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LIQUID CRYSTAL DISPLAY AND METHOD
THEREOF

[0001] This application claims priority to Korean Patent
Application No. 10-2008-0091658, filed on Sep. 18, 2008,
and all the benefits accruing therefrom under 35 U.S.C. §119,
the contents of which in its entirety are herein incorporated by
reference.

BACKGROUND OF THE INVENTION

[0002] (a) Field of the Invention

[0003] The present invention relates to a liquid crystal dis-
play (“LCD”) and method thereof. More particularly, the
present invention relates to an LCD that can adjust different
voltages of sub-pixels while ensuring an aperture ratio, and a
method of improving an aperture ratio of the LCD.

[0004] (b) Description of the Related Art

[0005] A liquid crystal display (“LCD”) is one of the most
widely used flat panel displays. The LCD includes two dis-
play panels provided with electric field generating electrodes,
such as pixel electrodes and a common electrode, and aliquid
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 mol-
ecules of the liquid crystal layer are aligned, and polarization
of an incident light is controlled, thereby displaying images.
[0006] The LCD also includes switching elements con-
nected to the respective pixel electrodes, and a plurality of
signallines such as gate lines and data lines for controlling the
switching elements and applying voltages to the pixel elec-
trodes.

[0007] Among these LCDs, a vertical alignment (“VA™)
mode LCD, which arranges major axes of liquid crystal mol-
ecules so as to be vertical to the display panel in the state
where an electric field is not applied, has been widely used
due to a high contrast ratio and a wide reference viewing
angle. Here, the reference viewing angle implies a viewing
angle that is 1:10 in contrast ratio, or a critical angle of
gray-to-gray luminance reversion.

[0008] In order to approximate side visibility to front vis-
ibility in the VA mode LCD, a method of causing a difference
in transmittance by dividing one pixel into two sub-pixels and
applying different voltages to the two sub-pixels has been
suggested.

[0009] Anexample ofamethod includes applying the same
voltage to two sub-pixels and dropping the voltage of one
sub-pixel by using a separate switching element. Meanwhile,
as the size of the LCD increases, the number of signal lines
also increases.

BRIEF SUMMARY OF THE INVENTION

[0010] It has been determined herein, according to the
present invention, that in the conventional method of applying
the same voltage to two sub-pixels and dropping the voltage
of one sub-pixel by using a separate switching element, since
the conventional liquid crystal display (“LCD”) should be
provided with a plurality of signal lines and a plurality of
contact holes, the aperture ratio is low. Furthermore, it has
been determined herein that when the number of gate lines
among the signal lines increases in a conventional LCD, the
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charging time of each pixel reduces. Moreover, the charging
time of each pixel in a conventional LCD further reduces
during high driving.

[0011] The present invention has been made in an effort to
provide an LCD for adjusting different voltages of two sub-
pixels while ensuring an aperture ratio. Furthermore, the
present invention provides an LCD for sufficiently ensuring a
charging time of pixels. The present invention also provides a
method of reducing an aperture ratio in an LCD that charges
different voltages in its sub-pixels.

[0012] An exemplary embodiment of the present invention
provides an LCD having first, second, and third pixels adja-
cent to one another in a column direction, the LCD including
a first gate line connected to each of the second and third
pixels in common, a capacitance electrode line connected to
each of the first and second pixels in common, a first data line
connected to the second pixel, and a second data line con-
nected to the first and third pixels.

[0013] The LCD may further include a second gate line
connected to the second pixel, and a third gate line connected
to the third pixel.

[0014] In the LCD, each of the first to third pixels may
include a pixel electrode including a first sub-pixel electrode
and a second sub-pixel electrode, a first thin film transistor
(“TFT”) connected to the first sub-pixel electrode, a second
TFT connected to the second sub-pixel electrode, and a third
TFT connected to the second sub-pixel electrode. Moreover,
a gate electrode of the first TFT and a gate electrode of the
second TFT included in each of the second and third pixels
may be connected to the first gate line, and a drain electrode
ofthe third TFT included in each of the first and second pixels
is overlapped with a capacitance electrode line.

[0015] A drain electrode of each of the first, second, and
third transistors included in the second pixel may have 180°
rotational symmetry with respect to a drain electrode of each
of the first, second, and third transistors included in the third
pixel.

[0016] TheL.CD may furtherinclude asemiconductor layer
formed between a layer including the first to third gate lines
and a layer including the first and second data lines, and the
semiconductor layer may have substantially a same planar
shape as the first and second data lines except for a channel of
the first, second, and third TFTs.

[0017] The LCD may further include an electrode member
overlapped with the capacitance electrode line and including
a same material as the pixel electrode, and the electrode
member may be electrically connected to a drain electrode of
the third TFT.

[0018] The first and second TFTs may be simultaneously
turned on, and after the first and second TFTs may be turned
off, the third TF'T is turned on.

[0019] The first and second TFTs included in each of the
second and third pixels may be simultaneously turned on, and
the third TFT included in each of the first and second pixels
may be simultaneously turned on.

[0020] Another exemplary embodiment of the present
invention provides an LCD having first, second, and third
pixels adjacent to one another in a column direction, the LCD
including a plurality of first gate lines transmitting a first gate
signal, a plurality of second gate lines transmitting a second
gate signal, and a plurality of data lines transmitting a data
voltage. In this configuration, each of the first to third pixels
includes a first sub-pixel connected to one of the first gate
lines and one of the data lines and a second sub-pixel con-
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nected to the one of the first gate lines, one of the second gate
lines, and the one of the data lines, the first sub-pixel includes
a first switching element connected to the one of the first gate
lines and the one of the data lines and a first liquid crystal
capacitor and a first storage capacitor connected to the first
switching element, the second sub-pixel includes a second
switching element connected to the one of the first gate lines
and the one of the data lines, a second liquid crystal capacitor
and a second storage capacitor connected to the second
switching element, a third switching element connected to the
one of the second gate lines and the second liquid crystal
capacitor, and a step-down capacitor connected to the third
switching element, and the first sub-pixel included in each of
the second and third pixels is connected to a same first gate
line in the plurality of first gate lines.

[0021] The LCD may further include a step-up capacitor
connected to the third switching element and the second
liquid crystal capacitor.

[0022] The LCD may further include a plurality of capaci-
tance electrode lines forming one terminal of the step-down
capacitor, and the second sub-pixel included in each of the
first and second pixels may be connected to a same capaci-
tance electrode line in the plurality of capacitance electrode
lines.

[0023] The first and second switching elements may be
simultaneously turned on, and after the first and second
switching elements may be turned off, the third switching
element is turned on.

[0024] The first and second switching elements included in
each of the second and third pixels may be simultaneously
turned on, and the third switching element included in each of
the first and second pixels may be simultaneously turned on.
[0025] The second and third pixels may have 180° rota-
tional symmetry with respect to each other.

[0026] Another exemplary embodiment of the present
invention provides a method of improving an aperture ratio of
an LCD, the LCD having sub-pixels which are charged with
different voltages, the method including sequentially arrang-
ing first, second, and third pixels adjacent to one anotherin a
column direction, connecting a first gate line to each of the
second and third pixels in common, connecting a capacitance
electrode line to each of the first and second pixels in com-
mon, connecting a first data line to the second pixel, and
connecting a second data line to the first and third pixels.
[0027] According to this configuration, it is possible to
ensure an aperture ratio while differently adjusting the volt-
age of two sub-pixels. In addition, even in the case of per-
forming high driving, it is possible to sufficiently ensure the
charging time of the pixels.

BRIEF DESCRIPTION OF THE DRAWINGS

[0028] The above and other features and advantages of the
present invention will become more apparent by describing
exemplary embodiments thereof with reference to the accom-
panying drawings, in which:

[0029] FIG. 1 is a block diagram of an exemplary LCD
according to one exemplary embodiment of the present inven-
tion;

[0030] FIG. 2 is a view schematically illustrating a struc-
ture of the exemplary LCD according to one exemplary
embodiment of the present invention and an equivalent circuit
of two exemplary sub-pixels;
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[0031] FIG. 3 is an equivalent circuit diagram of an exem-
plary pixel ofthe exemplary LCD according to one exemplary
embodiment of the present invention;

[0032] FIG. 4 is alayout view of an exemplary liquid crys-
tal panel assembly according to one exemplary embodiment
of the present invention;

[0033] FIG. 5 and FIG. 6 are cross-sectional views taken
along lines V-V and VI-VI in the exemplary liquid crystal
panel assembly of FIG. 4, respectively;

[0034] FIG. 7 is a view illustrating exemplary connection
structures between pixel row and gate lines of the exemplary
LCD according to one exemplary embodiment of the present
invention;

[0035] FIG. 8 is a waveform diagram illustrating gate sig-
nals of the exemplary LCD according to one exemplary
embodiment of the present invention;

[0036] FIG. 9 is a layout view of an exemplary LCD
according to another exemplary embodiment of the present
invention; and,

[0037] FIG. 10 is a cross-sectional view taken along line
X-X in the exemplary LCD of FIG. 9.

DETAILED DESCRIPTION OF THE INVENTION

[0038] 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.

[0039] In the drawings, the thickness of layers, films, pan-
els, regions, etc., are exaggerated for clarity. Like reference
numerals designate like elements throughout the specifica-
tion. It will be understood that when an element such as a
layer, film, region, or substrate is referred to as being “on”
another element, it can be directly on the other element or
intervening elements may also be present. In contrast, when
an element is referred to as being “directly on” another ele-
ment, there are no intervening elements present.

[0040] 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.

[0041] The terminology used herein is for the purpose of
describing particular embodiments only and is not intended to
be limiting of the invention. As used herein, the singular
forms “a”, “an” and “the” are intended to include the plural
forms as well, unless the context clearly indicates otherwise.
It will be further understood that the terms “comprises” and/
or “comprising,” or “includes” and/or “including” when used
in this specification, specify the presence of stated features,
regions, integers, steps, operations, elements, and/or compo-
nents, but do not preclude the presence or addition of one or
more other features, regions, integers, steps, operations, ele-
ments, components, and/or groups thereof.
[0042] Spatially relative terms, such as “beneath”,
“below”, “lower”, “above”, “upper” and the like, may be used
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herein for ease of description to describe one element or
feature’s relationship to another element(s) or feature(s) as
illustrated in the figures. It will be understood that the spa-
tially relative terms are intended to encompass different ori-
entations of the device in use or operation in addition to the
orientation depicted in the figures. For example, if the device
in the figures is turned over, elements described as “below” or
“beneath” other elements or features would then be oriented
“above” the other elements or features. Thus, the exemplary
term “below” can encompass both an orientation of above and
below. The device may be otherwise oriented (rotated 90
degrees or at other orientations) and the spatially relative
descriptors used herein interpreted accordingly.

[0043] 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.

[0044] Embodiments of the present invention are described
herein with reference to cross section illustrations that are
schematic illustrations of idealized embodiments of the
present invention. As such, variations from the shapes of the
illustrations as a result, for example, of manufacturing tech-
niques and/or tolerances, are to be expected. Thus, embodi-
ments of the present invention should not be construed as
limited to the particular shapes of regions 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 sche-
matic 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 invention.

[0045] An LCD according to one exemplary embodiment
of the present invention will be described more fully herein
with reference to FIG. 1 to FIG. 3.

[0046] FIG. 1 is a block diagram of an exemplary LCD
according to one exemplary embodiment of the present inven-
tion, FIG. 2 is a view schematically illustrating a structure of
the exemplary LCD according to one exemplary embodiment
of the present invention and an equivalent circuit of two
exemplary sub-pixels, and FIG. 3 is an equivalent circuit
diagram of an exemplary pixel of the exemplary LCD accord-
ing to one exemplary embodiment of the present invention.

[0047] AsshowninFIG.1, an LCD according to one exem-
plary 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.

[0048] The liquid crystal panel assembly 300, as seen from
an equivalent circuit, includes a plurality of signal lines G,
G,.15 Gy Dy and D, (see FIG. 3) and plural pairs of upper
and lower pixels PXp and PXc that are connected thereto and
arranged approximately in the form of matrix. Meanwhile, as
seen from the structure of FIG. 2, the liquid crystal panel
assembly 300 includes a lower display panel 100 and anupper
display panel 200 facing each other, and a liquid crystal layer

3 interposed therebetween.
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[0049] Referring to FIG. 3, the signal line includes a plu-
rality of gate lines G,, G,, ;, and G, , transmitting a gate signal
(referred to as “scanning signal”), a plurality of data lines D,
and D, transmitting a data voltage Vd, and a plurality of
storage electrode lines (not shown). The gate lines G,, G,, |,
and G, , and the storage electrode lines extend in an approxi-
mate row direction, a first direction, and substantially run
parallel to one another, and the data lines D, and D,,,, extend
in a column direction, a second direction substantially per-
pendicular to the first direction, and substantially run parallel

to each other.

[0050] Each of the pixels PXp and PXc includes a pair of
sub-pixels, and each of the sub-pixels includes a liquid crystal
capacitor Clca and Clch. The sub-pixels include switching
elements Qa, Qb, and Qc that are connected to the gate lines
G,, G,,,, and G, the data lines D, and D, ,, and the liquid
crystal capacitors Clca and Clcb.

[0051] Theliquid crystal capacitors Clcaand Clcb have two
terminals of sub-pixel electrodes PEa and Peb, respectively,
of the lower panel 100 and a common electrode CE of the
upper panel 200, and the liquid crystal layer 3 functions as a
dielectric material between the sub-pixel electrodes PEa and
PEb and the common electrode 270. A pair of sub-pixel
electrodes PEa and PEb are separated from each other to form
one pixel electrode PE. The common electrode CE is formed,
hereinafter “disposed”, at the front of the upper panel 200 to
receive a common voltage Vcom. The liquid crystal layer 3
has negative dielectric anisotropy, and liquid crystal mol-
ecules of the liquid crystal layer 3 may be aligned so that
major axes thereof are vertical to the surface of the two
display panels 100, 200 in the state free of an electric field. In
an alternative exemplary embodiment, unlike FIG. 2, the
common electrode CE may be provided on the lower panel
100. In this case, at least one of two electrodes PE and CE may
be made in the form of a line or a bar.

[0052] Each pixel PX intrinsically displays one color in a
set of colors, such as primary colors (spatial division) or
displays the colors in turn according to time (temporal divi-
sion) to cause a desired color tone to be recognized by a
combination of the spatial division and the temporal division
of these colors, thereby implementing a color display. An
example of the primary colors may include three primary
colors of red, green, and blue. One example of the spatial
division is represented in FIG. 2 where each pixel PX is
provided with a color filter CF indicating one of the primary
colors on the region of the upper panel 200. In an alternative
exemplary embodiment, unlike FIG. 2, the color filter CF may
be disposed on and below the sub-pixel electrodes PEa and
PEDb of the lower panel 100.

[0053] Two polarizers (not shown) are provided outside of
the display panels 100 and 200, respectively, and polarization
axes of the two polarizers may be at right angles to each other.
One of the two polarizers may be omitted in a reflective LCD.
An orthogonal polarizer blocks incident light from entering
the liquid crystal layer 3 in the absence of an electric field.

[0054] Referring once again to FIG. 1, the gray voltage
generator 800 generates all gray voltages related to transmit-
tance of the pixel PX or a defined number of gray voltages
(hereinafter referred to as “reference gray voltages”). The
reference gray voltages may have a positive value and a
negative value with respect to the common voltage Vcom.

[0055] The gate driver 400 is connected to the gate lines G,
G,,,, and G, , of the liquid crystal panel assembly 300 to
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apply gate signals formed in combination with a gate-on
voltage Von and a gate-oft voltage Voff to the gate lines G,
G,,,,and G,,,.

[0056] The data driver 500 is connected to the data lines D,
and D;,, of the liquid crystal panel assembly 300 to select a
gray voltage from the gray voltage generator 800 and apply
the selected gray voltage to the datalines D; and D, | asa data
voltage Vd. However, when the gray voltage generator 800
provides only the defined reference gray voltages instead of
providing all gray voltages, the data driver 500 divides the
reference gray voltages to generate a desired data voltage Vd.
[0057] The signal controller 600 controls, for example, the
gate driver 400 and the data driver 500.

[0058] These driving devices 400, 500, 600, and 800 may
be directly mounted on the liquid crystal panel assembly 300
in the form of at least one integrated chip (“IC”) chip, may be
attached to the liquid crystal panel assembly 300 in the form
of a tape carrier package (“TCP”) while being mounted on a
flexible printed circuit (“FPC”) film (not shown), or may be
mounted on a separate printed circuit board (“PCB”), respec-
tively. On the other hand, these driving devices 400, 500, 600,
and 800 may be integrated with the liquid crystal panel
assembly 300 together with the signal lines G,, G, |, G,,5, D,,
and D, and thin film transistor (“TFT”) switching elements
Qa, Qb, and Qc. Furthermore, the driving devices 400, 500,
600, and 800 may be integrated in the form of a single chip. In
this case, at least one of the driving devices or at least one
circuit element configuring the driving devices can be pro-
vided outside the single chip.

[0059] The liquid crystal panel assembly according to one
exemplary embodiment of the present invention will be
described more fully herein with reference to FIG. 4 to FIG.
7, and with additional reference to FIG. 3.

[0060] Referring to FIG. 3, the LCD according to one
exemplary embodiment of the present invention includes sig-
nal lines and a pixel PX connected thereto, the signal lines
including first, second, and third gate lines G,, G,,,, and G,,,
adjacent to one another, and first and second data lines D, and
D,

[6061] The pixel PX includes a lower pixel PXc and an
upper pixel PXp adjacent to each other in the column direc-
tion, the second direction. First, the configuration of the lower
pixel PXc will be described in detail.

[0062] Thelower pixel PXc includes first, second, and third
switching elements Qa, Qb, and Qc, first and second liquid
crystal capacitors Clca and Cleb, first and second storage
capacitors Csta and Csth, a step-down capacitor Cstd, and a
step-up capacitor Cstu.

[0063] The first and second switching elements Qa and Qb
are connected to the second gate line G,,, and the first data
line D;, and the third switching element Qc is connected to the
third gate line G,,,.

[0064] The first and second switching elements Qa and Qb
are three terminal elements of a TFT provided on the lower
panel 100 and have a control terminal, an input terminal, and
an output terminal. The control terminal, such as a gate elec-
trode, is connected to the second gate line G,, |, the input
terminal, such as a source electrode, is connected to the first
dataline D, and the output terminal, such as a drain electrode,
is connected to the first and second liquid crystal capacitors
Clca and Clcb and the first and second storage capacitors Csta
and Cstb.

[0065] The third switching element Qc is also a three ter-
minal element of a TFT provided on the lower panel 100, and
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has a control terminal, an input terminal, and an output ter-
minal. The control terminal, such as a gate electrode, is con-
nected to the third gate line G,,,, the input terminal is con-
nected to the second liquid crystal capacitor Clcb, and the
output terminal, such as a drain electrode, is connected to the
step-down capacitor Cstd and the step-up capacitor Cstu.

[0066] The first and second storage capacitors Csta and
Cstb are connected to the first and second switching elements
Qa and Qb and the common voltage Vcom to perform an
accessory role of the first and second liquid crystal capacitors
Clca and Cleb. The first and second storage capacitors Csta
and Cstb may be formed by overlapping the storage electrode
line and the pixel electrode PE provided on the lower panel
100 with an insulator interposed therebetween, and a fixed
voltage such as the common voltage Vcom is applied to the
storage electrode line.

[0067] The step-down capacitor Cstd may be formed by
overlapping the storage electrode line and the output elec-
trode of the third switching element Qc provided on the lower
panel 100 with an insulator interposed therebetween to be
connected to the output terminal of the third switching ele-
ment Qc and the common voltage Vcom.

[0068] The step-up capacitor Cstu may be formed by over-
lapping the second sub-pixel electrode PEb and the output
electrode of the third switching element Qc provided on the
lower panel 100 with an insulator interposed therebetween to
be connected to the output terminal of the third switching
element Qc and the common voltage Vcom. Capacitance of
the step-up capacitor Cstu is less than that of the step-down
capacitor Cstd.

[0069] Like the lower pixel PXc, the upper pixel PXp also
includes the first, second, and third switching elements Qa,
Qb, and Qc, the first and second liquid crystal capacitors Clca
and Cleb, the first and second storage capacitors Csta and
Cstb, the step-down capacitor Cstd, and the step-up capacitor
Cstu.

[0070] The first and second switching elements Qa and Qb
of the upper pixel PXp are connected to the same gate line,
that is, the second gate line G, ,, to which the first and second
switching elements Qa and Qb of the lower pixel PXc are
connected. That is, the second gate line G,,, disposed
between the lower and upper pixels PXc and PXp is con-
nected to the lower and upper pixels PXc and PXp in com-
mon. The first and second switching elements Qa and Qb of
the upper pixel PXp are connected to the second dataline D,
adjacent to the first data line ;. Meanwhile, the third switch-
ing element Qc of the upper pixel PXc is connected to the first
gate line G; facing the second gate line G, ;. Ultimately, the
lower pixel PXc and the upper pixel PXp have 180° rotational
symmetry to each other.

[0071] The liquid crystal panel assembly according to one
exemplary embodiment of the present invention will be
described more fully herein with reference to FIG. 4 to FIG.
6.

[0072] FIG. 4 is alayout view of an exemplary liquid crys-
tal panel assembly according to one exemplary embodiment
of the present invention, and FIG. 5 and FIG. 6 are cross-
sectional views taken along lines V-V and VI-VI in the exem-
plary liquid crystal panel assembly of FIG. 4, respectively.
[0073] Referring to FIG. 4, the LCD according to the
present exemplary embodiment includes first, second, third,
and fourth pixels PX,,_,, PX , PX ., and PX, , adjacent to
one another in the column direction, the second direction. The
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LCD according to the present exemplary embodiment will be
described hereinafter based on the second pixel PX, .

[0074] The LCD according to the present exemplary
embodiment includes the lower and upper panels 100 and 200
facing each other, the liquid crystal layer 3 interposed
between the lower and upper panels 100 and 200, and a pair of
polarizers 12 and 22 attached to the outside of the lower and
upper display panels 100 and 200, respectively.

[0075] First, the lower panel 100 will be described herein.
[0076] A plurality of gate conductors are disposed on an
insulation substrate 110, the plurality of gate conductors
including a plurality of first and second gate lines 121a and
1215, a plurality of storage electrode lines 131a, and a plu-
rality of capacitance electrodes 1315. The first gate line 121a
includes a first gate electrode 124a, a second gate electrode
124b, and an end portion 1294, and the second gate line 1215
includes a third gate electrode 124¢ and an end portion 1295.
[0077] The storage electrode line 131a includes a first stor-
age electrode 1374 and a second storage electrode 1375
expanded in the upper direction and the lower direction, such
as toward the second gate line 1215 and the first gate line
121a, respectively.

[0078] A gate insulating layer 140 is disposed on the gate
conductors 121a, 1215, 1314, and 1315, and on exposed
portions of the insulation substrate 110. First, second, and
third semiconductor islands 154a, 1545, and 154c¢ are dis-
posed on the gate insulating layer 140. Moreover, a plurality
of first ohmic contacts (not shown), second ohmic contacts
1635 and 1655, and third ohmic contacts (not shown) are
disposed on the semiconductor islands 154a, 1545, and 154c¢.
[0079] A data conductor is disposed on the ohmic contacts
1635 and 1656 and the gate insulating layer 140, the data
conductor including a plurality of data lines 171, a plurality of
first, second, and third drain electrodes 175a, 1756, and 175¢,
and first, second, and third electrode members 177a, 1775,
and 173c.

[0080] The data line 171 includes a plurality of first and
second source electrodes 173a and 1735, and an end portion
179 of a wide area for connecting with another layer or an
external driving circuit.

[0081] A third source electrode is configured by the third
electrode member 173c¢.

[0082] The first, second, and third drain electrodes 1754,
175b, and 175¢ may each include one end portion of a wide
area and the other end portion of a bar type. The wide end
portion of the first and second drain electrodes 175a and 1755
is overlapped with the first and second storage electrodes
137a and 1375, and a portion of the bar-typed end portion is
surrounded by the first and second source electrodes 173a and
173b. The third source electrode is configured by the third
electrode member 173¢. The wide end portion of the third
drain electrode 175¢ is overlapped with the capacitance elec-
trode line 1315, and the bar-typed end portion faces the third
electrode member 173¢, which serves as the third source
electrode.

[0083] Each of first, second, third TFTs Qa, Qb, and Qc is
configured by the first, second, and third gate electrodes 124a,
124b, and 124c¢, the first, second. and third source electrodes
173a, 1735, and 173¢, and the first, second, and third drain
electrodes 175a, 175b, and 175¢ together with the first, sec-
ond, and third semiconductor islands 154a, 1545, and 154c¢,
respectively. Each channel of the TFTs Qa, Qb, and Qc is
formed at each of the semiconductor islands 154a, 1546, and
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154¢ provided between each of the source electrodes 1734,
1735, and 173¢ and each of the drain electrodes 175a, 1755,
and 175¢.

[0084] The first and second electrode members 177a and
177b are overlapped with the first and second storage elec-
trodes 137a and 137, respectively.

[0085] A passivation layer 180 is disposed on the data con-
ductors 171, 175a, 1756, 175¢, 177a, 177b, and 173¢ and the
exposed semiconductors 154a, 154b, and 154c¢, as well as on
exposed portions of the gate insulating layer 140.

[0086] The passivation layer 180 is formed with contact
holes 182, 1854, 1855, and 185¢ to expose the end portion 179
of the data line 171, the wide end portion of the first drain
electrode 175a, the wide end portion of the second drain
electrode 1755, and the wide end portion of the third electrode
member 173¢, and a plurality of contact holes 187a and 1875
each exposing the first electrode member 1774 and the second
electrode member 1775. In addition, the passivation layer 180
and the gate insulating layer 140 are formed with a plurality of
contact holes 181a and 1815 each exposing the wide end
portions 1294 and 1295 of the gate lines 121a and 1215.
[0087] A pixel electrode 191 including first and second
sub-pixel electrodes 191a and 1915 and a plurality of contact
assistants 81a, 815, and 82 are formed on the passivation layer
180.

[0088] The first and second sub-pixel electrodes 191a and
1915 are engaged with each other in pairs with a gap 94
interposed therebetween, and the first sub-pixel electrode
191q is formed in a central region of the second sub-pixel
electrode 1915. The gap 94 includes vertical and diagonal
portions.

[0089] A center cutout 91 and lower and upper cutouts 92a
and 925 are formed in the second sub-pixel electrode 1915.
The center cutout 91 includes a pair of diagonal portions.
[0090] The diagonal portion of the gap 94, the diagonal
portion of the center cutout 91, and the lower and upper
cutouts 92a and 92b are formed at an angle of about 45
degrees with respect to the gate lines 121a and 1215.

[0091] The lower half of the pixel electrode 191 is divided
into four parts through the lower cutout 924, the center cutout
91, and the gap 94, and the upper half of the pixel electrode
191 is divided into four parts through the upper cutout 925,
the center cutout 91, and the gap 94. While a particular
arrangement has been described, alternative exemplar
embodiments may employ different arrangements. That is, at
this time, the number of partitions or cutouts depends on
design factors, for example the size of the pixel, the ratio of
the horizontal length to the vertical length in the pixel elec-
trode 191, the kind of the liquid crystal layer 3, or character-
istics of the liquid crystal layer 3.

[0092] The first and second sub-pixel electrodes 191a and
1915 are physically and electrically connected to the first and
second drain electrodes 175a and 1755 through the contact
holes 1854 and 1855 to receive the data voltage from the first
and second drain electrodes 175a and 1755. Furthermore, the
second sub-pixel electrode 1915 is physically and electrically
connected to the third electrode member 173¢, which serves
as the third source electrode, through the contact hole 185¢.
[0093] The first and second sub-pixel electrodes 191a and
1915 for receiving the data voltage generate an electric field
with a common electrode 270 of the upper panel 200 for
receiving a common voltage to determine the direction of
liquid crystal molecules in the liquid crystal layer 3 disposed
between two electrodes 191 and 270. The polarization of light
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passing through the liquid crystal layer 3 depends on the
direction of the liquid crystal molecules determined as
described above. A liquid crystal capacitor is configured by
the pixel electrode 191 and the common electrode 270 to
sustain the applied voltage even after the TFT is turned off.

[0094] The first and second sub-pixel electrodes 191a and
1915 are connected to the first and second electrode members
177a and 1775 through the contact holes 187a and 1875. In
order to reinforce voltage sustaining capability, the storage
capacitors Csta and Cstb connected in parallel with the liquid
crystal capacitors Clca and Clcb are formed with the first and
second sub-pixel electrodes 191a and 1915, the first and
second electrode members 177a and 177b, and the storage
electrodes 137a and 1375 connected to the first and second
sub-pixel electrodes 191a and 1915, respectively. The first
and second electrode members 177a and 1775 are overlapped
with the storage electrodes 137a and 1375,

[0095] A wide portion of the capacitance electrode line
1315 and the wide end portion of the third drain electrode
175¢ are overlapped with each other with the gate insulating
layer 140 interposed therebetween to form a step-down
capacitor Cstd. Moreover, the third drain electrode 175¢ and
the second sub-pixel electrode 1915 are overlapped with each
other with the passivation layer 180 interposed therebetween
to form a step-up capacitor Cstu. The overlapping area of the
capacitance electrode line 1315 and the third drain electrode
175c¢ is larger than that of the third drain electrode 175¢ and
the second sub-pixel electrode 1915, and the thickness of the
passivation layer 180 is greater than that of the gate insulating
layer 140. Accordingly, the capacitance of the step-down
capacitor Cstd is generally larger than that of the step-up
capacitor Cstu.

[0096] The contact assistants 81a, 815, and 82 are con-
nected to the end portions 129a and 1294 of the gate lines
121a and 1215 and the end portion 179 of the data line 171
through the contact holes 1814, 1815, and 182, respectively.
The contact assistants 81a, 815, and 82 enhance adhesion of
the end portions 129a and 1295 of the gate lines 121a and
1215 and the end portion 179 of the data line 171 to external
devices and protect them.

[0097] Analignment layer 11 is disposed on the pixel elec-
trode 191, the contact assistants 81a, 815, and 82, and the
passivation layer 180.

[0098] In the LCD according to one exemplary embodi-
ment of the present invention, the second and third pixels PX,,
and PX,,, , are adjacent to each other in the column direction,
the second direction, to share the second gate line 1215. That
is, the first and second gate electrodes 124a and 1245 forming
the first and second TFTs Qa and Qb for each of the second
and third pixels PX, and PX,, are connected to the same gate
line 121a. This can increase the aperture ratio compared with
the case for forming separately the gate line 121a connected
to each pixel PX, and PX

[0099] Furthermore, in the LCD according to one exem-
plary embodiment of the present invention, the first and sec-
ondpixels PX,_,, PX,, and the third and fourth pixels PX_, ,,
and PX_, , are adjacent to each other in the column direction
to share the capacitance electrode line 1315 between the pairs
of adjacent pixels. That is, the third drain electrode 175¢ of
each of the first and second pixels PX,,_,, PX,,, and the third
drain electrode 175¢ of each of the third and fourth pixels
PX,.;, and PX_, is overlapped with the same capacitance
electrode line 1315 This can reduce the aperture ratio com-

n+l:
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pared with the case of separately forming the capacitance
electrode line 1315 connected to each pixel PX.

[0100] Now, the upper panel 200 will be described.

[0101] A light blocking member 220 is disposed on an
insulation substrate 210. The light blocking member 220 may
be referred to as a black matrix and prevents light leakage.
[0102] A plurality of color filters 230 are also disposed on
the substrate 210. Most of the color filters 230 exist in the
region surrounded by the light blocking member 220 and can
extend long in the vertical direction along the column of the
pixel electrode 191. Each of the color filters 230 can display
one colorina set of colors, such as a set of primary colors such
as three primary colors of red, green, and blue.

[0103] An overcoat 250 is disposed on the color filters 230
and the light blocking member 220.

[0104] A common electrode 270 is disposed on the over-
coat 250. A set of cutouts 71, 72, 73a, 73b, 74a, and 746 is
formed in the common electrode 270. Each cutout 71, 72,
73a, 73b, 74a, and 74b includes at least one diagonal portion
extending in parallel with the cutouts 91, 924, and 925 of the
pixel electrode 191. A triangle notch may be formed at the
diagonal portions of the cutouts 71, 72, 73a, 73b, 74a, and
74b.

[0105] An alignment layer 21 is applied over the common
electrode 270.
[0106] The liquid crystal layer 3 has negative dielectric

anisotropy, and the liquid crystal molecules of the liquid
crystal layer 3 may be aligned so that a major axis thereof is
vertical to the surface of the two display panels 100,200 in the
absence of an electric field.

[0107] Whenthe liquid crystal capacitors Clca and Clcbh are
charged with electricity, an electric field substantially vertical
to the surface of the display panels 100 and 200 is generated.
The liquid crystal molecules respond to the electric field to
change the direction so that their major axes are vertical to the
direction of the electric field.

[0108] Meanwhile, the electric field is distorted by the cut-
outs 91, 92a, and 925 of the pixel electrode 191, the cutouts
71,72, 73a, 73b, T4a, and 74b of the common electrode 270,
and an oblique side of the pixel electrode 191, which is
parallel to the cutouts, to form a horizontal component for
determining a tilt direction of the liquid crystal molecules.
The pixel electrode 191 and the common electrode are elec-
tric field generating electrodes. The horizontal component of
the electric field is vertical to the oblique side of the cutouts
91,92a,92b,71,72,73a, 73b, T4a, and 74b and the oblique
side of the pixel electrode 191.

[0109] The pixel electrode 191 is divided into a plurality of
sub-areas by the set of common electrode cutouts 71, 72, 734,
73b, 74a, and 745 and the set of pixel electrode cutouts 91,
92a, and 925, and each of the sub-areas has two major edges
forming an oblique angle relative to the major edge of the
pixel electrode 191. Since most of the liquid crystal mol-
ecules on each of the sub-areas incline in the direction vertical
to the major edge, the inclination direction of the liquid crys-
tal molecules is approximately four directions. As described
above, due to various inclination directions of the liquid crys-
tal molecules, a reference viewing angle of the LCD
increases.

[0110] The operation of the LCD according to one exem-
plary embodiment of the present invention will be described
hereinafter with reference to F1IG. 7, FIG. 8, and the foregoing
FIG. 110 FIG. 3.
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[0111] FIG. 7 is a view illustrating exemplary connection
structures between pixel columns and gate lines of the exem-
plary LCD according to one exemplary embodiment of the
present invention, and FIG. 8 is a waveform diagram illus-
trating gate signals of the exemplary LCD according to one
exemplary embodiment of the present invention.

[0112] Referring first to FIG. 1, the signal controller 600
receives input image signals R, G, and B and input control
signals for controlling these displays, from an external graph-
ics controller (not shown). The input image signals R, G, and
B involve luminance information of each pixel PX, and the
luminance has the predetermined number of grays, for
example 1024=2%/256=28, or 64=2° grays. Examples of the
input control signals are a vertical synchronization signal
Vsync, ahorizontal synchronizing signal Hsync, a main clock
signal MCLK, and a data enable signal DE.

[0113] The signal controller 600 properly processes the
input image signals R, G, and B to match an operating con-
dition of the liquid crystal panel assembly 300 based on the
input image signals R, G, and B and the input control signals.
Moreover, the signal controller 600 generates a gate control
signal CONT1 and a data control signal CONT2, sends the
gate control signal CONT1 to the gate driver 400, and sends
the data control signal CONT2 and the processed image sig-
nal DAT to the data driver 500. An output image signal DAT,
a digital signal, has a value (or gray) of a predetermined
number.

[0114] Thedatadriver 500 receives the digital image signal
DAT for the pixel PX of one row according to the data control
signal CONT2 generated by the signal controller 600 and
selects the gray voltage corresponding to each digital image
signal DAT. Then, the data driver 500 converts the digital
image signal DAT into an analog data voltage to apply the
converted digital image signal to a relevant data line DL.
[0115] The gate driver 400 applies a gate-on voltage Von to
gate lines GLa and GLb according to the gate control signal
CONT1 generated by the signal controller 600 to turn on
switching elements Qa, Qb, and Qc connected to these gate
lines GLa and GLb. In that case, a data voltage Vd applied to
the data line DL is applied to the relevant pixel PX through the
first and second switching elements Qa and Qb turned on by
the gate driver 400.

[0116] A specific pixel row, for example focusing on the
n-th pixel row and the (n+1)-th pixel row, will be described
below.

[0117] Referring to FIG. 7, in the LCD according to one
exemplary embodiment of the present invention, the (n-1)-th
pixelrow PXR | is connected to the i-th gateline G, the n-th
pixel row PXR , is connected to the (i+2)-th gate line G, ,, and
the (n-1)-th pixel row PXR, _, and the n-th pixel row PXR,
are connected to the (i+1)th gate line G,,, in common. In
addition, the (n+1)-th pixel row PXR, ,, is connected to the
(i+3)-th gate line G,,;, the (n+2)-th pixel row PXR ., is
connected to the (1+5)-th gate line G, 5, and the (n+1)-th pixel
row PXR ., and the (n+2)-th pixel row PXR , , are connected
to the (i+4)-th gate line G;,, , in common.

[0118] Referring to F1G. 8, when a gate signal g, , applied
to the (i+1)-th gate line G, ; 1s changed into a gate-on voltage
Von from a gate-off voltage Voff, the first and second switch-
ing elements Qa and Qb corresponding to each of the (n-1)-th
pixel row PXR, | and the n-th pixel row PXR, connected to
the (i+1)-th gateline G,, , are turned on. Thus, the data voltage
Vd applied to the data line 171 is applied to the first and
second sub-pixel electrodes 191a and 1915 corresponding to
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each of the (n-1)-th pixel row PXR,,_, and the n-th pixel row
PXR , through the first and second switching elements Qa and
Qb that are turned on. At this time, the same data voltage Vd
is applied to the first and second sub-pixel electrodes 191a
and 1915. The first and second liquid crystal capacitors Clca
and Clcb are charged with the same value as a difference
between the common voltage and the data voltage Vd.

[0119] Then, when the gate signal g, , is changed into the
gate-off voltage Voff from the gate-on voltage Von and at the
same time the gate signal g, applied to the i-th gate line G, and
the gate signal g,,, applied to the (i+2)-th gate line G, , are
changed into the gate-on voltage Von from the gate-off volt-
age Voff, the first and second switching elements Qa and Qb
corresponding to each of the (n-1)-th pixel row PXR_, and
the n-th pixel row PXR |, are turned off, and the third switching
element Qc is turned on. Then, electrical charges move from
the second sub-pixel electrode 1915 to the third drain elec-
trode 175¢ through the third switching element Qc. For this
reason, the charging voltage of the second liquid crystal
capacitor Cleb is lowered, and the step-down capacitor Cstd
and the step-up capacitor Cstu are charged with electricity.
Then, when a second gate signal g,; is changed into the
gate-off voltage Voff from the gate-on voltage Von, the third
switching element Qc is turned off; and the step-up capacitor
Cstu is floated. Therefore, the charging voltage of the second
liquid crystal capacitor Cleb rises to the charging voltage of
the step-up capacitor Cstu. However, since the capacitance of
the step-down capacitor Cstd is higher than that of the step-up
capacitor Cstu, the charging voltage of the second liquid
crystal capacitor Clcb is lowered compared with that of the
first liquid crystal capacitor Cleca.

[0120] At this time, the charging voltages of two liquid
crystal capacitors Clca and Cleb show different gamma
curves, and the gamma curve of one pixel voltage is a curved
line synthesized from these different gamma curves. The
synthetic gamma curve in the front should be corrected so as
to conform to most suitable reference gamma curve in the
front, and the synthetic gamma curve in the side should be
corrected so as to be extremely close to the reference gamma
curve in the front. As described above, due to conversion of
the image data, side visibility is improved.

[0121] Meanwhile, a gate signal g, , applied to the (i+1)-th
gate line G,, | is changed into the gate-off voltage Voff from
the gate-on voltage Von, and a gate signal g, applied to the
(i+4)-th gate line G, , s changed into the gate-on voltage Von
from the gate-off voltage Voff, at the same time. Moreover,
the gate signal g, applied to the i-th gate line G, and the gate
signal g, , applied to the (i+2)-th gate line G, , are changed
into the gate-off voltage Voff from the gate-on voltage Von,
and the gate signal g,, , applied to the (i+3)-th gate line G, 5
and the gate signal g,, . applied to the (i+5)-th gate line G, , 5
are changed into the gate-on voltage Von from the gate-off
voltage Voff, at the same time. Thus, the operation of the
(n+1)-th pixel row PXR,,, and the (n+2)-th pixel row
PXR,;, » 18 performed in the same manner as the (n—1)-th pixel
row PXR,, | and the (n)-th pixel row PXR,.

[0122] By repeating the above procedure by a unit of one
horizontal period which is denoted by “1H” and is equal to
one period of a horizontal synchronizing signal Hsync and a
data enable signal DE, a data voltage Vd is applied to all
pixels PXs to display an image of one frame.

[0123] When the next frame starts after finishing one frame,
the state of an inversion signal RV'S applied to the data driver
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500 is controlled such that the polarity of the data voltage Vd
applied to each pixel PX is opposite to that of the previous
frame.

[0124] As described above, the gate signals for controlling
the first and second switching elements Qa and Qb are iden-
tically applied to two pixels adjacent to each other, and the
gate signal applied to the third switching element Qc is also
identically applied to two pixels adjacent to each other. Then,
time for sustaining the gate-on voltage is prolonged from 1H
to 2H. Accordingly, during high driving, the charging time of
each switching element can be ensured.

[0125] Now, an exemplary LCD according to another
exemplary embodiment of the present invention will
described in detail with reference to FIG. 9 and FIG. 10.
[0126] FIG. 9 is a layout view of the exemplary LCD
according to another exemplary embodiment of the present
invention, and FIG. 10 is a cross-sectional view taken along
line X-X in the exemplary LCD of F1G. 9.

[0127] Referring to FIG. 9 and FIG. 10, a liquid crystal
panel assembly according to the present exemplary embodi-
ment includes a lower panel 100, an upper panel 200, and a
liquid crystal layer 3 disposed therebetween.

[0128] According to the present exemplary embodiment, a
layered structure of the liquid crystal panel assembly is gen-
erally the same as that of the liquid crystal panel assembly
illustrated in FIG. 4 to FIG. 6.

[0129] First, the lower panel 100 will be described. A plu-
rality of gate conductors are disposed on an insulation sub-
strate 110, the plurality of gate conductors including a plu-
rality of first and second gate lines 121a and 1215, a plurality
of storage electrode lines 1314, and a plurality of capacitance
electrodes 131b. A gateinsulating layer 140 is disposed on the
gate conductors 121a, 1215, 131a, and 1315, and on exposed
surfaces of the insulation substrate 110. A plurality of semi-
conductors 154a, 1545, and 154¢ are disposed on the gate
insulating layer 140. Moreover, a plurality of ohmic contacts
163c and 165¢ are disposed on the plurality of semiconduc-
tors 154a, 154b, and 154c¢. A data conductor is formed on the
ohmic contacts 163¢ and 165¢, the data conductor including
aplurality of data lines 171 and a plurality of first, second, and
third drain electrodes 175a, 175b, and 175¢. A passivation
layer 180 is disposed on the data conductors 171, 175a, 1755,
and 175¢ and the exposed semiconductors 154a, 1545, and
154c, and may be further formed on exposed portions of the
gate insulating layer 140, and a plurality of contact holes
181a, 1815, 182, 1854, 185h, and 185¢ are formed in the
passivation layer 180 and the gate insulating layer 140. A
plurality of pixel electrodes 191 including first and second
sub-pixel electrodes 191a and 1915 and a plurality of contact
assistants 81a, 815, and 82 are disposed on the passivation
layer 180, and an alignment layer 11 is disposed on the pixel
electrodes 191, the contact assistants 81a, 815, and 82, and
the passivation layer 180.

[0130] Now, the upper panel 200 will be described. A light
blocking member 220, a plurality of color filters 230, an
overcoat 250, a common electrode 270, and an alignment
layer 21 are disposed on an insulation substrate 210.

[0131] However, unlike the liquid crystal panel assembly
illustrated in FIG. 4 to FIG. 6, the semiconductors 154a,
154b, and 154c¢ are extended along the data line 171 and the
drain electrodes 175a, 1755, and 175¢ to form a linear semi-
conductor (not shown), respectively, and the ohmic contacts
163c and 165¢ are extended along the data line 171 to form a
linear ohmic contact (not shown), respectively. The linear
semiconductor has substantially the same planar shape as the
data line 171, the drain electrodes 1754, 1755, and 175¢, and
the ohmic contacts 163¢ and 165¢ disposed thereon.
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[0132] 1Inanexemplary method of manufacturing this TFT
array panel according to one exemplary embodiment of the
present invention, the data line 171, the drain electrodes 1754,
175b, and 175¢, the semiconductors 1544, 154b, and 154c,
and the ohmic contacts 163¢ and 165¢ are formed by a single
photolithography process.

[0133] A photosensitive film used in this photolithography
process differs in thickness according to location, and par-
ticularly includes a first portion and a second portion in the
order in which the thickness becomes smaller. The first por-
tion is located at a wiring region provided with the data line
171 and the drain electrodes 175a, 1755, and 175c¢, and the
second portion is located at a channel region of the TFTs Qa,
Qb, Qc.

[0134] There are many methods of forming the difference
in thickness according to the location of the photosensitive
film. One exemplary method includes forming a photomask
with a translucent area as well as a light transmitting area and
a light blocking area. The translucent area is provided with a
slit pattern, a lattice pattern, or a thin film having medium
transmittance or thickness. In the case of utilizing the slit
pattern, it is preferable that the slit width or the space between
the slits is smaller than the resolution of exposure equipment
used in the photolithography process. Another exemplary
method includes using a reflowable photosensitive film. That
is, the method is to form a thin portion by making the photo-
sensitive film flow into the region where the photosensitive
film does not remain, after forming the reflowable photosen-
sitive film with a general exposure mask having only the light
transmitting area and the light blocking area.

[0135] Since this reduces time for the photolithography
process, the manufacturing method is simplified.

[0136] In addition, the liquid crystal panel assembly
according to the present exemplary embodiment includes a
fourth electrode member 192 overlapped with the capaci-
tance electrode line 1315, unlike FIG. 4 to FIG. 6. The fourth
electrode member 192 is formed of the same material as the
pixel electrode 191, and the fourth electrode member 192 and
the pixel electrode 191 are disposed in the same layer.

[0137] In the passivation layer 180, a contact hole 184
exposing the third drain electrode 175¢ is formed, and open-
ings 1882 and 1885 exposing the gate insulating layer 140 and
overlapped with the first and second storage electrodes 137a
and 1375 are formed.

[0138] Thefourth electrode member 192 and the third drain
electrode 175¢ are physically and electrically connected to
each other through the contact hole 184, and the step-down
capacitor Cstd is formed with the fourth electrode member
192 and the capacitance electrode line 1315, with the gate
insulating layer 140 and the passivation layer 180 interposed
therebetween. If the step-down capacitor Cstd is formed
between the third drain electrode 175¢ and the capacitance
electrode 1315, the semiconductor exists between both ter-
minals. If so, the semiconductor functions as an insulator or a
conductor as occasion demands, and the capacitance of the
step-down capacitor Cstd non-constantly varies. Therefore,
since the charging voltage of the second liquid crystal capaci-
tor Clcb varies as occasion demands, it is difficult to precisely
adjust the charging voltage of the first and second liquid
crystal capacitors Clca and Cleb as intended. However, since
the semiconductor is not interposed between both terminals
of the step-down capacitor Cstd in the exemplary embodi-
ment of FIG. 9 and FIG. 10, the capacitance of the step-down
capacitor Cstd is uniformly sustained. Accordingly, it can be
possible to precisely adjust the charging voltage of the first
and second liquid crystal capacitor Clea and Clcb.
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[0139] As described above, in order to connect the third
drain electrode 175¢ with the fourth electrode member 192
through the contact hole 184 and to form the step-down
capacitor Cstd between the fourth electrode member 192 and
the capacitance electrode line 1315, sufficient space is
required between each pixel PX. According to the present
exemplary embodiment, since the capacitance electrode line
1315 1s disposed between two pixels PX,,_, and PX /PX, ,,
and PX ,,, adjacent to one another to be connected to two
pixels PX _, and PX /PX ., and PX ., in common, it is
possible to reduce the occupied area of the capacitance elec-
trode line 1314. Therefore, the liquid crystal panel assembly
having the configuration of FIG. 9 and FIG. 10 can be
designed without an amount of reduction in the aperture ratio.
[0140] Furthermore, in the liquid crystal panel assembly of
FIG. 9 and FIG. 10, the pixel electrode 191 is overlapped with
the storage electrode line 1314 as well as the first and second
storage electrodes 137a and 137) with the gate insulating
layer 140 interposed therebetween to form the storage capaci-
tor Csta and Cstb, unlike the liquid crystal panel assembly of
FIG. 4 to FIG. 6. At this time, since the openings 188 and
1886 are formed in the passivation layer 180, only the gate
insulating layer 140 exists between the pixel electrode 191
and the storage electrodes 137a and 1375, and the distance
between the pixel electrode 191 and the storage electrode line
131a becomes shorter. For this reason, the voltage sustaining
capability is improved. In addition, since the semiconductor
is not interposed between both terminals of the storage
capacitor Csta, Cstb, it is possible to uniformly sustain the
capacitance of the storage capacitor.

[0141] Although exemplary embodiments of the present
invention have been described in detail, the scope of the
present invention is not limited hereto. Various changes and
modifications using the principle of the present invention as
defined in the appended claims are also included in the scope
of the present invention.

What is claimed is:

1. A liquid crystal display including first, second, and third
pixels adjacent to one another in a column direction, the
liquid crystal display comprising:

a first gate line connected to each of the second and third

pixels in common;

a capacitance electrode line connected to each of the first

and second pixels in common;

a first data line connected to the second pixel; and

a second data line connected to the first and third pixels.

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

a second gate line connected to the second pixel; and

a third gate line connected to the third pixel.

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

each of the first to third pixels comprises a pixel electrode

comprising a first sub-pixel electrode and a second sub-
pixel electrode, a first thin film transistor connected to
the first sub-pixel electrode, a second thin film transistor
connected to the second sub-pixel electrode, and a third
thin film transistor connected to the second sub-pixel
electrode; and

a gate electrode of the first thin film transistor and a gate

electrode of the second thin film transistor comprised in
each of the second and third pixels is connected to the
first gate line, and a drain electrode of the third thin film
transistor comprised in each of the first and second pix-
els is overlapped with the capacitance electrode line.

4. The liquid crystal display of claim 3, wherein a drain
electrode of each of the first, second, and third transistors
comprised in the second pixel has 180° rotational symmetry
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with respect to a drain electrode of each of the first, second,
and third transistors comprised in the third pixel.

5. The liquid crystal display of claim 3, further comprising
a semiconductor layer disposed between a layer containing
the first to third gate lines and a layer containing the first and
second data lines,

wherein the semiconductor layer has substantially a same

planar shape as the first and second data lines except for
achannel of the first, second, and third thin film transis-
tors in each pixel.

6. The liquid crystal display of claim 5, further comprising
an electrode member overlapped with the capacitance elec-
trode line and including a same material as the pixel electrode,

wherein the electrode member is electrically connected to

a drain electrode of the third thin film transistor of the
second pixel.

7. The liquid crystal display of claim 3, wherein the first
and second thin film transistors are simultaneously turned on,
and after the first and second thin film transistors are turned
off, the third thin film transistor is turned on.

8. The liquid crystal display of claim 7, wherein the first
and second thin film transistors included in each ofthe second
and third pixels are simultaneously turned on, and the third
thin film transistors respectively comprised in the first and
second pixels are simultaneously turned on.

9. The liquid crystal display of claim 7 wherein liquid
crystal capacitors connected to the first and second subpixel
electrodes receive a same charging voltage as each other
when the first and second thin film transistors are turned on
and receive different charging voltages from each other when
the third thin film transistor is turned on.

10. The liquid crystal display of claim 1, wherein the sec-
ond pixel is arranged between the first and third pixels, and
the first and third pixels are symmetrical to each other.

11. The liquid crystal display of claim 10, wherein the
second and third pixels have 180° rotational symmetry with
respect to each other.

12. A liquid crystal display including first, second, and
third pixels adjacent to one another in a column direction, the
liquid crystal display comprising:

a plurality of first gate lines transmitting a first gate signal;

a plurality of second gate lines transmitting a second gate

signal; and

a plurality of data lines transmitting a data voltage,

wherein each of the first to third pixels comprises a first
sub-pixel connected to one of'the first gate lines and one
of the data lines, and a second sub-pixel connected to the
one of the first gate lines, one of the second gate lines,
and the one of the data lines;

the first sub-pixel comprises a first switching element con-
nected to the one of the first gate lines and the one of the
data lines, and a first liquid crystal capacitor and a first
storage capacitor connected to the first switching ele-
ment;

the second sub-pixel comprises a second switching ele-
ment connected to the one of the first gate lines and the
one of the data lines, a second liquid crystal capacitor
and a second storage capacitor connected to the second
switching element, a third switching element connected
to the one of the second gate lines and the second liquid
crystal capacitor, and a step-down capacitor connected
to the third switching element; and
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the first sub-pixel comprised in each of the second and third
pixels is connected to a same first gate line in the plural-
ity of first gate lines.

13. The liquid crystal display of claim 12, further compris-
ing a step-up capacitor connected to the third switching ele-
ment and the second liquid crystal capacitor.

14. The liquid crystal display of claim 12, further compris-
ing a plurality of capacitance electrode lines forming one
terminal of the step-down capacitor,

wherein the second sub-pixel comprised in each of the first
and second pixels is connected to a same capacitance
electrode line in the plurality of capacitance electrode
lines.
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15. The liquid crystal display of claim 14, wherein the first
and second switching elements are simultaneously turned on,
and after the first and second switching elements are turned
off, the third switching element is turned on.

16. The liquid crystal display of claim 15, wherein the first
and second switching elements comprised in each of the
second and third pixels are simultaneously turned on, and the
third switching elements respectively comprised in the first
and second pixels are simultaneously turned on.

17. The liquid crystal display of claim 14, wherein the
second and third pixels have 180° rotational symmetry with
respect to each other.
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