi(b), an input terminal con-
nected to a data line Dj, and an output terminal connected to
the first sharing capacitor Cs_a and the liquid crystal capaci-
tors Clc_h and Clc_Va. The second switching element Qb has
a control terminal connected to a second gate line Gi(b) (of
the pair of pair of gate lines Gi(a) and Gi(b)), an input terminal
connected to the voltage supplying line Ci. and an output
terminal connected to the liquid crystal capacitors Clc_h and
Clc_Vb and the second sharing capacitor Cs_b. The third
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switching element Qc has a control terminal connected to the
second gate line Gi(b) of the pair of gate lines Gi(a) and Gi(b),
an input terminal connected to the second sharing capacitor
Cs_b, and an output terminal connected to the first sharing
capacitor Cs_a. The first sharing capacitor Cs_a includes an
output terminal of the first switching element Qa connected to
the first pixel electrode 191a and the second pixel electrode
1915 as two terminals thereof, and the second sharing capaci-
tor Cs_b has the output terminal of the second switching
element Qb connected to the second pixel electrode 1915 and
the first pixel electrode 191a as two terminals thereof As
shown in FIG. 4, the liquid crystal capacitor includes a por-
tion Clc_h having the first pixel electrode 191a and the sec-
ond pixel electrode 1915 of the lower panel 100 as two tet-
minals, and portions Clc_Va and Clc_Vb respectively having
the first pixel electrode 191a and the second pixel electrode
1915, and the common electrode 270 of the upper panel 200,
as two terminals.

[0068] An operation of a liquid crystal display according to
an exemplary embodiment will now be described in further
detail.

[0069] When the first gate signal applied to the first gate
line Gi(a) is changed from the gate-off voltage Voff to the
gate-on voltage Von, the first and second switching elements
Qa and Qb connected thereto are turned on. Accordingly, the
data voltage supplied to the data line Dj is supplied to the first
pixel electrode 191a and the first sharing capacitor Cs_a
through the turned-on first switching element Qa, while the
first voltage applied to the voltage supplying line Ci is sup-
plied to the second pixel electrode 1915 and the second shar-
ing capacitor Cs_b through the turned-on second switching
element Qb. In an exemplary embodiment, an absolute value
of the data voltage supplied to the first pixel electrode 191a is
greater than an absolute value of the first voltage, e.g., the
common voltage Vcom, supplied to the second pixel elec-
trode 1915. Thus, a magnitude of the first voltage may be
substantially the same as a magnitude of the common voltage
Veom supplied to the common electrode 270.

[0070] When the first gate signal is changed from the gate-
on voltage Von to the gate-off voltage Voff, and, simulta-
neously, the second gate signal supplied to the second gate
line Gi(b) is changed from the gate-off voltage Voff to the
gate-on voltage Von, the first and second switching elements
Qa and Qb are turned off and the third switching element Qc
is turned on. Thus, charges are moved, e.g., are transferred,
from the second sharing capacitor Cs_b to the first sharing
capacitor Cs_a by, e.g., through, the third switching element
Qc, such that a potential of the second sharing capacitor Cs_b
decreases and a potential of the first sharing capacitor Cs_a
increases.

[0071] On the other hand, the first pixel electrode 191a and
the second pixel electrode 1915 are electrically floated when
the third switching element Qc is turned on. Accordingly, the
potential of the first sharing capacitor Cs_a increases and the
potential of the second sharing capacitor Cs_b decreases,
such that the potential of the first pixel electrode 191a
increases while the potential of the second pixel electrode
1915 decreases.

[0072] Therefore, the voltage of the first pixel electrode
191a is greater than the first voltage, and the voltage of the
second pixel electrode 1915 is less than the first voltage, such
that the first pixel electrode 191¢ and the second pixel elec-
trode 1915 (of one pixel PX) are supplied with the two volt-
ages having the different polarities with respect to the com-
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mon voltage Vcom. The storage capacitance of both the first
sharing capacitor Cs_a and the second sharing capacitor Cs_b
may be controlled to control the magnitude of the voltage
charged to the first pixel electrode 191a and the second pixel
electrode 1915.

[0073] Generally, when one pixel PX is divided into the two
pixel electrodes 191a and 1915, and voltages having different
polarities are supplied through different switching elements
to charge the liquid crystal capacitor Clc with the voltage of
the desired voltage magnitude, one pixel must be connected to
one gate line and two different data lines. Put another way, the
first and second switching elements connected to the first and
second pixel electrodes of each pixel are connected to the
same gate line, however they are connected to different data
lines such that the data voltages are applied through the dif-
ferent data lines.

[0074] However, one pixel of the liquid crystal display
according to an exemplary embodiment is connected to two
gate lines (e.g., the pair of gate lines), one data line and one
voltage supplying line. Accordingly, a required number of
data lines is decreased, and the driver cost of the liquid crystal
display is substantially reduced in an exemplary embodiment.
Additionally, even though, the gate lines are formed in pairs,
such that the number of gate lines is increased, the gate signals
are only gate-on/off signals, e.g., are only two signals, and the
operation of the gate driver is simple as compared with the
data driver, such that the manufacturing cost of the liquid
crystal display is still low. Also, even though the voltage
supplying lines are added, the voltage supplying lines are
supplied with the first voltages having the same magnitude,
such that a comparatively simple driver is used to supply the
first voltage, and, accordingly, the driving method is simple
and the cost thereof is low in the exemplary embodiment
described herein.

[0075] An example of an exemplary embodiment of the
liquid crystal panel assembly 300 described above will now
be described in further detail with reference to FIGS. 5-7.
FIG. 5 is a plan view of an exemplary embodiment of a liquid
crystal panel assembly according to the present invention,
FIG. 6 is a partial cross-sectional view taken along line VI-VI
of FIG. 5, and FIG. 7 is a partial cross-sectional view taken
along line VII-VII of FIG. 5.

[0076] Referringto FIGS. 5-7, aliquid crystal panel assem-
bly 300 according to an exemplary embodiment of the present
invention includes a lower panel 100 and an upper panel 200
facing each other, e.g., disposed opposite each other, and a
liquid crystal layer 3 interposed between the lower panel 100
and the upper panel 200.

[0077] The lower panel 100 includes a plurality of gate
conductors, including first gate lines 1214, second gate lines
1215 and voltage supplying lines 131 (hereinafter collec-
tively referred to as “gate conductors 1214, 1215 and 1317),
are disposed on an insulation substrate 110.

[0078] The first gate line 121a and the second gate line
1215 transmit gate signals and extend substantially along a
first, transverse direction, e.g., along a horizontal direction (as
shown in FIG. 5), the first gate line 121« includes a first gate
electrode 124a and a second gate electrode 1245 protruding
downward from the first gate line 121a (as viewed in FIG. 5),
and the second gate line 1215 includes a third gate electrode
124c protruding downward from the second gate line 1215.
[0079] The voltage supplying line 131, which receives the
first voltage, is disposed substantially parallel to the first gate
lines 121a and the second gate lines 1215, and may be dis-
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posed between the first gate line 121a and the second gate line
1215. The voltage supplying line 131 includes an expansion
137.

[0080] The gate conductors 121a, 1216 and 131 may
include a single-layered or, alternatively, a multi-layered
structure.

[0081] A gate insulating layer 140, which may be made of
silicon nitride (SiNx) or silicon oxide (SiOx), is disposed on
the gate conductors 121a, 1215, and 131.

[0082] A first semiconductor island 154a, a second semi-
conductor island 1545 and a third semiconductor island 154c,
which may include hydrogenated amorphous silicon (“a-Si”)
or polysilicon (“p-Si”), are disposed on the gate insulating
layer 140. The first semiconductor island 154a, the second
semiconductor island 1545 and the third semiconductor
island 154¢ are disposed on the first gate electrode 124a, the
second gate electrode 1245, and the third gate electrode 124c,
respectively.

[0083] Ohmic contacts 163a, 16541 and 16542 are dis-
posed on the first semiconductor island 1544, ohmic contacts
16356 and 16551 are disposed on the second semiconductor
island 1545, and ohmic contacts 163¢ and 165¢ are disposed
on the third semiconductor island 154¢. The ohmic contacts
163a, 16541, 16542, 1635, 16561, 163a and 165¢ may be
made of a material such as n+ hydrogenated amorphous sili-
con, in which an n-type impurity such as phosphorus is doped
with ahigh concentration, or of silicide, but alternative exem-
plary embodiments are not limited thereto.

[0084] A data conductor, including a data line 171, a first
drain electrode 175a formed as a pair of first drain electrodes
17541 and 17542, a second source electrode 1735, and sec-
ond drain electrodes 1755 formed as a pair 17551 and 17552,
are disposed on the ohmic contacts 163a, 165a1, 16542,
163b,16551,163a and 165¢ and the gate insulating layer 140.
[0085] The data line 171 is for transmitting the data signal
and extends along a substantially longitudinal direction, e.g,,
along a second or vertical direction, substantially perpendicu-
lar to the first direction), to intersect the first gate lines 121a,
the second gate lines 1215 and the voltage supplying line 131.
The data line 171 includes a first source electrode 173a. One
end of the second source electrode 1735 is expanded, thereby
forming an expansion 177. A first sub-drain electrode 17541
ofthe first drain electrodes 1754 forming the pair includes one
end of a bar type and the other end having a wide area, and a
second sub-drain electrode 17542 is connected to a third
source electrode 173¢. The third sub-drain electrode 17561 of
the second drain electrodes 17551 and 17552 forming the pair
includes one end of a bar type and the other end having a wide
area, and the fourth sub-drain electrode 17552 is connected to
a third drain electrode 175¢.

[0086] The first gate electrode 124a, the first source elec-
trode 173a and the first pair of drain electrodes 17541 and
17542 form a first thin film transistor (“TFT”) Qa along with
the first semiconductor island 154a, and the channel of the
first thin film transistor Qa is formed in the first semiconduc-
tor island 154a between the first source electrode 173a and
the first pair of drain electrodes 17541 and 17542. The second
gate electrode 1245, the second source electrode 1735, and
the second pair drain electrodes 17551 and 17562 form a
second thin film transistor Qb along with the second semi-
conductor island 1545, and the third gate electrode 124c, the
third source electrode 173¢, and the third drain electrode 175¢
form a third thin film transistor Qc along with the third semi-
conductor island 154¢. Hereinafter, various combinations of
the two or more of the abovementioned components will be
collectively referred to as “data conductors.”
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[0087] The data conductors 171, 1735, 17541, 17542,
175b1 and 17552 may include a single-layered or, alterna-
tively, a multi-layered structure.

[0088] A passivation layer 180 is disposed on the data con-
ductors 171, 1735, 175a1, 17542, 175b1 and 17552 and the
exposed first, second and third semiconductors 154q, 1545
and 154¢, respectively.

[0089] The passivation layer 180 includes contact holes
184a, 1854 and 1855 respectively exposing end portions (not
shown) of the data line 171, the expansion 177 of the second
source electrode 1735b, the wide end of the first sub-drain
electrode 17541, and the wide end of the third sub-drain
electrode 175b1, and the passivation layer 180 and the gate
insulating layer 140 have a contact hole 1845 exposing the
end (not shown) of the first gate lines 121a, the second gate
lines 1215 and the expansion 137 of the voltage supplying
line 131.

[0090] A first pixel electrode 1914, a second pixel electrode
1915, and a connecting member 196 are disposed on the
passivation layer 180. The first pixel electrode 1914 includes
a first capacitor electrode 193a, and the second pixel elec-
trode 1915 includes a second capacitor electrode 1935,

[0091] he first pixel electrode 191¢ and the second pixel
electrode 1915 include a transverse portion and a plurality of
branches protruding from the transverse portion. The
branches form an acute angle with the data line 171. The
branches of the first pixel electrode 191a and the branches of
the second pixel electrode 1915 engage with each other with
a predetermined gap and are alternately disposed, thereby
forming a pectinated pattern, e.g., a comb-like patter, as
shown in FIG. 5.

[0092] It will be noted that the shape of the first pixel
electrode 191a and the second pixel electrode 1915 of one
pixel PX of the liquid crystal panel assembly according to
another exemplary embodiment of the present invention is not
limited to the foregoing description, and that the first pixel
electrode 191a and the second pixel electrode 1914 may
include any number of shapes in which at least portions of the
first pixel electrode 191a and the second pixel electrode 1915
are formed in a same layer and are alternately arranged, e.g.,
are interdigitated.

[0093] Theexpansion 137 of the voltage supplying line 131
and the second source electrode 1735 exposed through the
contact holes 184a and 1845 are physically and electrically
connected to each other by the connecting member 196.

[0094] The first pixel electrode 1914 is physically and elec-
trically connected to the first sub-drain electrode 175al
through the contact hole 1854 to thereby receive the data
voltage from the first sub-drain electrode 175al, and the
second pixel electrode 1915 is physically and electrically
connected to the third sub-drain electrode 175561 through the
contact hole 1855 to thereby receive the first voltage from the
third sub-drain electrode 175b1. The first capacitor electrode
1934 of the first pixel electrode 1914 and the fourth sub-drain
electrode 17552 overlap each other and have the passivation
layer 180 interposed therebetween to form the first sharing
capacitor Cs_a, and the second capacitor electrode 1935 of
the second pixel electrode 1915 and the second sub-drain
electrode 17542 overlap each other with the passivation layer
180 interposed therebetween to form the second sharing
capacitor Cs_b.

Jun. 2, 2011

[0095] Still referring to FIGS. 5-7, the upper panel 200
according to an exemplary embodiment includes a light
blocking member 220 disposed on an insulation substrate
210. The light blocking member 220 may be a black matrix,
and prevents light leakage.

[0096] Color filters 230 are disposed on the insulation sub-
strate 210. The color filters 230 are disposed within an area
surrounded by the light blocking member 220, and may
extend longitudinally along columns of the first pixel elec-
trode 1914 and/or the second pixel electrode 1915 along the
longitudinal direction. The color filters 230 may represent
one color such as one of the three primary colors red, green
and blue.

[0097] An overcoat 250 is disposed on the color filters 230
and the light blocking member 220.

[0098] A common electrode 270 is disposed on the over-
coat 250.
[0099] Alignment layers (not shown) are disposed on inner

surfaces of lower panel 100 and the upper panel 200, and the
alignment layers may be horizontal alignment layers.

[0100] The liquid crystal molecules 31 of the liquid crystal
layer 3 may have negative dielectric anisotropy, and may be
aligned such that the directors thereof are aligned substan-
tially parallel to the surfaces of the lower panel 100 and the
upper panel 200 when an electric field is not applied.

[0101] Driving simulation results of a liquid crystal display
according to an exemplary embodiment of the present inven-
tion will now be described in further detail with reference to
FIG. 8A and FIG. 8B, as well as F1G. 4.

[0102] FIG. 8A and FIG. 8B are graphs of voltage, in volts
(V), versus time, in microseconds (1s), showing driving simu-
lation results of one experimental example of an exemplary
embodiment of a liquid crystal display according to the
present invention. In the experimental example, liquid crystal
having dielectric anisotropy of about -5 is used.

[0103] InFIG. 8A and FIG. 8B, the voltage supplied to the
first gate line Gi(a) is represented by line V_Ga, the voltage
applied to the second gate line Gi(b) is represented by line
V_Gb, the voltage supplied to the voltage supplying line Ci is
represented by line V_C, the voltage supplied to the data line
Dj is represented by line V_D, and the voltages supplied to the
first pixel electrode 191a and the second pixel electrode 1915
are represented by lines V_PEa and V_PEb, respectively.
[0104] As shown in FIG. 8A, when the potential applied to
the voltage supplying line Ci is about 6V, the voltages finally
supplied to the first pixel electrode 191a and the second pixel
electrode 1915 are about 13V and about 2V, respectively and
have positive polarity and negative polarity, respectively, with
respect to the first voltage of about 6V. Thus, the liquid crystal
display according to an exemplary embodiment ofthe present
invention supplies voltages having different polarities (with
respect to the first voltage having a uniform magnitude as the
common voltage Vcom) to the first and second pixel elec-
trodes 191a and 1914, by using only one data line Dj and only
one voltage supplying line Ci.

[0105] As shown in FIG. 8B, the capacitance of the first
sharing capacitor Cs_a is greater than the capacitance of the
second sharing capacitor Cs_b, as compared with FIG. 8A.
Thus, referring to FIG. 8B, when the potential applied to the
voltage supplying line Ci is about 6V, the voltages finally
applied to the first pixel electrode 191a and the second pixel
electrode 1915 are about 12V and about 0V, respectively, and
have the positive polarity and the negative polarity (with
respect to the first voltage of 6V), and are symmetrical with
respect to the first voltage of about 6V. In this way, the liquid
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crystal display according to an exemplary embodiment of the
present invention supplies the voltages having the different
polarities, with respect to the first voltage having the same
magnitude as the common voltage Vcom, and the values that
are symmetrical to each other to two pixel electrodes 191a
and 1915 by using one data line Dj and one voltage supplying
line Ci and by controlling the capacitance of the first sharing
capacitor Cs_a and the second sharing capacitor Cs_b.
[0106] A liquid crystal display according to another exem-
plary embodiment of the present invention will now be
described in further detail with reference to FIGS. 9-11. FIG.
9 is an equivalent circuit diagram showing an exemplary
embodiment of one pixel of an LCD according to the present
invention, FIG. 10 is a partial cross-sectional view of an
exemplary embodiment of a liquid crystal display according
to the present invention, and FIG. 11 is an equivalent circuit
diagram ofan exemplary embodiment of two pixels in aliquid
crystal display according to the present invention.

[0107] Referring to F1G. 9, a liquid crystal display accord-
ing to an exemplary embodiment includes a lower panel 100
and an upper panel 200 facing the lower panel 100, and a
liquid crystal layer 3 interposed therebetween.

[0108] The liquid crystal capacitor Clc uses the first pixel
electrode 191a and the second pixel electrode 1915 of the
lower panel 100 as two terminals thereof, and the liquid
crystal layer 3 between the first and second pixel electrodes
191a and 1915 serves as a dielectric material thereof The first
pixel electrode 191a is connected to a first switching element
(not shown), and the second pixel electrode 1915 is connected
to a second switching element (not shown). The first switch-
ing element and the second switching element are connected
to acorresponding gate line (not shown) and a corresponding
data line (not shown).

[0109] The liquid crystal layer 3 has dielectric anisotropy,
and liquid crystal molecules 31 of the liquid crystal layer 3
may be arranged such that their long axes are aligned sub-
stantially perpendicular to surfaces of the lower panel 100 and
the upper panel 200 when an electric field is not applied to the
liquid crystal layer 3. The liquid crystal layer 3 may have
positive dielectric anisotropy.

[0110] First and second storage capacitors (not shown)
assist the liquid crystal capacitor Clc and may be formed by
overlapping separate electrodes (not shown) provided on the
lower panel 100 and the first and second pixel electrodes 191a
and 1915 with an insulator interposed therebetween.

[0111] Anoperation of aliquid crystal display according to
an exemplary embodiment of the present invention will now
be described in further detail with reference to FIGS. 9 and
10.

[0112] Referring to FIGS. 9 and 10, a voltage is supplied to
a corresponding pixel PX through the associated switching
elements connected to the first and second pixel electrodes
191a and 1914. In an exemplary embodiment, the voltages
supplied to the first pixel electrode 1914 and the second pixel
electrode 1915 correspond to the luminance for displaying a
desired image with the pixel PX, and may have opposite
polarities with respect to a reference voltage.

[0113] Thedifference between two data voltages applied to
first and second pixel electrodes 191a and 1915 and having
opposite polarities is expressed as a charged voltage of the
liquid crystal capacitors Clc, e.g., a pixel voltage. When a
potential difference is generated between two terminals of the
liquid crystal capacitor Clc, as shown in FIG. 10, an electric
field substantially parallel to the surface of the lower panel
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100 and the upper panel 200 is formed in the liquid crystal
layer 3 between the first and second pixel electrodes 191a and
1915. When the liquid crystal molecules 31 have positive
dielectric anisotropy, the liquid crystal molecules 31 are
arranged such that the long axes thereof are aligned substan-
tially parallel to the direction of the electric field, and the
degree of inclination is changed according to the magnitude
of the pixel voltage, which is referred to as an electrically-
induced optical compensation (“EOC”) mode liquid crystal
layer 3. Also, the change in degree of the polarization of light
passing through the liquid crystal layer 3 is changed accord-
ing to the inclination degree of the liquid crystal molecules
31. The change of the polarization appears as a change of
transmittance of light through the polarizer, and accordingly,
the pixel PX displays the desired predetermined luminance.
[0114] As described in greater detail above, one pixel PX is
supplied with two data voltages, having different polarities
with respect to the reference voltage, such that the driving
voltage is increased and a response speed of the liquid crystal
molecules 31 is increased, and a transmittance of the liquid
crystal display is therefore increased. Also, the polarities of
two data voltages applied to one pixel PX are opposite to each
other, and degradation of the display quality, due to flicker, for
example, is effectively prevented when driving the display
device using column inversion, row inversion and/or dot
inversion.

[0115] Also, when the first and second switching elements
are turned off in one pixel PX, the voltages supplied to the first
and second pixel electrodes 191a and 1915 are decreased by
akickback voltage, such that the charging voltage of the pixel
PX is not significantly changed. Accordingly, the display
characteristics of the liquid crystal display according to one
or more exemplary embodiments are further improved.
[0116] An arrangement of signal lines and pixels and a
driving method of the liquid crystal device according to an
exemplary embodiment of the present invention will now be
described in further detail with reference to FIG. 11, as well as
FIG. 9. FIG. 11 is an equivalent circuit diagram of one pixel
of a liquid crystal display according to another exemplary
embodiment of the present invention.

[0117] Referring to FIG. 9 and FIG. 11, a liquid crystal
display according to an exemplary embodiment includes pix-
els PX(i), each having the first pixel electrode 191a and the
second pixel electrode 1915, and a plurality of signal lines
Gi(a), Gi(b), Ci and Dj connected thereto. The plurality of
signal lines Gi(a), Gi(b), Ci and Dj include a plurality of pairs
of gate lines Gi(a) and Gi(b) for transmitting a gate signal,
data lines Dj for transmitting a data voltage, and voltage
supplying lines Ci transmitting for transmitting a first voltage
having a predetermined value.

[0118] The pixels PX(i) (where i=1, 2, .. ., n) include the
first switching element Qa, the second switching element Qb
and the third switching element Qc connected to the plurality
of signal lines Gi(a), Gi(b), Ci and Dj, and liquid crystal
capacitors Clc_h, Clc_Va, and Clc_Vb, the first sharing
capacitor Cs_a, and the second sharing capacitor Cs_b con-
nected thereto.

[0119] In an exemplary embodiment, the first switching
element Qa, the second switching element Qb and the third
switching element Qc are three-terminal elements such as a
thin film transistor (“TFT”) provided in the lower panel 100,
and the first switching element Qa has a control terminal
connected to the first gate line Gi(a) of a pair of the gate lines
Gi(a) and Gi(b), an input terminal connected to the data line
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Dj, and an output terminal connected to the first sharing
capacitor Cs_a and the liquid crystal capacitors Clc_h and
Clc_Va. The second switching element Qb has a control ter-
minal connected to the second gate line Gi(b) of the pair of the
gate lines Gi(a) and Gi(b), an input terminal connected to the
voltage supplying line Ci, and an output terminal connected
to the liquid crystal capacitors Clc_h and Clc_Vb and the
second sharing capacitor Cs_b

[0120] The third switching element Qc has a control termi-
nal connected to the second gate line Gi(b) of the pair of gate
lines Gi(a) and Gi(b), an input terminal connected to the
second sharing capacitor Cs_b, and an output terminal con-
nected to the first sharing capacitor Cs_a. The first sharing
capacitor Cs_a includes the output terminal of the first
switching element Qa connected to the first pixel electrode
191a and the second pixel electrode 1915 as two terminals,
and the second sharing capacitor Cs_b has the output terminal
of the second switching element Qb connected to the second
pixel electrode 1915 and the first pixel electrode 191a as two
terminals. As shown in FIG. 11, the liquid crystal capacitor
includes the first pixel electrode 191a and the second pixel
electrode 1915 of the lower panel 100 as two terminals
thereof.

[0121] An operation of a liquid crystal display according to
an exemplary embodiment will now be described in further
detail.

[0122] When the first gate signal, supplied to the first gate
line Gi(a), changes from the gate-off voltage Voff to the
gate-on voltage Von, the first and second switching elements
Qa and Qb connected thereto are turned on. Accordingly, the
data voltage supplied to the data line Dj is supplied to the first
pixel electrode 191a and the first sharing capacitor Cs_a
through the turned-on first switching element Qa, and the first
voltage supplied to the voltage supplying line Ciis supplied to
the second pixel electrode 1915 and the second sharing
capacitor Cs_b through the turned-on second switching ele-
ment Qb. In an exemplary embodiment, an absolute value of
the data voltage supplied to the first pixel electrode 191a is
greater than an absolute value of the first voltage supplied to
the second pixel electrode 1914.

[0123] When the first gate signal changes from the gate-on
voltage Von to the gate-off voltage Voff, and, simultaneously,
the second gate signal supplied to the second gate line Gi(b)
changes from the gate-off voltage Voff to the gate-on voltage
Von, the first and second switching elements Qa and Qb are
turned off and the third switching element Qc is turned on.
Thus, charges are moved, e.g., are transferred, from the sec-
ond sharing capacitor Cs_b to the first sharing capacitor Cs_a
by (through) the third switching element Qc such that the
potential of the second sharing capacitor Cs_b decreases and
the potential of the first sharing capacitor Cs_a increases.
[0124] On the other hand, the first pixel electrode 191a and
the second pixel electrode 1915 are electrically floated when
the third switching element Qc is turned on. Accordingly, the
potential of the first sharing capacitor Cs_a increases and the
potential of the second sharing capacitor Cs_b decreases such
that the potential of the first pixel electrode 191a increases
and the potential of the second pixel electrode 1915
decreases.

[0125] Therefore, the voltage of the first pixel electrode
191q is greater than the first voltage and the voltage of the
second pixel electrode 1915 s less than the first voltage, such
that the first pixel electrode 191¢ and the second pixel elec-
trode 1915 of one pixel PX are supplied with two voltages
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having the different polarities with respect to the first voltage,
e.g., the common voltage Vcom. The storage capacitance of
the first sharing capacitor Cs_a and the second sharing
capacitor Cs_b may be controlled to control the magnitude of
the voltage charged to the first pixel electrode 191a and the
second pixel electrode 1915.

[0126] Generally, when one pixel is divided into the two
pixel electrodes 191a and 1915, and the voltages having the
different polarities are supplied through the different switch-
ing elements to charge the liquid crystal capacitor Clc with
the voltage of the desired voltage magnitude, one pixel must
be connected to one gate line and two different data lines.
Thus, the first and second switching elements connected to
the first and second pixel electrodes of each pixel are con-
nected to the same gate line, however they are connected to
different data lines such that the data voltages are applied
through the different data lines.

[0127] Incontrast,in one pixel of the liquid crystal display
according to an exemplary embodiment of the present inven-
tion is connected to two gate lines forming as a pair, only one
data line and only one voltage supplying line. Accordingly, a
required number of data lines is decreased, such that the
driver cost of the liquid crystal display is substantially
reduced. In addition, even though the gate lines are formed in
pairs, such that the number of gate lines is increased, the gate
signals include only the gate-on/off signals, and the operation
of the gate driver is simple as compared with that of the data
driver, such that the manufacturing cost is not substantially
increased. Also, although the voltage supplying lines are
added, the voltage supplying lines are supplied with the first
voltages having the same magnitude, such that a compara-
tively simple driver is required to supply the first voltage, and,
accordingly the driving method is simple and the cost thereof
is not substantially increased.

[0128] One example of an exemplary embodiment of the
liquid crystal panel assembly will now be described in further
with reference to FIGS. 12-14. FIG. 12 is a plan view of an
exemplary embodiment of a liquid crystal panel assembly
according to the present invention, FIG. 13 is a partial cross-
sectional view taken along line XITI-X11I of FIG. 12, and FIG.
14 is a partial cross-sectional view taken along line XIV-XIV
of FIG. 12.

[0129] Referring to FIGS. 12-14, a liquid crystal panel
assembly according to an exemplary embodiment of the
present invention includes a lower panel 100 and an upper
panel 200 facing the lower panel 100, and a liquid crystal
layer 3 interposed between the lower panel 100 and the upper
panel 200.

[0130] As shown in FIGS. 12-14, the lower panel 100
includes pairs of gate lines 121a and 1215 and a voltage
supplying line 131 disposed on an insulation substrate 110.
The voltage supplying line 131 receives the predetermined
voltage, e.g., the first voltage. The voltage supplying line 131
includes an expansion 137.

[0131] A gate insulating layer 140 is disposed on the first
gate lines 121a and the second gate lines 1215 and the voltage
supplying line 131, the first semiconductor island 154a, the
second semiconductor island 1545, and the third semicon-
ductor island 154¢ are disposed on the gate insulating layer
140, ohmic contacts 1634a, 16541, 16542, 1635, 16561, 163a
and 165¢ are disposed on the first semiconductor island 1544,
the second semiconductor island 1545, and the third semi-
conductor island 154¢, and a data conductor including a data
line 171, the first drain electrodes 175a1 and 17542 forming
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apair, the second source electrode 1735, and the second drain
electrodes 17551 and 17552 forming a pair are disposed on
the ohmic contacts 163a, 16541, 16542, 1635, 16551, 163,
and 165¢ and the gate insulating layer 140. The first sub-drain
electrode 175a1 of the first drain electrodes 175a1 and 17542
forming the pair includes one end of a bar type and the other
end having a wide area, and the second sub-drain electrode
17542 is connected to the third source electrode 173¢. The
third sub-drain electrode 17561 of the second drain electrodes
175b1 and 17562 forming the pair includes one end of a bar
type and the other end having a wide area, and the fourth
sub-drain electrode 17542 is connected to the third drain
electrode 175c¢.

[0132] A passivation layer 180 is disposed on data conduc-
tors 171, 1736, 175al, 17542, 17561, and 17562 and the
exposed first, second and third semiconductor islands 154a,
1546 and 154¢, respectively, and the passivation layer 180
includes a plurality of contact holes 184, 1854, and 1855
respectively exposing the end portion (not shown) of the data
line 171, the expansion 177 of the second source electrode
173b, the wide end of the first sub-drain electrode 17541, and
the wide end of the third sub-drain electrode 17561, and the
passivation layer 180 and the gate insulating layer 140 have a
contact hole 1845 exposing the end (not shown) of the first
gate lines 121a and the second gate lines 1215 and the expan-
sion 137 of the voltage supplying line 131.

[0133] Thefirst pixel electrode 191¢, the second pixel elec-
trode 1915, and a connecting member 196 are disposed on the
passivation layer 180. The first pixel electrode 1914 includes
the first capacitor electrode 1934, and the second pixel elec-
trode 1915 includes the second capacitor electrode 1934.
[0134] The first and second pixel electrodes 191a and 1915
are generally vertically symmetrical with each other around a
virtual transverse center line, and are divided into upper and
lower regions.

[0135] The first pixel electrode 191a includes a lower pro-
jection, a left longitudinal stem, a transverse stem extending
to the right from the center of the longitudinal stem, and a
plurality of branches. The branch extends obliquely toward an
upper right direction (as viewed in FIG. 12) and/or toward a
lower right direction, and the branches may form an angle of
about 45 degrees with the first gate line 121a, the second gate
line 1215 or the data line 171.

[0136] The second pixel electrode 1915 includes the lower
projection portion, aright longitudinal stem, upper and lower
transverse stems and the plurality of branches. The upper and
lower transverse stems extend horizontally to the left from a
lower end and an upper end of the longitudinal stem, respec-
tively. A branch extends obliquely in a lower left direction
from the longitudinal stem portion or the upper horizontal
stem. The other branch positioned below extends obliquely in
an upper left direction from the longitudinal stem or the lower
transverse stem. The branches of the second pixel electrode
1915 may have the angle of about 45 degrees with the first
gate lines 121¢ and the second gate lines 1215 or the data line
171.

[0137] Thebranches ofthe firstand second pixel electrodes
191¢ and 1915 engage with each other with a predetermined
gap and are alternately disposed, thereby forming a pecti-
nated pattern.

[0138] Itwill benoted that the above-described shape of the
first pixel electrode 191a and the second pixel electrode 1915
of one pixel of the liquid crystal panel assembly according to
an exemplary embodiment of the present invention is not
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limited thereto, and at least portions of the first and second
pixel electrodes 191a and 1915 may be formed within a same
layer and may be alternately arranged.

[0139] Theexpansion 137 ofthe voltage supplying line 131
and the second source electrode 1735 that are exposed
through the contact holes 1844 and 1845 are physically and
electrically connected to each other by the connecting mem-
ber 196.

[0140] The first pixel electrode 1914 is physically and elec-
trically connected to the first sub-drain electrode 175al
through the contact hole 1854 to thereby receive the data
voltage from the first sub-drain electrode 175al, and the
second pixel electrode 1915 is physically and electrically
connected to the third sub-drain electrode 17551 through the
contact hole 1855 to thereby receive the first voltage from the
third sub-drain electrode 175b1. The first capacitor electrode
1934 of the first pixel electrode 1914 and the fourth sub-drain
electrode 17562 overlap each other with the passivation layer
180 interposed therebetween to form the first sharing capaci-
tor Cs_a, and the second capacitor electrode 1935 of the
second pixel electrode 1915 and the second sub-drain elec-
trode 17542 overlap each other with the passivation layer 180
interposed therebetween to form the second sharing capacitor
Cs_b.

[0141] As shown in FIGS. 12-14, the upper panel 200
includes a light blocking member 220 disposed on an insula-
tion substrate 210, and includes color filters 230 disposed
thereon. An overcoat 250 is disposed on the color filters 230
and the light blocking member 220.

[0142] Alignment layers (not shown) are disposed on inner
surfaces of lower panel 100 and the upper panel 200, and the
alignment layers may be vertical alignment layers.

[0143] Liquid crystal molecules 31 of the liquid crystal
layer 3 may have positive dielectric anisotropy, and may be
aligned such that the directors thereof are aligned substan-
tially perpendicular to surfaces of the lower panel 100 and the
upper panel 200 when an electric field is not applied to the
liquid crystal layer 3.

[0144] Thus, as described herein, one pixel of a liquid crys-
tal display according to an exemplary embodiment of the
present invention 1s connected to two gate lines (formed as a
pair), only one data line and only one voltage supplying line.
Accordingly, a required number of data lines is reduced, and
the cost of the driver of the liquid crystal display is therefore
substantially reduced. In addition, although the gate lines are
formed in pairs, such that the number of gate lines is
increased, the gate signals include only the gate-on/off sig-
nals, such that operation of the gate driver is simple as com-
pared with the data driver, such that the manufacturing cost is
not substantially increased. Also, even though the voltage
supplying lines are added, the voltage supplying lines are
supplied only with the first voltages having substantially the
same magnitude, such that a simple driver is used to supply
the first voltage, and, accordingly, the driving method is
simple and the added cost is not significantly increased.
[0145] The present invention should not be construed as
being limited to the exemplary embodiments set forth herein.
Rather, these exemplary embodiments are provided so that
this disclosure will be thorough and complete and will fully
convey the concept of the present invention to those skilled in
the art.

[0146] Additionally, while the present invention has been
particularly shown and described with reference to exemplary
embodiments thereof, it will be understood by those of ordi-
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nary skill in the art that various changes in form and details
may be made therein without departing from the spirit or
scope of the present invention as defined by the following
claims.

What is claimed is:
1. A liquid crystal display comprising:
a first substrate;
a second substrate disposed opposite the first substrate;
aliquid crystal layer interposed between the first substrate
and the second substrate and including liquid crystal
molecules;
a first gate line disposed on the first substrate;
a second gate line disposed on the first substrate;
a data line disposed on the first substrate;
avoltage supplying line disposed on the first substrate; and
a pixel comprising: [N7H1]
a first switching element connected to the first gate line
and the data line;
a second switching element connected to the first gate
line and the voltage supplying line;
a third switching element connected to the second gate
line;
a first pixel electrode connected to the first switching
element; and
asecond pixel electrode connected to the second switch-
ing element,
wherein the voltage supplying line is supplied with a first
voltage having a substantially uniform magnitude.
2. The liquid crystal display of claim 1, further comprising:
a first sharing capacitor including the first pixel electrode
and an output terminal of the second switching element
as terminals thereof;, and
asecond sharing capacitor including the second pixel elec-
trode and an output terminal of the first switching ele-
ment as terminals thereof.
3. The liquid crystal display of claim 2, wherein
an input terminal of the third switching element is con-
nected to the output terminal of the first switching ele-
ment, and
an output terminal of the third switching element is con-
nected to the output terminal of the second switching
element.
4. The liquid crystal display of claim 3, wherein, when the
first gate line is supplied with a gate-on signal,
the first pixel electrode is supplied with a first data voltage
through the data line,
the second pixel electrode is applied with the first voltage
through the voltage supplying line, and
an absolute value of the first data voltage is greater than an
absolute value of the first voltage.
5. The liquid crystal display of claim 4, wherein, when the
first gate line is supplied with the gate-on signal,
the first sharing capacitor is charged with a first charge by
the first voltage,
the second sharing capacitor is charged with a second
charge by the data voltage, and
an amount of the second charge is greater than an amount
of the first charge.
6. The liquid crystal display of claim 5, wherein, when the
second gate line is supplied with the gate-on signal,
the second charge charged to the second sharing capacitor
is transferred to the first sharing capacitor by the third
switching element.
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7. The liquid crystal display of claim 6, wherein, when the
second gate line is supplied with the gate-on signal,

the first pixel electrode and the second pixel electrode are

electrically floated.

8. The liquid crystal display of claim 7, wherein

the second charge charged to the second sharing capacitor

is transferred to the first sharing capacitor by the third
switching element such that

the voltage of the first pixel electrode increases, and

the voltage of the pixel electrode decreases.

9. The liquid crystal display of claim 8, wherein

the voltage of the first pixel electrode is greater than the first

voltage, and

the voltage of the second pixel electrode is less than the first

voltage.

10. The liquid crystal display of claim 9, further compris-
ing

a common electrode disposed on the second substrate.

11. The liquid crystal display of claim 10, wherein

the liquid crystal molecules are arranged substantially par-

allel to surfaces of the first substrate and the second
substrate when an electric field is not applied to the
liquid crystal layer.

12. The liquid crystal display of claim 11, wherein the
liquid crystal molecules have negative dielectric anisotropy.

13. The liquid crystal display of claim 12, wherein

the first pixel electrode and the second pixel electrode

include branch electrodes, and

the branch electrodes of the first pixel electrode and the

branch electrodes of the second pixel electrode are alter-
nately disposed on the first substrate.

14. The liquid crystal display of claim 10, wherein the
liquid crystal molecules have negative dielectric anisotropy.

15. The liquid crystal display of claim 14, wherein

the first pixel electrode and the second pixel electrode

include branch electrodes, and

the branch electrodes of the first pixel electrode and the

branch electrodes of the second pixel electrode are alter-
nately disposed on the first substrate.

16. The liquid crystal display of claim 10, wherein

the first pixel electrode and the second pixel electrode

include branch electrodes, and

the branch electrodes of the first pixel electrode and the

branch electrodes of the second pixel electrode are alter-
nately disposed on the first substrate.

17. The liquid crystal display of claim 9, wherein the liquid
crystal molecules are arranged substantially parallel to sur-
faces of the first substrate and the second substrate when an
electric field is not applied to the liquid crystal layer.

18. The liquid crystal display of claim 17, wherein the
liquid crystal molecules have negative dielectric anisotropy.

19. The liquid crystal display of claim 17, wherein

the first pixel electrode and the second pixel electrode

include branch electrodes, and

the branch electrodes of the first pixel electrode and the

branch electrodes of the second pixel electrode are alter-
nately disposed on the first substrate.

20. The liquid crystal display of claim 9, wherein the liquid
crystal molecules have negative dielectric anisotropy.

21. The liquid crystal display of claim 20, wherein

the first pixel electrode and the second pixel electrode

include branch electrodes, and
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the branch electrodes of the first pixel electrode and the
branch electrodes of the second pixel electrode are alter-
nately disposed on the first substrate.
22. The liquid crystal display of claim 9, wherein
the first pixel electrode and the second pixel electrode
include branch electrodes, and
the branch electrodes of the first pixel electrode and the
branch electrodes of the second pixel electrode are alter-
nately disposed on the first substrate.
23. The liquid crystal display of claim 9, wherein
the liquid crystal molecules are arranged substantially per-
pendicular to surfaces of the first substrate and the sec-
ond substrate when an electric field is not applied to the
liquid crystal layer.
24. The liquid crystal display of claim 23, wherein
the first pixel electrode and the second pixel electrode
include branch electrodes, and
the branch electrodes of the first pixel electrode and the
branch electrodes of the second pixel electrode are alter-
nately disposed on the first substrate.
25. The liquid crystal display of claim 9, wherein
the liquid crystal molecules have positive dielectric anisot-
ropy.
26. The liquid crystal display of claim 25, wherein
the first pixel electrode and the second pixel electrode
include branch electrodes, and
the branch electrodes of the first pixel electrode and the
branch electrodes of the second pixel electrode are alter-
nately disposed on the first substrate.
27. The liquid crystal display of claim 3, wherein, when the
first gate line is supplied with a gate-on signal,
the first sharing capacitor is charged with a first charge by
the first voltage,
the second sharing capacitor is charged with a second
charge by the data voltage, and
an amount of the second charge is greater than an amount
of the first charge.
28. The liquid crystal display of claim 27, wherein, when
the second gate line is supplied with the gate-on signal,
the second charge charged to the second sharing capacitor
is transferred to the first sharing capacitor by the third
switching element.
29. The liquid crystal display of claim 28, wherein, when
the second gate line is supplied with the gate-on signal,
the first pixel electrode and the second pixel electrode are
electrically floated.
30. The liquid crystal display of claim 29, wherein
the second charge charged to the second sharing capacitor
is transferred to the first sharing capacitor by the third
switching element such that a voltage of the first pixel
electrode increases and a voltage of the pixel electrode
decreases.
31. The liquid crystal display of claim 30, wherein
the voltage of the first pixel electrode is greater than the first
voltage, and
the voltage of the second pixel electrode is less than the first
voltage.
32. The liquid crystal display of claim 31, further compris-
ing a common electrode disposed on the second substrate.
33. The liquid crystal display of claim 32, wherein
the liquid crystal molecules are arranged substantially par-
allel to surfaces of the first substrate and the second
substrate when an electric field is not applied to the
liquid crystal layer.
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34. The liquid crystal display of claim 33, wherein

the liquid crystal molecules have negative dielectric anisot-

ropy.

35. The liquid crystal display of claim 34, wherein

the first pixel electrode and the second pixel electrode

include branch electrodes, and

the branch electrodes of the first pixel electrode and the

branch electrodes of the second pixel electrode are alter-
nately disposed on the first substrate.

36. The liquid crystal display of claim 32, wherein the
liquid crystal molecules have negative dielectric anisotropy.

37. The liquid crystal display of claim 36, wherein

the first pixel electrode and the second pixel electrode

include branch electrodes, and

the branch electrodes of the first pixel electrode and the

branch electrodes of the second pixel electrode are alter-
nately disposed on the first substrate.

38. The liquid crystal display of claim 32, wherein

the first pixel electrode and the second pixel electrode

include branch electrodes, and

the branch electrodes of the first pixel electrode and the

branch electrodes of the second pixel electrode are alter-
nately disposed on the first substrate.

39. The liquid crystal display of claim 31, wherein the
liquid crystal molecules are arranged substantially parallel to
surfaces of the first substrate and the second substrate when
an electric field is not applied to the liquid crystal layer.

40. The liquid crystal display of claim 39, wherein

the liquid crystal molecules have negative dielectric anisot-

ropy.

41. The liquid crystal display of claim 40, wherein

the first pixel electrode and the second pixel electrode

include branch electrodes, and

the branch electrodes of the first pixel electrode and the

branch electrodes of the second pixel electrode are alter-
nately disposed on the first substrate.

42. The liquid crystal display of claim 31, wherein the
liquid crystal molecules have negative dielectric anisotropy.

43. The liquid crystal display of claim 42, wherein

the first pixel electrode and the second pixel electrode

include branch electrodes, and

the branch electrodes of the first pixel electrode and the

branch electrodes of the second pixel electrode are alter-
nately disposed on the first substrate.

44. The liquid crystal display of claim 31, wherein

the first pixel electrode and the second pixel electrode

include branch electrodes, and

the branch electrodes of the first pixel electrode and the

branch electrodes of the second pixel electrode are alter-
nately disposed on the first substrate.

45. The liquid crystal display of claim 31, wherein

the liquid crystal molecules are arranged substantially per-

pendicular to surfaces of the first substrate and the sec-
ond substrate when an electric field is not applied to the
liquid crystal layer.

46. The liquid crystal display of claim 45, wherein

the first pixel electrode and the second pixel electrode

include branch electrodes, and

the branch electrodes of the first pixel electrode and the

branch electrodes of the second pixel electrode are alter-
nately disposed on the first substrate.

47. The liquid crystal display of claim 31, wherein

the liquid crystal molecules have positive dielectric anisot-

ropy.
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48. The liquid crystal display of claim 47, wherein

the first pixel electrode and the second pixel electrode

include branch electrodes, and

the branch electrodes of the first pixel electrode and the

branch electrodes of the second pixel electrode are alter-
nately disposed on the first substrate.

49. The liquid crystal display of claim 2, wherein, when the
first gate line is supplied with a gate-on signal,

the first pixel electrode is supplied with a first data voltage

through the data line,

the second pixel electrode is supplied with the first voltage

through the voltage supplying line, and

an absolute value of the first data voltage is greater than an

absolute value of the first voltage.

50. The liquid crystal display of claim 49, wherein, when
the first gate line is supplied with the gate-on signal,

the first sharing capacitor is charged with a first charge by

the first voltage,

the second sharing capacitor is charged with a second

charge by the data voltage, and

an amount of the second charge is greater than an amount

of the first charge.

51. The liquid crystal display of claim 50, wherein, when
the second gate line is supplied with the gate-on signal,

the second charge charged to the second sharing capacitor

is transferred to the first sharing capacitor by the third
switching element.

52. The liquid crystal display of claim 51, wherein, when
the second gate line is applied with the gate-on signal, the first
pixel electrode and the second pixel electrode are electrically
floated.

53. The liquid crystal display of claim 52, wherein

the second charge charged to the second sharing capacitor

is transferred to the first sharing capacitor by the third
switching element such that a voltage of the first pixel
electrode increases, and a voltage of the second pixel
electrode decreases.

54. The liquid crystal display of claim 53, wherein

the voltage of the first pixel electrode is greater than the first

voltage, and

the voltage of the second pixel electrode is less than the first

voltage.

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

56. The liquid crystal display of claim 55, wherein the
liquid crystal molecules are arranged substantially parallel to
surfaces of the first substrate and the second substrate when
an electric field is not applied to the liquid crystal layer.

57. The liquid crystal display of claim 56, wherein the
liquid crystal molecules have negative dielectric anisotropy.

58. The liquid crystal display of claim 57, wherein

the first pixel electrode and the second pixel electrode

include branch electrodes, and

the branch electrodes of the first pixel electrode and the

branch electrodes of the second pixel electrode are alter-
nately disposed on the first substrate.

59. The liquid crystal display of claim 55, wherein the
liquid crystal molecules have negative dielectric anisotropy.
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60. The liquid crystal display of claim 59, wherein

the first pixel electrode and the second pixel electrode

include branch electrodes, and

the branch electrodes of the first pixel electrode and the

branch electrodes of the second pixel electrode are alter-
nately disposed on the first substrate.

61. The liquid crystal display of claim 55, wherein

the first pixel electrode and the second pixel electrode

include branch electrodes, and

the branch electrodes of the first pixel electrode and the

branch electrodes of the second pixel electrode are alter-
nately disposed on the first substrate.

62. The liquid crystal display of claim 2, wherein the liquid
crystal molecules are arranged substantially parallel to sur-
faces of the first substrate and the second substrate when an
electric field is not applied to the liquid crystal layer.

63. The liquid crystal display of claim 62, wherein the
liquid crystal molecules have negative dielectric anisotropy.

64. The liquid crystal display of claim 63, wherein

the first pixel electrode and the second pixel electrode

include branch electrodes, and

the branch electrodes of the first pixel electrode and the

branch electrodes of the second pixel electrode are alter-
nately disposed on the first substrate.

65. The liquid crystal display of claim 2, wherein the liquid
crystal molecules have negative dielectric anisotropy.

66. The liquid crystal display of claim 65, wherein

the first pixel electrode and the second pixel electrode

include branch electrodes, and

the branch electrodes of the first pixel electrode and the

branch electrodes of the second pixel electrode are alter-
nately disposed on the first substrate.

67. The liquid crystal display of claim 2, wherein

the first pixel electrode and the second pixel electrode

include branch electrodes, and

the branch electrodes of the first pixel electrode and the

branch electrodes of the second pixel electrode are alter-
nately disposed on the first substrate.

68. The liquid crystal display of claim 2, wherein

the liquid crystal molecules are arranged substantially per-

pendicular to surfaces of the first substrate and the sec-
ond substrate when an electric field is not applied to the
liquid crystal layer.

69. The liquid crystal display of claim 68, wherein

the first pixel electrode and the second pixel electrode

include branch electrodes, and

the branch electrodes of the first pixel electrode and the

branch electrodes of the second pixel electrode are alter-
nately disposed on the first substrate.

70. The liquid crystal display of claim 2, wherein

the liquid crystal molecules have positive dielectric anisot-

ropy.

71. The liquid crystal display of claim 70, wherein

the first pixel electrode and the second pixel electrode

include branch electrodes, and

the branch electrodes of the first pixel electrode and the

branch electrodes of the second pixel electrode are alter-
nately disposed on the first substrate.
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