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LIQUID CRYSTAL DISPLAY

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application is a divisional application of U.S.
patent application Ser. No. 12/350,698 filed on Jan. 8, 2009,
which claims the benefit of Korean Patent Application Nos.
10-2008-0057043 and 10-2008-0056321 filed in the Korean
Intellectual Property Office on Jun. 17, 2008 and Jun. 16,
2008, and all the benefits accruing therefrom under 35 U.S.C.
§119, the contents of the prior applications being 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.

[0004] (b) Description of the Related Art

[0005] A liquid crystal display is one of the most com-

monly used flat panel displays. The liquid crystal display
includes two display panels respectively having electric field
generating electrodes such as pixel electrodes and common
electrodes formed thereon, and a liquid crystal layer inter-
posed between the two display panels. An electric field is
generated in the liquid crystal layer by applying a voltage to
the electric field generating electrodes to determine the align-
ment of liquid crystal molecules of the liquid crystal layer and
control the polarization of incident light, thereby displaying
an image.

[0006] The liquid crystal display also includes a switching
element connected to each pixel electrode and a plurality of
signal lines such as gate lines, data lines, and the like for
applying the voltage to the pixel electrodes by controlling the
switching element.

[0007] Suchaliquid crystal display receives an input image
signal from an external graphics controller. The input image
signal contains luminance information of each pixel, and each
luminance level has a predetermined number. Each lumi-
nance level is represented by a data voltage corresponding to
desired luminance information. The data voltage applied to
the pixel is displayed with a pixel voltage according to a
difference of a common voltage. Each pixel displays lumi-
nance indicated by the gray of the image signal according to
the pixel voltage. At this time, a pixel voltage range that the
liquid crystal display can use is determined according to a
driver.

[0008] Meanwhile, the driver of the liquid crystal display is
mounted directly on a display panel in the form of a plurality
of integrated circuit chips or is attached to the display panel
while being mounted on a flexible circuit membrane. The
integrated circuit chips represent a high ratio of the manufac-
turing cost of the liquid crystal display.

[0009] In addition, as the number of wires such as the gate
lines or the data lines forming a liquid crystal panel assembly
increases, the aperture ratio of the liquid crystal display is
remarkably reduced.

[0010] The above information disclosed in this Back-
ground section is only for enhancement of understanding of
the background of the invention and therefore it may contain
information that does not form the prior art that is already
known in this country to a person of ordinary skill in the art.
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SUMMARY OF THE INVENTION

[0011] Aliquid crystal display according to an embodiment
of the present invention includes: first and second substrates
opposed to each other; a liquid crystal layer including liquid
crystal molecules interposed between the first and second
substrates; a gate line formed on the first substrate and trans-
mitting a gate signal; first and second data lines formed on the
first substrate and respectively transmitting first and second
data voltages having different polarities; a first switching
element connected to the gate line and the first data line; a
second switching element connected to the gate line and the
second data line; and first and second pixel electrodes that
connected to the first and second switching elements, respec-
tively, and separated from each other, wherein the liquid
crystal layer has positive dielectric anisotropy.

[0012] The liquid crystal molecules may be aligned sub-
stantially vertical to the first and second substrates.

[0013] The liquid crystal molecules may be aligned sub-
stantially parallel to surfaces of the first and second sub-
strates.

[0014] Theliquid crystal display may further include: third
and fourth data lines formed on the first substrate and respec-
tively transmitting third and fourth data voltages having dif-
ferent polarities; a third switching element connected to the
gate line and the third data line; a fourth switching element
connected to the gate line and the fourth data line; a third pixel
electrode connected to the third switching element; and a
fourth pixel electrode separated from the third pixel electrode
and connected to the fourth switching element.

[0015] The liquid crystal display may further include: a
third data line formed on the first substrate and transmitting a
third data voltage; a third switching element connected to the
gate line and the second data line; a fourth switching element
connected to the gate line and the third data line; the third
pixel electrode connected to the third switching element; and
a fourth pixel electrode separated from the third pixel elec-
trode and connected to the fourth switching element, wherein
the second data voltage and the third data voltage have dif-
ferent polarities.

[0016] A polarity of each of the first and second data volt-
ages may change for every frame.

[0017] The first and second pixel electrodes may be formed
in the same layer.

[0018] The first and second pixel electrodes may be formed
in different layers.

[0019] The liquid crystal display may further include a
common electrode that is formed on the first substrate and
applied with a common voltage.

[0020] The liquid crystal display may further include a
common electrode thatis formed on the second substrate and
applied with a common voltage.

[0021] The first and second pixel electrodes may include a
plurality of branch electrodes, and the branch electrodes of
the first pixel electrode and the branch electrodes of the sec-
ond pixel electrode may be alternately disposed.

[0022] Distances between adjacent branch electrodes of the
first pixel electrode and the second pixel electrode may be
uniform over their positions.

[0023] Distances between the adjacent branch electrodes of
the first pixel electrode and the second pixel electrode may be
different according to their positions.

[0024] The branch electrodes of the first and second pixel
electrodes may be bent one or more times.
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[0025] The plurality of branch electrodes of the first and
second pixel electrodes may be obliquely inclined with
respect to the gate line.

[0026] The first and second data lines may be bent one or
more times.
[0027] The liquid crystal display may further include a

storage electrode line formed on the first substrate, wherein
the first switching element includes a first drain electrode
connected to the first pixel electrode, the second switching
element includes a second drain electrode connected to the
second pixel electrode, and at least one of the first pixel
electrode, the second pixel electrode, the first drain electrode,
and the second drain electrode overlaps the storage electrode
line.

[0028] The first pixel electrode or an electrode connected to
the first pixel electrode may overlap the second pixel elec-
trode.

[0029] A liquid crystal display according to another
embodiment of the present invention includes: first and sec-
ond substrates opposing each other; a liquid crystal layer
including liquid crystal molecules and interposed between
the first and second substrates; a gate line formed on the first
substrate and transmitting a gate signal; first and second data
lines formed on the first substrate and respectively transmit-
ting first and second data voltages that are different from each
other; first and second switching elements connected to the
gate line and the first data line; third and fourth switching
elements connected to the gate line and the second data line;
and first, second, third, and fourth pixel electrodes connected
to the first, second, third, and fourth switching elements,
respectively, wherein the liquid crystal layer has positive
dielectric anisotropy.

[0030] Polarities of the first data voltage and the second
data voltage may be opposite to each other.

[0031] The liquid crystal molecules may be aligned sub-
stantially vertical or parallel to the first and second substrates.
[0032] The liquid crystal display may further include: third
and fourth data lines formed on the first substrate and respec-
tively transmitting third and fourth data voltages that are
different from each other; fifth and sixth switching elements
connected to the gate line and the third data line; seventh and
eighth switching elements connected to the gate line and the
fourth data line; and fifth, sixth, seventh, and eighth pixel
electrodes connected to the fifth, sixth, seventh, and eighth
switching elements, respectively.

[0033] The liquid crystal display may further include: a
third data line formed on the first substrate and transmitting a
third data voltage; fifth and sixth switching elements con-
nected to the gate line and the second data line; seventh and
eighth switching elements connected to the gate line and the
third data line; and fifth, sixth, seventh, and eighth pixel
electrodes connected to the fifth, sixth, seventh, and eighth
switching elements, respectively, wherein the second data
voltage and the third data voltage are different from each
other.

[0034] The first, second, third, and fourth switching ele-
ments have first, second, third, and fourth gate electrodes and
first, second, third, and fourth drain electrodes, respectively;
the first, second, third, and fourth drain electrodes are con-
nected to the first, second, third, and fourth pixel electrodes,
respectively; and when an overlapping area of the first gate
electrode and the first drain electrode is represented as a first
area, an overlapping area of the second gate electrode and the
second drain electrode is represented as a second area, an
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overlapping area of the third gate electrode and the third drain
electrode is represented as a third area, and an overlapping
area of the fourth gate electrode and the fourth drain electrode
is represented as a fourth area, at least one among the first to
fourth areas may be different from the other areas.

[0035] The first area may be greater than the third area, or
the fourth area may be greater than the third area.

[0036] Each of the first to fourth pixel electrodes may
include a plurality of branch electrodes, the branch electrodes
of the first pixel electrode and the branch electrodes of the
third pixel electrode may be alternately disposed, and the
branch electrodes of the second pixel electrode and the branch
electrodes of the fourth pixel electrode may be alternately
disposed.

[0037] The branch electrodes of the first to fourth pixel
electrodes may be obliquely inclined with respect to the gate
line.

[0038] The liquid crystal display may further include a
storage electrode line formed on the first substrate.

[0039] A liquid crystal display according to another
embodiment of the present invention includes: first and sec-
ond substrates opposing each other; a liquid crystal layer
including liquid crystal molecules and interposed between
the first and second substrates; a gate line formed on the first
substrate and transmitting a gate signal; first, second, third,
and fourth data lines formed on the first substrate and respec-
tively transmitting first, second, third, and fourth data volt-
ages that are different from each other; a first switching ele-
ment connected to the gate line and the first data line; a second
switching element connected to the gate line and the second
data line; a third switching element connected to the gate line
and the third data line; a fourth switching element connected
to the gate line and the fourth data line; and first, second, third,
and fourth subpixel electrodes connected to the first, second,
third, and fourth switching elements, respectively, wherein
the first to fourth subpixel electrodes are applied with differ-
ent voltages acquired from information for an image, and the
liquid crystal layer has positive dielectric anisotropy.

[0040] Polarities of the first data voltage and the second
data voltage may be opposite to each other, and polarities of
the third data voltage and the fourth data voltage are opposite
to each other.

[0041] The liquid crystal molecules may be aligned sub-
stantially vertical or parallel to the first and second substrates.

[0042] The liquid crystal display may further include a
storage electrode line formed on the first substrate.

[0043] A liquid crystal display according to another
embodiment of the present invention includes: first and sec-
ond substrates opposing each other; a liquid crystal layer
including liquid crystal molecules and interposed between
the first and second substrates; first and second gate lines
formed on the first substrate; first and second data lines
formed on the first substrate and respectively transmitting
first and second data voltages that are different from each
other; 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 second data line; a third switching
element connected to the second gate line and the first data
line; a fourth switching element connected to the second gate
line and the second data line; and first, second, third, and
fourth subpixel electrodes connected to the first, second,
third, and fourth switching elements, respectively, wherein
the first to fourth subpixel electrodes are applied with differ-
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ent voltages acquired from information for an image, and the
liquid crystal layer has positive dielectric anisotropy.

[0044] Polarities of the first data voltage and the second
data voltage may be opposite to each other.

[0045] Theliquid crystal molecules may bealigned vertical
or parallel to the first and second substrates.

[0046] The liquid crystal display may further include a
storage electrode line formed on the first substrate.

[0047] A liquid crystal display according to another
embodiment of the present invention includes: a pixel includ-
ing first and second subpixels and a coupling capacitor; a gate
line formed on a substrate and transmitting a gate signal; and
first and second data lines formed on the substrate and respec-
tively transmitting first and second data voltages that are
different from each other, wherein the first subpixel includes
a first switching element connected to the gate line and the
first data line, a second switching element connected to the
gate line and the second data line, and a first liquid crystal
capacitor connected to the first and second switching ele-
ments, the coupling capacitor is connected to the first switch-
ing element, the second subpixel includes the second switch-
ing element, the coupling capacitor, and a second liquid
crystal capacitor connected to the second switching element,
and the first and second liquid crystal capacitors include a
liquid crystal layer having positive dielectric anisotropy.
[0048] Polarities of the first data voltage and the second
data voltage may be opposite to each other.

[0049] The liquid crystal layer may include liquid crystal
molecules that are aligned substantially vertical or parallel to
the substrate.

[0050] The liquid crystal display may further include a
storage electrode line formed on the first substrate.

[0051] A liquid crystal display according to another
embodiment of the present invention includes: a plurality of
pixels including first and second subpixels and a boost-up
unit; first and second gate lines formed on a substrate and
transmitting a gate signal; and first and second data lines
formed on the substrate and respectively transmitting first and
second data voltages that are different from each other. The
first subpixel 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 second data
line, and a first liquid crystal capacitor connected to the first
and second switching elements, the second subpixel includes
a third switching element connected to the first gate line and
the first data line, the second switching element, and a second
liquid crystal capacitor connected to the second and third
switching elements. The boost-up unit includes a boost-up
capacitor connected to the first switching element, a fourth
switching element controlled by the gate signal of the first
gate line and connected between the boost-up capacitor and a
common voltage, and a fifth switching element controlled by
the gate signal of the second gate line and connected between
the boost-up capacitor and the second liquid crystal capacitor,
and the second gate line is applied with a gate-on voltage later
than the first gate line and the first and second liquid crystal
capacitors include a liquid crystal layer having positive
dielectric anisotropy.

[0052] Polarities of the first data voltage and the second
data voltage may be opposite to each other.

[0053] The liquid crystal layer may include liquid crystal
molecules that are aligned substantially vertical or parallel to
the substrate.
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[0054] When two adjacent pixels are represented as a first
pixel and a second pixel, the second data voltage transmitted
by the second data line of the first pixel may be the same as the
second data voltage transmitted by the second data line of the
second pixel.

[0055] The first subpixel may further include a first storage
capacitor connected to the first switching element and a sec-
ond storage capacitor connected to the second switching ele-
ment, and the second subpixel may further include a third
storage capacitor connected to the third switching element
and the second storage capacitor.

[0056] The first subpixel may further include a first storage
capacitor connected to the first and second switching ele-
ments, and the second subpixel may further include a second
storage capacitor connected to the second and third switching
elements.

[0057] A liquid crystal display according to another
embodiment of the present invention includes: first and sec-
ond substrates opposing each other; a liquid crystal layer
including liquid crystal molecules and interposed between
the first and second substrates; a gate line formed on the first
substrate and transmitting a gate signal; first, second, and
third data lines formed on the first substrate and respectively
transmitting first, second, and third data voltages; a first
switching element connected to the gate line and the first data
line; a second switching element connected to the gate line
and the second data line; a third switching element connected
to the gate line and the second data line; a fourth switching
element connected to the gate line and the third data line; and
first, second, third, and fourth pixel electrodes connected to
the first, second, third, and fourth switching elements, respec-
tively.

[0058] The liquid crystal layer may have positive dielectric
anisotropy.
[0059] The liquid crystal molecules may be aligned sub-

stantially vertical or parallel to the first and second substrates.
[0060] The second data voltage may vary between a first
level and a second level by a predetermined period.

[0061] The first level may be the highest voltage that is
usable in the liquid crystal display, and the second level may
be the lowest voltage that is usable in the liquid crystal dis-
play.

[0062] The predetermined period may be one frame.
[0063] The first to third data lines may be formed in the
same layer.

[0064] The second data line may be formed in the same

layer as the gate line.

[0065] The liquid crystal display may further include a
storage electrode line formed on the first substrate.

[0066] The first and second pixel electrodes may include a
plurality of branch electrodes, and the branch electrodes of
the first pixel electrode and the branch electrodes of the sec-
ond pixel electrode may be alternately disposed.

[0067] Distances between adjacent branch electrodes ofthe
first pixel electrode and the second pixel electrode may be
different according to their positions.

[0068] A liquid crystal display according to another
embodiment of the present invention includes: a pixel includ-
ing a first subpixel and a second subpixel; a gate line formed
on a substrate; and first, second, and third data lines formed on
the substrate, wherein the first subpixel includes a first
switching element connected to the gate line and the first data
line, a second switching element connected to the gate line
and the second data line, and a liquid crystal capacitor con-
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nected to the first and second switching elements, the second
subpixel includes a third switching element connected to the
gate line and the second data line, a fourth switching element
connected to the gate line and the third data line, and a liquid
crystal capacitor connected to the third and fourth switching
elements, and the first and second subpixels are applied with
different data voltages acquired from information for an
image.

[0069] The liquid crystal capacitor may have positive
dielectric anisotropy.

[0070] The liquid crystal layer may include liquid crystal
molecules that are aligned substantially vertical or parallel to
the substrate.

[0071] A voltage applied to the second data line may vary
between a first level and a second level by a predetermined
period.

[0072] The first to third data lines may be formed in the
same layer.
[0073] The second data line may be formed in the same

layer as the gate line.

[0074] The liquid crystal display may further include a
storage electrode line formed on the substrate.

[0075] A liquid crystal display according to another
embodiment of the present invention includes: a plurality of
pixels arranged in a matrix, each including a first subpixel and
a second subpixel; a plurality of first and second gate lines
formed on a substrate; and a plurality of first and second data
lines formed on the substrate, wherein the first subpixel
includes a first switching element connected to the first gate
line and the first data line, a second switching element con-
nected to the first gate line and the second data line, and a first
liquid crystal capacitor connected to the first and second
switching elements, the second subpixel includes a third
switching element connected to the second gate line and the
first data line, a fourth switching element connected to the
second gate line and the second data line, and a second liquid
crystal capacitor connected to the third and fourth switching
elements, and the first and second subpixels are applied with
different data voltages acquired from information for an
image.

[0076] The liquid crystal capacitor may include a liquid
crystal layer having positive dielectric anisotropy.

[0077] The liquid crystal layer may include liquid crystal
molecules that are aligned substantially vertical or parallel to
the substrate.

[0078] A voltage applied to the second data line may be
varied between a first level and a second level in a predeter-
mined cycle.

[0079] The second data line may be formed in the same
layer as the first and second gate lines.

[0080] The liquid crystal display may further include a
plurality of third data lines formed on the substrate, wherein
when two adjacent pixels among the plurality of pixels rep-
resent a first pixel and a second pixel, the first subpixel of the
second pixel includes a fifth switching element connected to
the first gate line and the third data line, a sixth switching
element connected to the first gate line and the second data
line, and a third liquid crystal capacitor connected to the fifth
and sixth switching elements, the second subpixel of the
second pixel includes a seventh switching element connected
to the second gate line and the third data line, an eighth
switching element connected to the second gate line and the
second data line, and a fourth liquid crystal capacitor con-
nected to the seventh and eighth switching elements, and the
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first and second subpixels of the second pixel are applied with
different data voltages acquired from one set of image infor-
mation.

[0081] The liquid crystal display may further include a
storage electrode line formed on the substrate.

[0082] A liquid crystal display according to another
embodiment of the present invention includes: first and sec-
ond pixels adjacent to each other, each including a first sub-
pixel and a second subpixel; a gate line formed on a substrate;
and first, second, and third data lines formed on the substrate,
wherein the first subpixel of the first 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 second data line, and a first liquid crystal
capacitor connected to the first and second switching ele-
ments, the coupling capacitor of the first pixel is connected to
the first switching element, the second subpixel of the first
pixel includes the second switching element and a second
liquid crystal capacitor connected between the coupling
capacitor and the second switching element, the first subpixel
of the second pixel includes a third switching element con-
nected to the first gate line and the second data line, a fourth
switching element connected to the first gate line and the third
data line, and a third liquid crystal capacitor connected to the
third and fourth switching elements, the coupling capacitor of
the second pixel is connected to the fourth switching element,
and the second subpixel of the second pixel includes the third
switching element and a fourth liquid crystal capacitor con-
nected between the coupling capacitor and the third switching
element.

[0083] The first to fourth liquid crystal capacitors may
include a liquid crystal layer having positive dielectric anisot-
ropy.

[0084] The liquid crystal layer may be a vertical or hori-
zontal alignment layer.

[0085] A wvoltage applied to the second data line may be
varied between a first level and a second level in a predeter-
mined cycle.

[0086] The first to third data lines may be formed in the
same layer.
[0087] The second data line may be formed in the same

layer as the gate line.

[0088] A liquid crystal display according to another
embodiment of the present invention includes: a plurality of
pixels arranged in a matrix; a plurality of gate lines formed on
a substrate and transmitting a gate signal; and a plurality of
the first and second data lines formed on the substrate and
respectively transmitting first and second data voltages,
wherein each pixel includes a first switching element con-
nected to the gate line and the first data line, a second switch-
ing element connected to the gate line and the second data
line, and a liquid crystal capacitor connected to the first and
second switching elements, the liquid crystal capacitor
includes a first pixel electrode, a second pixel electrode, and
aliquid crystal layer having positive dielectric anisotropy and
positioned between the first and second pixel electrodes, the
liquid crystal layer is a vertical alignment layer, and each
pixel displays a low-gray image for at least one frame after
displaying an image for one or more frames.

[0089] The plurality of pixels may display the low-gray
image for the same frame.

[0090]
frame.

The low-gray image may be displayed for one
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[0091] At least one pixel row or at least one pixel column
among the plurality of pixels may display the low-gray image
and the remaining pixels may display the image for the same
frame.

[0092] Two adjacent pixel rows or two adjacent pixel col-
umns may sequentially display the low-gray image for two
successive frames.

[0093] At least one pixel row displaying the low-gray
image may simultaneously display the low-gray image for the
same frame.

[0094] A data voltage of the low-gray image may be equal
to % or less than a data voltage of the image.

BRIEF DESCRIPTION OF THE DRAWINGS

[0095] FIG.11is ablock diagram of a liquid crystal display
according to an embodiment of the present invention;
[0096] FIG. 21s an equivalent circuit diagram of a structure
of a liquid crystal display and one pixel according to an
embodiment of the present invention;

[0097] FIG. 3 is an equivalent circuit diagram illustrating
one pixel of a liquid crystal display according to an embodi-
ment of the present invention;

[0098] FIG.4isaschematic cross-sectional view of aliquid
crystal display according to an embodiment of the present
invention;

[0099] FIG.5isadiagram illustrating voltages of data lines
and pixels of a liquid crystal display according to an embodi-
ment of the present invention;

[0100] FIG. 6 is a diagram illustrating the pixel electrode
and a texture region of a liquid crystal display according to an
embodiment of the present invention;

[0101] FIG.7isaschematic cross-sectional view of aliquid
crystal display according to an embodiment of the present
invention;

[0102] FIG. 8 is a diagram illustrating a sequence of a
driving method of a liquid crystal display according to an
embodiment of the present invention,;

[0103] FIG. 9 is a diagram illustrating a driving method
according to an embodiment of the present invention;
[0104] FIG. 10 is a diagram illustrating a driving method
according to another embodiment of the present invention;
[0105] FIG. 11 is a layout view of a liquid crystal panel
assembly according to an embodiment of the present inven-
tion;

[0106] FIG.12isacross-sectional view of theliquid crystal
panel assembly taken along line XII-XII of FIG. 11,

[0107] FIG.13 and FIG. 14 are equivalent circuit diagrams
each illustrating one pixel and a structure of a liquid crystal
display panel according to another embodiment of the present
invention;

[0108] FIG. 15 is a layout view of a liquid crystal panel
assembly according to an embodiment of the present inven-
tion;

[0109] FIG.161sacross-sectional view of theliquid crystal
panel assembly taken along line XVI-XVI of FIG. 15;
[0110] FIG. 17 is an equivalent circuit diagram illustrating
a structure of a liquid crystal panel assembly and one pixel
according to an embodiment of the present invention;
[0111] FIG. 18 is a layout view of a liquid crystal panel
assembly according to an embodiment of the present inven-
tion;

[0112] FIG.19isacross-sectional view of theliquid crystal
panel assembly taken along line XIX-XIX in FIG. 18;
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[0113] FIG. 20 is an equivalent circuit diagram illustrating
a structure of a liquid crystal panel assembly and one pixel
according to an embodiment of the present invention;
[0114] FIG. 21 is a layout view of a liquid crystal panel
assembly according to an embodiment of the present inven-
tion;

[0115] FIG. 22 isacross-sectional view of the liquid crystal
panel assembly take along line XXII-XXII in FIG. 21;
[0116] FIG. 23 to FIG. 25 are layout views of a liquid
crystal panel assembly according to an embodiment of the
present invention;

[0117] FIG. 26 is an equivalent circuit diagram illustrating
a structure of a liquid crystal panel assembly and one pixel
according to an embodiment of the present invention;
[0118] FIG. 27 is an equivalent circuit diagram illustrating
two subpixels of a liquid crystal panel assembly according to
another embodiment of the present invention;

[0119] FIG. 28A is a layout view of a liquid crystal panel
assembly according to an embodiment of the present inven-
tion;

[0120] FIG. 28B is an enlarged layout view of switching
elements of the liquid crystal panel assembly shown in FIG.
28A,;

[0121] FIG. 29 to FIG. 34 are equivalent circuit diagrams of
two subpixels of a liquid crystal panel assembly according to
another embodiment of the present invention;

[0122] FIG. 35 is a layout view of a liquid crystal panel
assembly according to an embodiment of the present inven-
tion;

[0123] FIG. 36 is an equivalent circuit diagram of two
subpixels of a liquid crystal panel assembly according to
another embodiment of the present invention,

[0124] FIG. 37 is an equivalent circuit diagram of two
pixels of a liquid crystal panel assembly according to an
embodiment of the present invention;

[0125] FIG. 38 and FIG. 39 are diagrams illustrating charg-
ing voltages of liquid crystal capacitors of four adjacent pix-
els in two successive frames and voltages applied to data lines
in a case where the highest voltage and the lowest voltage that
are usable by a liquid crystal display are OV and 7V, and a
common voltage Vcom is 7V according to an embodiment of
the present invention;

[0126] FIG. 40 to FIG. 43 are equivalent circuit diagrams of
two pixels of a liquid crystal panel assembly according to
another embodiment of the present invention;

[0127] FIG. 44 to FIG. 47 are layout views of two pixels
PX,and PX ., ofaliquid crystal panel assembly according to
an embodiment of the present invention;

[0128] FIG. 48 is an equivalent circuit diagram illustrating
a structure of a liquid crystal panel assenibly and one pixel
according to another embodiment of the present invention;
[0129] FIG. 49 to FIG. 51 are equivalent circuit diagrams of
two subpixels of a liquid crystal panel assembly according to
another embodiment of the present invention; and

[0130] FIG. 52 to FIG. 58 are equivalent circuit diagrams of
two pixels of a liquid crystal panel assembly according to
another embodiment of the present invention.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

[0131] The present invention will be described more fully
hereinafter with reference to the accompanying drawings, in
which embodiments of the invention are shown. As those
skilled in the art would realize, the described embodiments
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may be modified in various different ways, all without depart-
ing from the spirit or scope of the present invention.

[0132] 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.

[0133] Hereinafter, a liquid crystal display according to an
embodiment of the present invention will be described in
detail with reference to the accompanying drawings.

[0134] FIG.11is a block diagram of a liquid crystal display
according to an embodiment of the present invention, FIG. 2
is an equivalent circuit diagram illustrating a structure of a
liquid crystal display according to an embodiment of the
present invention and one pixel, and FIG. 3 is an equivalent
circuit diagram illustrating one pixel of a liquid crystal dis-
play according to an embodiment of the present invention.
[0135] Referring to FIG. 1, a liquid crystal display accord-
ing to an 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 con-
troller 600.

[0136] Referring to FIG. 1 and FIG. 3, the liquid crystal
panel assembly 300 includes a plurality of signal lines G, D,
and D,,, and a plurality of pixels PX that are connected
thereto and arranged substantially in a matrix in view of an
equivalent circuit. In contrast, in view ofa structure shown in
FIG. 2, the liquid crystal panel assembly 300 includes upper
and lower panels 100 and 200 that are opposed to each other,
and a liquid crystal layer 3 interposed therebetween.

[0137] The signal lines G, D;, and D, include a plurality
of gate lines G, transmitting a gate signal (also referred to as
“a scanning signal”) and a plurality of pairs of data lines D,
and D, , transmitting a data voltage. The gate lines Gi extend
substantially in a row direction and are substantially parallel
to each other. The data lines D, and D, extend substantially
in a column direction and are substantially parallel to each
other.

[0138] Each pixel PX, for example a pixel PX that is con-
nected to thei-th (i=1, 2, . . ., n) gate line G, and the j-th and
(G+D-th (G=1,2, ..., m) data lines D, and D, ; includes first
and second switching devices Qa and Qb connected to the
signal lines G,, D;, and D,,,, a liquid crystal capacitor Clc
connected thereto, and first and second storage capacitors
Csta and Cstb. The first and second storage capacitors Csta

and Cstb may be omitted as necessary.

[0139] The first/second switching device Qa/Qb is a three-
terminal device such as a thin-film transistor provided in the
lower panel 100. A control terminal thereof is connected to
the gate line Gi, an input terminal thereof is connected to the
dataline D,/D,, |, and an output terminal thereof is connected
to the liquid crystal capacitor Clc and the first and second
storage capacitors Csta and Cstb.

[0140] Referring to FIG. 2 and FIG. 3, the liquid crystal
capacitor Clc adopts the first pixel electrode PEa and the
second pixel electrode PEb of the lower panel 100 as two
terminals, and the liquid crystal layer 3 between the first and
second pixel electrodes PEa and PEb and the upper panel 200
serves as a dielectric material.
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[0141] The first pixel electrode PEais connected to the first
switching element Qa and the second pixel electrode PEDb is
connected to the second switching element Qb.

[0142] Alternatively to FIG. 2, the second pixel electrode
PEb may be provided on the upper panel 200. In this case, the
second pixel electrode PEb is not connected to a switching
element and receives a separate common voltage Vcom.
[0143] The liquid crystal layer 3 has dielectric anisotropy,
and liquid crystal molecules of the liquid crystal layer 3 have
their long axes aligned to be vertical to surfaces of the two
panels 100 and 200 without an electric field.

[0144] A pixel electrode PE including the first and second
pixel electrodes PEa and PEb, and a common electrode CE,
may be formed in different layers or in the same layer. The
first and second storage capacitors Csta and Cstb serving as
assistants of the liquid crystal capacitor Clc may be formed by
superimposing separate electrodes (not shown) provided on
the lower panel 100 with being interposed between the first
and second pixel electrodes PEa and PEb, and insulators.
[0145] Meanwhile, in order to implement color display, a
desired color is recognized by a spatial or temporal sum of
primary colors by allowing pixels PX to uniquely display one
of the primary colors (spatial division) or the pixels PX to
alternately display the primary colors (temporal division).
[0146] The primary colors include three primary colors
such as red, green, and blue.

[0147] FIG. 2 shows that each pixel PX includes a color
filter CF displaying one of the primary colors in an area of the
upper panel 200 corresponding to the first and second pixel
electrodes PEa and PEb as one example of the spatial divi-
sion.

[0148] Alternatively to FIG. 2, the color filter CF may be
disposed above or below the first and second pixel electrodes
PEa and PEb of the lower panel 100.

[0149] At least one polarizer (not shown) is provided in the
liquid crystal panel assembly 300.

[0150] Referring back to FIG. 1, the gray voltage generator
800 generates all gray voltages or gray voltages of a limited
number (hereinafter referred to as “reference gray voltages”™)
related to transmittance of the pixel PX.

[0151] The reference gray voltages may include a gray
voltage having a positive value and another gray voltage
having a negative value with respect to the common voltage
Veom.

[0152] The gate driver 400 is connected to the gate lines of
the liquid crystal panel assembly 300, and applies a gate
signal configured of a combination of a gate-on voltage Von
and a gate-off voltage Voff to the gate lines.

[0153] The data driver 500 is connected to the data lines of
the liquid crystal panel assembly 300, and selects a gray
voltage applied from the gray voltage generator 800 and
applies the selected gray voltage as a data voltage to the data
line.

[0154] However, in a case in which the gray voltage gen-
erator 800 provides reference gray voltages of a limited num-
ber instead of all the gray voltages, the data driver 500 may
generate desired data voltages by dividing the reference gray
voltages.

[0155] The signal controller 600 controls the gate driver
400 and the data driver 500.

[0156] Each of the drivers 400, 500, 600, and 800 is
mounted directly on the liquid crystal panel assembly in the
form of at least one IC chip, is mounted on a flexible printed
circuit film (not shown) to be attached onto the liquid crystal
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panel assembly 300 in the form of a tape carrier package
(TCP), or is mounted on a separate printed circuit board
(PCB) (not shown).

[0157] Alternatively, the drivers 400, 500, 600, and 800
may be integrated on the liquid crystal panel assembly 300
with signal lines and a thin-film transistor switching element.
[0158] Further, the drivers 400, 500, 600, and 800 may be
integrated in the form of a single chip. In this case, at least one
of them or at least one circuit element constituting them may
be positioned outside the single chip.

[0159] Hereinafter, referring to F1G. 4 and FI1G. 5, and FIG.
110 FIG. 3, an example of a driving method of aliquid crystal
display according to an embodiment of the present invention
will be described in detail.

[0160] FIG.4isaschematic cross-sectional view of aliquid
crystal display according to an embodiment of the present
invention, and FIG. § is a diagram illustrating voltages
applied to data lines and pixels of a liquid crystal display
according to an embodiment of the present invention.

[0161] First, referring to FIG. 1, the signal controller 600
receives input image signals R, G, and B and input control
signals controlling display of the input image signals R, G,
and B from an external graphics controller (not shown).
[0162] The input image signals R, G, and B contain lumi-
nance information of each pixel, and the luminance has a
predetermined number, for example 1024 (=2'°), 256 (=2%) or
64 (=29, of grays.

[0163] The input control signals may include a vertical
synchronization signal (Vsync), a horizontal synchronization
signal (Hsync), a main clock signal (MCLK), a data enable
signal (DE), and the like.

[0164] The signal controller 600 appropriately processes
the input image signals R, G, and B according to an operating
condition of the liquid crystal panel assembly 300 on the basis
of the input image signals R, G, and B and the input control
signals. The signal controller 600 generates a gate control
signal CONT1 and a data control signal CONT2, and outputs
the gate control signal CONT1 to the gate driver 400 and
outputs the data control signal CONT2 and processed image
signals DAT to the data driver 500.

[0165] According to the data control signal from the signal
controller 600, the data driver 500 receives digital image
signals DAT for a pixel of one row and converts each digital
image signal DAT into an analog data voltage by selecting a
gray voltage corresponding to each digital image signal DAT,
and then applies the analog data voltages to the corresponding
data lines.

[0166] The gate driver 400 applies the gate-on voltage Von
to the gate line G, according to the gate control signal CONT1
from the signal controller 600 to turn on the first and second
switching elements Qa and Qb connected to the gate line Gi.
[0167] Then, the data voltages applied to the data lines D,
and D, , are applied to the corresponding pixels PX through
the first and second switching elements Qa and Qb.

[0168] That is, the data voltage flowing in the first data line
D, is applied to the first pixel electrode PEa through the first
switching element Qa, and the data voltage flowing in the
second data line D, | is applied to the second pixel electrode
PEDb through the second switching element Qb.

[0169] At thistime, the data voltages applied to the first and
second pixel electrodes PEa and PEb are data voltages corre-
sponding to luminance displayed by the pixels PX, and have
polarities opposite to each other with respect to the common
voltage Vcom.
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[0170] A difference between the two data voltages having
different polarities, which are applied to the first and second
pixel electrodes PEa and PEDb, is indicated by a charging
voltage of the liquid crystal capacitor Clc, that is, a pixel
voltage.

[0171] When a potential difference is generated between
both terminals of the liquid crystal capacitor Clc, an electric
field parallel to the surfaces of the panels 100 and 200 is
generated in the liquid crystal layer 3 between the first and
second pixel electrodes PEa and PEb, as shown in FIG. 4.
[0172] Ina case in which liquid crystal molecules 31 have
positive dielectric anisotropy, the liquid crystal molecules 31
are inclined so that their long axes are aligned to be vertical to
the direction of the electric field and the inclination degree
depends on the amplitude of the pixel voltage.

[0173] Such a liquid crystal layer 3 is referred to as an
electrically-inducted optical compensation (EOC) mode.
[0174] Thedegree of variation of polarization of light pass-
ing through the liquid crystal layer 3 depends on the inclina-
tion degree of the liquid crystal molecules 31.

[0175] The variation of polarization is expressed by varia-
tion in transmittance of light through the polarizers, through
which the pixel PX displays luminance indicated by the gray
of the image signal DAT.

[0176] By repeating such a process by one horizontal
period (also referred to as “1H”, equal to one period of the
horizontal synchronization signal (Hsync) and the data
enable signal DE), the gate-on signal Von is sequentially
applied to all the gate lines and the data voltages are applied
to all the pixels PX thereby to display an image of one frame.
[0177] After one frame is terminated, the next frame starts.
A state of an inversion signal RVS applied to the data driver
500 is controlled so that the polarity of the data voltage
applied to each pixel PX is reversed to be opposite to that of
the previous frame (“frame inversion”™).

[0178] At this time, the polarity of the data voltage flowing
in one data line may be periodically changed during one
frame according to characteristics of the inversion signal RVS
(for example, row inversion and dot inversion) or the polari-
ties of the data voltages applied to one pixel row may be
alternately different from each other (for example, column
inversion and the dot inversion).

[0179] FIG. 5 is a diagram illustrating voltages applied to
each of the data lines when charging voltages of the liquid
crystal capacitors of four adjacent pixels are 14V, 10V, 5V,
and 1V, respectively, and a minimum voltage and a maximum
voltage which the liquid crystal display can use are OV and
14V, respectively, in the liquid crystal display according to an
embodiment of the present invention.

[0180] Referring to FIG. 5, each pixel is connected to two
datalines D, D, /D, . Dj,s/D, 0, D, s/D, 4 D, ;. Different

data voltages having different polarities with respect to the
common voltage Vcom are applied to the two data lines
D.D;1/D;2.Dj,2/D;, 0D, s/D; 6 D;,;  connected to  one
pixel. A difference between the two data lines is a pixel
voltage in each pixel PX. For example, when the common
voltage Vcom is 7V, 14V and OV may be applied to the first
and second data lines D, and D, respectively with a target
pixel voltage, 14V, of the first pixel, 12V and 2V may be
applied to the third and fourth data lines D, , and D, ; respec-
tively with a target pixel voltage, 5V, of the second pixel, 9.5V
and 4.5V may be applied to the fifth and sixth data lines D, ,
and D, ; respectively with a target pixel voltage, 5V, of the
third pixel, and 7.5V and 6.5V may be applied to the seventh
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and eighth data lines D, s and D, ; respectively with a target
pixel voltage, 1V, of the fourth pixel.

[0181] As described above, by applying two data voltages
having different polarities with respect to the common volt-
age Vcom to one pixel PX, a driving voltage may be
increased, the response speed of the liquid crystal molecules
may be improved, and the transmittance of the liquid crystal
display may be improved. Further, since the two data voltages
applied to the one pixel PX have polarities that are opposite to
each other, it is possible to prevent deterioration of image
quality due to flickers even in a case where the inversion type
in the data driver 500 is the column inversion or the row
inversion advantageously like the dot inversion.

[0182] In addition, when the first and second switching
elements Qa and Qb are turned off in one pixel, the voltages
applied to the first and second pixel electrodes PEa and PEb
drop simultaneously by respective kickback voltages,
whereby there is little variation in the charging voltage of the
pixel PX. Accordingly, it is possible to improve display char-
acteristics of the liquid crystal display.

[0183] Furthermore, in a case of using liquid crystal mol-
ecules 31 aligned vertical to the surfaces of the display panels
100 and 200, it is possible to improve the contrast ratio of a
liquid crystal display and implement a good optical viewing
angle. Since the liquid crystal molecules 31 having positive
dielectric anisotropy have dielectric anisotropy that is larger
and rotational viscosity that is lower compared to liquid crys-
tal molecules 31 having negative dielectric anisotropy, it is
possible to increase the response speed of the liquid crystal
molecules 31. Also, since the tilt directions of the liquid
crystal molecules 31 are easily set to the direction of a gen-
erated electric field, it is possible to acquire excellent display
characteristics even when the alignment of the liquid crystal
molecules 31 is scattered due to an external influence.
[0184] Next, referring to FIG. 6 to FIG. 10 and FIG. 1 to
FIG. 5 described above, another example of the driving
method of the liquid crystal display according to an embodi-
ment of the present invention will be described in detail.
[0185] FIG. 6 is a diagram illustrating the pixel electrode
and a texture region of a liquid crystal display according to an
embodiment of the present invention. FIG. 7 is a schematic
cross-sectional view of a liquid crystal display according to
an embodiment of the present invention, FIG. 8 is a diagram
illustrating a sequence of a driving method of a liquid crystal
display according to an embodiment of the present invention,
and F1G. 9 is a diagram illustrating a driving method accord-
ing to an embodiment of the present invention. FIG. 10 is a
diagram illustrating a driving method according to another
embodiment of the present invention.

[0186] First, referring to FIG. 6 and FIG. 7, aliquid crystal
panel assembly according to the embodiment also includes
lower and upper panels 100 and 200 opposing each other and
aliquid crystal layer 3 interposed therebetween, and first and
second pixel electrodes 1914 and 1915 are provided on the
lower panel 100 like the liquid crystal panel assembly shown
in FIG. 2.

[0187] The liquid crystal molecules 31 of the liquid crystal
layer 3 have their long axes aligned to be vertical to the
surfaces of the two panels 100 and 200 without the electric
field.

[0188] When two data voltages having different porosities
with respect to the common voltage Vcom are applied to the
first and second pixel electrodes 191a and 1915, the liquid
crystal molecules 31 of the liquid crystal layer 3 are tilted to
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be parallel to the panels 100 and 200 as shown in FIG. 7.
However, the liquid crystal molecules 31 spaced at the same
distance from the first and second pixel electrodes 191a and
1915 may not be tilted to any one side and maintain their
initial orientation that is vertical to the panes 100 and 200.
Then, texture A having lower luminance than the circumfer-
ence thereof may be generated between the two pixel elec-
trodes 191a and 1915 as shown in FIG. 6 and FIG. 7.

[0189] Referring to FIG. 9, a driving method of the liquid
crystal display according to an embodiment also includes
displaying images of N frames to be displayed for a prede-
termined time in the same manner as the driving method of
the liquid crystal display shown in FIG. 1 to FIG. 5 as
described above (e.g., images of 60 frames are displayed per
second in a 60 Hz driving). After images of N frames are
displayed, a low gray image Ig of one frame is additionally
displayed as shown in FIG. 9, and then, images of N frames to
be displayed are displayed.

[0190] In a case where the liquid crystal display displays
high-gray luminance such as white, the liquid crystal mol-
ecules 31 in the texture region between the two pixel elec-
trodes 191a and 1915 may be arranged horizontally to the
display panels 100 and 200 when the liquid crystal molecules
31 receive pressure from the outside. The texture region A
where the liquid crystal molecules 31 are horizontally
arranged may be recognized as yellowish bruising since the
horizontally arranged liquid crystal molecules 31 contribute
to the transmittance of the liquid crystal display. The horizon-
tally arranged liquid crystal molecules 31 in the texture region
A maintain the state by the strong electric field in the liquid
crystal layer 3 even though the pressure from the outside is
removed, whereby such bruising may not be removed even
when time passes by.

[0191] When an image Ig for a frame having a low-gray is
displayed after displaying images for a predetermined num-
ber of frames as in the embodiment, the liquid crystal mol-
ecules 31 that were maintained to be arranged horizontally to
the panels 100 and 200 by the strong electric field recover
their original inclination state to be vertical to the panels 100
and 200 when the influence form the outside is removed.
Accordingly, the bruising is removed and a white image may
be displayed. At this time, the gray of the low-gray image Ig
may be equal or less than a gray with which the bruising
appearing in the high-gray image may be removed after the
influence such as an external pressure is removed. Alterna-
tively, the gray may be a gray corresponding to a data voltage
equal to or less than %5 of the data voltage for a high gray.
[0192] Alternatively to the above embodiment, the number
of added frames of low-gray images Ig may be one or more.
[0193] Next, referring to FIG. 10, a driving method of a
liquid crystal display according to another embodiment ofthe
present invention will be described.

[0194] Referring to FIG. 10, one row or a plurality of rows
of pixels display a low gray in respective frames and the one
row or the plurality of rows of pixels having a low gray may
scroll the display screen from one end to the other end of the
screen while the liquid crystal display displays images during
n frames. At this time, the gray of the one or the plurality of
rows of pixels having a low gray may be equal to or less than
a gray with which the bruising can be removed in the high-
gray image after the influence such as an external pressure is
removed, or may be a gray corresponding to a data voltage
equal to or less than %5 of the data voltage corresponding to
the high gray in one example.
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[0195] Unlike FIG. 10, the low-gray row may be scrolled
bottom to top, left to right, or right to left.

[0196] In this way, one row or a plurality of rows of a low
gray, which are difficult to be recognized, are added to each
frame and are scrolled in the same manner as the above
embodiment, then it is possible to release the liquid crystal
molecules 31 that are laid due to the influence such as an
external pressure from the strong electric field and return back
the liquid crystal molecules 31 to their initial orientation after
the external pressure is removed. Accordingly, it is possible to
remove display defects such as a yellowish bruising, etc.
[0197] As described above, by adding an image or at least
one row of a low gray when displaying a high-gray image in
the liquid crystal display including vertically aligned liquid
crystal molecules 31, it is possible to recover theliquid crystal
molecules 31, which are laid horizontally to the panels 100
and 200 due to the influence such as the external force and
trapped by the strong electric field even though the external
influence is removed, back to initial orientation.

[0198] Hereinafter, referring to FIG. 11 and FIG. 12, an
example of the liquid crystal panel assembly described above
will be described in detail.

[0199] FIG. 11 is a layout view of a liquid crystal panel
assembly according to an embodiment of the present inven-
tion, and FIG. 12 is a cross-sectional view of the liquid crystal
panel assembly taken along line XII-XII of FIG. 11.

[0200] Referring to FIG. 11 and FIG. 12, the liquid crystal
panel assembly according to an embodiment of the present
invention includes a lower panel 100 and an upper panel 200,
and a liquid crystal layer 3 interposed therebetween.

[0201] First, the lower panel 100 will be described.

[0202] A plurality of gate conductors including a plurality
of gate lines 121 and a plurality of storage electrode lines 131
are formed on an insulation substrate 110.

[0203] The gate lines 121 transmit gate signals and extend
mainly in a horizontal direction. Each of the gate lines 121
includes plural pairs of first and second gate electrodes 124a
and 124b projecting upward.

[0204] Each of the storage electrode lines 131 receives a
predetermined voltage such as the common voltage Veom,
and extends mainly in the horizontal direction. Each of the
storage electrode lines 131 is positioned between two neigh-
boring gate lines 121 and is closer to the gate line 121 posi-
tioned below the storage electrode line 131. Each storage
electrode line 131 includes plural pairs of first and second
storage electrodes 133a and 1336 elongated vertically, and a
storage extension part 137 having a wide area. The first and
second storage electrodes 133a and 1336 are formed in a rod
shape from the vicinity of the first and second gate electrodes
124q and 1245 of the lower gate line 121 to the vicinity ofthe
upper gate line 121. The storage extension part 137 has a
substantially quadrangle shape in which two corners formed
in a lower part of the storage extension part 137 are cut, and
connects lower ends of the first and second storage electrodes
133a and 1334 to each other. However, the shape and arrange-
ment of the storage electrode line 131 including the storage
electrodes 1334 and 1335 and the storage extension part 137
may be changed in various forms.

[0205] The gate conductors 121 and 131 may have a single
layered structure or a multilayered structure.

[0206] A gate insulating layer 140 made of silicon nitride
(SiNx), silicon oxide (SiOx), or the like is formed on the gate
conductors 121 and 131.
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[0207] Plural pairs of first and second island-type semicon-
ductors 154a and 1545 made of hydrogenated amorphous
silicon, polysilicon, or the like are formed on the gate insu-
lating layer 140. The first and second semiconductors 154a
and 1545 are positioned above the first and second gate elec-
trodes 124 and 124b, respectively.

[0208] A pair of island-type ohmic contacts 163a and 1654
are formed on each of the first semiconductors 154a, and a
pair of island-type ohmic contacts (not shown) are formed on
each of the second semiconductors 1545. The ohmic contacts
163a and 165« may be made of a material such as n+ hydro-
genated amorphous silicon doped with n-type impurities at a
high concentration, etc., or of silicide.

[0209] A data conductor including plural pairs of first and
second data lines 171a and 1715 and plural pairs of first and
second drain electrodes 1754 and 17556 is formed on the
ohmic contacts 163a¢ and 1654 and the gate insulating layer
140.

[0210] The first and second data lines 171a and 1715 trans-
mit the data signals and intersect the gate lines 121 and the
storage electrode lines 131 while extending mainly in a ver-
tical direction. The first and second data lines 171a and 1715
include plural pairs of first and second source electrodes 173a
and 1735 bent in a U shape toward the first and second gate
electrodes 124a and 1245.

[0211] The first and second drain electrodes 175a and 1755
include first and second extension parts 177a and 1775 of
which ends have a rod shape and a large area. The ends of the
first and second drain electrodes 1754 and 1755 are partially
surrounded by the first and second source electrodes 173a and
1735 that are bent while facing each other around the first and
second gate electrodes 124a and 1245. Outer contours of the
first and second extension parts 177a and 1776 are substan-
tially similar to those of the storage extension part 137 posi-
tioned below the first and second extension parts 177a and
177b. The first extension part 177a overlaps the left halfofthe
storage extension part 137, and the second extension part
1770 overlaps the right half of the storage extension part 137.

[0212] The first/second gate electrode 1244/124b, the first/
second source electrode 173a/173 5, and the first/second drain
electrodes 175a/175b respectively constitute the first/second
thin film transistors Qa/Qb together with the first/second
semiconductor 1544/154b. Channels of the first/second thin
film transistor Qa/Qb is respectively formed in the first/sec-
ond semiconductor 154a/154b between the first/second
source electrode 173a/1735 and the first/second drain elec-
trode 175a 175b.

[0213] The data conductors 171a, 171b, 175a, and 175b
may have a single layered structure or a multilayered struc-
ture.

[0214] The ohmic contacts 163a and 1654 are formed only
between the semiconductors 154a and 1545 below the ohmic
contacts 163a and 1654 and the data conductors 171a, 1715,
175a, and 17556 above the ohmic contacts 163a and 165a. The
ohmic contacts 163a and 165a lower contact resistance
between the semiconductors 154a and 1545 and the data
conductors 171a, 1715,175a, and 175b. The semiconductors
154a and 1545 are exposed between the source electrodes
173a and 1736 and the drain electrodes 1754 and 17556. In
addition, the semiconductors 154a and 1545 are exposed to
the data conductors 171a, 1715, 175a, and 1755.

[0215] A passivation layer 180 that is may be made of an
inorganic insulator, an organic insulator, or the like is formed
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on the data conductors 171a, 1715, 175a, and 1755 and the
exposed parts of the semiconductors 154a and 1545,

[0216] A plurality of contact holes 185a¢ and 18546 for
exposing the first and second extension parts 177a and 1775
are formed on the passivation layer 180.

[0217] A plurality of pixel electrodes 191 including plural
pairs of first and second pixel electrodes 191a and 1915 that
are may be made of a transparent material such as indium tin
oxide (ITO), indium zinc oxide (IZ0), or the like, or a reflec-
tive metal such as aluminum, silver, chromium, or an alloy
thereof, are formed on the passivation layer 180.

[0218] As shown in FIG. 11, the overall contour of the one
pixel electrode 191 has a quadrangular shape. The first and
second pixel electrodes 191a and 1915 engage with each
other with a gap 91 therebetween. The first and second pixel
electrodes 191q and 1912 are generally vertically symmetri-
cal with respect to a virtual horizontal center line CL and are
divided into upper and lower regions.

[0219] The first pixel electrode 191a includes a lower pro-
jection portion, a left longitudinal stem portion, a horizontal
stem portion extending to the right from a center of the lon-
gitudinal stem portion, and a plurality of branch portions. A
branch portion positioned above the horizontal center line CL.
extends obliquely in an upper right direction from the longi-
tudinal stem portion or the horizontal stem portion. The other
branch portion positioned below the horizontal center line CL
extends obliquely in a lower right direction from the longitu-
dinal stem portion or the horizontal stem portion. An angle
between the branch portions and the gate line 121 or the
horizontal center line CL, may be approximately 45 degrees.
[0220] The second pixel electrode 1915 includes a lower
projection portion, a right longitudinal stem portion, upper
and lower horizontal stem portions, and a plurality of branch
portions. The upper and lower horizontal stem portions
extend horizontally to the left from a lower end and an upper
end of the longitudinal stem portion, respectively. A branch
portion positioned above the horizontal center line CL
extends obliquely in a lower left direction from the longitu-
dinal stem portion or the upper horizontal stem portion. The
other branch portion positioned below the horizontal center
line CL extends obliquely in an upper left direction from the
longitudinal stem portion or the lower horizontal stem por-
tion. An angle between the branch portions of the second
pixel electrode 1915 and the gate line 121 or the horizontal
center line CL. may also be approximately 45 degrees. The
upper and lower branch portions may be at right angles to
each other around the horizontal center line CL.

[0221] The branch portions of the first and second pixel
electrodes 191a and 1915 engage with each other with a
predetermined gap and are alternately disposed, thereby
forming a pectinated pattern.

[0222] The first and second pixel electrodes 191a and 1915
are physically and electrically connected to the first and sec-
ond drain electrodes 175 and 1755 through the contact holes
185a and 1855, respectively. The first and second pixel elec-
trodes 191a and 1915 receive data voltages from the first and
second drain electrodes 175a and 175b. The first and second
pixel electrodes 191a and 1915 constitute the liquid crystal
capacitor Clec together with the liquid crystal layer 3. The first
and second pixel electrodes 191a and 1915 maintain the
applied voltage even after the first and second thin film tran-
sistors Qa and Qb are turned off.

[0223] The first and second extension parts 177a and 177h
of the first and second drain electrode 175a and 1755 con-
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nected to the first and second pixel electrodes 191a and 1915
overlap the storage extension part 137 with the gate insulating
layer 140 interposed therebetween, thereby constituting the
first and second storage capacitors Csta and Cstb. The first
and second storage capacitors Csta and Cstb strengthen volt-
age storage capacitance of the liquid crystal capacitor Cle.
[0224] Next, the upper panel 200 will be described.

[0225] A light blocking member 220 is formed on an insu-
lation substrate 210 made of transparent glass, plastic, or the
like. The light blocking member 220 prevents light from
being leaked between the pixel electrodes 191 and defines an
opening region facing the pixel electrodes 191.

[0226] A plurality of colors filter 230 are formed on the
insulation substrate 210 and the light blocking member 220.
Most of the color filters 230 exist within a region surrounded
by the light blocking member 220. The color filters 230 may
be elongated on a row of the pixel electrodes 191. Each of the
color filters 230 may display one of primary colors including
three primary colors such as red, green, and blue.

[0227] An overcoat 250 is formed on the color filters 230
and the light blocking member 220. The overcoat 250 may be
made ofthe (organic) insulator. The overcoat 250 prevents the
color filters 230 from being exposed and provides a flat sur-
face. The overcoat 250 may be omitted.

[0228] Alignment layers 11 and 21 are applied on inner
surfaces of the panels 100 and 200. The alignment layers 11
and 21 may be vertical alignment layers.

[0229] A polarizer (not shown) may be provided on outer
surfaces of the panels 100 and 200.

[0230] The liquid crystal layer 3 interposed between the
lower panel 100 and the upper panel 200 has positive dielec-
tric anisotropy. The liquid crystal molecules 31 may have
their long axes aligned to be vertical to the surfaces of two
panels 100 and 200 without the electric field.

[0231] When data voltages having different polarities are
applied to the first and second pixel electrodes 191a and 1915,
an electric field substantially parallel to the surfaces of the
panels 100 and 200 is generated. The liquid crystal molecules
of the liquid crystal layer 3, which are initially aligned to be
vertical to the surfaces of the panels 100 and 200, respond to
the electric field and the long axes of the liquid crystal mol-
ecules are aligned to be parallel to the electric field. A varia-
tion degree of polarization of light incident in the liquid
crystal layer 3 is changed depending on the inclination degree
of the liquid crystal molecules. The variation of the polariza-
tion is represented by variation of transmittance by the polar-
izers, whereby the liquid crystal display displays an image.
[0232] In this way, it is possible to increase the contrast
ratio of the liquid crystal display and implement a wide view-
ing angle by using liquid crystal molecules 31 that are aligned
vertically to the surfaces of the panels 100 and 200. Also, it is
possible to increase the driving voltage and improve response
speed by applying two data voltages having different polari-
ties with respect to the common voltage Vcom to one pixel
PX. Further, as described above, influences by the kickback
voltage may be removed, thereby preventing flickering and
the like.

[0233] Next, referring to FIG. 13, a liquid crystal panel
assembly according to another embodiment of the present
invention will be described.

[0234] FIG. 13 is an equivalent circuit diagram illustrating
one pixel and a structure of a liquid crystal display panel
according to another embodiment of the present invention.
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[0235] Referring to FIG. 13, the liquid crystal panel assem-
bly according to the present embodiment also includes a
signal line including a plurality of gate lines G, and plural
pairs of data lines D, and D, |, and a plurality of pixels PX
connected thereto. With regard to a structure of the liquid
crystal display, the liquid crystal display includes lower and
upper panels 100 and 200 opposed to each other, and a liquid
crystal layer 3 interposed therebetween. Each pixel PX
includes first and second switching elements Qa and Qb that
are connected to the signal line G, D, and D,,,, a liquid
crystal capacitor Clc, and a storage capacitor Cst.
[0236] Unlike the embodiment shown in FIG. 2 and FIG. 3,
in the present embodiment, first and second pixel electrodes
PEa and PEb are superimposed on each other with an insula-
tor interposed therebetween to form a storage capacitor Cst.
In this way, by forming a storage capacitor Cst in each pixel
PX, additional wiring for transmitting a common voltage
Veom is not required, thereby increasing the aperture ratio.
[0237] Description of the operation and effect of a liquid
crystal display including the first and second switching ele-
ments Qa and Qb, the liquid crystal capacitor Clc, a color
filter CF, a polarizer (not shown), and the liquid crystal panel
assembly refers to the description of the same components
shown in FIG. 1 to FIG. 5. Therefore, a detailed description
thereof will be omitted.

[0238] Next, referring to FIG. 14, a liquid crystal panel
assembly according to another embodiment of the present
invention will be described.

[0239] FIG. 14 is an equivalent circuit diagram illustrating
onepixel as well as a structure of a liquid crystal display panel
according to another embodiment of the present invention.
[0240] Referring to FIG. 14, the liquid crystal panel assem-
bly according to the present embodiment also includes a
signal line including a plurality of gate lines G, and plural
pairs of data lines D; and D, ,, and a plurality of pixels PX
connected thereto. With regard to a structure of the liquid
crystal display, the liquid crystal display includes lower and
upper panels 100 and 200 opposed to each other, and a liquid
crystal layer 3 interposed therebetween.

[0241] Each pixel PX includes first and second switching
elements Qa and Qb that are connected to the signal line G,,
D, and D,,,, a liquid crystal capacitor Clc, and first and
second storage capacitors Csta and Cstb.

[0242] The first and second switching elements Qa and Qb
are three-terminal elements such as a thin film transistor
provided in the lower panel 100. A control terminal thereof is
connected to the gate lines G,, an input terminal thereof is
connected to the datalines D, and D ,, and an output terminal
thereofis connected to the liquid crystal capacitor Clec and the
first and second storage capacitors Csta and Cstb.

[0243] The liquid crystal capacitor Clc may adopt first and
second pixel electrodes PEa and PEb of the lower panel 100
as two terminals, or may adopt the first pixel electrode PEa or
the second pixel electrode PEb and a common electrode CE as
the two terminals. The first and second pixel electrodes PEa
and PEb are connected to the first and second switching
elements Qa and Qb. The common electrode CE is formed on
a front surface within a region of one pixel PX of the lower
panel 100, and is formed on a layer different from a layer
where a pixel electrode PE including the first and second pixel
electrodes PEa and PEb is formed. A predetermined voltage
such as a common voltage Vcom or the like is applied to the
common electrode CE. Data voltages having different polari-
ties with respect to the common voltage Veom are applied to
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the first and second pixel electrodes PEa and PEb, respec-
tively. Meanwhile, the liquid crystal layer 3 has positive
dielectric anisotropy. Liquid crystal molecules of the liquid
crystal layer 3 have their long axes aligned to be vertical to
horizontal surfaces of the panels 100 and 200 without an
electric field.

[0244] The first and second storage capacitors Csta and
Cstb are formed by superimposing the first and second pixel
electrodes PEa and PEb on each other with the common
electrode CE and an insulator interposed therebetween. How-
ever, the first or second storage capacitor Csta or Cstb may be
formed by superimposing the first or second pixel electrode
PEa or PEb and a front gate line (not shown) or an additional
signal line (not shown) on each other with the insulator inter-
posed therebetween.

[0245] A color filter 230 displaying one of primary colors is
provided in a region of the upper panel 200 corresponding to
the pixel electrode PE. Unlike FIG. 14, a color filter CF may
be positioned above or below the pixel electrode PE of the
lower panel 100.

[0246] At least one polarizer (not shown) is provided in the
liquid crystal panel assembly.

[0247] The description of the operation and effect of the
liquid crystal display including the liquid crystal panel
assembly refers to the description of the same components
shown in FIGS. 1 to 5. Therefore, a detailed description
thereof will be omitted.

[0248] Hereinafter, referring to FIGS. 15 and 16, an
example of the liquid crystal panel assembly shown in FIG.
14 will be described

[0249] FIG. 15 is a layout view of a liquid crystal panel
assembly according to an embodiment of the present inven-
tion, and FIG. 16 is a cross-sectional view of the liquid crystal
panel assembly taken along line XVI-XVI of FIG. 15.
[0250] A layered structured of the liquid crystal panel
assembly according to the present embodiment is substan-
tially the same as that of the liquid crystal panel assembly
shown in FIGS. 11 and 12.

[0251] First, a lower panel 100 will be described.

[0252] A plurality of gate lines 121 and a plurality of com-
mon voltage lines 271 including plural pairs of first and
second gate electrodes 124a and 124b are formed on an
insulation substrate 110.

[0253] The common voltage lines 271 transmit a common
voltage Vcom and extend in a horizontal direction substan-
tially parallel to the gate lines 121. The common voltage lines
271 are positioned between two adjacent gate lines 121 and
are spaced from the two gate lines 121 by substantially the
same distance.

[0254] A plurality of common electrodes 270 are formed on
the insulation substrate 110 and the common voltage lines
271. The common electrodes 270 have a quadrangle shape.
The common electrodes 270 are arranged in a matrix and
almost occupy a space between the gate lines 121. The com-
mon electrodes 270 are connected to the common voltage
lines 271 to be applied with the common voltage Vcom. The
common electrodes 270 may be made of a transparent con-
ductive material such as ITO, [ZO, or the like.

[0255] A gate insulating layer 140 is formed on the gate
lines 121, the common voltage lines 271, and the common
electrodes 270. The gate insulating layer 140 prevents the
gate lines 121 and the common electrodes 270 from being
short-circuited to each other and allows the gate lines 121 and
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the common electrodes 270 to be electrically insulated from
other conductive thin films formed thereon.

[0256] Plural pairs of first and second island-type semicon-
ductors 154a and 1545, plural pairs of first and second island-
type ohmic contacts 163« and 1654, plural pairs of first and
second data lines 171a and 1715, and plural pairs of first and
second drain electrodes 175a and 1755 are sequentially
formed on the gate insulating layer 140.

[0257] A lower passivation layer 180p made of silicon
nitride or silicon oxide is formed on the first and second data
lines 171a and 1715, the first and second drain electrodes
175a and 175b, and exposed portions of the first and second
semiconductors 1544 and 1545.

[0258] A light blocking member 220 that is separated by a
predetermined interval and has a plurality of openings 227 is
formed on the lower passivation layer 180p. The light block-
ing member 220 may include a vertically elongated linear part
and a quadrangle part corresponding to a thin film transistor.
The light blocking member 220 prevents light leakage. A
plurality of through-holes 225a and 2255 positioned above
the first and second drain electrodes 175a and 175b are
formed on the light blocking member 220.

[0259] A plurality of color filters 230 are formed on the
passivation layer 180p and the light blocking member 220.
Most of the color filters 230 are disposed within a region
surrounded by the light blocking member 220.

[0260] Herein, the lower passivation layer 180p may pre-
vent pigments of the color filters 230 from being introduced
into the exposed portions of the semiconductors 154a and
154b.

[0261] An upper passivation layer 180¢ is formed on the
light blocking member 220 and the color filters 230. The
upper passivation layer 180¢ may be made of an inorganic
insulating material such as silicon nitride, silicon oxide, or the
like. The upper passivation layer 180g prevents the color
filters 230 from being delaminated and prevents an error such
as an afterimage that may occur upon driving a screen by
suppressing contamination of a liquid crystal layer 3, which is
caused due to an organic material such as a solvent introduced
from the color filter 230.

[0262] However, at least one of the light blocking member
220 and the color filters 230 may be positioned on the upper
panel 200. In this case, one of the lower passivation layer
180p and the upper passivation layer 180g of the lower panel
100 may be omitted.

[0263] A plurality of contact holes 185a¢ and 18546 for
exposing the first and second drain electrodes 175a and 1755
are formed on the upper passivation layer 180¢ and the lower
passivation layer 180p.

[0264] Plural pairs of first and second pixel electrodes 191a
and 1915 are formed on the upper passivation layer 1804. The
first and second pixel electrodes 191a and 1915 include a
plurality of branch electrodes and a vertical connection por-
tion connecting the branch electrodes. The first and second
pixel electrodes 191a and 1915 are superimposed with the
common electrodes 270 below the first and second pixel
electrodes 191a and 1915.

[0265] A vertical connection portion of the first pixel elec-
trode 191a elongates vertically on the left side of the common
electrode 270. A branch electrode positioned above the com-
mon voltage line 271 extends obliquely right-downward from
the branch electrode, and a branch electrode positioned below
the common voltage line 271 extends obliquely right-upward
from the connection portion.
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[0266] A vertical connection portion of the second pixel
electrode 1915 elongates vertically on the right side of the
common electrode 270. A branch electrode positioned above
the common voltage line 271 extends obliquely left-upward
from the connection portion and another branch electrode
positioned below the common voltage line 271 extends
obliquely left-downward from the connection portion.
[0267] The branch electrodes of the first and second pixel
electrodes 191a and 1915 engage with each other by a pre-
determined interval and are alternately disposed, thereby
forming a pectinated pattern.

[0268] The liquid crystal layer 3 interposed between the
lower panel 100 and the upper panel 200 has positive dielec-
tric anisotropy and includes liquid crystal molecules 31. The
liquid crystal molecules 31 have their long axes aligned to be
vertical to surfaces of the panels 100 and 200 without an
electric field.

[0269] The first and second pixel electrodes 191a and 1915
that are applied with data voltages from the first and second
drain electrodes 175a and 1755 constitute a liquid crystal
capacitor Clc together with the liquid crystal layer 3 inter-
posed therebetween. Even after first and second thin film
transistors Qa and Qb are turned off; the applied voltages are
stored.

[0270] The first and second pixel electrodes 191a and 1915
and the common electrode 270 are also made of a dielectric
material, in addition to the gate insulating layer 140 and the
upper and lower passivation layers 180p and 1804 to consti-
tute first and second storage capacitors Csta and Cstb, thereby
improving the voltage storage performance of the liquid crys-
tal capacitor Cle. Some of the color filters 230 positioned
between the first and second pixel electrodes 191a and 1915
and the common electrodes 270 are removed, resulting in
increasing the storage capacitance of the first and second
storage capacitors Csta and Cstb.

[0271] First and second extension parts 177a and 1776 of
the first and second drain electrodes 175a and 1755 connected
to the first and second pixel electrodes 191a and 1915 are
superimposed with a storage extension part 137 with the gate
insulating layer 140 therebetween, thereby forming the first
and second storage capacitors Csta and Cstb. The first and
second storage capacitors Csta and Cstb strengthen the volt-
age storage performance of the liquid crystal capacitor Clc.
[0272] Alignment layers 11 and 21 are formed on inner
surfaces of the lower and upper panels 100 and 200. The two
alignment layers 11 and 21 may be horizontal alignment
layers.

[0273] When the common voltage Vcom is applied to the
common electrode 270 and two data voltages having different
polarities with respect to the common voltage Vcom are
applied to the first and second pixel electrodes 191a and 1915,
an electric field substantially parallel to the horizontal sur-
faces of the panels 100 and 200 is generated in the liquid
crystal layer 3. Therefore, the liquid crystal molecules 31 of
the liquid crystal layer 3 have their long axes aligned to be
horizontal to the electric field. The polarization degree of
incident light is varied depending on an inclination degree.
Unlike the previous embodiment, in the present embodiment,
it is possible to increase the response speed of the liquid
crystal molecules 31 and further improve the transmittance of
a liquid crystal display by the electric field generated in the
liquid crystal layer 3 between the first and second pixel elec-
trodes 191a and 1915, and by the electric field generated in
the liquid crystal layer 3 between the common electrodes 270



US 2014/0247409 Al

and the first and second pixel electrodes 191a and 1915.
Meanwhile, a horizontal component of the electric field is
substantially vertical to the branch electrodes of the first and
second pixel electrodes 191¢ and 1915. As shown in FIG. 15,
since alignment directions of the branch electrodes are dif-
ferent from each other on the basis of the common voltage
line 271, it is possible to acquire a wide viewing angle by
varying alignment directions of the liquid crystal molecules
31.

[0274] Next, referring to FIG. 17, a liquid crystal panel
assembly according to another embodiment of the present
invention will be described.

[0275] FIG. 17 is an equivalent circuit diagram illustrating
a structure of a liquid crystal panel assembly and one pixel
according to an embodiment of the present invention.
[0276] Referring to FIG. 17, the liquid crystal panel assem-
bly according to the present embodiment also includes a
signal line including a plurality of gate lines G, and plural
pairs of data lines D; and D,, |, and a plurality of pixels PX
connected thereto as shown in FIG. 14.

[0277] Each pixel PX includes first and second switching
elements Qa and Qb that are connected to the signal line G,
D, and D, ), a liquid crystal capacitor Cle, first and second
liquid crystal capacitors Clca and Clcb, and first and second
storage capacitors Csta and Cstb.

[0278] However, unlike the embodiment shown in F1G. 14,
in the present embodiment, a common electrode CE is formed
overall on the upper panel 200. The first/second liquid crystal
capacitor Clca/Cleb adopts the first/second pixel electrode
PEa/PEb of a lower panel 100 and the common electrode CE
of the upper panel 200 as its two terminals. The liquid crystal
capacitor Clc adopts the first and second pixel electrodes PEa
and PEb of the lower panel 100 as the two terminals.

[0279] The first and second storage capacitors Csta and
Cstb are configured by superimposing a pixel electrode PE
including the first and second pixel electrodes PEa and PEb
and a signal line (not shown) or a previous gate line (not
shown) just above the corresponding gate line with an insu-
lator interposed therebetween.

[0280] Inthe presentembodiment, an electric field horizon-
tal to the panels 100 and 200 is generated in a liquid crystal
layer 3 by the first and second pixel electrodes PEa and PEb
that are applied with data voltages having different polarities.
At the same time, additional electric fields are generated in
the liquid crystal layer 3 by the first and second pixel elec-
trodes PEa and PEb of the lower panel 100 and the common
electrode CE of the upper panel 200. Edges of the first and
second pixel electrodes PEa and PEb distort the electric field
together with the common electrode CE, thereby creating a
horizontal component vertical to the edges of the pixel elec-
trode PEa and PEDb. Therefore, liquid crystal molecules of the
liquid crystal layer 3 having positive dielectric anisotropy are
aligned to be parallel to the electric field, and a variation
degree of polarization of light incident in the liquid crystal
layer 3 is varied depending on an inclination degree of the
liquid crystal molecules.

[0281] Unlike the present embodiment, the first and second
pixel electrodes PEa and PEb may be superimposed on each
other, thereby forming a storage capacitor (not shown).
[0282] Hereinafter, referring to FIG. 18 and FIG. 19, an
example of the liquid crystal panel assembly shown in FIG.
17 will be described.

[0283] FIG. 18 is a layout view of a liquid crystal panel
assembly according to an embodiment of the present inven-
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tion, and FIG. 19 is a cross-sectional view of the liquid crystal
panel assembly taken along line XIX-XIX in FIG. 18.
[0284] A layered structure of the liquid crystal panel
assembly according to the present embodiment is substan-
tially the same as that of the liquid crystal panel assembly
shown in FIG. 11 and FIG. 12.

[0285] First, a lower panel 100 will be described. A plural-
ity of gate lines 121 including plural pairs of first and second
gate electrodes 124a and 124b, and a plurality of storage
electrode lines 131 are formed on an insulation substrate 110.
A gate insulating layer 140 is formed thereon. Plural pairs of
first and second linear semiconductors 151a, plural pairs of
first linear ohmic contacts 161¢ and second linear ohmic
contacts (not shown), plural pairs of first island-type ohmic
contacts 165a and second island-type ohmic contacts (not
shown), plural pairs of first and second data lines 171a and
1715, and plural pairs of first and second drain electrodes
175a and 1755 are sequentially formed on the gate insulating
layer 140. A passivation layer 180, first and second pixel
electrodes 191a and 1915, and an alignment layer 11 are
sequentially formed thereon.

[0286] Next, an upper panel 200 will be described. A light
blocking member 220, a color filter 230, an overcoat 250, a
common electrode 270, and analignment layer 21 are sequen-
tially formed on an insulation substrate 210.

[0287] Unlike the liquid crystal panel assembly shown in
FIG. 11 and FIG. 12, in the present embodiment, the first
linear semiconductor 151a and the second linear semicon-
ductor (not shown) are linear and include first and second
protrusions 154aa and 154bb protruding along source elec-
trodes 173a and 17356 and drain electrodes 175a and 1756,
respectively. Further, the linear ohmic contacts 161a also
linearly extend along the data lines 171¢ and include protru-
sions 163a protruding along the source electrodes 173a. Also,
other linear ohmic contacts (not shown) linearly extend along
the data lines 1715 and include protrusions (not shown) pro-
truding along the source electrodes 17356, The linear semi-
conductors 151a have substantially the same planar shape as
the data lines 1714, the drain electrodes 1754, and the ohmic
contacts 161a, 163a, and 165a below the data lines 171a and
the drain electrodes 175a. Also, the second linear semicon-
ductors (not shown) have substantially the same planar shape
as the data lines 1715, the drain electrodes 1755, and the
ohmic contacts (not shown) below the data lines 1715 and the
drain electrodes 1755

[0288] In a method of manufacturing the lower panel 100
according to an embodiment of the present invention, the data
lines 171a and 17154, the drain electrodes 1754 and 17554, the
semiconductors 151a, and the ohmic contacts 161a, 1634,
and 165a are formed by one photolithography process.
[0289] The storage electrode lines 131 are positioned
between two adjacent gate lines 121 and are spaced from the
two gate lines 121 substantially at the same distance. The first
and second pixel electrodes 191a and 1915 are superimposed
on the storage electrode lines 131 with the gate line insulating
layer 140 and the passivation layer 180 interposed therebe-
tween, thereby forming first and second storage capacitors
Csta and Cstb. At this time, the passivation layer 180 in a
portion where the first and second pixel electrodes 191a and
1915 and the storage electrode lines 131 are superimposed
over each other may be removed.

[0290] Each of the first and second pixel electrodes 191a
and 1915 has a horizontal part and a plurality of vertical parts.
The horizontal part of the first pixel electrode 191a is posi-
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tioned at a lower end and the plurality of vertical parts of the
first pixel electrode 191a extend upward from the horizontal
part. The horizontal part of the second pixel electrode 1915 is
positioned at an upper end and the plurality of vertical parts of
the second pixel electrode 1915 extend downward from the
horizontal part. The horizontal parts and the vertical parts of
the first and second pixel electrodes 191 and 1915 are sub-
stantially perpendicular to each other. The vertical parts of the
first and second pixel electrodes 191a and 1914 are alter-
nately disposed.

[0291] In addition, various characteristics of the liquid
crystal panel assembly and the liquid crystal display includ-
ing the same shown in FIG, FIG. 1, FIG. 5, FIG. 6, and FIG.
7 may also be applied to the liquid crystal panel assembly
shown in FIG. 18 and FIG. 19.

[0292] Next, referring to FIG. 20, a liquid crystal panel
assembly according to another embodiment of the present
invention will be described.

[0293] FIG. 20 is an equivalent circuit diagram illustrating
a structure of a liquid crystal panel assembly and one pixel
according to an embodiment of the present invention.

[0294] Referring to FIG. 20, the liquid crystal panel assem-
bly according to the present embodiment also includes signal
lines including a plurality of gate lines G, and plural pairs of
data lines D, and D, ,, and a plurality of pixels PX connected
thereto, like in the embodiment shown in FIG. 8.

[0295] In the present embodiment, each pixel PX includes
first and second switching elements Qa and Qb that are con-
nected to the signal lines G,, D, and D, a liquid crystal
capacitor Clc, a liquid crystal capacitor Clec, and first and
second storage capacitors Csta and Cstb.

[0296] A control terminal of each of the first/second
switching elements Qa and Qb is connected to the gate line G,,
an input terminal thereof is connected to the data lines D /D,,
1, and output terminal thereof is connected to first/second
pixel electrodes PEa/PEb.

[0297] The liquid crystal capacitor Clc adopts the first and
second pixel electrodes PEa and PEb of a lower panel 100 as
two terminals. The liquid crystal capacitor Clc adopts the first
and second pixel electrodes PEa and PEb, and includes a
liquid crystal layer 3 as a dielectric material. A distance
between the first and second pixel electrodes PEa and PEb
depends on positions of the first and second pixel electrodes
PEa and PEDb. Data voltages having different polarities with
respect to acommon voltage Vcom are applied to the first and
second pixel electrodes PEa and PEb. Meanwhile, the liquid
crystal layer 3 has positive dielectric anisotropy. Liquid crys-
tal molecules of the liquid crystal layer 3 have their long axes
aligned to be vertical to surfaces of the panels without an
electric field.

[0298] The first and second storage capacitors Csta and
Cstb are formed by superimposing the first and second pixel
electrodes PEa or PEb on an additional signal line (not
shown) or a front gate line (not shown) just above the corre-
sponding gate line with an insulator interposed therebetween.
[0299] Unlike the present embodiment, the first and second
pixel electrodes PEa and PEb may be superimposed with each
other with the insulator interposed therebetween, thereby
forming one storage capacitor (not shown).

[0300] An electric field substantially horizontal to the pan-
els 100 and 200 is generated in the liquid crystal layer 3 by the
first and second pixel electrodes PEa and PEb that are applied
with the data voltages having the different polarities with
respect to the common voltage Veom. The Electric field
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becomes stronger when the first and second pixel electrodes
PEa and PEb are closer to each other in comparison with a
case when the first and second pixel electrodes PEa and PEb
are farther from each other. Therefore, the inclination degree
of the liquid crystal molecules positioned where the first and
second pixel electrodes PEa and PEb are closer to each other
is relatively large so as to be more parallel to the electric field,
and consequently, the transmittance of light increases. In this
way, since two regions having different light transmittances
existin one pixel PX. the side gamma curve may approach the
front gamma curve maximumly by properly adjusting the
distance between the first and second pixel electrodes PEa
and PEDb, thereby improving the side visibility. Further, it is
possible to improve the transmittance of the liquid crystal
display by mixing portions where the first and second pixel
electrodes PEa and PEb are farther from each other and por-
tions where the first and second pixel electrodes PEa and PEb
are closer to each other alternately.

[0301] 1In addition, the description of the operation and
effect of the liquid crystal display including a color filter CF,
a polarizer (not shown), and the liquid crystal panel assembly
according to the present embodiment refers to the description
of the same components shown in FIG. 1 to FIG. 5. Therefore,
the detailed description thereof will be omitted.

[0302] Hereinafter, referring to FIG. 21 and FIG. 22, an
example of the liquid crystal panel assembly shown in FIG.
20 will be described.

[0303] FIG. 21 is a layout view of a liquid crystal panel
assembly according to an embodiment of the present inven-
tion, and FIG. 22 is a cross-sectional view of the liquid crystal
panel assembly take along line XXII-XXI1I in FIG. 21.
[0304] The layered structured of the liquid crystal panel
assembly according to the present embodiment is substan-
tially the same as that of the liquid crystal panel assembly
shown in FIG. 11 and FIG. 12.

[0305] First, a lower panel 100 will be described. A plural-
ity of gate lines 121 including plural pairs of first and second
gate electrodes 124a and 124b and a plurality of storage
electrode lines 131 are formed on an insulation substrate 110.
A gate insulating layer 140 is formed thereon. Plural pairs of
first and second island-type semiconductors 154a and 1545,
plural pairs of first and second island-type ohmic contacts
163a and 165a, plural pairs of first and second data lines 171a
and 1715, and plural pairs of first and second drain electrodes
175a and 1755 are sequentially formed on the gate insulating
layer 140. A passivation layer 180, first and second pixel
electrodes 191a and 1915 having a plurality of branch por-
tions, and an alignment layer 11 are sequentially formed
thereon. The branch portions of the first and second pixel
electrodes 191a and 191) extend obliquely while being
inclined at an angle of approximately 45 degrees with respect
to the gate line 121 or the storage electrode line 131.

[0306] Next, an upper panel 200 will be described. A light
blocking member 220, a color filter 230, an overcoat 250, a
common electrode 270, and an alignment layer 21 are sequen-
tially formed on an insulation substrate 210.

[0307] Unlike the embodiment shown in FIG. 11 and FIG.
12, in the present embodiment, there exists a low-gray region
LA where the branch portions of the first and second pixel
electrodes 191a and 1915 are farther from each other and a
high-gray region where the branch portions of the pixel elec-
trodes 191a and 1915 are closer to each other, that is, a region
except for the low-gray region LA. The high-gray region is
divided into three parts such as an upper part, a lower part, and



US 2014/0247409 Al

amiddle part. The low-gray region LA is positioned between
the upper part or the lower part and the middle part of the
high-gray region, and has a “<” shape. The gap between the
branch portions of the first and second pixel electrodes 191a
and 1915 in the low-gray region LA may be in the range of 6
pm to 20 um. The gap between the branch portions of the first
and second pixel electrodes 191a and 1915 in the high-gray
region may be in the range of 2 um to 5 um. However, In the
low-gray region LA and the high-gray region, the gap
between the branch portions and a width of the branch por-
tions of the first and second pixel electrodes 191a and 1915
may be varied.

[0308] It is possible to vary the inclination angle of the
liquid crystal molecules and display different luminances
with respect to one set of image information by varying the
gap between the first and second pixel electrodes 191a and
1915 in one pixel. Further, it is possible to make an image
viewed from a side closer to an image viewed from the front
maximumly by properly adjusting the gap between the
branch portions of the first and second pixel electrodes 191a
and 1915. Therefore, it is possible to improve the side visibil-
ity and enhance transmittance.

[0309] Inaddition, the storage electrode line 131 includes a
plurality of storage electrodes 137 protruding downward.
Each of'the first and second drain electrodes 175a and 175b is
superimposed with the storage electrode 137, thereby form-
ing first and second storage capacitors Csta and Cstb.

[0310] Further, the first and second data lines 171a and
1715 include plural pairs of first and second source electrodes
173a and 1735 bent in a C shape or in a transversely turned C
shape toward the first and second gate electrodes 124a and
124b.

[0311] In addition, various characteristics of the liquid
crystal panel assembly and the liquid crystal display includ-
ing the same shown in FIG. 1, FIG. 5, FIG. 6, and FIG. 7 may
be also applied to the liquid crystal panel assembly shown in
FIG. 21 and FIG. 22.

[0312] Next, referring to FIG. 23 to FIG. 25, another
example of the liquid crystal panel assembly shown in FIG.
20 will be described.

[0313] FIG. 23 to FIG. 25 are layout views of a liquid
crystal panel assembly according to an embodiment of the
present invention.

[0314] First, a liquid crystal panel assembly shown in FIG.
23 will be described.

[0315] The liquid crystal panel assembly according to the
present embodiment is substantially the same as the liquid
crystal panel assembly shown in FIG. 21 and FIG. 22.
[0316] However, the liquid crystal panel assembly further
includes a light blocking member 220 in addition to a lower
panel 100 or an upper panel 200. The light blocking member
220 prevents light leakage between pixel electrodes 191 and
defines opening regions facing the pixel electrodes.

[0317] Further, the low-gray region LA where first and
second pixel electrodes 191a and 191 b are farther from each
other is dividedly positioned in the upper part and the lower
part with respect to the high-gray region where the first and
second electrodes 191a and 1915 are closer to each other, that
is, the region except for the low-gray region LA. The gap
between the first and second pixel electrodes 191a and 1915
may be different from that in FIG. 21. The gap between the
branch portions of the first and second pixel electrodes 191a
and 1915 in the low-gray region LA may be in the range of 6
um to 20 um. The gap between the branch portions of the first
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and second pixel electrodes 191a and 1915 in the high-gray
region may be in the range of 2 um to 5 um.

[0318] Next, aliquid crystal panel assembly shown in FIG.
24 will be described.

[0319] A layered structured of the liquid crystal panel
assembly according to the present embodiment is substan-
tially the same as that of the liquid crystal panel assembly
shown in FIG. 21 and FIG. 22. Hereinafter, points that are
different from the embodiment shown in FIG. 21 and FIG. 22
will be mainly described.

[0320] First, alower panel (not shown) will be described. A
plurality of gate lines 121 including plural pairs of first and
second gate electrodes 1244 and 1245 and a plurality of gate
conductors including a plurality of storage electrode lines 131
are formed on an insulation substrate (not shown).

[0321] The storage electrode lines 131 include plural pairs
of first and second storage electrodes 1334 and 1335. The first
and second storage electrodes 133a and 1334 are spaced from
each other by a predetermined distance. Each of the first and
second storage electrodes 133a and 1335 elongates vertically
and includes an extension part in a lower end thereof. The
storage electrode lines 131 including the storage electrodes
1334 and 1335 are superimposed by the first and second pixel
electrodes 191a and 1915 above the storage electrode lines
131, thereby forming first and second storage capacitors Csta
and Cstb.

[0322] A gate insulating layer (not shown), plural pairs of
first and second island-type semiconductors 154a and 1545,
plural pairs of first and second island-type ohmic contacts
(not shown), plural pairs of first and second data lines 171a
and 1715, and plural pairs of first and second drain electrodes
175a and 1755 are sequentially formed on the gate conduc-
tors 121 and 131.

[0323] The first and second data lines 171a and 1716
include plural pairs of first and second source electrodes 173a
and 1735 bentin a W shape while extending traversely toward
the first and second gate electrodes 124a and 124b. The first
and second drain electrodes 175¢ and 1755 include a pair of
rod-type end portions and the other end portions having a
large dimension.

[0324] A passivation layer 180 is formed on the first and
second data lines 1714 and 1715, the first and second drain
electrodes 175a and 1755, and exposed parts of the semicon-
ductors 1544 and 154b. The first and second pixel electrodes
191a and 1915 are formed thereon.

[0325] Thefirstpixel electrode 191a includes a vertical part
192a, a horizontal part 193¢, an upper branch part 194a, and
a lower branch part 195a. The horizontal part 1934 substan-
tially vertically halves the vertical part 192a and extends to
the right side. The upper branch part 194a is positioned above
the horizontal part 193a and extends obliquely right-upward
from the vertical part 192a or the horizontal part 1934. The
lower branch part 195a s positioned below the horizontal part
1934 and extends obliquely right-downward from the vertical
part 192a or the horizontal part 193a.

[0326] The second pixel electrode 1915 includes a vertical
part 1925, an upper horizontal part 19351, a lower horizontal
part 19352, an upper branch part 1945, and a lower branch
part 195b. The vertical part 1925 is opposed to the vertical
part 192a via the horizontal part 193a of the first pixel elec-
trode 191a. The upper and lower horizontal parts 19361 and
19352 extend to a left side at an upper end and a lower end of
the vertical part 192b, respectively, and are inclined substan-
tially at a right angle with respect to the vertical part 1926.
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The upper branch part 1945 is positioned above the horizontal
part 193a of the first pixel electrode 191a and extends
obliquely left-downward from the vertical part 1926 or the
upper horizontal part 19361 of the second pixel electrode
1915. The lower branch part 1955 is positioned below the
horizontal part 193¢ of the first pixel electrode 191a and
extends obliquely left-upward from the vertical part 192a or
the lower horizontal part 19352 of the second pixel electrode
1915.

[0327] Thebranch parts 194a, 1945, 195a, and 1955 of the
first and second pixel electrodes 191¢ and 1915 may be
inclined at an angle of approximately 45 degrees with respect
to the gate lines 121 or the storage electrode lines 131.

[0328] Theupper and lower branch parts 194a, 1945, 1954,
and 1955 of the first and second pixel electrodes 191a and
1915 are alternately disposed. A region where the adjacent
first and second pixel electrodes 191a and 1915 are farther
from each other and a region where the adjacent first and
second pixel electrodes 191a and 1914 are closer to each
other are alternately positioned. That is, the upper/lower
branch part 1945/1955 of the second pixel electrode 1915 is
closer to the upper/lower branch part 194a/1955 of the first
pixel electrode 191a that is disposed above/below the upper/
lower branch part 1945/195b than the upper/lower branch
part 194a/195a that is disposed below/above the upper/lower
branch part 1945/1955. Alternatively, the upper/lower branch
part 1945 and 1955 of the second pixel electrode 1915 may be
closer to the upper/lower branch part 194a/195a of the first
pixel electrode 191a that is positioned below/above the
upper/lower branch part 1945/1955.

[0329] In this way, it is possible to vary the intensity of an
electric field generated in a liquid crystal layer 3 and to vary
the inclination angle of liquid crystal molecules 31 by alter-
nately disposing regions where the first and second pixel
electrodes 191a and 1915 are farther from each other and
regions where the first and second pixel electrodes 191a and
1915 are closer to each other. Also, it is possible to improve
the side visibility and transmittance of a liquid crystal display.

[0330] Unlike the present embodiment, several regions
where the first and second pixel electrodes 191a and 1915 are
farther from each other may be positioned next to the region
where the first and second pixel electrodes 191a and 1915 are
closer to each other. Further, several regions where the first
and second pixel electrodes 191a and 1915 are closer to each
other may be positioned next to the region where the first and
second pixel electrodes 191a and 1915 are farther from each
other. In addition, it is possible to maximize the transmittance
and improve the side visibility by adjusting a distance
between the first and second pixel electrodes 191a and 1915
or adjusting the arrangement of the region where the first and
second pixel electrodes 191a and 1915 are farther from each
other and the region where the first and second pixel elec-
trodes 191a and 1915 are closer to each other.

[0331] Next, an alignment layer (not shown) is formed on a
passivation layer (not shown) and the pixel electrodes 191a
and 1915.

[0332] Hereinafter, an upper panel (not shown) will be
described. A light blocking member (notshown), a color filter
(not shown), an overcoat (not shown), and the alignment layer
(not shown) are sequentially formed on an insulation sub-
strate (not shown).
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[0333] 1In addition, various characteristics of the liquid
crystal panel assembly shown in FIG. 21 and FIG. 22 may
also be applied to the liquid crystal panel assembly shown in
FIG. 24.

[0334] Next, aliquid crystal panel assembly shown in FIG.
25 will be described.

[0335] The liquid crystal panel assembly according to the
present embodiment is substantially the same as the liquid
crystal panel assembly shown in FIG. 24. Hereinafter, points
that are different from the embodiment shown in FIG. 24 will
be mainly described.

[0336] Unlike the liquid crystal panel assembly shown in
FIG. 24, in the present embodiment, the storage electrode
lines 131 are closer to a lower gate line 121 between two gate
lines 121, are superimposed with the first and second drain
electrodes 175a and 1756 in an upper layer, respectively, and
include the first and second storage electrodes 133a and 1335
protruding upward. The first and second storage electrodes
133a and 1335 are superimposed with large area of parts of
the first and second drain electrodes 175a and 175, respec-
tively, with an insulator 140 interposed therebetween, thereby
forming first and second storage capacitors Csta and Cstb.

[0337] Further, the liquid crystal panel assembly according
to the present embodiment includes the first and second pixel
electrodes 191 and 1915 formed on the passivation layer
180. The overall outline of the first and second pixel elec-
trodes 191a and 1915 has a rectangular shape.

[0338] The first pixel electrode 191a includes a lefi vertical
part 1924 extending lengthily in a vertical direction, a right
vertical part 198a extending shortly in the vertical direction,
an upper horizontal part 193a, a plurality of curved branch
parts 195a and a plurality of linear branch parts 197a that
extend from the parts 192a, 193a, and 1984, and a pair of
central curve parts 196a bent three times while extending
lengthily in the vertical direction. The second pixel electrode
1915 includes a right vertical part 1985 extending shortly in
the vertical direction, a right vertical part 1925 extending
lengthily in the vertical direction, a lower horizontal part
1935, a plurality of curved branch parts 1955 and a plurality
of linear branch parts 1975 that extend from the parts 1925,
1935, and 1985, and a pair of central curve parts 1965 bent
three times while extending lengthily in the vertical direction.

[0339] The curved branch parts 1954, the linear branch
parts 197a, and the central curve parts 196a of the first pixel
electrode 191a and the curved branch parts 1955, the linear
branch parts 1975, and the central curve parts 1965 of the
second pixel electrode are alternately disposed, respectively.
A distance between the adjacent curved branch parts 1954
and 1955 or a distance between the adjacent linear branch
parts 197a and 1974 is longer than a distance between the
adjacent central curved parts 196a and 1965. Accordingly, the
intensity of an electric field generated between the central
curve parts 196a and 1964 is stronger than the intensity of an
electric field generated between the curved branch parts 1954
and 19556 or between the linear branch parts 197a and 1975.
The inclination angle of liquid crystal molecules of the liquid
crystal layer (not shown) in the central curve parts 196a and
1960 are larger than that in the curved branch parts 1954 and
1955 or in the linear branch parts 197a and 1975. Itis possible
to vary luminance in one pixel by varying the inclination
angle of the liquid crystal molecules in the one pixel and to
improve side visibility of the liquid crystal display by adjust-
ing a gap between the pixel electrodes 191a and 1914.
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[0340] Next, referring to FIG. 26, a liquid crystal panel
assembly according to another embodiment of the present
invention will be described.

[0341] FIG. 26 is an equivalent circuit diagram illustrating
a structure of a liquid crystal panel assembly and one pixel
according to an embodiment of the present invention.

[0342] Referring to FIG. 26, each pixel PX includes a pair
of first and second subpixels PXh and PXI. The first and
second subpixels PXh and PX1 include liquid crystal capaci-
tors Clch and Clel and storage capacitors Csth and Cstl. At
least one of the first and second subpixels PXh and PXI
includes two switching elements (not shown) connected to a
gate line, adata line, and the liquid crystal capacitor Clch and
Clel.

[0343] The liquid crystal capacitors Clch and Clel adopt
first subpixel electrodes PEha and PEla and second subpixel
electrodes PEhb and PEIb of a lower panel 100 as two termi-
nals. A liquid crystal layer 3 between the first subpixel elec-
trodes PEha and PEla and the second subpixel electrodes
PEhb and PEIb serves as a dielectric material. The second
subpixel electrodes PEhb and PElb are connected to separate
switching elements (not shown), respectively. At least one of
the first subpixel electrodes PEha and PEla is also connected
to a separate switching element (not shown). However, con-
trary to this, the second subpixel electrodes PEhb and PElb
may be provided in an upper panel 200. At this time, the
second subpixel electrodes PEhb and PElb may be applied
with an additional common voltage Vcom without being con-
nected to the switching element. Meanwhile, liquid crystal
molecules of the liquid crystal layer 3 have positive dielectric
anisotropy and are aligned to be vertical to the panels 100 and
200.

[0344] The storage capacitor Csth/Cstl performing an aux-
iliary role of the liquid crystal capacitor Clch/Clcl are formed
of the first subpixel electrode PEha/PEla and the second sub-
pixel electrode PEhb/PEIb of the lower panel 100 with an
insulator interposed therebetween.

[0345] In addition, the description of a color filter CF and a
polarizer (not shown) is the same as that in the previous
embodiment and thus is omitted.

[0346] Hereinafter, referring to FIG. 27, an example of the
liquid crystal panel assembly shown in FIG. 26 will be
described in detail.

[0347] FIG. 27 is an equivalent circuit diagram illustrating
two subpixels of a liquid crystal panel assembly according to
another embodiment of the present invention.

[0348] Referring to FIG. 27, the liquid crystal panel assem-
bly according to the present embodiment includes a signal
line including gate lines G, and first and second data lines D,
and D,,, adjacent to each other, and pixels PX connected
thereto.

[0349] The pixel PX includes a pair of first and second
subpixels PXh and PX1. Each of the first and second subpixels
PXh and PXI includes first and second switching elements
Qha and Qhb and Qla and Qlb connected to the gate lines G,
and the data lines D, and D, , liquid crystal capacitors Clch
and Clel connected thereto, and first and second storage
capacitors Cstha and Csthb and Cstla and Cstlb.

[0350] Data voltages having polarities opposite to each
other with respect to a common voltage Vcom are applied to
the first and second data lines D, and D, ;.
[0351] A control terminal and an input terminal of each of
the first switching element Qha/Qla of the first/second sub-
pixel PXh/PX1 are connected to the gate line G, and the first
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data line D), respectively. A control terminal and an input
terminal of each of the second switching element Qhb/Qlb of
the first/second subpixel PXh/PXI are connected to the gate
line G, and the second data line D, ,, respectively. Further, an
output terminal of each ofthe first switching element Qha/Qla
is connected to the liquid crystal capacitor Clch/Clel and the
first storage capacitor Cstha/Cstla. An output terminal of each
of the second switching element Qhb/Qlb is connected to the
liquid crystal capacitor Clch/Clel and the second storage

capacitor Csthb/Cstlb.

[0352] Drain electrodes and gate electrodes of the first and
second switching elements Qha and Qhb/Qla and Qlb of the
first/second subpixel PXh/PX1 constitute first and second
parasitic capacitors Cgdha and Cgdhb/Cgdla and Cgdlb.

[0353] Inthe present embodiment, it is possible to vary the
magnitude of kickback voltages at both terminals of each of
the liquid crystal capacitors Clch and Clcl by adjusting
capacities of the first and second parasitic capacitors Cgdha,
Cgdhb, Cgdla, and Cgdlb, resulting in varying the charging
voltage of each of the subpixels PXh or PX1.

[0354] For example, a case in which 7V and -7V are
applied to the first and second data lines D, the magnitude of
the kickback voltages in the second parasitic capacitor Cgdhb
ofthe first subpixel PXh and the first parasitic capacitor Cgdla
of the second subpixel PXh is 0.5V, and the magnitude of the
kickback voltages in the first parasitic capacitor Cgdha of the
first subpixel PXh and the second parasitic capacitor Cgdlb of
the second subpixel PXh is 1V, respectively, will be
described. Then, when a gate-off voltage Voff'is applied to the
gate line G,, each of voltages of the two terminals of the liquid
crystal capacitors Clch and Clel are lowered by the kickback
voltages. As a result, 6V and -7.5V are applied to both ter-
minals of the liquid crystal capacitor Clch, the charging volt-
age becomes 13.5V. Also, 6.5V and -8V are applied to both
terminals of the liquid crystal capacitor Clcl, and the charging
voltage becomes 14.5V. Accordingly, pixel voltages of the
first and second subpixels PXh and PXI] become 13.5V and
14.5V, respectively, thereby making the inclination angles of
the liquid crystal molecules different from each other and
varying the transmittance of light in the first and second
subpixels PXh and PXI. As described above, it is possible to
improve the visibility of the liquid crystal display and
enhance the transmittance of the liquid crystal display with-
out reducing data voltages, by adjusting capacities of the first
and second parasitic capacitors Cgdha, Cgdhb, Cgdla, and
Cgdlb.

[0355] Thedescription of the liquid crystal capacitors Clch
and Clcl and the first and second storage capacitors Cstha,
Csthb, Cstla, and Cstlb is the same as that in the previous
embodiment. Therefore, the detailed description thereof is
omitted.

[0356] Hereinafter, referring to FIG. 28A and FIG. 28B, an
example of the liquid crystal panel assembly shown in FIG.
27 will be described.

[0357] FIG. 28A is a layout view of a liquid crystal panel
assembly according to an embodiment of the present inven-
tion, and FIG. 28B is an enlarged layout view of switching
elements of the liquid crystal panel assembly shown in FIG.
28A.

[0358] A layered structured of the liquid crystal panel
assembly according to the present embodiment is substan-
tially the same as that of the liquid crystal panel assembly
shown in FIG. 21 and FIG. 22.
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[0359] First, alower panel (not shown) will be described. A
plurality of gate lines 121 including plural pairs of first gate
electrodes 124/a and 124/a and second gate electrodes 124kb
and 124/b, and plural pairs of upper and lower storage elec-
trode lines 131/ and 131/ including a plurality of storage
electrodes 133/ and 133/ are formed on an insulation sub-
strate (not shown). A gate insulating layer (not shown), plural
pairs of first semiconductors 154%a and 154/a and second
semiconductors 154kb and 154/b, plural pairs of first island-
type ohmic contacts (not shown) and second island-type
ohmic contacts (not shown), plural pairs of first and second
data lines 171a and 1715 including first source electrodes
173ha and 173/a and second source electrodes 17346 and
173/b. plural pairs of first drain electrodes 175ka and 175/a
and second drain electrodes 17546 and 175/b, a passivation
layer (not shown) including a plurality of contact holes
(185ha, 185la, 185hb, 1851b), and plural pairs of first sub-
pixel electrodes 191%a and 191/a and second subpixel elec-
trodes 19115 and 191/b are sequentially formed thereon.
[0360] Next, an upper panel (not shown) will be described.
A light blocking member (not shown), a color filter (not
shown), an overcoat (not shown), and an alignment layer (not
shown) are sequentially formed on the insulation substrate
(not shown).

[0361] The gate lines 121 and the storage electrode lines
131/ and 131/ extend while crossing the center of a pixel PX.
The gate lines 121 are positioned between the storage elec-
trode lines 131/ and 1317

[0362] The first and second subpixel electrodes 191/a and
19145 of a first subpixel PXh are positioned above the gate
lines 121. The first and second subpixel electrodes 191/a and
19176 of a second subpixel PX1 are positioned below the gate
lines 121. In the first and second subpixels PXh and PX1, the
first and second subpixel electrodes 1914a and 19145 and
191/a and 191/6 include a plurality of branch parts extending
obliquely to the gate lines 121, and the branch parts of the first
and second subpixel electrodes 19144 and 19145 and 191/a
and 191/b are alternately disposed.

[0363] Inthe present embodiment, as shown in FIG. 28B, a
superimposition area between the second gate electrode
124hb and the second drain electrode 175kb constituting a
second switching element Qhb of the first subpixel PXh may
be smaller than that between the first gate electrode 124/ and
the first drain electrode 175ka constituting a first switching
element Qha of'the first subpixel PXh. For example, a ratio of
the superimposition area between the second gate electrode
124hb and the second drain electrode 175%b constituting the
second switching element Qhb to the superimposition area
between the first gate electrode 124%a and the first drain
electrode 175ka constituting the first switching element Qha
may be 1:1.1 to 1:10 or 1:2 to 1:6. Furthermore, in a case
where the drain electrodes 1754a and 175h6 superimposed
with the gate electrodes 124/4a and 1244b are linear, the ratio
of the superimposition areas is equal to a ratio of widths
between the drain electrodes 1754a and 1754b. That is, a ratio
of a width D2 of the second drain electrode 17545 to a width
D1 of the first drain electrode 175ka may be about 1:1.1 to
about 1:10 or about 1:2 to about 1:6.

[0364] The superimposition area between the first gate
electrode 124/a and the first drain electrode 175/a constitut-
ing a first switching element Qla of the second subpixel PX1
may be smaller than that between the second gate electrode
124/b and the second drain electrode 175/b constituting a
second switching element Qlb of the first subpixel PXI.
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[0365] For example, a ratio between the superimposition
area between the first gate electrode 124/a and the first drain
electrode 175/a constituting the first switching element Qla
and the superimposition area between the second gate elec-
trode 124/b and the second drain electrode 175/ constituting
the second switching element Qlb may be about 1:1.1 to about
1:10 or about 1:2 to about 1:6. Furthermore, in a case where
the drain electrodes 175/a and 175/ superimposed with the
gate electrodes 124/a and 124/b are linear, the ratio between
the superimposition areas is equal to a ratio of widths between
the drain electrodes 175/a and 175/b. That is, a ratio between
awidth D3 of the first drain electrode 175/a and a width D4 of
the second drain electrode 175/b may be about 1:1.1 to about
1:10 or about 1:2 to about 1:6.

[0366] As described above, it is possible to adjust the
capacities of parasitic capacitors Cgdha and Cgdhb and Cgdla
and Cgdlb by adjusting the ratios between the superimposi-
tion areas between the first and second gate electrodes 124/a,
124hb, 124/a, and 124/b and the first and second drain elec-
trodes 175ha, 175hb, 175[a, and 175/b.

[0367] Inthis way, it is possible to make the capacity of the
first parasitic capacitor Cgdha of the first subpixel PXh 1.1 to
10 times larger than the capacity of the second parasitic
capacitor Cgdhb and to make the capacity of the second
parasitic capacitor Cgdlb of the second subpixel PX11.1 to 10
times larger than the capacity of the first parasitic capacitor
Cgdla.

[0368] Further, the capacity of the first parasitic capacitor
Cgdha of the first subpixel PXh may be substantially equal to
the capacity of the second parasitic capacitor Cgdlb of the
second subpixel PXI. Further, the capacity of the second
parasitic capacitor Cgdhb of the first subpixel PXh may be
substantially equal to the capacity of the first parasitic capaci-
tor Cgdla of the second subpixel PXI.

[0369] Therefore, it is possible to make charging voltages
of the first and second subpixels PXh and PXI, that is, pixel
voltages, different from each other, and to improve side vis-
ibility.

[0370] Since data voltages applied to the first and second
data lines 171a and 1716 have polarities opposite to each
other, it is possible to increase the response speed of the liquid
crystal molecules and improve the transmittance of the liquid
crystal display by increasing the driving voltage.

[0371] In addition, various characteristics in the embodi-
ment shown in FIG. 21 and FIG. 22 may be applied to the
present embodiment.

[0372] Hereinafter, referring to FIG. 29, another example
of the liquid crystal panel assembly shown in FIG. 26 will be
described.

[0373] FIG. 29 is an equivalent circuit diagram of two
subpixels of a liquid crystal panel assembly according to
another embodiment of the present invention.

[0374] Unlike the liquid crystal panel assembly shown in
FIG. 27, in the liquid crystal panel assembly according to the
present embodiment, a first or second subpixel PXh or PX1
includes one storage capacitor Csth or Cstl. Therefore, when
the one storage capacitor Csth or Cstl is formed on each
subpixel PXh or PXI, an additional wiring for transmitting a
common voltage Vcom needs not to be formed, thereby
increasing the aperture ratio.

[0375] Next, referring to FIG. 1 described above in addition
to FI1G. 30 to FIG. 33, another example of the liquid crystal
panel assembly shown in FIG. 26 will be described.
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[0376] FIG.30to FIG. 33 are equivalent circuit diagrams of
two pixels of a liquid crystal panel assembly according to
another embodiment of the present invention.

[0377] Referring to FIG. 30, the liquid crystal panel assem-
bly according to the present embodiment includes a signal
line including a gate line G,, and first to fourth data lines D,,
D,,, and D,.3 adjacent to each other, and pixels PX con-
nected thereto.

[0378] The pixels PX include a pair of first and second
subpixels PXh and PX1. Each of the first and second subpixels
PXh/PXI includes first and second switching elements Qha
and Qhb/Qla and QIb connected to the gate line G, and the
datalines D;and D, 1/Dj,, and D, 5, a liquid crystal capacitor
Clch/Clcl connected thereto, and a storage capacitor Csth/
Cstl.

[0379] Inaliquid crystal display including the liquid crys-
tal panel assembly, a signal controller 600 receives input
image signals R, G, and B for one pixel PX and converts the
input image signals R, G, and B into an output image signal
DAT for the two subpixels PXh and PX1 to be transmitted to
a data driver 500. Alternatively, gray voltages for the two
subpixels PXh and PX1 are independently generated in a gray
voltage generator 800, and are alternately supplied to the data
driver 500 or are alternately selected in the data driver,
thereby applying different voltages to the two subpixels PXh
and PX1. However, at this time, the image signals may be
corrected or gray voltage sets may be generated so that a
composed gamma curve of the two subpixels PXh and PX1 is
closer to a reference gamma curve at the front. For example,
the composed gamma curve at the front may be conformed to
the reference gamma curve at the front that is determined to
be the most suitable for the liquid crystal assembly, and the
composed gamma curve at the side may be the closest to the
reference gamma curveat the front. Accordingly, itis possible
to improve the side visibility of the liquid crystal display.

[0380] Further, by applying data voltages having polarities
opposite to each other to the data lines D, and D,,,/D, , and

D, connected to the first/second subpixel PXWPX], it is
possible to increase a driving voltage and improve transmit-
tance and response speed.

[0381] Next, unlike the liquid crystal panel assembly
shown in FIG. 30, referring to FIG. 31, in the liquid crystal
panel assembly according to the present embodiment, each of
the first or second subpixels PXh or PX1includes one storage
capacitor Csth or Cstl. In addition, the description of the
embodiment shown in FIG. 13 or FIG. 30 may be applied to
the present embodiment.

[0382] Next, referring to FI1G. 32, the liquid crystal panel
assembly according to the present embodiment includes a
signal line including first and second gate lines G, and G, ,
and data lines D, and D, , adjacent to each other, and pixels
PX connected thereto.

[0383] The pixels PX include the pair of first and second
subpixel PXh and PXI. The first/second subpixel PXh/PXI1
includes first and second switching elements Qha and Qhb/
Qla and Qlb, a liquid crystal capacitor Clch/Clel connected
thereto, and first and second storage capacitors Cstha and
Csthb/Cstla and Cstlb.

[0384] Unlike the liquid crystal panel assembly shown in
FIG. 31, in the liquid crystal panel assembly according to the
present embodiment, the first and second subpixels PXh and
PXI1 constituting one pixel PX are adjacent to each other in a
column direction and are connected to different gate lines G,
and G,, . The first and second subpixels PXh and PX1 are
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applied with the different data voltages at the same time in the
embodiment shown in FIG. 26, while the first and second
subpixels PXh and PXI are applied with the different data
voltages with a time disparity in the present embodiment. As
described above, itis possible to improve visibility by varying
the pixel voltages of the two subpixels PXh and PX1. Further,
like the previous embodiments, the voltages applied to both
terminals of the liquid crystal capacitors Clch and Clel of the
first and second subpixels PXh and PX1 have different polari-
ties with respect to a common voltage Vcom, thereby acquir-
ing the same effects.

[0385] Meanwhile, unlikethe liquid crystal panel assembly
shown in FIG. 32, in the liquid crystal panel assembly shown
in FIG. 33, each of the first and second subpixels PXh and PX1
includes one storage capacitor Csth or Cstl.

[0386] Next, referring to FIG. 34, another example of the
liquid crystal panel assembly shown in FIG. 26 will be
described.

[0387] FIG. 34 is an equivalent circuit diagram of two
subpixels of a liquid crystal panel assembly according to
another embodiment of the present invention.

[0388] Referring to FIG. 34, the liquid crystal panel assem-
bly according to the present embodiment includes a signal
line including a gate line Gi and first and second data lines D,
and D, adjacent to each other, and pixels PX connected
thereto. Hereinafter, points that are different from the previ-
ous embodiments shown in FIG. 24 will be mainly described.
[0389] The pixels PX include a pair of first and second
subpixels PXh and PX], and a coupling capacitor Ccp con-
nected to the two subpixels PXh and PXI. The first subpixel
PXh includes first and second switching elements Qa and Qb,
aliquid crystal capacitor Clch connected thereto, and first and
second storage capacitors Csta and Cstb. The second subpixel
PXl includes the second switching element Qb connected to
the capacitor Cep, a liquid crystal capacitor Clcl connected
thereto, and a second storage capacitor Cstb.

[0390] The first switching element Qa applies a data volt-
age from the data line D, to the liquid crystal capacitor Clch
and the coupling capacitor Ccp according to a gate signal
from the gate line G,, and the second switching element Qb
receives a data voltage opposite to the data voltage of the data
line D, from the data line D,,, to apply the data voltage to the
two liquid crystal capacitors Clch and Clcl. Therefore, since
a voltage applied to both terminals of the liquid crystal
capacitor Clcl of the second subpixel PX1 is smaller than a
voltage applied to both terminals of the liquid crystal capaci-
tor Clch of the second subpixel PX1 by a voltage applied to the
coupling capacitor Cep, a voltage charged in the liquid crystal
capacitor Clcl is always smaller than a voltage charged in the
liquid crystal capacitor Clch.

[0391] An appropriate ratio of the charging voltages of the
liquid crystal capacitors Clch and Clcl can be acquired by
adjusting the capacitance of the coupling capacitor Cep.
Therefore, it is possible to improve the side visibility of a
liquid crystal display.

[0392] Various characteristics in the previous embodiment
may also be applied to the liquid crystal panel assembly
according to the present embodiment.

[0393] Next, referring to FIG. 35, an example of the liquid
crystal panel assembly shown in FIG. 34 will be described.
[0394] FIG. 35 is a layout view of a liquid crystal panel
assembly according to an embodiment of the present inven-
tion.
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[0395] A layered structured of the liquid crystal panel
assembly according to the present embodiment is substan-
tially the same as that of the liquid crystal panel assembly
shown in FIG. 21 and FIG. 22.

[0396] First, alower panel (not shown) will be described. A
plurality of gate lines 121 including plural pairs of first and
second gate electrodes 124a and 1245, a plurality of storage
electrode lines 131, and a plurality of connection electrodes
135 including a horizontal electrode 137 are formed. A gate
insulating layer (not shown), plural pairs of first and second
semiconductors 154a and 154b, plural pairs of first and sec-
ond island-type ohmic contacts (not shown), plural pairs of
first and second data lines 171a and 1715, plural pairs of first
and second drain electrodes 1754 and 175b, a passivation
layer (not shown), and a first pixel electrode 191a and a
second pixel electrode 1915 including plural pairs of first and
second subpixel electrodes 1914a and 191/a are sequentially
formed thereon.

[0397] The first subpixel electrode 191%a includes upper
and lower subpixel electrodes 191/kau and 191%ad, and the
second subpixel electrode 191/a is positioned between the
upper and lower subpixel electrodes 191/kau and 191kad. The
upper and lower subpixel electrodes 191%au and 191 had are
connected to the connection electrodes 135 below the upper
and low subpixel electrodes 191%au and 191had through
contact holes 187d and 187« to be applied with the same
voltage.

[0398] The upper and lower subpixel electrodes 191kau
and 191%ad of the first subpixel electrode 191%a have a ver-
tical part and a plurality of branch parts, respectively. The
second subpixel electrode 191/a includes a horizontal part
197/a and the branch part. The second pixel electrode 1915
includes a vertical part elongated in a vertical direction, the
horizontal part, and the plurality of branch parts. The branch
parts of the first pixel electrode 191a and the branch parts of
the second pixel electrode 1915 are alternately disposed. The
branch parts of the first and second pixel electrodes 1914 and
1915 adjacent to each other and a liquid crystal layer 3 ther-
ebetween constitute liquid crystal capacitors Clch and Clcl.
The horizontal part 197/a of the second subpixel electrode
191/a is superimposed with the horizontal electrode 137 of
the connection electrode 135 that is applied with the same
voltage as the first subpixel electrode 19144, thereby consti-
tuting the coupling capacitor Cep. The storage electrode lines
131 and the first and second pixel electrodes 191a and 1915
are superimposed with each other, thereby constituting first
and second storage capacitors Csta and Cstb.

[0399] In addition, various characteristics of the liquid
crystal panel assembly shown in FIG. 34 and the previous
embodiments may also beapplied to the present embodiment.
[0400] Next, referring to FIG. 36, another example of the
liquid crystal panel assembly shown in FIG. 26 will be
described in detail.

[0401] FIG. 36 is an equivalent circuit diagram of two
subpixels of a liquid crystal panel assembly according to
another embodiment of the present invention.

[0402] Referring to FIG. 36, the liquid crystal panel assem-
bly according to the present embodiment includes a signal
line including two gate lines G, and G,,, adjacent to each
other, first and second data lines D, and D, |, and a common
voltage line (not shown), and a plurality of pixels PX con-
nected thereto.

[0403] Each of the pixels PX includes first and second
subpixels PXh and PXI, and a boost-up unit BU. The first/
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second subpixel PXW/PXl includes a first switching element
Qha/Qla, a second switching element Qb, a liquid crystal
capacitor Clch/Clcl, a first storage capacitor Cstha/Cstla, and
a second storage capacitor Cstb. The boost-up unit BU
includes a third switching element Qc, a fourth switching
element Qd, and a boost-up capacitor Cb.

[0404] The control terminal of the first switching element
Qha/Qla of the first/second subpixel PXh/PXI are connected
to the gate line G,, the input terminal thereof is connected to
the first data line D,, and the output terminal thereof is con-
nected to the liquid crystal capacitor Clch/Clcl and the first
storage capacitor Cstha/Cstla. A control terminal of the sec-
ond switching element Qb is connected to the gate line G,, an
input terminal of the second switching element Qb is con-
nected to the second data line D, ,, and an output terminal of
the second switching element Qb is connected to the liquid
crystal capacitors Clch and Clcl and the second storage
capacitor Cstb.

[0405] A control terminal ofthe third switching element Qc
is connected to the gate line G,, an input terminal of the third
switching element Qc is connected to a common voltage line
(not shown), and an output terminal of the third switching
element Qc is connected to the fourth switching element Qd
and the boost-up capacitor Cb.

[0406] A control terminal of the fourth switching element
Qd is connected to a next gate line G,, ;, an input terminal of
the fourth switching element Qd is connected to the output
terminal of the first switching element QI, the liquid crystal
capacitor Clcl, and the first storage capacitor Cstla, and an
output terminal of the fourth switching element Qd is con-
nected to the output terminal of the third switching element
Qc and the boost-up capacitor Cb.

[0407] Hereinafter, the operation of a liquid crystal display
including the liquid crystal assembly according to the present
embodiment will be described.

[0408] First, a case where a data voltage having a positive
polarity with respect to a common voltage Vcom is applied to
a data line D, and a data voltage having a negative polarity
with respect to the common voltage Veom is applied to a data
line D,, , is exemplified.

[0409] When a gate-on voltage Von is applied to the gate
line G,, first to third switching elements Qha, Qla, Qb, and Qc
connected thereto are turned on.

[0410] Therefore, the positive data voltage of the data line
D, is applied to one terminal of each of the liquid crystal
capacitors Clchand Clcl through the turned-on first switching
elements Qha and Qla and the negative data voltage of the
data line D, is applied to the other terminal of each of the
liquid crystal capacitors Clch and Clcl through the second
switching element Qb.

[0411] Meanwhile, the common voltage Vcom is applied to
one terminal of the boost-up capacitor Cb through the third
switching element Qc, and the boost-up capacitor Cb is
charged by a difference between a voltage at the output ter-
minal of the first switching element Qha and the common
voltage Vcom.

[0412] Then, when a gate-off voltage Voff'is applied to the
gate line G, and the gate-on voltage Von is applied to the next
gate line G,, ,, the first to third switching elements Qha and
Qla, Qb, and Qc are turned off and the fourth switching
element Qd is turned on.

[0413] Then, positive charges collected at the output termi-
nal of the first switching element Qla and negative charges
collected in the output terminal of the third switching element
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Qc are mixed, whereby the voltage of the output terminal of
the first switching element Qla decreases and the voltage of
the output terminal of the third switching element Qc
increases. When the voltage of the output terminal of the third
switching element Qc serving as one terminal of the boost-up
capacitor Cb increases, the voltage of the output terminal of
the isolated first switching element Qha also increases there-
with, thereby increasing a difference of the voltages of both
terminals of the liquid crystal capacitor Clch. On the contrary,
the voltage of the output terminal of the first switching ele-
ment Qla decreases, thereby decreasing voltages of both ter-
minals of the liquid crystal capacitor Clcl.

[0414] Alternatively, in a case where the data voltage hav-
ing the negative polarity on the common voltage Vcom is
applied to the first data line D, the charges collected at both
terminals of each of the capacitors Clch, Clel, Cstha, Cstla,
Cb, and Cstb may be reversed to those in the previous descrip-
tion.

[0415] In the present embodiment, the charging voltage of
the liquid crystal capacitor Clch of the first subpixel PXh may
always be higher than the charging voltage of the liquid
crystal capacitor Clel of the second subpixel PX1 irrespective
of the polarity of the applied data voltage. Accordingly, it is
possible to vary the luminance of the two subpixels PXh and
PX1 by varying the charging voltages of the liquid crystal
capacitors Clch and Clel without an overall reduction of
luminance and transmittance.

[0416] Whenever the gate-on voltage is applied to the gate
line G;, the voltage of the boost-up capacitor Cb is refreshed
to the common voltage Vcom by the third switching element
Qc, thereby removing an afterimage caused by a previous
frame.

[0417] Simultaneously, data voltages having different
polarities are applied to the first and second data lines D, and
D,,,; whereby the transmittance and response speed of the
liquid crystal display can be improved, and various effects in
the previous embodiment can be applied to the present
embodiment.

[0418] In an alternative embodiment, instead of the first
storage capacitor Cstha/Cstla and the second storage capaci-
tor Cstb, each of the first second subpixel PXh/PX] may
include one storage capacitor (not shown).

[0419] Next, referring to FIG. 37, another example of the
liquid crystal panel assembly shown in FIG. 2 will be
described.

[0420] FIG. 37 is an equivalent circuit diagram of two
pixels of a liquid crystal panel assembly according to an
embodiment of the present invention.

[0421] First, referring to FIG. 2 and FIG. 37, the liquid
crystal panel assembly according to the present embodiment
also includes lower and upper panels 100 and 200 opposed to
each other, and a liquid crystal layer 3 interposed therebe-
tween.

[0422] The liquid crystal panel assembly according to the
present embodiment includes a signal line including a gate
line G; and first to third data lines D, D, ,, and D, ,, and first
and second pixels PX,, and PX ;.

[0423] The gate line G, the data lines D, D}, and D, _,,
and a first pixel electrode PEa and a second pixel electrode
PEDb are formed by patterning a metal layer. The gate line G,
and the data lines D, D, ,, and D, , are formed indifferent
layers, and an insulator may be interposed therebetween. The
first and second pixel electrodes PEa and PEb may be formed
in different layers or in the same layer.
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[0424] The first to third data lines D, D,,,, and D, , of the
liquid crystal panel assembly shown in FIG. 37 are formed in
the same layer.

[0425] Each of the pixels PX, and PX_, | includes first and
second switching elements Qa and Qb, a liquid crystal capaci-
tor Cle, and first and second storage capacitors Csta and Cstb.
[0426] The first switching element Qa of the first pixel PX,,
is connected to the gate line G; and the first data line D,. The
second switching element Qb of the first pixel PX, is con-
nected to the gate line G, and the second data line D, ,. The
first switching element Qa of the second pixel PX, ., is con-
nected to the gate line G; and the third data line D, ,. The
second switching element Qb of the second pixel PX, ., is
connected to the gate line G, and the second data line D, ;.
That is, the second switching element of the first pixel PX,,
and the second switching element Qb of the second pixel
PX,,,, that are adjacent to each other are connected to the
same data line data line D,,, (hereinafier, referred to as “a
shared data line”).

[0427] Each of the first and second switching elements Qa
and Qb is a three-terminal element such as a thin film tran-
sistor provided in the lower panel 100. Control terminals of
the first and second switching elements Qa and Qb are con-
nected to the gate line G,, input terminals thereof are con-
nected to the data lines D, D, ,, and D, ,, and output termi-
nals thereof are connected to the liquid crystal capacitor Cle
and the first and second storage capacitors Csta and Cstb,
respectively.

[0428] Referring back to FIG. 2, the liquid crystal layer 3
has dielectric anisotropy, and liquid crystal molecules of the
liquid crystal layer 3 may have their long axes aligned to be
vertical (or perpendicular) to horizontal surfaces of the panels
100 and 200 without an electric field. Contrary to this, the
liquid crystal molecules may have their long axes aligned to
be horizontal (or parallel) to the horizontal surfaces of the
panels 100 and 200 without the electric field.

[0429] In addition, the liquid crystal capacitor Clc and the
storage capacitors Csta and Cstb have been described in the
previous embodiment, so the detailed description thereof will
be omitted.

[0430] Hereinafter, referring to FIG. 38 and FIG. 39, the
operation of a liquid crystal display according to an embodi-
ment of the present invention will be described.

[0431] FIG. 38 and FIG. 39 are diagrams showing charging
voltages of liquid crystal capacitors of four adjacent pixels
and voltages applied to data lines in two successive frames in
a case where the lowest voltage used by a liquid crystal
display according to an embodiment of the present invention
is OV, the highest voltage is 14V, and acommon voltage Vcom
is 7V.

[0432] Referring to FIG. 38 and FIG. 39, one data line
exists between two pixels PX, and the two pixels PX are
commonly connected to the shared data line D,,, and D,
The highest driving voltage (e.g., 14V) and the lowest driving
voltage (e.g., OV) are alternately applied to the shared data
line D,,, and D, , for each frame. That is, when OV is applied
to the shared data line D, and D, , in one frame as shown in
FIG. 38,14V isapplied to the shared D,,, and D, , in the next
frame as shown in FIG. 39.

[0433] First, referring to FIG. 38, OV is applied to the
shared data line D,,, and D,,,., a data voltage of 14V is
applied to a first data line D, with a target charging voltage of
the first pixel, 14V. 10V is applied to the second dataline D, ,
with a target charging voltage of the second pixel, 10V. 5V is
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applied to the third data line D,,, with a target charging
voltage of the third pixel, SV. 1V is applied to the fourth data
line D, 5 with a target charging voltage of the fourth pixel, 1V.
At this time, a voltage having an opposite polarity with
respect to a voltage applied to the left pixel is applied to the
adjacent pixel on the right side, resulting in enabling an invet-
sion driving operation. Also, it is possible to improve display
characteristics.

[0434] The highest driving voltage of 14V is applied to the
shared data line D, ; and D,, , in the next frame as shown in
FIG. 39. Since the target charging voltage of the first pixel is
13V, a data voltage of 1V is applied to the first data line D,.
Since the target charging voltage of the second pixel is 8V, 6V
is applied to the second data line D, ,. Since the target charg-
ing voltage of the third pixel is 6V, 8V is applied to the third
data line D, ;. Since the target charging voltage of the fourth
pixelis 3V, 11V is applied to the fourth dataline D, 5. Accord-
ingly, a voltage having a polarity opposite to that of the
voltage in the previous frame is applied to each pixel, and
adjacent pixels are also applied with voltages of opposite
polarities to each other.

[0435] In the present embodiment, since a shared data line
is disposed between adjacent pixels, it is possible to increase
the aperture ratio of the liquid crystal panel assembly by
decreasing the number of data lines and to decrease the manu-
facturing cost of the liquid crystal display by decreasing the
number of data drivers.

[0436] Hereinafter, referring to FIG. 40, a liquid crystal
panel assembly according to another embodiment of the
present invention will be described in detail.

[0437] FIG. 40 is an equivalent circuit diagram of two
pixels of a liquid crystal panel assembly according to another
embodiment of the present invention.

[0438] Referring to FIG. 40, the liquid crystal panel assem-
bly according to the present embodiment also includes a
signal line including a gate line G, and first to third data lines
D,,D;,;,and D,, , adjacent to each other, and first and second
pixels PX and PX, ., connected thereto, and each of the
pixels PX, and PX_ ., includes first and second switching

elements Qa and Qb and a liquid crystal capacitor Clc.

[0439] However, unlike the liquid crystal panel assembly
shown in FIG. 37, in the liquid crystal panel assembly shown
in FIG. 40, each of the pixels PX, and PX _, includes one
storage capacitor Cst and thus additional separate wiring for
a common voltage Vcom need not be formed, thereby
improving an aperture ratio. The storage capacitor Cst may be
formed by superimposing output terminals of the first and
second switching elements Qa and Qb with each other with an
insulator interposed therebetween.

[0440] Hereinafter, referring to FIG. 41 and FIG. 42, and
FIG. 1 described above, a liquid crystal panel assembly
according to another embodiment of the present invention
will be described.

[0441] FIG. 41 and FIG. 42 are equivalent circuit diagrams
of two pixels of a liquid crystal assembly according to various
other embodiments of the present invention.

[0442] Referring to FIG. 41 and F1G. 42, the liquid crystal
panel assembly according to the present embodiments
includes a signal line including a gate line G, and first and
second data lines D, and D, ;, and first and second pixels PX,,
and connected thereto, and each of pixels PX, and PX,,,,
includes first and second switching elements Qa and Qb and

a liquid crystal capacitor Cle.
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[0443] 1In the liquid crystal panel assembly shown in FIG.
41 and FIG. 42, each of the pixels PX, and PX, , | includes a
storage capacitor Cst. However, each of the pixels PX,, and
may include the first and second switching elements Qa and
Qb, and first and second storage capacitors (not shown) con-
nected to the first and second switching elements Qa and Qb,
respectively.

[0444] However, unlike the liquid crystal panel assembly
shown in FIG. 37 or FIG. 40 but in the liquid crystal panel
assembly shown in FIG. 41 and FIG. 42, a data line is not
formed between pixels. The liquid crystal panel assembly
includes a shared data line D, formed horizontal to the gate
line G. The shared data line D, is not formed in the same layer
as other data lines D, and D, , and is formed in the same layer
as the gate line G,. The shared data line D, is not connected to
a data driver 500, unlike the other data lines D; and D, ;.
Accordingly, a voltage is not applied from the data driver 500,
but the highest voltage and the lowest voltage varying for each
frame unit may be separately applied from the outside.

[0445] However, in the liquid crystal panel assembly shown
in FIG. 41, the shared data line D, is disposed at the same side
as the gate line G, with respect to the corresponding pixel PX
and in the liquid crystal panel assembly shown in FIG. 42, the
shared data line D, is disposed at a side opposite to the gate
line G, with respect to the corresponding pixel PX .

[0446] The liquid crystal panel assembly shown in FIG. 41
and FIG. 42 is capable of decreasing the number of data lines
and the number of data drivers 500 in comparison with the
liquid crystal panel assembly shown in FIG. 37 or FIG. 40,
thereby improving the aperture ratio of the liquid crystal
panel assembly and decreasing manufacturing cost.

[0447] Hereinafter, referring to F1G. 2 and FIG. 42, aliquid
crystal panel assembly according to another embodiment of
the present invention will be described in detail.

[0448] FIG. 43 is an equivalent circuit diagram of two
pixels of a liquid crystal panel assembly according to an
embodiment of the present invention.

[0449] Referring to FIG. 2 and FIG. 43, the liquid crystal
panel assembly according to the present embodiment is sub-
stantially the same as the liquid crystal panel assembly shown
mn FIG. 37.

[0450] However, pixels PX, and PX, ,, each include first
and second liquid crystal capacitors Clch and Clel having
different capacitances. As shown in FIG. 43, the first liquid
crystal capacitor Clch has a distance between both terminals
thereof that is longer than that of the second liquid crystal
capacitor Clcl. Accordingly, even though the same voltage is
applied to both terminals of each of the first and second liquid
crystal capacitors Clch and Clcl, the intensity of an electric
field generated in a liquid crystal layer 3 serving as a dielectric
material is different, and molecules of the two liquid crystal
capacitors Clch and Clel have different inclination degrees.
Accordingly, it is possible to maximize visibility of an image
viewed from the side of a liquid crystal display so as to
approach an image viewed from the front by adjusting the
distance between the terminals of the liquid crystal capacitors
Clch and Clcl, thereby improving side visibility.

[0451] In addition, the description of a gate line G,, data
lines D;, D, ,, and D, ,, first and second switching elements
Qa and Qb, and storage capacitors Csta and Cstb is the same
as the description of the embodiment shown in FIG. 37,
whereby the description thereof will be omitted.
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[0452] Hereinafter, referring to FIG. 44 to FIG. 47, an
example of the liquid crystal panel assembly shown in FIG.
43 will be described in detail.

[0453] FIG. 44 to FIG. 47 are layout views of two pixels
PX,and PX,,, , ofaliquid crystal panel assembly according to
an embodiment of the present invention.

[0454] Referring to FIG. 44, a planar structure and a lay-
ered structure of the liquid crystal panel assembly according
to the present embodiment are substantially the same as those
of the liquid crystal panel assembly shown in FIG. 21 and
FIG. 22. Hereinafter, points that are different from the
embodiment shown in FIG. 21 and FIG. 22 will be mainly
described.

[0455] Unlike the liquid crystal panel assembly shown in
FIG. 21 and FIG. 22, the liquid crystal panel assembly
according to the present embodiment includes a plurality of
data lines 171 and a plurality of shared data lines 172 posi-
tioned between adjacent pixels PX, and PX, ;.

[0456] Next, first and second pixel electrodes 191a and
1915 included in each of the pixels PX, and PX,, will be
described in detail.

[0457] The first pixel electrode 1914 includes a left vertical
part 192a extending lengthily in a vertical direction, a central
horizontal part 193« extending to a right side from a center of
the left vertical part 1924, and a plurality of upper and lower
branch parts 194a and 1954. The upper branch part 194a is
positioned above the central horizontal part 193a, and
extends obliquely right-upward from the left vertical part
1924 and the central horizontal part 193a. The lower branch
part 1954 is positioned below the central horizontal part 193a,
and extends right-downward from the left vertical part 192a
and the central horizontal part 193a. The gap between the
upper and lower branch parts 194a and 1954 is smaller in the
upper and lower parts and a center part of each pixel PX,, or
PX,,,, and is larger in the low-gray region LA other than the
parts.

[0458] The second pixel electrode 1914 includes a right
vertical part 1925 extending lengthily in the vertical direc-
tion, upper and lower horizontal parts 19361 and 19352
extending to a left side from upper and lower ends of the right
vertical part 1925, and a plurality of upper and lower branch
parts 1945 and 195b. The upper branch part 1945 is posi-
tioned above the central horizontal part 193a, and extends
obliquely left-downward from the right vertical part 1925 and
the upper horizontal part 19351. The lower branch part 19556
is positioned below the central horizontal part 193a, and
extends obliquely left-upward from the right vertical part
1925 and the lower horizontal part 19352. The gap between
the upper and lower branch parts 1946 and 1955 is also
smaller in the upper and lower parts and the center part of each
pixel PX,, or PX,, |, and is larger in the low-gray region LA
other than the parts.

[0459] The branch parts 194a, 1945, 1954, and 1955 of the
first and second pixel electrodes 191a and 1915 are alter-
nately disposed. Gaps between the branch parts 194a, 1945,
1954, and 1955 are larger in the low-gray in comparison with
those in the other parts. The resultant effects are the same as
those in the other embodiments including the embodiment
shown in FIG. 21 and FIG. 22, whereby the description
thereof will be omitted.

[0460] Further, in each pixel PX, or PX, , |, the first/second
gate electrode 124a/124b, the first/second source electrode
173a.173b, and the first/second drain electrode 175a/175b
constitute the first/second thin film transistor Qa/Qb together

Sep. 4,2014

with the first/second semiconductor 154a/1545b. Channels of
the first and second thin film transistors Qa and Qb are formed
in the first and second semiconductors 154a and 154b
between the first and second source electrodes 173a and 1735
and the first and second drain electrodes 175a and 1755.

[0461] The two adjacent two pixels PX,, and PX,,, are
connected to the shared data line 172 at right and left sides,
respectively. The first pixel electrode 191a of the left pixels
PX,, is applied with data voltages from the data line 171
through the first thin film transistor Qa, and the second pixel
electrode 1915 is applied with the highest driving voltage or
the lowest driving voltage from the shared data line 172
through the second thin film transistor Qb. Further, the first
pixel electrode 191a of the right pixel PX_, | is applied with
the highest driving voltage or the lowest driving voltage from
the shared data line 172 through the second thin film transistor
Qb and the second pixel electrode 1915 is applied with the
voltage from the data line 171 through the first thin film
transistor Qa.

[0462] Next, referring to FIG. 45, the liquid crystal panel
assembly according to the present embodiment is substan-
tially the same as the above-described liquid crystal panel
assembly shown in FIG. 44, but a gap between the branch
parts of the first and second pixel electrodes 191a and 1915 is
larger and the gap between the branch parts of the first and
second pixel electrodes 191a and 1915 is small in a low-gray
region LA.

[0463] Next, referring to FIG. 46, a layer structure of the
liquid crystal panel assembly according to the present
embodiment is also the same as that of the liquid crystal panel
assembly shown in FIG. 24. Hereinafter, points that are dif-
ferent from the embodiment shown in FIG. 24 will be mainly
described.

[0464] The liquid crystal panel assembly according to the
present embodiment includes a plurality of data lines 171 and
ashared dataline 172 positioned between adjacent pixels PX,
and PX , .

[0465] Thefirst and second pixel electrodes 191a and 1915
includedin each of the pixels PX ,and PX, ,, will be described
in more detail.

[0466] The first pixel electrode 191a includes a horizontal
part 193a positioned at the bottom of each of the pixels PX
and PX, ., and a plurality of curved branch parts 196a which
extends obliquely upward from the horizontal part 1934 and
bends three times to form two sign shapes of “>" connected
vertically. The second pixel electrode 1915 also includes a
horizontal part 1935 disposed at the top of the pixels PX,, and
PX,,;, and a plurality of curved branch parts 19656 which
extends obliquely downward from the horizontal part 1935
and bends three times to form two sign shapes “>" connected
vertically. The curved branch parts 196a and 1965 of the first
and second pixel electrodes 191a and 1915 are alternately
disposed. In a left region of each of the pixels PX,, and PX .,
agap between the curved branch parts 196a and 1965 is small,
and in a right region, a gap between the curved branch parts
196a and 1964 is large. The description of the resulting
effects are same as that in the other embodiments including
the embodiment shown in FIG. 21 and FIG. 22, whereby the
description thereof will be omitted.

[0467] In addition, the description of the data line 171, the
shared data line 172, and the first and second pixel electrodes
191a and 1915 is the same as that in the previous embodi-
ment, whereby the description thereof will be omitted.
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[0468] Next, referring to FIG. 47, a layered structure of the
liquid crystal panel assembly according to the present
embodiment also is the same as that of the liquid crystal panel
assembly shown in FIG. 25. Hereinafter, points that are dif-
ferent from the embodiment shown in F1G. 25 will be mainly
described.

[0469] The liquid crystal panel assembly according to the
present embodiment also includes a plurality of data lines 171
and a plurality of shared data lines 172 positioned between
pixels PX, and PX,,, .

[0470] The first and second pixel electrodes 191a and 1915
included in each of the pixels PX ,and PX, , , will be described
in more detail.

[0471] The first pixel electrode 191a includes a left vertical
part 192a extending lengthily in a vertical direction, an upper
horizontal part 193a, a pair of vertical curve parts 1964 hori-
zontally bent three times while extending downward from the
upper horizontal part 193a, a horizontal part 197a extending
to aright side from a center of a right vertical curve part 1964,
avertical part 1984 extending downward from a lower curved
point of the right vertical curve part 1964, and a plurality of
oblique branch parts. The second pixel electrode 1915
includes a right vertical part 1925, a lower horizontal part
1935, a pair of vertical curve parts 1965 horizontally bent
three times while extending upward from the lower horizontal
part 1935, an upper horizontal part 1975 extending to a left
side from a lower curve point of the vertical curve part 1965,
a lower horizontal part 1985 extending to the left side from a
lower curve point of the vertical curve part 1965, and a plu-
rality of oblique branch parts. The oblique branch parts of the
first and second pixel electrodes 191a¢ and 1915 may be
inclined at approximately 45 degrees with respect to a gate
line 121.

[0472] The oblique branch parts of the first and second
pixel electrodes 1914 and 1915 are alternately disposed, and
may have a regular interval. A gap between the vertical curve
parts 196a and 1965 of the first and second pixel electrodes
191a and 1915 is smaller than that between the oblique
branch parts of the adjacent first and second pixel electrodes
191a and 1915, whereby the inclination angle of liquid crystal
molecules of a liquid crystal layer 3 is larger and thus trans-
mittance is higher. In addition, the description in the other
embodiments including the embodiment shown in FIG. 21
and FIG. 22 may be applied.

[0473] Further, the description of the data line 171, the
shared data line 172, and the first and second pixel electrodes
191a and 1915 is the same as that in the previous embodi-
ment, whereby the description will be omitted.

[0474] In the embodiment shown in FIG. 44 to F1G. 47, a
region where the first pixel electrode 191a and the second
pixel electrode 1915 are farther from each other in one pixel
PX,orPX_ ,, andaregionwhere the first pixel electrode 191a
and the second pixel electrode 1915 are closer to each other in
the one pixel PX, or PX , | are alternately disposed, whereby
itis possible to vary the intensity of an electric field generated
in a liquid crystal layer 3 and vary the inclination angle of the
liquid crystal molecules 31, and it is possible to improve the
side visibility of a liquid crystal display and improve the
transmittance of the liquid crystal display.

[0475] Alternatively, several regions where the first and
second pixel electrodes 191a and 191 b are farther from each
other may be positioned following the region where the first
and second pixel electrodes 191a and 1915 are closer to each
other. Further, several regions where the first and second pixel
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electrodes 191a and 1915 are closer to each other may be
positioned following the region where the first and second
pixel electrodes 191a and 1915 are farther from each other. In
addition, it is possible to maximize the transmittance and
improve the side visibility by adjusting a distance between the
first and second pixel electrodes 191a and 1915 or adjusting
the arrangement of the region where the first and second pixel
electrodes 191a and 1915 are farther from each other and the
region where the first and second pixel electrodes 191a and
1915 are closer to each other.

[0476] Hereinafter, referring to FIG. 48, a liquid crystal
panel assembly according to another embodiment of the
present invention will be described in detail.

[0477] FIG. 48 is an equivalent circuit diagram illustrating
a structure of a liquid crystal panel assembly and one pixel
according to another embodiment of the present invention.
[0478] Referring to FIG. 48, each pixel PX includes a pair
of subpixels, and each of the subpixels includes a liquid
crystal capacitor Clch and Clcl and a storage capacitor Csth
and Cstl. At least one of the two subpixels includes two
switching elements (not shown) connected to a gate line, a
data line and the liquid crystal capacitor Clch and Clel.
[0479] The liquid crystal capacitors Clch and Clcl adopt
first subpixel electrodes PEha and PEla and second subpixel
electrodes PEhb and PEIb of a lower panel 100 as both ter-
minals. A liquid crystal layer 3 between the first subpixel
electrodes PEha and PEla and the second subpixel electrodes
PEhb and PEIb serves as a dielectric material. Each of the
second subpixel electrodes PEhb and PElb may be connected
to a separate switching element (not shown), and at least one
of the first subpixel electrodes PEha and PEla is also con-
nected to a separate switching element (not shown). Alterna-
tively, the second subpixel electrodes PEhb and PEIb may not
be separated from each other and may form an electrode
connected to one switching element (not shown). However,
contrary to this, the second subpixel electrodes PEhb and
PElb may be provided in an upper panel 200. At this time, the
second subpixel electrodes PEhb and PEIb are not connected
to the switching element and may be applied with a separate
common voltage Vcom. Meanwhile, liquid crystal molecules
of theliquid crystal layer 3 have dielectric anisotropy and may
be aligned to be vertical to the panels 100 and 200. Contrary
to this, the liquid crystal molecules may be aligned to be
horizontal to the panels 100 and 200.

[0480] The storage capacitors Csth and Cstl performing an
auxiliary role for the liquid crystal capacitors Clch and Clel
are formed of the first subpixel electrodes PEha and PEla and
the second subpixel electrodes PEhb and PEIb of the lower
panel 100 with an insulator interposed therebetween.

[0481] In addition, the descriptions of a color filter CF and
a polarizer (not shown) are the same as that in the previous
embodiment and thus are omitted.

[0482] Hereinafter, referring to FIG. 49 to FIG. 51, an
example of the liquid crystal panel assembly shown in FIG.
48 will be described in detail.

[0483] FIG. 49 to FIG. 51 are equivalent circuit diagrams
illustrating two subpixels of a liquid crystal panel assembly
according to another embodiment of the present invention.
[0484] First, referring to FIG. 49, the liquid crystal panel
assembly according to the present embodiment includes a
signal line including a gate line G, first and second data lines
D, and D,,, adjacent to each other, and a shared data line D,
adjacent to the gate line G, and pixels PX connected thereto.
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[0485] The pixels PX include a pair of subpixels PXh and
PXl. Each subpixel PXh/PXI1 includes first and second
switching elements Qha and Qhb/Qla and Qlb connected to
the corresponding gate line G, and the corresponding data
lines D,/D,, ,, a liquid crystal capacitor Clch/Clel connected
thereto, and first and second storage capacitors Cstha and
Csthb/Cstla and Cstlb.

[0486] Separate electrodes may be superimposed by the
first and second pixel electrodes PEha and PEhb/PEla and
PEIb with an insulator interposed therebetween to form the
first and second storage capacitors Cstha and Csthb/Cstla and
Cstlb.

[0487] Contrary to this, each of the subpixels PXh and PX1
may include one storage capacitor Csth or Cstl.

[0488] The first switching element Qha of the first subpixel
PXh is connected to the gate line G, and the first data line D,.
The second switching element Qhb of the first subpixel PXh
is connected to the gate line G, and the shared data line D,.
The first switching element Qla of the second subpixel PX11is
connected to the gate line G, and the second data line D, ;.
The second switching element QIb of the second subpixel PX1
is connected to the gate line G, and the shared data line D,.
That is, the adjacent switching elements Qhb and Qlb are
connected to the same data line D,. The shared data line D, 1s
described above, whereby the detailed description will be
omitted.

[0489] The first and second switching elements Qha and
Qlbare also described above, whereby the description thereof
will be omitted.

[0490] In aliquid crystal display including the liquid crys-
tal panel assembly, a signal controller 600 receives input
image signals R, G, and B for one pixel PX and converts the
input image signals R, G, and B into an output image signal
DAT for the two subpixels PXh and PX1to transmit it to a data
driver 500. Contrary to this, gray voltages for the two subpix-
els PXh and PX1 may be independently generated in a gray
voltage generator 800 and alternately supplied to the data
driver 500 or alternately selected in the data driver 500,
thereby applying different voltages to the two subpixels PXh
and PX1. However, at this time, it is preferable that the image
signals are corrected or the gray voltages are generated so that
acomposed gamma curve of the two subpixels PXh and PXL
is closer to a reference gamma curve inthe front. For example,
the composed gamma curve in the front conforms to the
reference gamma curve in the front determined to be the most
suitable for the liquid crystal assembly and a composed
gamma curve in the side is the closest to the reference gamma
curve in the front.

[0491] Next, referring to FI1G. 50, the liquid crystal panel
assembly according to the present embodiment includes a
signal line including the first and second gate lines G, and G, ;
adjacent to each other, a data line D), a shared data line D,
adjacent to the gate line G, and pixels PX connected thereto.
The pixel PX includes a pair of subpixels PXh and PXI. Each
of the subpixel PXh/PX1 includes switching elements Qha
and Qhb/Qla and Qlb, a liquid crystal capacitor Clch/Clel,
and first and second storage capacitors Cstha and Csthb/Cstla
and Cstlb.

[0492] Unlike the liquid crystal panel assembly shown in
FIG. 49, in the liquid crystal panel assembly shown in FIG.
50, the two subpixels are adjacent to each other in a column
direction and are connected to different gate lines G, and G, ;.
[0493] That is, the first switching element Qha of the first
subpixel PXhis connected to the first gate line G, and the data
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line D,. The second switching element Qhb of the first sub-
pixel PXh is connected to the first gate line G, and the shared
data line D,. The first switching element Qla of the second
subpixel PX1is connected to the second gate line G,, | and the
data line D,. The second switching element QIb of the second
subpixel PX1is connected to the second gate line G,, | and the
shared data line D,. That is, the first/second switching ele-
ments Qha and Qla/Qhb and Qlb of each subpixel PXh or PX1
are connected to the same data line D/D,.

[0494] The operation of the liquid crystal display including
the liquid crystal capacitors Clch and Clcl, the first and sec-
ond storage capacitors Cstha and Csthb and Cstla and Cstlb,
and the liquid crystal panel assembly is substantially the same
as that in the previous embodiment, whereby the detailed
description thereof will be omitted. However, in the liquid
crystal display shown in FIG. 49, the two subpixels PXh and
PXI1 constituting the one pixel PX are applied with data volt-
ages at the same time, while in the present embodiment, the
two subpixels PXh and PX1 are applied with the data voltages
with a time disparity.

[0495] Next, referring to FI1G. 51, the liquid crystal panel
assembly according to the present embodiment includes a
signal line including the gate line G, and the first to third data
lines D, D, ,, and D;, ; adjacent to each other, and the pixels
PX connected thereto.

[0496] The pixels PX include a pair of subpixels PXh and
PX]l. Each of the subpixels PXh/PXl includes a first switching
element Qha/Qla connected to the corresponding gate line G,
and the corresponding data line D,/D, ,, a second switching
element Qhb/Qlb connected to the gate line G, and the shared
data line D, , a liquid crystal capacitor Clch/Clcl connected
thereto, and first and second storage capacitors Cstha and
Csthb/Cstla and Cstlb.

[0497] The liquid crystal panel assembly according to the
present embodiment is substantially the same as the liquid
crystal panel assembly shown in FIG. 49, but the shared data
line D, is not formed horizontal to the gate line G, but is
formed between the subpixels PXh and PX1. The shared data
line D,,,, is formed in the same layer as other data lines D; and
D, and is connected to a data driver 500 to be applied with
a voltage.

[0498] Hereinafter, referring to FIG. 52 to FIG. 58, another
example of the liquid crystal panel assembly shown in FIG.
48 will be described in detail.

[0499] FIG. 52 to FIG. 58 are equivalent circuit diagrams of
two pixels of a liquid crystal panel assembly according to
another embodiment of the present invention.

[0500] Referring to FIG. 52, the liquid crystal panel assem-
bly according to the present embodiment includes a signal
line including first and second gate lines G, and G,, ; and first
to third data lines D, D,, ,, and D, ,, and two pixels PX,, and
PX,,,, connected thereto. Fach of the pixels PX, and PX,,,,
includes a pair of subpixels PXh and PX1. Each subpixel
PXWPXI includes switching elements Qha and Qhb/Qla and
QIb, a liquid crystal capacitor Clch/Clcl connected thereto,
and first and second storage capacitors Cstha and Csthb/Cstla
and Cstlb.

[0501] Unlike the liquid crystal panel assembly shown in
FIG. 49, in the liquid crystal panel assembly shown in FIG.
52, the switching elements Qhb and Qlb adjacent to each
other in a row direction are commonly connected to the sec-
ond dataline D, |, thatis, the shared dataline D, , . That1s, the
second switching element Qhb of the first subpixel PXh ofthe
first pixel PX,, the second switching element Qhb of the first
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subpixel PXh of the second pixel PX,, ,, the second switching
element Qlb of the second subpixel PX1 of the first pixel PX,
and the second switching element Qlb of the second subpixel
PX1 of the second pixel PX,, are connected to the shared
data line D, ;.
[0502] Further, unlike the liquid crystal panel assembly
shown in FIG. 51, in the liquid crystal panel assembly shown
in FIG. 52, the two subpixels PXh and PX1 constituting the
one pixel PX, or PX, ,, are adjacent to each other in a column
direction and are connected to different gate lines G, and G, ;.
The detailed description thereof is substantially the same as
that in the embodiment shown in FIG. 50, whereby the
detailed description thereof will be omitted.

[0503] Next, referring to FI1G. 53, the liquid crystal panel
assembly according to the present embodiment includes a
signal line including a gate line G, and first to third data lines
D, D,,,, and D,, ; adjacent to each other, and two pixels PX,
and PX , | connected thereto.

[0504] The description of each pixel PX,, or PX, ., is the
same as the description of the liquid crystal panel assembly
shown in 34, whereby the description thereof will be omitted.
[0505] However, in the present embodiment, the second
switching element Qb of each of the adjacent pixels PX, and
PX,,. is connected to the gate line G, and the shared data line
D,

[6506] In the liquid crystal panel assembly according to the
present embodiment, the shared data line D, is not formed
horizontal to the gate line G,, but is formed between the two
pixels PX,, and PX, , . The shared data line D, , is described
above, whereby the detailed description thereof will be omit-
ted.

[0507] Next, referring to FI1G. 54, the liquid crystal panel
assembly shown in FIG. 54 is the same as the liquid crystal
panel assembly shown in FIG. 53, but in the present embodi-
ment, the shared data line D, 1s not formed between the pixels
PX, and PX, ,, and is formed horizontal to the gate line G.
The shared data line D;, is not formed in the same layer as
other data lines D and D,, , and is formed in the same layer as
the gate line G. The shared data line D, is not connected to a
data driver 500, unlike the other data lines D, and D, ;.
Accordingly, a voltage is not applied from the data driver 500,
but voltages varying between a highest voltage and a lowest
voltage every frame may be separately applied from the out-
side.

[0508] Next, referring to FI1G. 55, the liquid crystal panel
assembly according to the present embodiment includes a
signal line including a gate line G, and first to third data lines
D;, and D, , adjacent to each other, and two pixels PX,, and
PX,,,, connected thereto.

[0509] The description of each pixel PX, or PX, ,, is the
same as the description of the liquid crystal panel assembly
shown in FIG. 29, whereby the description thereof will be
omitted.

[0510] However, in the present embodiment, the second
switching elements Qhb and Qlb of each of the adjacent
pixels PX, and PX, , | are connected to the gate line G, and the
shared data line D, ;.

[0511] The shared data line D, , formed between the two
pixels PX, and PX,,, is described above, whereby the
detailed description thereof will be omitted.

[0512] Next, referring to FI1G. 56, the liquid crystal panel
assembly shown according to the present embodiment is sub-
stantially the same as the liquid crystal panel assembly shown
in FIG. 55, but the shared data line D, is not formed between
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the pixels PX,, and PX, , , and is formed horizontal to the gate
line G,. Next, referring to FIG. 57, the liquid crystal panel
assembly according to the present embodiment includes a
signal line including a gate line G, first to third data lines D,,
D,.,,and D,,, adjacent to each other, and a common voltage
line (not shown), and two pixels PX, and PX, ,, connected
thereto.

[0513] The description of each pixel PX, or PX ,, is the
same as the description of the liquid crystal panel assembly
shown in FIG. 36, whereby the description thereof will be
omitted.

[0514] However, in the present embodiment, the second
switching element Qb of each of the adjacent pixels PX,, and
PX ., is connected to the gate line G, and the shared data line

+1°
[0]515] Next, referring to FIG. 58, the liquid crystal panel
assembly shown according to the present embodiment is sub-
stantially the same as the liquid crystal panel assembly shown
in FIG. 57, but the shared data line D, is not formed between
the pixels PX,, and PX, , | and is formed horizontal to the gate
line G,.
[0516] The driving method shown in FIG. 38 and FIG. 39
may be also applied to the liquid crystal display including the
liquid crystal panel assembly shown in FIG. 37 to FIG. 57.
Further, liquid crystal molecules of a liquid crystal layer have
positive dielectric anisotropy and may be aligned to be verti-
cal to panels 100 and 200 without an electric field. In this case,
when the electric field is generated in the liquid crystal layer,
the liquid crystal molecules are inclined to be parallel to a
direction of the eclectic field, thereby varying a polarization
state of light. In the case of using the liquid crystal molecules
having the positive dielectric anisotropy, since the liquid crys-
tal molecules have rotation viscosity that is lower than liquid
crystal molecules having negative dielectric anisotropy, it is
possible to acquire faster response speed, and since the incli-
nation direction of the liquid crystal molecules 31 is defined
to the direction of the electric field, the liquid crystal mol-
ecules 31 are rearranged even though the liquid crystal mol-
ecules 31 are dispersed due to an external influence. There-
fore, it is possible to acquire an excellent display
characteristic.
[0517] According to the present invention, it is possible to
improve transmittance by increasing a pixel voltage range
that is usable by the liquid crystal display without replace-
ment of the data driver, and the like. Further, it is possible to
decrease the manufacturing cost of the driver and improve the
aperture ratio of the panels.
[0518] According to an embodiment of the present inven-
tion, it is possible to secure a high contrast ratio and a wide
light viewing angle of the liquid crystal display, and to
increase the response speed of the liquid crystal molecules.
[0519] In addition, it is possible to acquire the excellent
display characteristic without influences such as pressure
from the outside of the liquid crystal display, and the like.
[0520] Although preferred embodiments of the present
invention have been described in detail, it will be apparent
that those skilled in the art can make various modifications
and changes thereto without departing from the principles
and spirit of the general inventive concept, the scope of which
is defined in the appended claims and their equivalents.
[0521] While this invention has been described in connec-
tion with what is presently considered to be practical embodi-
ments, it is to be understood that the invention is not limited to
the disclosed embodiments, but, on the contrary, is intended
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to cover various modifications and equivalent arrangements
included within the spirit and scope of the appended claims.

What is claimed is:

1. A liquid crystal display, comprising:

a plurality of pixels arranged in a matrix;

a plurality of gate lines formed on a substrate and trans-
mitting a gate signal; and

a plurality of first and second data lines formed on the
substrate and respectively transmitting first and second
data voltages,

wherein the pixel includes a first switching element con-
nected to the gate line and the first data line, a second
switching element connected to the gate line and the
second data line, and a liquid crystal capacitor connected
to the first and second switching elements,

the liquid crystal capacitor includes a first pixel electrode,
a second pixel electrode, and a liquid crystal layer hav-
ing positive dielectric anisotropy and positioned
between the first and second pixel electrodes,

the liquid crystal layer is a vertical alignment layer, and
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each pixel displays a low-gray image for at least one frame

after displaying an image for one or more frames.

2. The liquid crystal of claim 1, wherein the plurality of
pixels display the low-gray image for the same frame.

3. The liquid crystal display of claim 2, wherein the low-
gray image is displayed for one frame.

4. The liquid crystal display of claim 1, wherein at least one
pixel row or at least pixel column among the plurality of
pixels displays the low-gray image and the remaining pixels
display the image for the same frame.

5. The liquid crystal display of claim 4, wherein two adja-
cent pixel rows or two adjacent pixel columns sequentially
display the low-gray image for two successive frames.

6. The liquid crystal display ofclaim 4, wherein at least one
pixel row displaying the low-gray image simultaneously dis-
plays the low-gray image for the same frame.

7. The liquid crystal display of claim 1, wherein a data
voltage of the low-gray image is equal to %3 or less than a data
voltage of the image.
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