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LIQUID CRYSTAL DISPLAY

This application claims priority to Korean Patent Appli-
cation No. 10-2011-0008627 filed on Jan. 28, 2011, and all
the benefits accruing therefrom under 35 U.S.C. §119, the
content of which in its entirety is herein incorporated by
reference.

BACKGROUND OF THE INVENTION

(a) Field of the Invention

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

(b) Description of the Related Art

A liquid crystal display (hereinafter referred to as an
“LCD”) is one of the most widely used type of flat panel
displays. The LCD includes two display panels provided
with electric field generating electrodes, such as pixel elec-
trodes and a common electrode, respectively, and a liquid
crystal layer interposed between the two display panels. In
the LCD, voltages are applied to the electric field generating
electrodes to generate an electric field in the liquid crystal
layer. Due to the generated electric field, liquid crystal
molecules of the liquid crystal layer are aligned and polar-
ization of incident light is controlled, thereby displaying
images.

In general, it may be necessary to realize a liquid crystal
display having a high contrast ratio, excellent viewing angle,
and fast response speed to improve the display quality of the
liquid crystal display.

Also, when the pixel electrode and the signal line overlap
each other to increase the aperture ratio of the liquid crystal
display, a parasitic capacitance between the signal line and
the pixel electrode increases such that display quality may
be deteriorated by crosstalk.

BRIEF SUMMARY OF THE INVENTION

Exemplary embodiments of the present invention provide
a liquid crystal display with a high contrast ratio and a wide
viewing angle of the liquid crystal display, with increased
response speed of liquid crystal molecules, and which pre-
vents crosstalk caused by an parasitic capacitance between
a signal line and a pixel electrode while having a high
aperture ratio, thereby improving display characteristics.

In an exemplary embodiment, a liquid crystal display
includes: a first substrate; a second substrate disposed oppo-
site to the first substrate; a liquid crystal layer interposed
between the first substrate and the second substrate and
including liquid crystal molecules; a gate line disposed on
the first substrate, where the gate line transmits a gate signal;
a plurality of data lines disposed on the first substrate, where
the plurality of data lines transmits a first voltage; a voltage
transmitting line disposed on the first substrate, where the
voltage transmitting line transmits a second voltage; a first
pixel electrode disposed on the first substrate; and a second
pixel electrode disposed on the first substrate and spaced
apart from the first pixel electrode, where one of the first
pixel electrode and the second pixel electrode is applied with
the first voltage through the plurality of data lines, the other
of the first pixel electrode and the second pixel electrode is
applied with the second voltage through the voltage trans-
mitting line, each of the first pixel electrode and the second
pixel electrode includes a stem and a plurality of branches
electrodes extending from the stem, the branches of the first
pixel electrode and the branches of the second pixel elec-
trode are alternately disposed, and the stems of the first pixel
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electrode and the second pixel electrode overlap at least a
portion of the voltage transmitting line.

In an exemplary embodiment, the stems of the first pixel
electrode and the second pixel electrode may cover at least
two thirds of the area of the voltage transmitting line.

In an exemplary embodiment, the liquid crystal display
may further include a plurality of pixels, where each of the
plurality of pixels includes the first pixel electrode and the
second pixel electrode, and the voltage transmitting line
corresponds to three of the plurality of pixels.

In an exemplary embodiment, the plurality of pixels may
include a first pixel and a second pixel neighboring each
other, a data line of the plurality of data lines may be
disposed between the first pixel and the second pixel, the
stems of the first pixel electrode and the second pixel
electrode of the first pixel may include a first portion
overlapping the data line disposed between the first pixel
and the second pixel, the stems of the first pixel electrode
and the second pixel electrode of the second pixel may
include a second portion overlapping the data line disposed
between the first pixel and the second pixel, and the first
portion and the second portion may be applied with the first
voltage and disposed opposite to each other with respect to
the data line disposed between the first pixel and the second
pixel.

In an exemplary embodiment, the stems of the first pixel
electrode and the second pixel electrode of the first pixel
may include a third portion overlapping the data line dis-
posed between the first pixel and the second pixel, the stems
of the first pixel electrode and the second pixel electrode of
the second pixel may include a fourth portion overlapping
the data line disposed between the first pixel and the second
pixel, and the third portion and the fourth portion may be
applied with the second voltage and disposed opposite to
each other with respect to the data line disposed between the
first pixel and the second pixel.

In an exemplary embodiment, the liquid crystal display
may further include a first region including a first interval
between the branches of the first pixel electrode and adjacent
branches of the second pixel electrode, and a second region
including a second interval between the branches of the first
pixel electrode and the adjacent branches of the second pixel
electrode, where the first interval is greater than the second
interval, and the first region includes a region where the
stems of the first pixel electrode and the second pixel
electrode are not disposed at an edge of a pixel area.

In an exemplary embodiment, the liquid crystal layer may
be vertically aligned.

In an exemplary embodiment, the first pixel electrode and
the second pixel electrode may be applied with voltages
having different polarities.

In an exemplary embodiment, the liquid crystal display
may further include an extension region including a third
interval between the branches of the first pixel electrode and
the adjacent branches of the second pixel electrode, where
the third interval is greater than the first interval in the first
region.

In an alternative exemplary embodiment, a liquid crystal
display includes: a first substrate; a second substrate dis-
posed opposite to the first substrate; a liquid crystal layer
interposed between the first substrate and the second sub-
strate and including liquid crystal molecules; a gate line
disposed on the first substrate, where the gat line transmits
a gate signal; a plurality of data lines disposed on the first
substrate, where the plurality of data lines transmits a first
voltage; a voltage transmitting line disposed on the first
substrate, where the voltage transmitting line transmits a
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second voltage having a polarity changed per frame; and a
plurality of pixel electrode including a first pixel and a
second pixel neighboring each other, where each of the
plurality of pixels includes a first pixel electrode disposed on
the first substrate, and a second pixel electrode disposed on
the first substrate and spaced apart from the first pixel
electrodes, where one of the first pixel electrode and the
second pixel electrode is applied with the first voltage
through the plurality of data lines, and the other of the first
pixel electrode and the second pixel electrode is applied with
the second voltage through the voltage transmitting line,
each of the first pixel electrode and the second pixel elec-
trode includes a stem and a plurality of branches extending
from the stem, the branches of the first pixel electrode and
the branches of the second pixel electrode are alternately
disposed, a data line of the plurality of data lines is disposed
between the first pixel and the second pixel of the plurality
of pixels, the stems of the first pixel electrode and the second
pixel electrode of the first pixel include a first portion
overlapping the data line disposed between the first pixel
and the second pixel, the stems of the first pixel electrode
and the second pixel electrode of the second pixel includes
a second portion overlapping the data line disposed between
the first pixel and the second pixel, and the first portion and
the second portion are applied with the first voltage and are
disposed opposite to each other with respect to the data line
disposed between the first pixel and the second pixel.

According to exemplary embodiments of the present
invention, a high contrast ratio and a wide viewing angle of
the liquid crystal display may be simultaneously ensured,
the response speed of the liquid crystal molecule and the
aperture ratio may be improved, and simultaneously cross-
talk due to an increase of the parasitic capacitance between
the signal line and the pixel electrode may be effectively
prevented, and display characteristics is thereby substan-
tially improved.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other aspects, advantages and features of
the invention will become more apparent by describing in
further detail exemplary embodiments thereof with refer-
ence to the accompanying drawings, in which:

FIG. 1 is a block diagram showing an exemplary embodi-
ment of a liquid crystal display according to the present
invention;

FIG. 2 is an equivalent circuit diagram showing a struc-
ture of an exemplary embodiment of the liquid crystal
display and one pixel according to the present invention;

FIG. 3 is an equivalent circuit diagram showing a plurality
of adjacent pixels of an exemplary embodiment of a liquid
crystal display according to the present invention;

FIG. 4 is a cross-sectional view of an exemplary embodi-
ment of the liquid crystal display according to the present
invention;

FIG. 5 is a signal timing diagram of signals applied to a
pixel of the liquid crystal display shown in FIG. 3;

FIG. 6 is a top plan view of an exemplary embodiment of
a liquid crystal display according to the present invention;

FIG. 7 is a cross-sectional view of an exemplary embodi-
ment of the liquid crystal panel assembly of FIG. 6 taken
along line VII-VII;

FIG. 8A to FIG. 8C are partial top plan views of an
exemplary embodiment of a liquid crystal display according
to the present invention;
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FIG. 9 is a graph of grayscale measurement results
showing display quality of an exemplary embodiment of the
liquid crystal display; and

FIG. 10 is a graph of grayscale measurement results
showing display quality of an exemplary embodiment of the
liquid crystal display.

DETAILED DESCRIPTION OF THE
INVENTION

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

In the drawings, the thickness of layers, films, panels,
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
element, there are no intervening elements present.

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

Firstly, an exemplary embodiment of a liquid crystal
display according to the present invention will be described
with reference to FIGS. 1 to 3. FIG. 1 is a block diagram
showing an exemplary embodiment of the liquid crystal
display according to the present invention, FIG. 2 is an
equivalent circuit diagram showing a structure of an exem-
plary embodiment of a liquid crystal display and one pixel
according to the present invention, and FIG. 3 is an equiva-
lent circuit diagram showing a plurality of adjacent pixels of
an exemplary embodiment of the liquid crystal display
according to the present invention.

Referring to FIG. 1, a liquid crystal display includes a
liquid crystal panel assembly 300, a gate driver 400, a data
driver 500, a gray voltage generator 8§00 and a signal
controller 600. In an exemplary embodiment, the signal
controller 600 may receive data signals R, G and B, a
vertically synchronized signal Vsyne, a horizontally syn-
chronized signal Hsync, a main clock signal MCLK and a
data enable signal DE from an external device. The gate
driver 400 may receive a first control signal CONT1 from
the signal controller 600, a gate-on voltage Von and a
gate-off voltage Voff, and the data driver 500 may receive a
second control signal CONT2 and an image signal DAT
from the signal controller 600.

Referring to FIG. 2, the liquid crystal panel assembly 300
includes a lower panel 100 and an upper panel 200 disposed
opposite to, e.g., facing, each other, and a liquid crystal layer
3 interposed therebetween.

The liquid crystal capacitor Clc adopts a first pixel
electrode PEa and a 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
serves as a dielectric material. The first pixel electrode PEa
is connected to the first switching element (not shown) and
the second pixel electrode PEb is connected to the second
switching element (not shown).

The liquid crystal layer 3 has dielectric anisotropy, and
liquid crystal molecules 31 of the liquid crystal layer 3 may
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be arranged such that their long axes are aligned perpen-
dicular to surfaces of the two panels 100 and 200 when an
electric field is not applied.

The first pixel electrode PEa and the second pixel elec-
trode PEb may be formed on different layers or on the same
layer. First and second storage capacitors (not shown) serv-
ing as assistants of the liquid crystal capacitor Clc may be
formed by further including separate electrodes (not shown)
provided on the lower panel 100 and interposed between the
first and second pixel electrodes PEa and PEb, and insula-
tors. Although not shown, an alternative exemplary embodi-
ment of the liquid crystal display may include an additional
electrode on the upper panel 200 and applied with a prede-
termined voltage of a constant magnitude, and the additional
electrode may be transparent.

In an exemplary embodiment, each pixel PX uniquely
displays one of primary colors (spatial division), or each
pixel PX temporally and alternately displays primary colors
(temporal division), to realize color display. Then, the pri-
mary colors are spatially or temporally synthesized, and thus
a desired color is recognized. An exemplary embodiment of
the primary colors may include three primary colors of red,
green and blue. Also, each pixel may display a white color
as well as three primary colors of red, green and blue. One
exemplary of the spatial division is represented in FIG. 2,
where each pixel PX is provide with a color filter CF
indicating one of the primary colors on the region of the
upper panel 200 and corresponding to the first and second
pixel electrodes PEa and PEb. In an alternative exemplary
embodiment, unlike FIG. 2, the color filter CF may be
disposed on or below the first and second pixel electrodes
PEa and PEDb of the lower panel 100.

Referring to FIGS. 1 and 3, in a view of an equivalent
circuit, the liquid crystal panel assembly 300 includes a
plurality of signal lines Gi, C1, C2, Dj, Dj+1, Dj+2, Dj+3,
Dj+4, and Dj+5, and a plurality of pixels PX connected
thereto and arranged substantially in a matrix format. In the
structure shown in FIG. 2, the liquid crystal panel assembly
300 includes the lower panel 100 and the upper panel 200
facing each other, and the liquid crystal layer 3 interposed
therebetween.

The signal lines Gi, C1, C2 Dj, Dj+1, and Dj+2 include a
plurality of gate lines, e.g., an i-th gate line Gi, that transmits
gate signals (also referred to as “scanning signals”), a
plurality of data lines, e.g., a j-th data line Dj, a (j+1)-th data
line Dj+1, a (j+2)-th data line Dj+2, a (j+3)-th data line
Dj+3, a (j+4)-th data line Dj+4, and a (j+5)-th data line Dj+5,
that transmits data voltages, a first voltage transmitting line
C1 that transmits a first voltage, and a second voltage
transmitting line C2 that transmits a second voltage. The
gate lines Gi extend substantially in a row direction and
substantially parallel to each other, and the data lines Dj,
Dj+1, Dj+2, Dj+3, Dj+4, and Dj+5, the first voltage trans-
mitting line C1, and the second voltage transmitting line C2
extend substantially in a column direction and substantially
parallel to each other.

A plurality of pixels PX include a first pixel PX1, a second
pixel PX2, a third pixel PX3, a fourth pixel PX4, a fifth pixel
PX5 and a sixth pixel PX6 that are sequentially disposed in
a row direction of the pixel.

Among three neighboring pixels, e.g., the first, second
and third pixels PX1, PX2, and PX3, the first pixel PX1
includes a first switching element Qa and a second switching
element Qb connected to the signal lines, e.g., the i-th gate
line Gi, the first voltage transmitting line C1, and the j-th
data line Dj, and the liquid crystal capacitor Clc connected
thereto, the second pixel PX2 includes a first switching
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element Qa and a second switching element Qb connected to
the signal lines, e.g., the i-th gate line Gi, the first voltage
transmitting line C1, and the (j+1)-th data line Dj+1, and the
liquid crystal capacitor Clc connected thereto, and the third
pixel PX3 includes a first switching element Qa and a second
switching element Qb connected to the signal lines, e.g., the
i-th gate line Gi, the first voltage transmitting line C1, and
the (j+2)-th data line Dj+2, and the liquid crystal capacitor
Clc connected thereto.

The first switching element Qa and the second switching
element Qb of three neighboring pixels PX1, PX2, and PX3
as three terminal elements such as a thin film transistors
provided in the lower panel 100 and including a control
terminal connected to the gate line Gi, an input terminal
connected to the first voltage transmitting line C1 or the
corresponding data lines Dj, Dj+1, and Dj+2, and an output
terminal connected to the liquid crystal capacitor Clc.

Among three neighboring pixels, e.g., the fourth pixel
PX4, the fifth pixel PX5, and the sixth pixel PX6, the fourth
pixel PX4 includes a first switching element Qa and a second
switching element Qb connected to the signal lines, e.g., the
i-th gate line Gi, the second voltage transmitting line C2, and
the (j+3)-th data line Dj+3, and the liquid crystal capacitor
Cle connected thereto, the fifth pixel PX5 includes a first
switching element Qa and a second switching element Qb
connected to the signal lines, e.g., the i-th gate line Gi, the
second voltage transmitting line C2, and the (j+4)-th data
line Dj+4, and the liquid crystal capacitor Cle connected
thereto, and the sixth pixel PX6 includes a first switching
element Qa and a second switching element Qb connected to
the signal lines, e.g., the i-th gate line Gi, the second voltage
transmitting line C2, and the (j+5)-th data line Dj+5, and the
liquid crystal capacitor Clc connected thereto.

The first switching element Qa and the second switching
element Qb of the three neighboring pixels pixel PX4, PX5,
and PX6 as three terminal elements such as thin film
transistors provided in the lower panel 100 and including a
control terminal connected to the gate line Gi, an input
terminal connected to the second voltage transmitting line
C2 or the corresponding data lines Dj+3, Dj+4, and Dj+5,
and an output terminal connected to the liquid crystal
capacitor Clc.

Hereinafter, an exemplary embodiment of a driving
method of a liquid crystal display according to the present
invention will be described with reference to FIGS. 2, 3 and
4.

FIG. 4 is a cross-sectional view of an exemplary embodi-
ment of a liquid crystal display according the present
invention.

Referring to FIGS. 2 and 3, when the first voltage trans-
mitting line C1 is applied with the first voltage and the data
lines Dj, Dj+1, and Dj+2 are applied with the data voltage,
the data voltage is applied to the corresponding pixels PX1,
PX2, and PX3 via the turned-on first and second switching
elements Qa and Qb. In detail, the first pixel electrode PEa
of the first pixel PX1 is applied with the first voltage through
the first voltage transmitting line C1 via the first switching
element Qa thereof, and the second pixel electrode PEb is
applied with the data voltage through the first data line Dj
via the second switching element Qb thereof. Also, the first
pixel electrode PEa of the second pixel PX2 is applied with
the data voltage through the second data line Dj+1 via the
first switching element Qa thereof, and the second pixel
electrode PED is applied with the first voltage through the
first voltage transmitting line C1 via the second switching
element Qb thereof. Also, the first pixel electrode PEa of the
third pixel PX3 is applied with the first voltage through the
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first voltage transmitting line Cj via the first switching
element Qa thereof, and the second pixel electrode PEb is
applied with the data voltage through the third data line Dj+2
via the second switching element Qb thereof.

Also, when the second voltage transmitting line C2 is
applied with the second voltage and the data lines Dj+3,
Dj+4, and Dj+5 are applied with the data voltage, the data
voltage is applied to the corresponding pixels PX4, PX5, and
PX6 via the turned-on first and second switching elements
Qa and Qb. In detail, the first pixel electrode PEa of the
fourth pixel PX4 is applied with the second voltage through
the second voltage transmitting line C2 via the first switch-
ing element Qa thereof, and the second pixel electrode PEb
is applied with the data voltage through the fourth data line
Dj+3 via the second switching element Qb thereof. Also, the
first pixel electrode PEa of the fifth pixel PX5 is applied with
the data voltage through the fifth data line Dj+4 via the first
switching element Qa thereof, and the second pixel electrode
PEDb is applied with the second voltage through the second
voltage transmitting line C2 via the second switching ele-
ment Qb thereof. Further, the first pixel electrode PEa of the
sixth pixel PX6 is applied with the second voltage through
the second voltage transmitting line C2 via the first switch-
ing element Qa thereof, and the second pixel electrode PEb
is applied with the data voltage through the sixth data line
Dj+5 via the second switching element Qb thereof.

In an exemplary embodiment, the voltage applied to the
first pixel electrode PEa and the second pixel electrode PEb
of the pixels PX1, PX2, PX3, PX4, PX5, and PX6 are
corresponding to luminance displayed by the pixel PX.

The first voltage transmitted through the first voltage
transmitting line C1 and the second voltage transmitted
through the second voltage transmitting line C2 may have
opposite polarities with respect to a reference voltage. In one
exemplary embodiment, for example, when a minimum
voltage of the liquid crystal display is about zero (0) volt (V)
and a maximum voltage is about 14 V, the reference voltage
may be about 7 V, the voltage transmitted through the first
voltage line C1 may be about 0 V or about 14 V, and the
voltage transmitted through the second voltage line C2 may
be about 14 V or about 0 V. Also, the polarities of the first
voltage transmitted through the first voltage line C1 and the
second voltage transmitted through the second voltage line
C2 may be changed per frame.

The difference between the two data voltages applied to
the first and second pixels PXa and PXb corresponds to a
charged voltage of the liquid crystal capacitors Clc, i.e., a
pixel voltage. When a potential difference is generated
between the two terminals of the liquid crystal capacitor Clc,
as shown in FIG. 4, an electric field substantially parallel to
the surface of the display panel 100 and 200 is generated in
the liquid crystal layer 3 between the first and second pixel
electrodes PEa and PEb. When the liquid crystal molecules
31 have positive dielectric anisotropy, the liquid crystal
molecules 31 are arranged such that the longitudinal axes
thereof are aligned substantially parallel to the direction of
the electric field, and the degree of inclination of the
longitudinal axes is changed according to the magnitude of
the pixel voltage. This liquid crystal layer 3 is referred to as
an electrically-induced optical compensation (“EOC”) mode
liquid crystal layer. Also, the change degree of the polar-
ization of light passing through the liquid crystal layer 3 is
changed according to the inclination degree of the liquid
crystal molecules 31. The change of the polarization appears
as a change of transmittance of the light by the polarizer, and
the pixel PX thereby displays a predetermined luminance.
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Hereinafter, an exemplary embodiment of a driving
method of a liquid crystal display according to the present
invention will be described with reference to FIGS. 3 and 5.
FIG. 5§ is a signal timing diagram of signals applied to a pixel
of the liquid crystal display shown in FIG. 3.

Firstly, a driving method during the first frame (1st
Frame) will be described. When the gate lines Gi is sequen-
tially applied with the gate-on voltage, the first pixel elec-
trode PEa of the first pixel PX1 is applied with the first
voltage through the first voltage transmitting line C1 via the
turned-on first switching element Qa thereof, the second
pixel electrode PEb of the first pixel PX1 is applied with the
data voltage through the first data line Dj via the turned-on
second switching element Qb thereof, the first pixel elec-
trode PEa of the second pixel PX2 is applied with the data
voltage through the second data line Dj+1 via the turned-on
first switching element Qa thereof, and the second pixel
electrode PEb of the second pixel PX2 is applied with the
first voltage through the first voltage transmitting line C1 via
the turned-on second switching element Qb thereof. Also,
the first pixel electrode PEa of the third pixel PX3 is applied
with the first voltage through the first voltage transmitting
line Cj via the turned-on first switching element Qa thereof,
and the second pixel electrode PEb of the third pixel PX3 is
applied with the data voltage through the third data line Dj+2
via the turned-on second switching element Qb thereof.
Similarly, the first pixel electrode PEa of the fourth pixel
PX4 is applied with the second voltage through the second
voltage transmitting line C2 via the turned-on first switching
element Qa thereof, and the second pixel electrode PEb of
the fourth pixel PX4 is applied with the data voltage through
the fourth data line Dj+3 via the turned-on second switching
element Qb thereof. Also, the first pixel electrode PEa of the
fifth pixel PX5 is applied with the data voltage through the
fifth data line Dj+4 via the turned-on first switching element
Qa thereof, and the second pixel electrode PEb of the fifth
pixel PX5 is applied with the second voltage through the
second voltage transmitting line C2 via the turned-on second
switching element Qb thereof. Further, the first pixel elec-
trode PEa of the sixth pixel PX6 is applied with the second
voltage through the second voltage transmitting line C2 via
the turned-on first switching element Qa thereof, and the
second pixel electrode PEb of the sixth pixel PX6 is applied
with the data voltage through the sixth data line Dj+5 via the
turned-on second switching element Qb thereof.

In an exemplary embodiment, the polarity of the first
voltage transmitted through the first voltage transmitting line
C1 may be positive (+), and the polarity of the second
voltage transmitted through the second voltage transmitting
line C2 may be negative (-). Accordingly, during the first
frame, the polarities of the first pixel PX, the second pixel
PX2 and the third pixel PX3 are positive (+), and the
polarities of the fourth pixel PX4, the fifth pixel PX5, and
the sixth pixel PX6 are negative (-).

However, in an alternative exemplary embodiment of the
present invention, the polarity of the first voltage applied to
the first voltage transmitting line C1 may be negative (-),
and the polarity of the second voltage applied to the second
voltage line C2 may be positive (+).

The steps described above are repeated for the pixel row
connected to the gate lines, and thereby the first frame (1st
Frame) is completed. When the first frame (1st Frame) is
completed, the second frame (2nd Frame) is started.

When the second frame (2nd Frame) is started, the
gate-on voltage is sequentially applied to the gate lines Gi,
and the signal is applied to each pixel similarly to the signals
applied in the first frame. However, during the second frame,
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the polarities of the first voltage transmitted through the first
voltage transmitting line C1 and the second voltage trans-
mitted through the second voltage transmitting line C2 are
opposite to that of the first frame. Accordingly, the polarity
of a pixel PX in the second frame is opposite to the polarity
of the pixel in the first frame. In detail, during the second
frame, the polarities of the first pixel PX, the second pixel
PX2 and the third pixel PX3 are negative (=), and the
polarities of the fourth pixel PX4, the fifth pixel PX5 and the
sixth pixel PX6 are positive (+).

However, in an alternative exemplary embodiment of the
present invention, the polarity of the first voltage applied to
the first voltage transmitting line C1 during the second frame
may be positive (+), and the polarity of the second voltage
applied to the second voltage line C2 may be negative (-).

The first frame and the second frame are repeated such
that the desired pixel voltage is applied to each pixel during
the desired frame,

In general, one pixel may be connected to one gate line
and two different data lines to charge a desired voltage to the
liquid crystal capacitor Clc by dividing one pixel into two
pixel electrodes and applying the different voltages to the
two pixel electrodes via the different switching elements.
More particularly, the first and second switching elements
connected to the first and second pixel electrodes of each
pixel may be connected to the same gate line and the
different data lines, thereby receiving the data voltage
through the different data lines.

In an exemplary embodiment, one pixel of the liquid
crystal display is connected to two gate lines, one data line,
and a first voltage transmitting line and a second voltage
transmitting line. Accordingly, the number of data lines is
substantially reduced, and thereby the cost of the driver of
the liquid crystal display is substantially reduced. According
to the arrangement of the signal lines and the pixels of an
exemplary embodiment of the liquid crystal display, two
voltage lines are added compared with a typical arrangement
of the signal lines and the pixels. However, the voltage lines
are applied with the voltage that has the constant value
during one frame and has the polarity that is changed per
frame such that a driver having a simplified structure may be
realized to apply the voltage having the constant value and
the polarity that is changed per frame, and the driving
method is thereby substantially simplified and the manufac-
turing cost is substantially reduced.

Next, an exemplary embodiment of the above-described
liquid crystal display will be described with reference to
FIGS. 6 and 7. FIG. 6 is a top plan view of an exemplary
embodiment of the liquid crystal display according to the
present invention, and FIG. 7 is a cross-sectional view of the
liquid crystal panel assembly in FIG. 6 taken along line
VII-VIL

Referring to FIGS. 6 and 7, a liquid crystal panel assem-
bly according to an exemplary embodiment of the present
invention includes a lower panel 100 and an upper panel 200
disposed substantially opposite to each other, and a liquid
crystal layer 3 interposed between the lower and upper
display panels 100 and 200.

Firstly, the lower panel 100 will be described.

A plurality of gate conductors including a plurality of gate
lines 121, a plurality of storage electrode lines 131, and first
to third connection conductors 135a, 1356 and 135¢ are
disposed on a first insulation substrate 110.

The gate lines 121 transmit gate signals and longitudinally
extend in a transverse direction, and each gate line 121
includes a plurality of pairs of a first gate electrode 124a and
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a second gate electrode 1245 protruding upward from a main
portion of the gate line 121 and in a longitudinal direction.

The storage electrode lines 131 are applied with a prede-
termined voltage and mainly extend in the transverse direc-
tion. Each storage electrode line 131 is positioned between
two neighboring gate lines 121 and is close to the lower of
the neighboring gate lines 121 in the top plan view. Each
storage electrode line 131 includes a plurality of first storage
electrodes 133a and second storage electrodes 1334 pro-
truding upward from the main portion of the storage elec-
trode line 131 and in the longitudinal direction. The con-
nection conductors 1354, 1356 and 135¢ are disposed at an
edge and a center of the pixel area.

The gate conductor may have a single layer or a multi-
layer structure.

A gate insulating layer 140 including silicon nitride
(SiNx) or silicon oxide (SiOx) is disposed on the gate
conductor.

A plurality of pairs of a first semiconductor 154a and a
second semiconductor 1545 including hydrogenated amor-
phous silicon or polysilicon are formed on the gate insulat-
ing layer 140. The first semiconductor 154« and the second
semiconductor 1545 are positioned overlapping the first gate
electrode 1244 and the second gate electrode 1245, respec-
tively.

A pair of ohmic contacts (not shown) are disposed over-
lapping each of the first semiconductors 154a, and a pair of
ohmic contacts 1635 and 1655 are disposed overlapping
each the second semiconductors 154b. The ohmic contact
may include a material such as n+ hydrogenated amorphous
silicon, which is highly doped with an n-type impurity such
as phosphorous (P), or of silicide. In an alternative exem-
plary embodiment, the ohmic contacts may be omitted. In
detail, when at least one of the first semiconductor 154« and
the second semiconductor 1545 include an oxide semicon-
ductor, the ohmic contacts may be omitted.

A data conductor including a plurality of data lines, e.g.,
afirst data line 171a, a second data line 1715 and a third data
line 171¢ and voltage transmitting lines 172, and a plurality
of pairs of a first drain electrode 1754 and a second drain
electrode 1755 is disposed on the ohmic contacts 163a and
165a and the gate insulating layer 140.

The data lines 171a. 1716 and 171c, which transmit data
signals, mainly extend in the longitudinal direction and
intersect the gate lines 121 and the storage electrode lines
131. The voltage transmitting line 172 transmits a voltage of
a constant magnitude, and extends substantially parallel to
the data lines 171a, 1715, and 171c thereby intersecting the
gate lines 121 and the storage electrode lines 131. The
voltage transmitting line 172 includes a first source electrode
1735 that extends from a main portion of the voltage
transmitting line 172 and is curved with a U-like shape
toward the first gate electrode 1244 in the top plan view.

Each of the data lines 171a, 1715, and 171c¢ include a
second source electrode 1734 that is curved with a U-like
shape toward the second gate electrode 124b.

The voltage transmitted by the voltage transmitting line
172 may have a constant magnitude, and the polarity thereof
may be changed per frame. The first source electrodes 173a
of the second pixel PX2 and the third pixel PX3 are
connected to the first source electrode 173a of the first pixel
PX1 connected to the voltage transmitting line 172 via a
contact hole 186¢ and a connection member 196, thereby
receiving the same signal. The voltage transmitting line 172
transmits the voltage to three pixels PX1, PX2 and PX3.

Each of the first drain electrode 1754 and the second drain
electrode 1755 includes a bar-shaped first end and a second
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end having a wide area in the top plan view. The bar-shape
first ends of the first drain electrode 175a¢ and the second
drain electrode 1755 are opposite to the first source electrode
173a and the second source electrode 1735 with respect to
the first gate electrode 124a and the second gate electrode
124b, and are partially enclosed by the curved first source
electrode 173a and second source electrode 1735, respec-
tively. The second ends of the first drain electrode 1754 and
the second drain electrode 1755 are electrically connected to
a first pixel electrode 191a and a second pixel electrode 1915
via a first contact hole 185a and a second contact hole 1855,
which will be described in greater detail later.

The first gate electrode 124a, the first source electrode
173a, and the first drain electrode 1754 collectively define a
first thin film transistor (“TFT”) along with the first semi-
conductor 1544, and a channel of the first TFT is formed on
the first semiconductor 154a between the first source elec-
trode 173a and the first drain electrode 175a.

The second gate electrode 1245, the second source elec-
trode 1736 and the second drain electrode 1755 collectively
define a second TFT along with the second semiconductor
154b, and a channel of the second TFT is formed on the
second semiconductor 1545 between the second source
electrode 1735 and the second drain electrode 1754.

The data conductors 171, 172, 175a and 17556 may have
a single layer or multilayer structure.

The ohmic contacts are interposed only between the
underlying semiconductors 154a and 1545 and the overlying
data conductors 171, 172, 1754, and 175b thereon, respec-
tively, and reduce contact resistance therebetween. The
semiconductors 154a and 1544 include exposed portions
that are not covered by the data conductors 171, 172, 1754,
and 1755, and portions that are disposed between the source
electrodes 173a and 1734 and the drain electrodes 1754 and
1756.

A passivation layer 180 including an inorganic insulator
or organic insulator is disposed on the data conductors 171,
172, 175a, and 1756 and the exposed portions of the
semiconductors 154a and 1545.

The passivation layer 180 has a plurality of the first and
second contact holes 185a and 1855 at the wide second ends
of the first drain electrode 175¢ and the second drain
electrode 175b. The passivation layer 180 and the gate
insulating layer 140 have a plurality of contact holes 1864,
1865, 1872 and 187h exposing portions of the first to third
connection conductors 1354, 1355, and 135¢.

A plurality of pixel electrodes 191 including a transparent
conductive material such as indium tin oxide (“ITO”) or
indium zinc oxide (“IZ0”) or a reflective metal such as
aluminum, silver, chromium, or alloys thereof are disposed
on the passivation layer 180. The pixel electrodes 191
include a plurality of pairs of the first and second pixel
electrode 191a and 1915

As shown in FIG. 6, an entire outer shape of one pixel
electrode 191 is a quadrangle, and the first pixel electrode
191¢ and the second pixel electrode 1915 are engaged with
each other. That is, portions of the first pixel electrode 191a
and the second pixel electrode 1915 alternate with each
other in the longitudinal and transverse directions. The first
pixel electrode 1914 and the second pixel electrode 1915 are
disposed substantially symmetrically with respect to an
imaginary transverse central line, and are respectively
divided into two sub-regions, e.g., an upper sub-region and
a lower sub-region.

The first pixel electrode 191a includes a lower stem
191a1 and an upper stem 19143, and a plurality of first
branches 19142 and a plurality of second branches 191a4
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extending from the lower stem 191al and the upper stem
19143, respectively. The second pixel electrode 1915
includes a lower stem 19151 and an upper stem 19153, and
a plurality of the third branches 19152 and a plurality of
fourth branches 19154 extending from the lower stem 19151
and the upper stem 19153, respectively.

The lower stem 191al and the upper stem 19143 of the
first pixel electrode 1914 are disposed on the left side and the
right side of one pixel electrode, respectively, and the lower
stem 19151 and the upper stem 19153 of the second pixel
electrode 1915 are disposed on the right side and the left side
of one pixel electrode, respectively.

The angle of the plurality of branches 19142, 19104,
19152 and 19154 of the first pixel electrode 191a and the
second pixel electrode 1915, with respect to the transverse
center line, may be about 45 degrees.

The branches 191a2, 191a4, 19152 and 19154 of the first
pixel electrode 191a and the second pixel electrode 1915
engage with each other with a predetermined interval ther-
ebetween and are alternately disposed, thereby forming a
pectinated pattern. In an exemplary embodiment, the inter-
val between the branches 19142, 191a4, 19152 and 19154 of
the first pixel electrode 191a and the second pixel electrode
1915 less than or equal to about 30 micrometers (um). The
interval between adjacent branches 19142, 191a4, 19152
and 19154 may be taken perpendicular to a longitudinal
direction of the branches 19142, 1914, 19152 and 191544.

The branches 191a2, 191a4, 19152 and 19154 of the first
pixel electrode 191a and the second pixel electrode 1915
engage with each other and are alternately disposed. thereby
forming a pectinated pattern. A pixel region includes a low
gray region, in which the interval between the neighboring
branches is wide, and a high gray region, in which the
interval between the neighboring branches is narrow, and the
high gray region is disposed substantially at the center of the
pixel area and is enclosed by the low gray region. In an
exemplary embodiment, in the case of the low gray region,
in which the interval between the branches of the first pixel
electrode 191¢ and the branches of the second pixel elec-
trode 1915 that are alternately disposed, is wide, the inten-
sity of the electric field applied to the liquid crystal layer 3
between the branches of the first pixel electrode 191a and
the branches of the second pixel electrode 1915 is decreased
such that a relative low gray is displayed although the same
voltage is applied compared with the high gray region in
which the interval between the neighboring branches is
narrow. In the case of the high gray region, in which the
interval between the branches of the first pixel electrode
191¢a and the branches of the second pixel electrode 1915
that are alternately disposed, is narrow, the intensity of the
electric field applied to the liquid crystal layer 3 between the
branches of the first pixel electrode 191a and the branches
of the second pixel electrode 1915 is increased such that a
relative high gray is displayed although the same voltage is
applied compared with the low gray region in which the
interval between the neighboring branches is wide. In an
alternative exemplary embodiment, the inclination angle of
the liquid crystal molecules 31 of the liquid crystal layer 3
may vary and different luminance with respect to one image
information set may be displayed by varying the interval
between the first pixel electrode 191a and the second pixel
electrode 1915 in one pixel. Further, an image viewed from
a side of the liquid crystal display may be substantially
similar to an image viewed from a front of the liquid crystal
display by properly adjusting the interval between the
branches of the first pixel electrode 191a and the second
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pixel electrode 1915. Therefore, in exemplary embodiment,
side visibility is substantially improved and transmittance is
substantially enhanced.

In the exemplary embodiment, a ratio of a total planar
area of the low gray region and a total planar area of the high
gray region may be in a range of about 4:1 to about 30:1.
Also, the interval between the branches of the first pixel
electrode 191a and the second pixel electrode 1915 may be
about 10 um to about 20 um, and more specifically about 10
um to about 17 pm in the low gray region, and the interval
between the branches of the first pixel electrode 191a and
the second pixel electrode 1915 may be about 3 pm to about
9 um, and more specifically about 3 um to about 7 um in the
high gray region.

A portion of the low gray region is disposed in a portion
that is not enclosed by the stems 191a1, 191a3, 19151, and
19153 of the first pixel electrode 191a and the second pixel
electrode 1915 among the pixel outer portion of the liquid
crystal display according to the exemplary embodiment
illustrated in FIGS. 6 and 7 such that the portion of low gray
region is disposed at the region where the magnitude of the
horizontal electric field between the first pixel electrode
191a and the second pixel electrode 1915 is relatively weak.
Accordingly, a display quality deterioration that may be
generated by the asymmetry of the direction of the horizon-
tal electric field between the first pixel electrode 191a and
the second pixel electrode 1915 such as texture may be
substantially reduced.

In an exemplary embodiment, the liquid crystal display
may have an extension region, in which the intervals
between the branches 19142 and 1914 of the first pixel
electrode 191a and the branches 19152 and 19154 of the
second pixel electrode 1915 are extended. The intervals
between the branches 19142 and 191a¢4 of the first pixel
electrode 191a and the branches 19152 and 19154 of the
second pixel electrode 1915 in the extension region may be
about 20 pm to about 28 pm. In an exemplary embodiment,
the extension region is disposed at the position where the
liquid crystal molecules are irregularly moved in the pixel
area such as a portion near the portion that is not enclosed
by the stems 191al, 191a3, 19151 and 191563 of the first
pixel electrode 191a and the second pixel electrode 1915
among the pixel outer part of the liquid crystal display or the
gate line 121.

In such an embodiment, the liquid crystal molecules 31
disposed at the extension region are less influenced by the
horizontal electric field generated between the branches
19142 and 19144 of the first pixel electrode 191a and the
branches 19152 and 19154 of the second pixel electrode
1915. Accordingly, the liquid crystal molecules 31 disposed
at the extension region are less influenced by the asymmetri-
cal horizontal electric field, and the liquid crystal molecules
31 have a tendency to be in an initial vertical alignment state,
such that the liquid crystal molecules may be effectively
prevented from being irregularly slanted by external pres-
sure. Accordingly, irregular movement of the liquid crystal
molecules is effectively prevented from being diffused from
the outer part of the pixel area to the inner part of the pixel
area, and a singular point limited in the extension region is
thereby prevented from being formed such that the quality
deterioration of a large-sized display from the outer part of
the pixel area to the inner part of the pixel area is effectively
prevented.

However, the shape of the first pixel electrode 191a and
the second pixel electrode 1915 in one pixel of the liquid
crystal display according to an exemplary embodiment of
the present invention is not limited thereto, and all shapes of
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which at least portions of the first pixel electrode 191a and
the second pixel electrode 1915 are the same and are
alternately disposed may be applied.

The first pixel electrode 191a of the first pixel PX1 is
physically and electrically connected to the first drain elec-
trode 1754 via the contact hole 185a, thereby receiving a
voltage transmitted through the voltage transmitting line 172
from the first drain electrode 175a. Also. the second pixel
electrode 1915 of the first pixel PX1 is physical and elec-
trically connected to the second drain electrode 1755 via the
contact hole 1855, thereby receiving the first data voltage
flowing in the first data line 171a. The first sub-pixel
electrode 191a and the second sub-pixel electrode 1915
form the liquid crystal capacitor Clc along with the liquid
crystal layer 3 interposed therebetween to maintain the
applied voltage after the first TFT and the second TFT are
turned off.

The first pixel electrode 191a of the second pixel PX2 is
connected to the second drain electrode 1755 via the first
contact hole 1854, thereby receiving the data voltage
through the second data line 1715, and the second pixel
electrode 1915 of the second pixel PX2 is connected to the
first drain electrode 175a via the second contact hole 1855,
thereby receiving the voltage through the voltage transmit-
ting line 172.

The first pixel electrode 191a of the third pixel PX3 is
electrically connected to the first drain electrode 175a via
the contact hole 185a, thereby receiving the voltage through
the voltage transmitting line 172 from the first drain elec-
trode 1754, and the second pixel electrode 1915 of the third
pixel PX3 is electrically connected to the second drain
electrode 1755 via the contact hole 1855, thereby receiving
the third data voltage through the third data line 171c.

The wide second ends of the first drain electrode 175a and
the second drain electrode 1754 connected to the first
sub-pixel electrode 191a and the second sub-pixel electrode
1915 overlap the storage electrodes 133a and 1334 via the
gate insulating layer 140, thereby collectively defining the
storage capacitor that reinforces the voltage maintaining
capacity of the liquid crystal capacitor Clec.

In the first pixel PX1, the lower stem 191a1 of the first
pixel electrode 191a is connected to the first connection
conductor 135¢ via the contact hole 186a, and the upper
stem 19143 of the first pixel electrode 191a is connected to
the first connection conductor 135a via the contact hole
1860, thereby receiving the voltage from the first drain
electrode 175a.

In the first pixel PX1, the lower stem 19151 of the second
pixel electrode 1912 is connected to the second connection
conductor 135a via the contact hole 187a, and the upper
stem 19153 of the second pixel electrode 1915 is connected
to the second connection conductor 135a via the contact
hole 1875, thereby receiving the voltage from the second
drain electrode 175b. In an exemplary embodiment, the
stems 191a1, 19143, 19151 and 19153 of the second pixel
PX2 and the third pixel PX3 receive the voltage through a
connection substantially the same as the connection
described with respect to the first pixel PX1.

A lower alignment layer (not shown) may be disposed on
an inner surface of the display panel 100, and the lower
alignment layer may be a vertical alignment layer. Although
not shown, a polymer layer may be disposed on the lower
alignment layer, and the polymer layer may include a
polymer branch that is formed according to an initial align-
ment direction of the liquid crystal molecules 31. In an
exemplary embodiment, the polymer layer may be formed
by exposing and polymerizing a prepolymer such as a
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monomer, that is hardened by polymerization with light such
as ultraviolet rays, and the alignment force of the liquid
crystal molecules may be controlled according to the poly-
mer branch.

Next, the upper panel 200 will be described.

A light blocking member 220 is disposed on a second
insulation substrate 210 including transparent glass or plas-
tic. The light blocking member 220 prevents light leakage
between the pixel electrodes 191 and defines an opening
region that faces the pixel electrodes 191.

A plurality of color filters 230 are disposed on the second
substrate 210 and the light blocking member 220. The color
filters 230 mostly exist within the area surrounded by the
light blocking member 220, and may longitudinally extend
along the columns of the pixel electrodes 191 in the longi-
tudinal direction. The respective color filters 230 may
express one of three primary colors of red, green and blue,
or the primary colors of yellow, cyan, and magenta. Also,
each pixel may represent a mixture color of the primary
colors or white as well as the primary colors.

An overcoat 250 is disposed on the color filters 230 and
the light blocking member 220. The overcoat 250 may
include an inorganic or organic insulator, and reduce or
effectively prevents exposure of the color filters 230 and
provides a planarized surface. In an alternative exemplary
embodiment, the overcoat 250 may be omitted.

An upper alignment layer (not shown) is disposed on the
inner surface of the display panel 200, and the upper
alignment layer may be a vertical alignment layer. Although
not shown, a polymer layer may also be disposed on the
upper alignment layer. In an exemplary embodiment, the
polymer layer may be formed by exposing a prepolymer
such as a monomer, that is hardened by polymerization with
light such as ultraviolet rays, such that the alignment force
of the liquid crystal molecules may be controlled. The
polymer layer may include a polymer branch that is formed
according to the initial alignment direction of the liquid
crystal molecule.

At least one polarizer (not shown) may be provided on the
outer surface of the display panels 100 and 200.

The liquid crystal layer 3 is disposed between the lower
display panel 100 and the upper display panel 200, and
includes liquid crystal molecules 31 that have positive
dielectric anisotropicity, and the liquid crystal molecules 31
may be aligned such that longitudinal axes thereof are
substantially perpendicular to the surfaces of two display
panels 100 and 200 in a state in which there is no electric
field.

When the first pixel electrode 191a and the second pixel
electrode 1915 are applied with different voltages, an elec-
tric field substantially parallel to the surfaces of the display
panels 100 and 200 is generated. Thus, the liquid crystal
molecules of the liquid crystal layer 3 that are initially
aligned perpendicular to the surfaces of the display panels
100 and 200 are rearranged in response to the electric field
such that the longitudinal axes thereof are declined parallel
to the direction of the electric field, and the change degree
of the polarization of the light incident to the liquid crystal
layer 3 is different according to the declination degree of the
liquid crystal molecules. The change of the polarization
appears as a change of the transmittance by the polarizer,
and thereby the liquid crystal display displays the images.

As described above. the liquid crystal molecules 31 that
are vertically aligned are used such that the contrast ratio of
the liquid crystal display may be improved and the wide
viewing angle may be realized. Furthermore, when the
liquid crystal molecules 31 that are aligned perpendicular to
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the display panel 100 and 200 are used, the contrast ratio of
the liquid crystal display may be improved and the wide
viewing angle may be realized. In an exemplary embodi-
ment, the liquid crystal molecules 31 that have positive
dielectric anisotropicity have greater dielectric anisotropic-
ity and a lower rotation viscosity as compared to the liquid
crystal molecules 31 that have negative dielectric anisotrop-
icity, and a response speed is thereby substantially increased.

Also, in an exemplary embodiment of the liquid crystal
display, the branches of the first pixel electrode 191¢ and the
second pixel electrode 1915 engage with each other and are
alternately disposed, thereby forming a pectinated pattern. A
low gray region is formed where the interval between the
neighboring branches is wide, and a high gray region is
formed where the interval between the neighboring branches
is narrow, and the high gray region is disposed at the center
of the pixel area and is enclosed by the low gray region.
Accordingly, the inclination angle of the liquid crystal
molecules 31 of the liquid crystal layer 3 may vary and
different luminance with respect to one image information
set may be displayed by varying the interval between the
first pixel electrode 191a and the second pixel electrode
1915 in one pixel. Further, an image viewed from the side
of the liquid crystal display may be substantially similar to
an image viewed from the front of the liquid crystal display
by properly adjusting the interval between the branches of
the first pixel electrode 191a and the second pixel electrode
1915. Therefore, in an exemplary embodiment, side visibil-
ity is substantially improved and transmittance is substan-
tially enhanced.

The low gray region is disposed in a portion that is not
enclosed by the stems 191a1, 19143, 19151 and 19153 of the
first pixel electrode 191a and the second pixel electrode
1915 among the pixel outer portion of the liquid crystal
display in FIGS. 6 and 7 such that the region where the
magnitude of the horizontal electric field between the first
pixel electrode 191a and the second pixel electrode 1915 is
relatively weak is disposed. Accordingly, the display quality
deterioration that can be generated by the asymmetry of the
direction of the horizontal electric field between the first
pixel electrode 191a and the second pixel electrode 1915
such as texture may be reduced.

In an exemplary embodiment, the liquid crystal display
has the extension region where the interval between portions
of the branches 19142 and 191a4 of the first pixel electrode
191a, and between portions of the branches 19152 and
19154 of the second pixel electrode 1915 are extended. The
interval between the portions of the branches 19142 and
191a4 of the first pixel electrode 191a and the interval
between the portions of the branches 19152 and 19154 of the
second pixel electrode 19154 in the extension region may be
about 20 pm to about 28 pm. In an exemplary embodiment,
the extension region is disposed at the position where the
liquid crystal molecules are irregularly moved in the pixel
area such as a portion near the portion that is not enclosed
by the stems 191al, 19143, 19151 and 19153 of the first
pixel electrode 191a and the second pixel electrode 1915
among the pixel outer part of the liquid crystal display or
near the gate line 121.

In such an embodiment, the liquid crystal molecules 31
disposed at the extension region are less influenced by the
horizontal electric field generated between the branches
19142 and 19144 of the first pixel electrode 191a and the
branches 19162 and 19154 of the second pixel electrode
1915. Accordingly, the liquid crystal molecules 31 disposed
at the extension region are less influenced by the asymmetry
horizontal electric field, and the liquid crystal molecules 31
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have a tendency to be in the initial vertical alignment state,
such that the liquid crystal molecules may be prevented from
being irregularly slanted by external pressure. Accordingly,
the irregular movement of the liquid crystal molecules is
prevented from being diffused from the outer part of the
pixel area to the inner of the pixel area, and the singular
point limited in the extension region is prevented from being
formed such that the large-sized display quality deterioration
from the outer part of the pixel area to the inner part of the
pixel area may be prevented.

In such an embodiment, the voltage transmitting line 172
is covered by the stem of the pixel electrodes 191. In
addition to, the stems of the pixel electrodes 191 applied
with the data voltages through the data lines are disposed
opposite to each other with respect to the first data line 171a
and the second data line 1716 and the stems of the pixel
electrodes applied with the voltage through the voltage
transmitting line are disposed opposite to each other with
respect to the first data line 171a and the second data line
1715. This will be described with reference to FIGS. 8A to
8C. FIGS. 8A to 8C are partial top plan views of an
exemplary embodiment of a liquid crystal display according
to the present invention.

Referring to FIG. 8A, at least a portion of the voltage
transmitting line 172 of the liquid crystal display is covered
by the stems 19141 and 19153 of the pixel electrodes 191a
and 1915 in the top plan view. In an exemplary embodiment,
the stems 1911 and 19153 of the pixel electrodes 191a and
1915 covering the voltage transmitting line 172 may cover
at least about two third of the voltage transmitting line 172.

As described above, the voltage transmitting line 172 that
transmits the voltage having the constant magnitude is
covered by the pixel electrodes 191a and 1915 such that the
electric field may not be generated between the voltage
transmitting line 172 and the pixel electrodes 191a and
1915, and the voltage distortion of the pixel electrodes 191a
and 1915 and the signal delay of the voltage transmitted by
the voltage transmitting line 172 is thereby effectively
prevented. Also, the capacitance caused by the overlapping
of the pixel electrodes 191a¢ and 1915 and the voltage
transmitting line 172 functions as a storage capacitor such
that the storage capacitance of the liquid crystal display is
substantially increased. Therefore, any electric fields caused
by the signal of the voltage transmitting line 172 may be
prevented and storage capacitors may be increased.

Next, referring to FIGS. 8B and 8C, the stems of the pixel
electrodes applied with the data voltage through the data
lines are disposed opposite to each other at the right and left
sides of the data line 1715 and 1715 of the liquid crystal
display, and the stems of the pixel electrodes applied with
the voltage through the voltage transmitting line are dis-
posed opposite to each other. Referring to FIG. 8B, the stem
19151 of the second pixel electrode 1915 of the first pixel
PX1 applied with the data voltage and the stem 19141 of the
first pixel electrode 191a of the second pixel PX2 applied
with the data voltage are disposed to opposite to each other
at the right and left sides of the first data line 171a, which
is disposed therebetween, and the stem 19143 of the first
pixel electrode 191a of the first pixel PX1 applied with the
voltage from the voltage transmitting line 172 and the stem
19153 of the second pixel electrode 1915 of the second pixel
PX2 applied with the voltage from the voltage transmitting
line 172 are disposed opposite to each other. Also, referring
to FIG. 8C, the stems of the pixel electrodes applied with the
data voltage through the data lines connected to the second
and third pixels PX2 and PX3 are disposed opposite to each
other with respect to the second data line 17154, which is
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disposed therebetween, and the stems of the pixel electrodes
applied with the voltage through the voltage transmitting
line are disposed opposite to each other, at the right and left
sides of the second data line 1714.

In such an embodiment, the stems of the pixel electrodes
applied with the data voltage through the data line are
disposed opposite to, e.g., facing, each other and the stems
of the pixel electrodes applied with the voltage through the
voltage transmitting line are disposed opposite to each other
at left and right sides of the data lines 1714 and 1715 such
that crosstalk that may be generated by the deviation of the
parasitic capacitance due to the data lines 171a and 1715 is
effectively prevented from being generated.

Next, display quality of an exemplary embodiment of a
liquid crystal display of the present invention will be
described with reference to FIGS. 9 and 10. F1G. 9 is a graph
of grayscale measuring results showing display quality of an
exemplary embodiment of the liquid crystal display, and
FIG. 10 is a graph grayscale measuring results showing
display quality of an exemplary embodiment of the liquid
crystal display.

In an exemplary experiment, grayscales of case 1 and case
2 were measured. In the exemplary experiment, case 1 is a
conventional liquid crystal display, in which the voltage
transmitting line 172 is not covered by the stems of the pixel
electrodes, and the branches of the pixel electrodes applied
with the data voltage and the branches of the pixel electrodes
applied with the voltage from the voltage transmitting line
are disposed to be symmetrical at both side of the data lines
171a and 1715, and case 2 is an exemplary embodiment of
the liquid crystal display, in which the voltage transmitting
line 172 is covered by the stems of the pixel electrodes, and
the stems of the pixel electrodes applied with the data
voltage through the data lines and the stems of the pixel
electrodes applied with the voltage through the voltage
transmitting line are disposed to be symmetrical with respect
to the data lines disposed therebetween, e.g., to face each
other at both sides of the data lines 171a and 1715. Also, for
case 1 and case 2, in the low gray region where an interval
between the neighboring branches of the first pixel electrode
191a and the second pixel electrode 1915 is relatively wide
and the high gray region where an interval between the
neighboring branches is relatively narrow. In the exemplary
experiment, the intervals between the branches of the first
pixel electrode 191a and the second pixel electrode 1915 are
set to be about 11.5 pm and 5 pm, respectively, or the
intervals between the branches of the first pixel electrode
1914 and the second pixel electrode 1915 are set to be about
11.5 pm and about 6.5 um, respectively. The remaining
conditions are substantially the same.

In the exemplary experiment, the liquid crystal displays
prepare according to case 1 and case 2 is pressed with a
predetermined pressure and it is determined whether stains
due to the pressure are recognized for each grayscale, and
the results thereof are shown in the graph of FIG. 9. Also, the
liquid crystal display is hit using an apparatus having a
constant weight and then it is determined whether stains
caused by the pressure for each grayscale are recognized,
and the results thereof are shown in FIG. 10.

In FIG. 9, lines x1 and x2 are curves showing the
grayscales when the stains due to the pressure are recog-
nized, and lines x1' and x2' are curves showing the gray-
scales when the stains due to the pressure disappear in case
1. Also, lines y1 and y2 are curves showing the grayscales
when the stains due to the pressure are recognized, and lines
y1' and y2' are curves showing the grayscales when the
stains due to the pressure disappear in case 2.
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Referring to FIG. 9, when comparing the lines x1 and x2
and the lines y1 and y2 and the lines x1' and x2' and the lines
v1'and y2' by comparing grayscale values corresponding to
a same X-axis, it is confirmed that the stain by the pressure
is recognized at a lower grayscale in case 2 than in case 1.
As shown in FIG. 9, since the stains caused by the same
pressure are recognized at a lower grayscale in case 2 of an
exemplary embodiment of the liquid crystal display, com-
pared with case 1 of the conventional liquid crystal display,
a user may recognize substantially less stains in an exem-
plary embodiment according to the present invention.

Also, in case 1 of the conventional liquid crystal display,
compared with case 2 of an exemplary embodiment of the
liquid crystal display, it is confirmed that the stains caused
by the pressure are more continuously recognized at a low
grayscale value. In one exemplary embodiment, for
example, the stains caused by the pressure are recognized at
a grayscale of less than 160 in case 1, while the stains caused
by the pressure are not recognized at a grayscale of less than
160 in case 2. By this, it may be confirmed that the stains due
to the pressure are not generated in the low grayscale in case
2 of the liquid crystal display according to the exemplary
embodiment of the present invention compared with case 1
of the conventional liquid crystal display.

Also, when comparing the lines x1' and x2' and the lines
y1'and y2', by comparing grayscale values corresponding to
a same X-axis, it is confirmed that the stains caused by the
pressure disappear in the upper grayscales in case 2. Accord-
ingly, it is confirmed that the stains caused by the pressure
more quickly disappear in case 2 compared with case 1 of
the conventional liquid crystal display.

In FIG. 10, the lines xx1 and xx2 are curves showing
grayscales when the stains caused by an impact, e.g., by
being hit, are recognized in case 1 of the conventional liquid
crystal display, and the lines yy1 and yy2 are curves showing
grayscales when the stains caused by the impact are recog-
nized in case 2 of an exemplary embodiment of the liquid
crystal display.

Referring to FIG. 10, it is confirmed that the stains caused
by the impact appear as a lower grayscale in case 2 than in
case 1. Accordingly, it is confirmed that the stains caused by
the impact are less generated at low grayscales in case 2
compared with case 1.

As described above, in an exemplary embodiment of the
liquid crystal display, when compared with a conventional
liquid crystal display, it is confirmed that the deterioration of
the display quality due to external pressure is substantially
decreased, and thereby display quality thereof is substan-
tially improved.

The arrangements of signal lines and the pixels and the
driving methods thereof of the liquid crystal displays
according to the above-described exemplary embodiments
may be applied to a pixel of all shapes including a first pixel
electrode and a second pixel electrode of which at least
portions are disposed in a same layer and are alternately
disposed.

While this invention has been described in connection
with what is presently considered to be practical exemplary
embodiments, it is to be understood that the invention is not
limited to the exemplary embodiments described herein, but,
on the contrary, is intended to include various modifications
and equivalent arrangements within the spirit and scope of
the appended claims.

What is claimed is:

1. A liquid crystal display comprising:

a first substrate;

a second substrate disposed opposite to the first substrate;
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a liquid crystal layer interposed between the first substrate
and the second substrate and including liquid crystal
molecules;

a gate line disposed on the first substrate, wherein the gate
line transmits a gate signal;

a plurality of data lines disposed on the first substrate,
wherein the plurality of data lines transmits a first
voltage;

a voltage transmitting line disposed on the first substrate,
wherein the voltage transmitting line transmits a second
voltage having one of two different voltages;

a plurality of pixels respectively comprising a first pixel
electrode disposed on the first substrate; and a second
pixel electrode disposed on the first substrate and
spaced apart from the first pixel electrode,

wherein one of the first pixel electrode and the second
pixel electrode is applied with the first voltage through
one of the plurality of data lines, the other of the first
pixel electrode and the second pixel electrode is applied
with a second voltage through the voltage transmitting
line,

wherein each of the first pixel electrode and the second
pixel electrode includes a stem and a plurality of
branches extending from the stem, and the branches of
the first pixel electrode and the branches of the second
pixel electrode are alternately disposed, and

the plurality of pixels includes a first pixel and a second
pixel neighboring each other,

a data line of the plurality of data lines is disposed
between the first pixel and the second pixel,

the stems of the first pixel electrode and the second pixel
electrode of the first pixel include a first portion over-
lapping the data line disposed between the first pixel
and the second pixel,

the stems of the first pixel electrode and the second pixel
electrode of the second pixel include a second portion
overlapping the data line disposed between the first
pixel and the second pixel,

the first portion and the second portion are applied with
the first voltage and are disposed opposite to each other
with respect to the data line disposed between the first
pixel and the second pixel, and

the voltage transmitting line is connected to three con-
tiguous pixels of the plurality of pixels connected to the
gate line.

2. The liquid crystal display of claim 1, wherein

the stems of the first pixel electrode and the second pixel
electrode of the first pixel include a third portion
overlapping the data line disposed between the first
pixel and the second pixel,

the stems of the first pixel electrode and the second pixel
electrode of the second pixel include a fourth portion
overlapping the data line disposed between the first
pixel and the second pixel, and

the third portion and the fourth portion are applied with
the second voltage and are disposed opposite to each
other with respect to the data line disposed between the
first pixel and the second pixel.

3. The liquid crystal display of claim 2, wherein

wherein the stems of the first pixel electrode and the
second pixel electrode overlap at least a portion of the
voltage transmitting line.

4. The liquid crystal display of claim 3, wherein

the stems of the first pixel electrode and the second pixel
electrode cover at least two thirds of the voltage
transmitting line.
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5. The liquid crystal display of claim 4, further compris-
ing:

a first region including a first interval between the
branches of the first pixel electrode and adjacent
branches of the second pixel electrode; and

a second region including a second interval between the
branches of the first pixel electrode and the adjacent
branches of the second pixel electrode,

wherein the first interval is greater than the second
interval, and

wherein the first region includes a region where the stems
of the first and second pixel electrodes are not disposed
at an edge of a pixel area.

6. The liquid crystal display of claim 5, wherein

the liquid crystal molecules of the liquid crystal layer are
substantially vertically aligned when no electric field is
applied to the liquid crystal layer.

7. The liquid crystal display of claim 6, wherein

the first pixel electrode and the second pixel electrode are
applied with voltages having different polarities.

8. The liquid crystal display of claim 7, further compris-

ing:

an extension region including a third interval between the
branches of the first pixel electrode and the adjacent
branches of the second pixel electrode, wherein the
third interval is greater than the first interval in the first
region.

9. The liquid crystal display of claim 1, wherein

wherein the stems of the first pixel electrode and the
second pixel electrode overlap at least a portion of the
voltage transmitting line.

10. The liquid crystal display of claim 9, wherein

the stems of the first pixel electrode and the second pixel
electrode cover at least two thirds of the voltage
transmitting line.

11. The liquid crystal display of claim 10, further com-

prising:

a first region including a first interval between the
branches of the first pixel electrode and adjacent
branches of the second pixel electrode; and

a second region including a second interval between the
branches of the first pixel electrode and the adjacent
branches of the second pixel electrode,

wherein the first interval is greater than the second
interval, and

wherein the first region includes a region where the stems
of the first pixel electrode and the second pixel elec-
trode are not disposed at an edge of a pixel area.

12. The liquid crystal display of claim 11, wherein the
liquid crystal molecules of the liquid crystal layer are
substantially vertically aligned when no electric field is
applied to the liquid crystal layer.

13. The liquid crystal display of claim 12, wherein

the first pixel electrode and the second pixel electrode are
applied with voltages having different polarities.

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

prising:

an extension region including a third interval between the
branches of the first pixel electrode and the adjacent
branches of the second pixel electrode, wherein the
third interval is greater than the first interval in the first
region.

15. The liquid crystal display of claim 1, further com-

prising:

a first region including a first interval between the
branches of the first pixel electrode and adjacent
branches of the second pixel electrode; and
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a second region including a second interval between the
branches of the first pixel electrode and the adjacent
branches of the second pixel electrode,

wherein the first interval is greater than the second
interval, and

the first region includes a region where the stems of the
first pixel electrode and the second pixel electrode are
not disposed at an edge of a pixel area.

16. The liquid crystal display of claim 15, wherein

the liquid crystal molecules of the liquid crystal layer are
substantially vertically aligned when no electric field is
applied to the liquid crystal layer.

17. The liquid crystal display of claim 16, wherein

the first pixel electrode and the second pixel electrode are
applied with voltages having different polarities.

18. The liquid crystal display of claim 17, further com-

prising:

an extension region including a third interval between the
branches of the first pixel electrode and the adjacent
branches of the second pixel electrode, wherein the
third interval is greater than the first interval in the first
region.

19. The liquid crystal display of claim 1, wherein

the liquid crystal molecules of the liquid crystal layer are
substantially vertically aligned when no electric field is
applied to the liquid crystal layer.

20. The liquid crystal display of claim 19, wherein

the first pixel electrode and the second pixel electrode are
applied with voltages having different polarities.

21. The liquid crystal display of claim 20, further com-

prising:

a first region including a first interval between the
branches of the first pixel electrode and adjacent
branches of the second pixel electrode; and

a second region including a second interval between the
branches of the first pixel electrode and the adjacent
branches of the second pixel electrode; and

an extension region including a third interval between the
branches of the first pixel electrode and the adjacent
branches of the second pixel electrode,

wherein the first interval is greater than the second
interval, and

wherein the third interval is greater than the first interval
in the first region.

22. The liquid crystal display of claim 1, further com-

prising:

a first region including a first interval between the
branches of the first pixel electrode and adjacent
branches of the second pixel electrode; and

a second region including a second interval between the
branches of the first pixel electrode and the adjacent
branches of the second pixel electrode; and

an extension region including a third interval between the
branches of the first pixel electrode and the adjacent
branches of the second pixel electrode,

wherein the first interval is greater than the second
interval, and

wherein the third interval is greater than the first interval
in the first region.

23. The liquid crystal display of claim 1, wherein the

second voltage has a polarity that is changed per frame.

24. The liquid crystal display of claim 1,

wherein the plurality of further includes a third pixel
neighboring the second pixel,
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wherein each of the first pixel, the second pixel, and the
third pixel comprises a first thin film transistor and a
second thin film transistor and has a first contact hole
and a second contact hole,

wherein the first pixel electrodes of the first pixel, the
second pixel, and the third pixel are connected to the
first thin film transistors through the first contact holes,
and

wherein the first contact hole is disposed in a first side of
the first thin film transistor in the first pixel and the third
pixel and the first contact hole is disposed in a second
side opposite to the first side of the first thin film
transistor in the second pixel.

25. The liquid crystal display of claim 24,

wherein the second pixel electrodes of the first pixel, the
second pixel, and the third pixel are connected to the
second thin film transistors through the second contact
holes, and
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wherein the second contact hole is disposed in one side of
the second thin film transistor in the first pixel and the
third pixel and the second contact hole is disposed in
the opposite side of the second thin film transistor in the
second pixel.

26. The liquid crystal display of claim 24,

wherein the first contact hole is disposed on a first drain
electrode of the first thin film transistor.

27. The liquid crystal display of claim 26,

wherein the second contact hole is disposed on a second
drain electrode of the second thin film transistor.

28. The liquid crystal display of claim 27,

wherein at least one of the first drain electrode and the
second drain electrode form a storage capacitor by
overlapping a storage electrode.

# 0k % k&



THMBW(EF)

(57190 18 (% FAR) A (i)
B (E R A ()

HAT R E (TR AGE)

FRI& B A

RHA

IPCH &S
CPCH%E
RIEHA(F)
LR

H b2 7F 32k
S\EReERR

BEG®)

—MRBERE , O8F  RUENHE-NBE_ERERFE—BLENE
—ERENBELF-ERENBECAL  HERF_REF-MN%
“EHRREREE-ERLARERRT  APE-NE_EGRBRHH

—MNEIBELEME-RE , F-NBE_GRERFHE - MENE

BEEEGRENE_8E  F-NE-GRENPNE—NSENT

HEMANATNS BN, F-—BREBRNS INE_BREBRN T G

#WigE , FAE-—NE-_BEBREEELEAEANEL BT ER,

HRETE

US9715151 AFF () B
US13/241477 Hig A
ZEfRFH/RA At

SAMSUNG ELECTRONICS CO. , LTD.

SAMSUNG ELECTRONICS CO. , LTD.
= EDISPLAY CO. , LTD.

JUNG MEE HYE
CHOI KOOK HYUN
NA HYE SEOK

KIM DONG GYU
YOO YOUNG HOON
SOHN WOO SUNG
KIM SUNG HOON

JUNG, MEE HYE
CHOI, KOOK HYUN
NA, HYE SEOK

KIM, DONG GYU
YOO, YOUNG HOON
SOHN, WOO SUNG
KIM, SUNG HOON

GO02F1/1343 G02F1/139 GO2F1/1362 GO2F1/136

2017-07-25

2011-09-23

GO02F1/134363 G02F1/1395 G02F1/13624 G02F2001/13606 G02F2201/40

BEEMRMBELLP

1020110008627 2011-01-28 KR

US20120194774A1

Espacenet USPTO

patsnap



https://share-analytics.zhihuiya.com/view/a012ec48-3c8f-47a1-93f2-d7f2a6a8435f
https://worldwide.espacenet.com/patent/search/family/044719653/publication/US9715151B2?q=US9715151B2
http://patft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PALL&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.htm&r=1&f=G&l=50&s1=9715151.PN.&OS=PN/9715151&RS=PN/9715151

