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LIQUID CRYSTAL DISPLAY

This application claims priority to Korean Patent Applica-
tion No. 10-2010-0056645, filed on Jun. 15, 2010, and the
benefits accruing therefrom under 35 U.S.C. §119, the con-
tent of which in its entirety is herein incorporated by refer-
ence.

BACKGROUND OF THE INVENTION

(1) Field of the Invention

The general inventive concept relates to a liquid crystal
display.

(2) Description of the Related Art

A liquid crystal display, which is one of the most widely
used type of flat panel displays, generally includes two dis-
play plates on which field generating electrodes, such as a
pixel electrode and a common electrode, are disposed and a
liquid crystal layer interposed therebetween. The liquid crys-
tal display typically generates electric field in the liquid crys-
tal layer by applying voltage to the field generating elec-
trodes, determines a direction of liquid crystal molecules of
the liquid crystal layer and controls a polarization of incident
light by the generated electric field to displaying images.

A vertically aligned mode liquid crystal display, in which a
longitudinal axis of the liquid molecule is aligned to be ver-
tical to an upper and lower display plate when an electric field
is not generated in the liquid crystal layer, typically has a high
contrast ratio and a wide reference-viewing angle.

In general, one pixel may be divided into a plurality of
domains, corresponding to liquid crystal molecules whose
alignment directions are different from one another, respec-
tively, to increase the viewing angle in the vertically aligned
mode liquid crystal display. A method of forming a cutout
portions, e.g., a slit in the field generating electrode, may be
used to divide the one pixel into the plurality of domains.
Since the cutout portions determine a direction where the
liquid crystal molecule is tilted, these cutout portions may be
disposed to disperse the tilt direction of the liquid crystal
molecule in various directions, and the reference-viewing
angle of the liquid crystal display is thereby increased.

On the other hand, the vertically aligned mode liquid crys-
tal display may have side visibility lower than front visibility
thereof. Accordingly, a method that divides one pixel into two
subpixels and makes the voltage of two subpixels different
may be used to improve side visibility of the vertically
aligned mode liquid crystal display.

SUMMARY OF THE INVENTION

In one exemplary embodiment, a liquid crystal display
includes a gate line; a data line crossing the gate line and
insulated from the gate line, a common voltage line separated
from the gate line and the data line, where the common
voltage line transfers a predetermined voltage, a first switch-
ing element connected to the gate line and the data line, a
second switching element connected to the gate line and the
data line, a first liquid crystal capacitor connected to the first
switching element, a second liquid crystal capacitor con-
nected to the second switching element and at least two
decompressing switching elements connected to the second
switching element and the common voltage line.

In one exemplary embodiment, the at least two decom-
pressing switching elements may be connected to one another
in series.
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In one exemplary embodiment, the control terminals of at
each of the least two decompressing switching elements may
be connected to the common voltage line.

In one exemplary embodiment, the liquid crystal display
may further include at least one decompressing capacitor
connected to the common voltage line and at least one switch-
ing element of the at least two decompressing switching
elements.

In one exemplary embodiment, each of the at least one
decompressing capacitors may include a first terminal and a
second terminal, where the first terminal may correspond to
an output terminal of the at least one decompressing switch-
ing element connected thereto and the second terminal may
correspond to a portion of the common voltage line as two
terminals.

In one exemplary embodiment, the liquid crystal display
may further include a controller which controls a data voltage
received from the data line such that a polarity of the data
voltage with respect to the predetermined voltage of the com-
mon voltage line is inverted every frame.

In one exemplary embodiment, a control terminal of the
first switching element and a control terminal of the second
switching element may be connected to the gate line, an input
terminal of the first switching element and an input terminal
of'the second switching element may be connected to the data
line, an output terminal of the first switching element may be
connected to the first liquid crystal capacitor and an output
terminal of the second switching element may be connected
to the second liquid crystal capacitor an input terminal of one
decompressing switching element of the at least two decom-
pressing switching elements.

In one exemplary embodiment, the at least two decom-
pressing switching elements may include a first decompress-
ing switching element and a second decompressing switching
element, an input terminal of the first decompressing switch-
ing element may be connected to the output terminal of the
second switching element and an output terminal of the first
decompressing switching element and an input terminal of
the second decompressing switching element may be con-
nected to each other.

In one alternative exemplary embodiment, a liquid crystal
display includes a first substrate, a second substrate disposed
opposite to the first substrate, a gate line disposed on the first
substrate, a data line disposed on the first substrate, a common
voltage line disposed on the first substrate, a first switching
element connected to the gate line and the data line, a second
switching element connected to the gate line and the data line,
a first subpixel electrode connected to the first switching
element, a second subpixel electrode connected to the second
switching element, and at least two decompressing switching
elements connected to the second switching element and the
common voltage line.

In one alternative exemplary embodiment, the at least two
decompressing switching elements may be connected to one
another in series.

In one alternative exemplary embodiment, a control termi-
nal of each of the at least two decompressing switching ele-
ments may be connected to the common voltage line.

In one alternative exemplary embodiment, the liquid crys-
tal display may further include at least one decompressing
capacitor connected to the at least two decompressing switch-
ing elements and the common voltage line, respectively.

In one alternative exemplary embodiment, the liquid crys-
tal display may further include an opposed electrode disposed
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on the second substrate, where the opposed electrode receives
a predetermined voltage from the common voltage line.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram of an exemplary embodiment of
a liquid crystal display (“LCD”) according to the present
invention;

FIG. 2 is an equivalent circuit diagram of one pixel of an
exemplary embodiment of the liquid crystal display accord-
ing to the present invention;

FIG. 3 is a top plan view of one pixel of an exemplary
embodiment of the liquid crystal display according to the
present invention;

FIG. 4 is a partial cross-sectional view taken along line
IV-IV of FIG. 3;

FIG. 5 is a top plan view of one pixel of an alternative
exemplary embodiment of a liquid crystal display according
to the present invention.

FIG. 6 is a graph showing a drain-source current versus a
gate-source voltage of a thin film transistor of an exemplary
embodiment of a liquid crystal display according to the
present invention; and

FIG. 7 is a block diagram showing a connection relation-
ship between data lines and pixels of an exemplary embodi-
ment of a liquid crystal display according to the present
invention.

DETAILED DESCRIPTION OF THE INVENTION

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

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

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

The terminology used herein is for the purpose of describ-
ing particular embodiments only and is not intended to be
limiting of the invention. As used herein, the singular forms
“a”, “an” and “the” are intended to include the plural forms as
well, unless the context clearly indicates otherwise. It will be
further understood that the terms “comprises” and/or “com-
prising,” or “includes” and/or “including” when used in this
specification, specify the presence of stated features, regions,
integers, steps, operations, elements, and/or components, but
do not preclude the presence or addition of one or more other
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features, regions, integers, steps, operations, elements, com-
ponents, and/or groups thereof.

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

Unless otherwise defined, all terms (including technical
and scientific terms) used herein have the same meaning as
commonly understood by one of ordinary skill in the art to
which this invention belongs. It will be further understood
that terms, such as those defined in commonly used dictio-
naries, should be interpreted as having a meaning that is
consistent with their meaning in the context of the relevant art
and the present disclosure, and will not be interpreted in an
idealized or overly formal sense unless expressly so defined
herein.

Exemplary embodiments of the present invention are
described herein with reference to cross-section illustrations
that are schematic illustrations of idealized embodiments of
the present invention. As such, variations from the shapes of
the illustrations as a result, for example, of manufacturing
techniques and/or tolerances, are to be expected. Thus,
embodiments of the present invention should not be con-
strued as limited to the particular shapes of regions illustrated
herein but are to include deviations in shapes that result, for
example, from manufacturing. For example, a region illus-
trated or described as flat may, typically, have rough and/or
nonlinear features. Moreover, sharp angles that are illustrated
may be rounded. Thus, the regions illustrated in the figures
are schematic in nature and their shapes are not intended to
illustrate the actual shape of a region of a device and are not
intended to limit the scope of the present invention.

All methods described herein can be performed in a suit-
able order unless otherwise indicated herein or otherwise
clearly contradicted by context. The use of any and all
examples, or exemplary language (e.g., “such as”), is
intended merely to better illustrate the invention and does not
pose a limitation on the scope of the invention unless other-
wise claimed. No language in the specification should be
construed as indicating any non-claimed element as essential
to the practice of the invention as used herein.

Now, an exemplary embodiment of a liquid crystal display
will be described with reference to FIGS. 1 and 2.

FIG. 1 is a block diagram of an exemplary embodiment of
aliquid crystal display according to the present invention, and
FIG. 2 is an equivalent circuit diagram of one pixel of an
exemplary embodiment of the liquid crystal display.

Referring to FIG. 1, an exemplary embodiment of the
liquid crystal display includes a liquid crystal panel assembly
300, a gate driver 400 and a data driver 500.

As shown in FIGS. 1 and 2, the liquid crystal panel assem-
bly 300 includes a plurality of signal lines, e.g., a gate line GL,,
a data line DL and a common voltage line SL, and a plurality
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ofpixels PX connected to the signal lines GL, DL and SL and
arranged substantially in a matrix form.

The gate line GL transfer a gate signal (hereinafter, also
referred to as a “scanning signal”), the data line DL transfers
a data voltage and a common voltage line SL transfers a
predetermined voltage, e.g., a common voltage. The gate line
GL and the common voltage line SL. may extend substantially
in a row direction and may be substantially parallel to each
other. The data line DL. may extend substantially in a column
direction and may be substantially parallel to one another.

As shown in FIG. 2, each pixel PX of the plurality of pixels
includes a first subpixel PXa and a second subpixel PXb. The
first subpixel PXa includes a first liquid crystal capacitor Clca
and a first switching element Qa, the second subpixel PXb
includes a second liquid crystal capacitor Clcb, a second
switching element Qb, a first decompressing switching ele-
ment Qcl, a first decompressing capacitor Cs1, a second
decompressing switching element Qc2 and a second decom-
pressing capacitor Cs2.

Each of the first switching element Qa, the second switch-
ing element Qb, the first decompressing switching element
Qcl, and the second decompressing switching element Qc2
may be a three-terminal element, e.g., a thin film transistor.

A control terminal of the first switching element Qa is
connected to the gate line GL, an input terminal of the first
switching element Qa is connected to the data line DL, and an
output terminal of the first switching element Qa is connected
to the first liquid crystal capacitor Clca. A control terminal of
the second switching element Qb is connected to the gate line
GL, an input terminal of the second switching element Qb is
connected to the data line DL, and an output terminal of the
second switching element Qb is connected to the second
liquid crystal capacitor Clcb.

In an exemplary embodiment, each of the first liquid crys-
tal capacitor Clca and the second liquid crystal capacitor Clcb
may be formed by two electrodes corresponding two termi-
nals thereof, respectively, for example, the subpixel (not
shown) of a lower panel (not shown) and the opposed elec-
trode (not shown) of an upper panel (not shown), and the
liquid crystal layer (not shown) disposed between the two
electrodes and which serves as a dielectric material.

An input terminal of the first decompressing switching
element Qc1 is connected to the second switching element Qb
and the second liquid crystal capacitor Clcb, an output termi-
nal of the first decompressing switching element Qcl is con-
nected to the first decompressing capacitor Cs1, and an con-
trol terminal of the first decompressing switching element
Qc1 is connected to the common voltage line SL.

In an exemplary embodiment, a first terminal of each of
decompressing capacitors, e.g., the first decompressing
capacitor Cs1 and the second decompressing capacitor Cs2,
may correspond to an output terminal of a decompressing
switching element connected thereto and a second terminal of
the decompressing capacitors, e.g., the first decompressing
capacitor Cs1 and the second decompressing capacitor Cs2,
may correspond to a portion of the common voltage line
connected thereto.

Two terminals, e.g., a first terminal and a second terminal,
of'the first decompressing capacitor Cs1 are connected to the
output terminal of the first decompressing switching element
Qcl and the common voltage line SL, respectively. As
described above, the first decompressing capacitor Cs1 may
be formed by overlapping the output terminal of the first
decompressing switching element Qc1 and a portion of the
common voltage lines SL along with an insulator disposed
therebetween.
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An input terminal of the second decompressing switching
element Qc2 is connected to the output terminal of the first
decompressing switching element Qcl, an output terminal
the second decompressing switching element Qc2 is con-
nected to the second decompressing capacitor Cs2, a control
terminal the second decompressing switching element Qc2 is
connected to the common voltage line SL.

Two terminals, e.g., a first terminal and a second terminal,
of the second decompressing capacitor Cs2 are connected to
an output terminal of the second decompressing switching
element Qc2 and the common voltage line SL, respectively.
As described above, the second decompressing capacitor Cs2
may be formed by overlapping the output terminal of the
second decompressing switching element Qc2 and a portion
of the common voltage lines SL along with an insulator
disposed therebetween.

In an exemplary embodiment, as shown in FIG. 2, two
decompressing switching elements, e.g., the first and second
decompressing switching elements Qcl and Qc2, are con-
nected in series, but decompressing switching elements that
may be included in each pixel PX is not limited to the two
decompressing switching elements, e.g., the first and second
decompressing switching elements Qc1 and Qc2. In an alter-
native exemplary embodiment, the first and second decom-
pressing switching elements Qcl and Qc2 and at least one
additional decompressing switching element may be con-
nected in series. resulting an alternative exemplary embodi-
ment, at least one additional decompressing capacitor other
than the first and second decompressing capacitors Cs1 and
Cs2 may be included and the at least one additional decom-
pressing capacitor may be connected to an output terminal of
the at least one additional decompressing switching element
and the common voltage line SL.

In an alternative exemplary embodiment, a sustain capaci-
tor (not shown) which performs an auxiliary function of the
first and second liquid crystal capacitors Clca and Clcb may
be further included in each pixel PX.

The pixel PX may display one of primary colors (spatial
division) or each pixel PX may alternately display the pri-
mary colors over time (temporal division) to implement color
display, such that desired colors are recognized by a viewer
through the spatial and temporal sum of the primary colors.
The primary colors may include three primary colors of red,
green and blue, for example, but not being limited thereto. In
an exemplary embodiment, each pixel PX may include a color
filter (not shown) corresponding to one of the primary colors
for the spatial division.

In an exemplary embodiment, the liquid crystal panel
assembly 300 may include at least one polarizer (not shown).

Referring back to FIGS. 1 and 2, the data driver 500 is
connected to the data line DL of the liquid crystal panel
assembly 300 and outputs the data voltage Vd to the data line
DL.

The gate driver 400 is connected to the gate line GL of the
liquid crystal panel assembly 300 and outputs the gate signal
Vg to the gate line GL. In an exemplary embodiment, the gate
signal Vg includes a gate-on voltage Von that turns on the first
and second switching elements Qa and Qb and a gate-off
voltage Voff that turns off the first and second switching
elements Qa and Qb.

A pixel of the liquid crystal display shown in FIGS. 1 and
2 will be described in greater detail with reference to FIGS. 3
and 4.

FIG. 3 is a top plan view of one pixel of an exemplary
embodiment of the liquid crystal display, and FIG. 4 is a
partial cross-sectional view taken along line IV-IV of FIG. 3.
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In an exemplary embodiment, the liquid crystal display
includes a lower panel 100, an upper panel 200 disposed
opposite to the lower panel 100 and a liquid crystal layer 3
interposed between the lower and upper panels 100 and 200.

Now, the lower panel 100 will be described in detail.

The lower panel 100 includes an insulation substrate 110.
A plurality of gate conductors, including a gate line 121 and
a common voltage line 131, is disposed on the insulation
substrate 110 of the lower panel.

The gate line 121 extends substantially in a horizontal
direction and transfers the gate signal. The gate line 121
includes a first gate electrode 124a and a second gate elec-
trode 1245 that are expanded upwardly therefrom. The first
gate electrode 124a and the second gate electrode 1245 may
be connected to each other.

The common voltage line 131 extends substantially in the
horizontal direction and transfers a predetermined voltage,
e.g., a common voltage. The common voltage line 131
includes a sustain electrode 137 expanded downwardly there-
from and a pair of vertical portions 134 that extend upwardly
and substantially perpendicularly to the gate line 121.

A gate insulating layer 140 is disposed on the gate conduc-
tor.

A plurality of semiconductor stripes, (not shown) includ-
ing a semiconductor material such as amorphous silicon or
crystalline silicon, for example, is disposed on the gate insu-
lating layer 140. The semiconductor stripe extends substan-
tially in a vertical direction and includes first and second
semiconductors 154a and 1545 that extend to face the first
and second gate electrodes 124a and 1245, respectively, and
are connected to each other, and a third semiconductor 154¢1
and a fourth semiconductor 154¢2 that extend from the sec-
ond semiconductor 1545 and are disposed on the sustain
electrode 137.

A first pair of ohmic contacts 163a and 165a is disposed on
the first semiconductor 1544, and a second pair of ohmic
contacts 1635 and 16556 is disposed on the second semicon-
ductor 1545. A third pair of ohmic contacts 163¢1 and 165¢1
are disposed on the third semiconductor 154¢1 and a fourth
pair of ohmic contacts 163¢2 and 165¢2 are disposed on the
fourth semiconductor 154¢2. One ohmic contact 163a of the
first pair of ohmic contacts 163a and 165a may be connected
to the ohmic contact stripe (not shown) disposed on the semi-
conductor stripe, the other ohmic contact 165a of the first pair
of ohmic contacts 163a and 1654 and one ohmic contact 1635
of the second pair of ohmic contacts 1635 and 16556 may be
connected to each other, the other ohmic contact 1655 of the
second pair of ohmic contacts 1635 and 1655 and one ohmic
contacts 163¢1 of the third pair of ohmic contacts 163¢1 and
165¢1 may be connected to each other, the other ohmic con-
tact 165¢1 of the third pair of ohmic contacts 163¢1 and 165¢1
and one ohmic contact 163¢2 of the fourth pair of ohmic
contacts 163¢2 and 165¢2 may also be connected to each
other. Ohmic contacts including the first, second, third and
fourth pairs of ohmic contacts 163a, 165a, 1635, 1655,
163c1, 163¢2, 165¢1 and 165¢2 may include a material such
as n+ hydrogenated amorphous silicon, e.g., doped with
n-type impurity, e.g., phosphorus at high concentration or
silicide.

A data conductors including a data line 171, a first drain
electrode 175a, a second drain electrode 1755, a third drain
electrodes 175¢1 and a fourth drain electrode 175¢2 is dis-
posed on the ohmic contacts 163a, 1654, 1635, 1655, 163¢1,
163c¢2, 165¢1, and 165¢2 and the gate insulating layer 140.

The data line 171 transfers a data signal and extends sub-
stantially in the vertical direction and crossing the gate line
121 and the common voltage line 131. The data line 171
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includes a first source electrode 1734 and a second source
electrode 1735 that extend toward the first gate electrode
1244 and the second gate electrode 1245, and the first source
electrode 173a and the second source electrode 1735 may be
connected to each other.

Each of the first drain electrode 1754, the second drain
electrode 1755 and the fourth drain electrode 175¢2 includes
a bar type end and a wider end. At least a portion of the bar
type ends of the first drain electrode 175a and the second
drain electrode 1755 are surrounded by the first source elec-
trode 173a and the second source electrode 1735. The wider
end of the second drain electrode 1755 extends and forms the
third source electrode 173¢1 having a bar type shape. The
third source electrode 173¢1 faces the third drain electrode
175¢1. A portion of the third drain electrode 175¢1 forms the
fourth source electrode 173¢2. The third drain electrode
175¢1 and the fourth source electrode 173¢2 are also referred
to as an extending portion 177¢1. The fourth source electrode
173¢2 faces an end of the fourth drain electrode 175¢2 having
a bar type shape. The wider end 177¢2 of the fourth drain
electrode 175¢2 overlaps the sustain electrode 137 of the
common voltage line 131.

The first/second gate electrodes 124a/124b, the first/sec-
ond source electrodes 173a/173b and the first/second drain
electrodes 175a/175b form the first/second switching ele-
ments Qa/Qb, e.g., first/second thin film transistors (“TFT”)
Qa/Qb, together with the first/second semiconductors 154a/
154b. The sustain electrode 137, the third/fourth source elec-
trodes 173¢1/173¢2 and the third/fourth drain electrodes
175¢1/175¢2 form the first/second decompressing switching
elements Qc1/Qc2, e.g., third/fourth thin film transistors Qc1/
Qc2, together with the third/fourth semiconductors 154¢1/
154¢2. a channel of each of the thin film transistor, e.g., the
first/second/third/fourth thin film transistors Qa/Qb/Qcl/
Qc2, is formed in a corresponding semiconductor, e.g., the
first/second/third/fourth semiconductors 154a/1545/154¢1/
154¢2, between a corresponding source electrode 173a/173b/
173¢1/173¢2 and a corresponding drain electrode, e.g., the
first/second/third/fourth drain electrodes 175a/1756/175¢1/
175c2.

The semiconductor stripe including the first, second, third
and fourth semiconductors 154a, 1545, 154¢1 and 154¢2 may
have a plane shape substantially same as a shape of the data
conductor and the ohmic contacts 163a, 165a, 1635, 1655,
163c¢1, 163¢2, 165¢1 and 165¢2 that are disposed below the
data conductor, except for a channel region between the first,
second, third and fourth source electrodes 173a, 1735, 173¢1
and 173¢2 and the first, second, third and fourth drain elec-
trodes 175a, 175b, 175¢1 and 175¢2.

As shown in FIG. 4, the extension portion 177¢1 overlaps
the sustain electrode 137 and the gate insulating layer 140 is
disposed therebetween to form the first decompressing
capacitor Cs1. The fourth drain electrode 175¢2 overlaps the
sustain electrode 137 and the gate insulating layer 140 is
disposed therebetween to form the second decompressing
capacitor Cs2.

In an exemplary embodiment, a passivation layer 180
including an insulating material such as an inorganic insulat-
ing material, e.g., silicon nitride or silicon oxide, or an organic
insulating material, is disposed on the data conductor and
opened portions of first, second, third and fourth semiconduc-
tors 154a, 154b, 154c1 and 154¢2. In an alternative exem-
plary embodiment, the passivation layer 180 may have a
double layer structure, where each of the double layers
includes at least one of the organic insulating material and the
inorganic insulating material. The passivation layer 180 may
include a first contact hole 185a formed thereon and which
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exposes the wider end of the first drain electrode 1754 and a
second contact hole 1855 which exposes the wider end of the
second drain electrode 1755.

A plurality of pixel electrodes 191 is disposed on the pas-
sivation layer 180. Each of the plurality of pixel electrodes
191 may include 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 an
alloy thereof. A pixel electrode 191 of the plurality of pixel
electrodes includes a first subpixel electrode 191a and a sec-
ond subpixel electrode 1915 and an entire shape of the pixel
electrode 191 may be quadrangle. The first subpixel electrode
191a is surrounded by the second subpixel electrode 1915,
with a gap 91 therebetween.

The first subpixel electrode 191a includes two oblique
portions disposed in a lower portion and an upper portion
thereof, respectively, and which extend obliquely with
respect to the gate line 121.

The second subpixel electrode 1915 includes a triangle
portion disposed between the two oblique portions of the first
subpixel electrode 191a and including a cutout portion 92
having a funnel shape, an upper portion disposed above the
upper portion of the two oblique portions of the first subpixel
electrode 191a and including an upper cutout portion and a
lower portion disposed below lower portions of the two
oblique portions of the first subpixel electrode 191a and
including a lower cut portion 936. The cutout portion 92
includes two oblique sides that extend in a direction substan-
tially parallel to two oblique sides of the gap 91, respectively,
and two horizontal sides that are connected to the two oblique
sides of the gap 91 and extending in the horizontal direction.
The upper and lower cutout portions 93a and 935, which are
substantially parallel to each other, are also formed along a
direction substantially parallel to the two oblique sides of the
gap 91 corresponding thereto.

The two oblique sides of the gap 91, the two oblique sides
of the cutout portion 92 and the upper and lower cutout
portions 93a and 935 may form an angle of about 45° or about
135° with respect to the gate line 121.

An area of the second subpixel electrode 1915 may be
greater than an area of the first subpixel electrode 191a.

The first subpixel electrode 191a receives the data voltage
from the first drain electrode 175a through the first contact
hole 1854, and the second subpixel electrode 1915 receives
the data voltage from the second drain electrode 17556 through
the second contact hole 1854. In an exemplary embodiment,
data voltages that the first subpixel electrode 191a and the
second subpixel electrode 1915 receive from the first and
second switching elements Qa and Qb, respectively, may be
identical to each other.

An alignment layer (not shown) may be disposed on the
pixel electrode 191.

Now, the upper panel 200 will be described in detail.

The upper panel 200 includes an insulation substrate 210.
A light blocking member 220 may be disposed on the insu-
lation substrate 210 of the upper panel 200. The light blocking
member 220 prevents light leakage between the pixel elec-
trodes 191 and includes an opening (not shown) defining an
opening region facing the pixel electrode 191.

A plurality of color filters (not shown) are disposed on the
substrate 210 and the light blocking member 220. Substantial
portion of each of the plurality of color filters may be disposed
in a region surrounded by the light blocking member 220 and
may extend along a pixel electrode 191 column. Each of the
plurality of color filters may correspond to one of the primary
colors such as three primary colors of red, green and blue, for
example.
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Atleast one of the light blocking member 220 and the color
filter may be disposed on the lower panel 100.

An overcoat 250 is disposed on the color filter and the light
blocking member 220. In an alternative exemplary embodi-
ment, the overcoat 250 may be omitted.

An opposed electrode 270 disposed opposite to the pixel
electrode 191 is disposed on the overcoat 250 and receives the
predetermined voltage from the common voltage line, e.g.,
the common voltage. The opposed electrode 270 may be
formed of a passing strip to face the plurality of pixel elec-
trodes 191, for example, all the pixel electrodes 191 of the
liquid crystal display. The opposed electrode 270 includes a
plural pairs of cutout portions 71, 72, 73a, 73b, 74a and 745,
each pair of which has oblique portions substantially parallel
to the oblique sides of the gap 91 of the pixel electrodes 191,
the oblique sides of the cutout portion 92 and the cutout
portions 93a and 934, respectively. Each of the plurality of
pairs of cutout portions 71, 72, 73a, 73b, 74a and 745 further
includes a longitudinal portion that extends in the vertical
direction or in a horizontal direction from an end of the
oblique portion thereof and one cutout portion 71 of the
plurality of pairs of cutout portions 71, 72, 73a, 73b, 74a and
74b further includes a horizontal portion that extends in the
horizontal direction from a position where two oblique por-
tions of the one cutout portion 71 intersect with each other.

An alignment layer (not shown) may be disposed on the
opposed electrode 270.

In an alternative exemplary embodiment, two alignment
layers, each of which may be a vertical alignment layer, may
be disposed on the lower panel 100 and the upper panel 200.

The liquid crystal layer 3 between the lower panel 100 and
the upper panel 200 includes liquid crystal molecules having
negative dielectric anisotropy. The liquid crystal molecules
may be aligned such that longitudinal axes thereof are dis-
posed substantially vertically with respect to surfaces of the
lower and upper display panels 100 and 200 when no electric
field is generated in the liquid crystal layer 3.

The first subpixel electrode 191a of the lower panel 100
forms the first liquid crystal capacitor Clca together with the
opposed electrode 270 of the upper panel 200 and the liquid
crystal layer 3 disposed therebetween, and the second sub-
pixel electrode 1915 forms the second liquid crystal capacitor
Clcb together with the opposed electrode 270 and the liquid
crystal layer 3 disposed therebetween.

The first and second subpixel electrodes 191a and 1915, to
which the data voltage is applied, generate electric field in the
liquid crystal layer 3 together with the opposed electrode 270
of the upper panel 200, and a direction of alignment of the
liquid crystal modules of the liquid crystal layer 3 disposed
between subpixel electrodes 191, e.g., the first and second
subpixel electrodes 191a and 1915, and the opposed electrode
270 is determined by a direction of the electric field. The
direction of alignment of the liquid crystal molecules is deter-
mined primarily by a horizontal component generated by
distorting main electric fields that are substantially vertical
with respect to the surfaces of the lower and upper panels 100
and 200 at the sides of the gap 91 of the pixel electrode 191,
the cutout portions 92, 934, and 935, and the cutout portions
71,72,73a,73b,74a and 74b of the opposed electrode 270. A
horizontal component of the main electric fields is substan-
tially vertical with respect to the sides of the gap 91 and the
cutout portions 92, 93a, 935, 71, 72, 73a, 73b, 74a and 74b,
and the liquid crystal molecules are thereby inclined in a
direction that is substantially vertical with respect to these
sides. In an exemplary embodiment, inclined directions of the
liquid crystal molecules may include about four directions,
and when the direction where the above-mentioned liquid



US 8,325,287 B2

11

crystal molecule is inclined is various, the reference viewing
angle of the liquid crystal display may become greater.

In an exemplary embodiment, a difference between each of
the voltage of the first and second subpixel electrodes 191a
and 1915 and the voltage of the opposed electrode 270 cor-
responds to a charge voltage of each of the first and second
liquid crystal capacitors Clca and Clcb, that is, a pixel voltage.
The alignment or inclined degrees of the liquid crystal mol-
ecules may vary depending on a size of the pixel voltage, and
a polarization degree of the light passing through the liquid
crystal layer 3 is thereby changed. The change in the polar-
ization degree corresponds to a change in transmittance of
light by a polarizer, and the liquid crystal display thereby
displays images.

In an exemplary embodiment, the data voltage of the sec-
ond subpixel electrode 1915 received through the second
switching element Qb is changed by the first and second
decompressing switching elements Qc1 and Qc2 and the first
and second decompressing capacitors Cs1 and Cs2, such that
the charging voltages of the second liquid crystal capacitor
Clcb and the first liquid crystal capacitor Clca, which corre-
spond to the inclined degrees of the liquid crystal molecules,
are changed.

The operation of the liquid crystal display will be described
in greater detail with reference to FIGS. 1 to 4 and FIG. 6.

FIG. 6 is a graph showing a drain source current versus a
gate-source voltage Vgs of a thin film transistor of an exem-
plary embodiment of a liquid crystal display.

Referring back to FIG. 1, the data driver 500 receives
digital image signals from an external device, selects gray
voltage corresponding to each digital image signal, and
thereby converts the digital image signal into an analog data
voltage Vd and then applies the analog data voltage Vd to a
data line (DL) 171.

The gate driver 400 applies the gate-on voltage Von to the
gate line (GL) 121 to turn-on the first and second switching
elements Qa and Qb connected to the gate line (GL) 121.
Then, the data voltage Vd applied to the data line (DL) 171 is
transmitted to the first and second subpixel electrodes 191a
and 1915 of a pixel PX through the turned-on first and second
switching elements Qa and Qb.

The process is repeated in a unit of a horizontal period (also
referred to as “1H” and is substantially the same as one period
ofahorizontal synchronizing signal and a data enable signal),
and the gate-on voltage Von is thereby sequentially applied to
all gate lines (GL) 121 and the data voltage Vd is thereby
sequentially applied to all pixels PX to display the images of
one frame. When one frame is over, the next frame begins and
a state of an inverse signal RV'S applied to the data driver 500
is controlled such that the polarity of the data voltage Vd
applied to each pixel PX is opposite to the polarity of the
previous frame (frame inversion). In this case, a polarity of
the data voltage transmitted through one data line is periodi-
cally changed based on the reverse signal RVS even in one
frame (e.g., row inversion, dot inversion) or the polarity of the
data voltage applied to each pixel row may be different (e.g.,
column inversion, dot inversion). A controller that controls
the state of the inversion signal RVS may be disposed inside
or outside the data driver 500.

Hereinafter, the data voltage Vd is referred to as a “positive
data voltage” when the data voltage Vd is substantially equal
to or greater than the voltage of the opposed electrode 270,
and the data voltage Vd is referred to as a “negative data
voltage” when the data voltage Vd is substantially equal to or
less than the voltage of the opposed electrode 270.
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Now, a case where the positive data voltage Vd correspond-
ing to a high gray (e.g. intermediate gray or higher) is applied
to the data line (DL) 171 will be described in detail.

When a negative voltage in a previous frame is applied to
the output terminal of the first decompressing switching ele-
ment Qc1 and the output terminal of the second decompress-
ing switching element Qc2 and the common voltage is con-
tinuously applied to the control terminal of the first and
second decompressing switching elements Qcl and Qc2, a
voltage difference between the output terminal and the con-
trol terminal of the first and second decompressing switching
elements Qc1 and Qc2, that is, the gate-source voltage Vgs,
corresponds to ‘C’ region or ‘D’ region of FIG. 6.

While the positive data voltage Vd is charged in the input
terminal of the first decompressing switching element Qcl
through the second switching element Qb, current flows from
the input terminal of the first decompressing switching ele-
ment Qcl to the output terminal thereof and a voltage of the
output terminal increases. Therefore, the gate-source voltage
Vgs gradually decreases, such that the first decompressing
switching element Qcl corresponds to the ‘C’ region or a
region biased to a left portion of the ‘C’ region of FIG. 6 and
current from the input terminal to the output terminal, that is,
a drain-source current Ids is substantially gradually
decreased. In particular, as the positive data voltage Vd cor-
responds to the high gray, the voltage of the output terminal of
the first decompressing switching element Qc1 is substan-
tially increased during a charging time of the data voltage Vd.
The second decompressing switching element Qc2 is oper-
ated substantially similarly to the first decompressing switch-
ing element Qc1, such that a voltage of the output terminal of
the second decompressing switching element Qc2 also
increases.

After the positive data voltage Vd is charged in the input
terminal of the first decompressing switching element Qcl
through the second switching element Qb, until current does
not flow to the first decompressing switching element Qcl
and the second decompressing switching element Qc2, a
voltage of the input terminal of the first decompressing
switching element Qcl decreases and the voltages of the
output terminal of'the first and second decompressing switch-
ing elements Qcl and Qc2 increases. In an exemplary
embodiment, the voltage of the input terminal of the first
decompressing switching element Qc1, that is, the voltage of
the second subpixel electrode 1915 falls decreases such that
the voltage of the input terminal of the first decompressing
switching element Qcl1 is substantially equal to the voltage of
the output terminal of the second decompressing switching
element Qc2. When the data voltage Vd is ahigh gray voltage,
the voltage of the output terminals of the first and second
decompressing switching elements Qcl and Qc2 substan-
tially increase during the charging time of the data voltage Vd,
such that an amount of voltage drop at the second subpixel
electrode 1915 may be less than a voltage drop of a low gray
voltage after the data voltage Vd is charged.

The change in voltage of the second subpixel electrode
1915 during the charging time of the data voltage Vd or after
the charging is completed may vary according to a capacity of
the second liquid crystal capacitor Clcb and the first and
second decompressing capacitors Cs1 and Cs2, the voltage
value of the common voltage and characteristics of the first
and second decompressing switching elements Qc1 and Qc2.

In an exemplary embodiment, a case where the positive
data voltage Vd corresponding to a low gray (e.g. intermedi-
ate gray or lower) is applied to the data line (DL) 171 is
substantially the same as the case described above where the
positive data voltage Vd corresponding to the high gray is
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applied. However, as compared to the case of the high gray,
current flowing to the first and second decompressing switch-
ing elements Qc1 and Qc2 is less during the charging time of
the data voltage Vd and the rising value of the voltage of the
output terminals of the first and second decompressing
switching elements Qc1 and Qc2 may be less. Therefore, after
the charging of the data voltage Vd completes, the amount of
voltage drop of the input terminal of the first decompressing
switching element Qcl, that is, the second subpixel electrode
1915 may be greater as compared to the case of the high gray.
Therefore, the voltage difference between the first and second
subpixel electrodes 191a and 1915 in the case where the data
voltage Vd is the low gray voltage becomes greater, as com-
pared to the voltage difference between the first and second
subpixel electrodes 191a and 1915 in the case where the data
voltage Vd is the high gray voltage.

Next, the negative data voltage Vd corresponding to the
high gray (e.g. intermediate gray or higher) is applied to the
data line (DL) 171 will be described in detail.

The output terminal of the first decompressing switching
element Qcl and the output terminal of the second decom-
pressing switching element Qc2 receive the positive voltage
in a previous frame and the control terminals of the first and
second decompressing switching elements Qc1 and Qc2 con-
tinuously receive the common voltage, such that the voltage
difference between the input terminal and the control terminal
of the first and second decompressing switching elements
Qcl and Qc2, that is, the gate-source voltage Vgs, substan-
tially corresponds to the ‘D’ region of FIG. 6.

While the negative data voltage Vd of the high gray is
charged in the input terminal of the first depressing switching
element Qc1 through the second switching element Qb, cur-
rent flows from the output terminal of the first decompressing
switching element Qc1 to the input terminal thereof, such that
the voltage of the output terminal thereof decreases. How-
ever, the gate-source voltage Vgs is maintained as it is, such
that the first decompressing switching element Qc1 is still
operated in the ‘D’ region of FIG. 6. In particular, when the
negative data voltage Vd corresponds to the high gray, the
voltage of the output terminal of the first decompressing
switching element Qcl substantially decreases during the
charging time of the data voltage Vd. The second decom-
pressing switching element Qc2 is similarly operated as the
first decompressing switching element Qcl, such that the
voltage of the output terminal of the second decompressing
switching element Qc2 decreases.

After the negative data voltage Vd of the high gray is
charged in the input terminal of the first decompressing
switching element Qc1 through the second switching element
Qb, the voltage of the input terminal of the first decompress-
ing switching element Qcl increases until current does not
flow to the first decompressing switching element Qc1 and
the second decompressing switching element Qc2 and the
voltage of the output terminal of the first and second decom-
pressing switching elements Qcl and Qc2 continuously falls.
In an exemplary embodiment, the voltage of the input termi-
nal of the first decompressing switching element Qc1, that is,
the voltage of the second subpixel electrode 1915 increases
such that the voltage of the input voltage of the first decom-
pressing switching element Qcl is substantially equal to the
voltage of the output voltage of the second decompressing
switching element Qc2. When the data voltage Vd is the high
gray voltage, the voltage of the output terminals of the first
and second decompressing switching elements Qc1 and Qc2
substantially decreases during the charging time of the data
voltage Vd, such that an amount of a voltage rise in the second
subpixel electrode 1915 after the charging of the data voltage
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Vd is completed may be less as compared to when the data
voltage is the low gray voltage.

While the data voltage Vd is charged or after the charging
is completed, the change in voltage of the second subpixel
electrode 1915 may vary according to the capacity of the
second liquid crystal capacitor Clcb and the first and second
decompressing capacitors Cs1 and Cs2, the voltage value of
the common voltage and the characteristics of the first and
second decompressing switching elements Qc1 and Qc2.

Next, the case where the negative data voltage Vd corre-
sponding to the low gray (e.g. intermediate gray or less) is
applied to the data line (DL) 171 is substantially the same as
the case described above where the negative data voltage Vd
of the high gray is applied. However, as compared to the case
of the high gray, current flowing to the first and second
decompressing switching elements Qcl and Qc2 is less dur-
ing the charging time of the data voltage Vd and the amount of
the voltage drop of the output terminals of the first and second
decompressing switching element Qc1 and Qc2 may be less.
Therefore, after the charging of the data voltage Vd com-
pletes, the amount of the voltage rise of the input terminal of
the first decompressing switching element Qcl, that is, the
second subpixel electrode 1915 may be greater as compared
to the voltage rise of the input terminal of the first decom-
pressing switching element Qc1 in the case of the high gray.
Therefore, the voltage difference between the first and second
subpixel electrodes 191a and 19154 in the case where the data
voltage Vd is the low gray voltage becomes greater, as com-
pared to the voltage difference between the first and second
subpixel electrodes 191a and 1915 in the case where the data
voltage Vd is the high gray voltage.

Regardless of the polarity of the data voltage Vd, the volt-
age difference between the second subpixel electrode 1916
and opposed electrode 270 may become less than the voltage
difference between the first subpixel electrode 191a and
opposed electrode 270, such that the charging voltage of the
second liquid crystal capacitor Clcb is less than the charging
voltage of the first liquid crystal capacitor Clca. Accordingly,
the charging voltage of the second liquid crystal capacitor
Clcb is lower than the charging voltage of the first liquid
crystal capacitor Clca, such that the inclined angels of the
liquid crystal molecules of the first subpixel PXa and the
second subpixel PXb are different from each other, and the
luminances of two subpixels, e.g., the first subpixel PXa and
the second subpixel PX b, are thereby different from each
other. When the luminance of the first and second subpixels
PXa and PXb is different from each other, the visibility with-
out reducing the aperture ratio is substantially improved. In
particular, the voltage difference between the first and second
subpixel electrodes 191a and 19154 in the case of the low gray
is large as compared to the voltage difference between the first
and second subpixel electrodes 191a and 1915 in the case of
the high gray, and the visibility is thereby substantially
improved.

In an exemplary embodiment, after the charging of the data
voltage Vd is completed, the voltage of the second subpixel
electrode 1915 may be continuously changed for substantial
portion of one frame, and the stress may be substantial when
only the first decompressing switching element Qcl is dis-
posed in the second subpixel PXb. In an exemplary embodi-
ment, the first decompressing switching element Qc1 oper-
ates along with the second decompressing switching element
Qc2, such that the stress is distributed to the first decompress-
ing switching element Qcl and the second decompressing
switching element Qc2, and the change in threshold of the
first and second decompressing switching elements Qcl and
Qc2 is thereby effectively prevented.
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In an exemplary embodiment, the second decompressing
capacitor Cs2 is further included in addition to the first
decompressing capacitor Csl, and the size of the entire
decompressing capacitors where the first decompressing
capacitor Csl and the second decompressing capacitor Cs2
are included may be thereby substantially smaller than the
size of the entire decompressing capacitor when only the first
decompressing capacitor Cs1 is included.

In an exemplary embodiment, in case where the pixel and
the data line are disposed as shown in FIG. 7 to implement the
dot inversion driving and in the case of the overlapping driv-
ing of previously charging the pixel PX to secure the charging
rate, two or more decompressing switching elements may be
included, and the degradation in visibility is thereby effec-
tively prevented.

This will be described with reference to FIG. 7 and the
above-mentioned FIGS. 1 to 4. The components in FIG. 7
have been labeled with the same reference characters as used
above to describe the exemplary embodiments in FIGS. 1 and
2, and any repetitive detailed description thereof will herein-
after be omitted or simplified.

FIG. 7 is a block diagram showing a connection relation-
ship between data lines and pixels PX of an exemplary
embodiment of a liquid crystal display according to the
present invention.

Referring to FIG. 7, a plurality of pixels PX is arranged
substantially in a matrix form, and pixels PX disposed along
one column may display one color of the primary colors, e.g.,
red R, green G and blue B. Each pixel PX may include the
structure of FIG. 2.

In an exemplary embodiment, the data lines, e.g., aj-th data
line DLj, a (j+1)-th data line DL(j+1) and a (j+2)-th data line
DL(j+2), extend in a column direction and each data line is
disposed between pixel columns and polarities of data volt-
ages Vd applied to two neighboring data lines, respectively,
e.g., a polarity of data voltage applied to the j-th data line DL
and a polarity of data voltage applied to the (j+1)-th data line
DL(j+1), or the polarity of data voltage applied to the (j+1)-th
data line DL(j+1) and a polarity of data voltage applied to the
(j+2)-th data line DL(j+2), is opposite to each other.

In an exemplary embodiment, pixels PX in a pixel column
are disposed between two neighboring data lines and the
pixels in the pixel column are alternately connected to the two
neighboring data lines, such that two neighboring pixels PX
in a row direction or in a column direction receives data
voltages Vd having different polarities, respectively, and a dot
inversion is thereby implemented. In an exemplary embodi-
ment, when two pixels PX disposed in different columns is
connected to a same data line, for example, when a first pixel
PX1 disposed in a green pixel column and a second pixel PX2
disposed in a red pixel column are connected to the (j+1)-th
data lines DL(j+1), the gate on voltage Von is previously
applied to a gate line (not shown) connected the first pixel
PX1 during at least a portion of a time period during which the
second pixel PX2 is charged with the data voltage Vd of the
(j+1)-th data line DL(j+1), and the first pixel PX1 is thereby
charged in advance. In an exemplary embodiment, the first
pixel PX1 and the second pixel PX2 may be disposed in two
neighboring pixel columns. In an alternative exemplary
embodiment, the first pixel PX1 and the second pixel PX2
may be disposed in two pixel columns, where at least one
pixel column is disposed therebetween.

In the overlap driving described above, the first pixel PX1
receives the data voltage Vd of the second pixel PX2 before a
data voltage Vd for the first pixel PX1 is applied thereto and
current begins to flow to the first and second decompressing
switching elements Qc1 and Qc2 included in the first pixel
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PX1 before the data voltage Vd for the first pixel PX1 is
applied thereto. Accordingly, the voltage of the second sub-
pixel electrode 1915 may not be changed by a predetermined
amount after a predetermined charging time due to the change
in the charging amount of the first and second depressing
capacitors Cs1 and Cs2, and the effect of visibility improve-
ment may be thereby degraded.

In overlap driving of an exemplary embodiment, two or
more decompressing switching elements Qcl and Qc2 and
the decompressing capacitors Cs1 and Cs2 are connected in
series instead of connecting only one decompressing switch-
ing element and one decompressing capacitor, and the overall
operational efficiency of the first and second decompressing
switching elements Qc1 and Qc2 during the previous charg-
ing time of the overlap driving is thereby substantially
degraded and the degrade in visibility due to the change in the
charging amount of the first and second decompressing
capacitors Csl and Cs2 is thereby effectively prevented.
Accordingly, the visibility is substantially improved in the
overlap driving of an exemplary embodiment. In an exem-
plary embodiment, the variation in the charging amount of the
first and second decompressing capacitors Cs1 and Cs2 may
be substantially reduced by a method of reducing a length of
at least one channel of the first and second decompressing
capacitors Cs1 and Cs2 or increasing a channel width of the at
least one of the first and second decompressing switching
elements Qc1 and Qc2 for the previous charging time.

In an exemplary embodiment, characteristics of the first
and second decompressing switching elements Qc1 and Qc2,
the capacity of the first and second decompressing capacitors
Csl and Cs2, and the number of additional decompressing
switching elements and decompressing capacitors may be
determined according to the visibility improvement effect.

An alternative exemplary embodiment of the liquid crystal
display will now be described with reference to FIG. 5. The
same components as the above-mentioned exemplary
embodiments are denoted by the same reference numerals
and the detailed description thereof will be omitted.

FIG. 5 is a top plan view of one pixel of an alternative
exemplary embodiment of a liquid crystal display. The cross-
section structure of the liquid crystal display in FIG. 5 is
substantially the same as the cross-section structure of the
liquid crystal display shown in FIGS. 3 and 4. The same or
like elements shown in FIG. 5 have been labeled with the
same reference characters as used above to describe the exem-
plary embodiments of the liquid crystal display shown in
FIGS. 3 and 4, and any repetitive detailed description thereof
will hereinafter be omitted or simplified.

As described above, an exemplary embodiment of the lig-
uid crystal display includes the lower panel 100, the upper
panel 200 disposed opposite to the lower panel 100 and the
liquid crystal layer 3 interposed between the lower and upper
panels 100 and 200.

The upper panel 200 includes the insulation substrate 210.
The opposed electrode 270 is disposed on the insulation sub-
strate 210 and the upper alignment layer (not shown) is dis-
posed on the opposed electrode 270. The upper alignment
layer may be a vertical alignment layer.

The liquid crystal layer 3 has the negative dielectric anisot-
ropy and when no electric field is generated in the liquid
crystal molecules ofthe liquid crystal layer 3, the longitudinal
axes of the liquid crystal molecules are aligned substantially
vertically with respect to the surfaces of the two display
panels 100 and 200.

The lower panel 100 includes the insulation substrate 110,
and a plurality of gate conductors including the gate line 121
and the common voltage line 131 is disposed on the insulation
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substrate 110. In an alternative exemplary embodiment, the
common voltage line 131 includes the sustain electrode 137
extending downwardly therefrom and a ring portion 133
extending upwardly therefrom and having a closed loop
shape.

The gate insulating layer 140 is disposed on the gate con-
ductor, and a plurality of semiconductor stripes (not shown)
including the first, second, third and the fourth semiconduc-
tors 154a, 154b, 154¢1 and 154¢2 are disposed on the gate
insulating layer. The pairs of ohmic contacts are disposed on
the first, second, third and the fourth semiconductors 154a,
1545, 154¢1 and 154¢2, respectively.

The data conductor, including the data line 171, the first
drain electrode 1754, the second drain electrode 1755, the
third drain electrode 175¢1 and the fourth drain electrode
175¢2, is disposed on the ohmic contacts. The data line 171
includes the first source electrode 1734 and the second source
electrode 1734, and a portion of the third drain electrode
175¢1 forms the fourth source electrode 173¢2 and includes a
wider end 177¢2 of the fourth drain electrode 175¢2.

The first/second gate electrodes 124a/124b, the first/sec-
ond source electrodes 173a/1735, and the first/second drain
electrodes 175a/1755 form the first/second thin film transis-
tors Qa/Qb, that are, the first/second switching elements
Qa/Qb, together with the first/second semiconductors 154a/
1545. The sustain electrode 137, the third/fourth source elec-
trodes 173¢1/173¢2 and the third/fourth drain electrodes
175¢1/175¢2 form the third/fourth thin film transistors Qcl1/
Qc2, that are, the first/second decompressing switching ele-
ments Qc1/Qc2, together with the third/fourth semiconduc-
tors 154¢1/154¢2.

The extension portion 177¢1, including the third drain
electrode 175¢1 and the fourth source electrode 173¢2, and
the sustain electrode 137 overlapping the extension portion
177¢1 form the first decompressing capacitor Cs1 along with
the gate insulation layer 140 interposed between the exten-
sion portion 177¢1 and the sustain electrode 137. The fourth
drain electrode 175¢2 and the sustain electrode 137 overlap-
ping the fourth drain electrode 175¢2 form the second decom-
pressing capacitor Cs2 along with the gate insulation layer
140 interposed between the fourth drain electrode 175¢2 and
the sustain electrode 137.

The passivation layer 180 is disposed on the data conductor
and the opened of the first, second, third and fourth semicon-
ductors 154a, 1545, 154c1, and 154¢2, and the passivation
layer 180 includes a first contact hole 185a which exposes the
wider end of the first drain electrode 1754 and the second
contact hole 1855 which exposes the wider end of the second
drain electrode formed thereon.

The pixel electrode including the first subpixel electrode
191a and the second subpixel electrode 1915 is disposed on
the passivation layer 180. The first subpixel electrode 191a
and the second subpixel electrode 1915 separated from each
other, while the gate line 121 and the common voltage line
131 are interposed therebetween, are disposed on an upper
portion and a lower portion of the pixel electrode, respec-
tively. The height of the second subpixel electrode 1915 may
be greater than the height of the first subpixel electrode 191a.
In an exemplary embodiment, the height of the second sub-
pixel electrode 1915 may be about 1 to 3 times greater than the
height of the first subpixel electrode 191a, but not being
limited thereto.

The entire shape of'the first subpixel electrode 191a and the
second subpixel electrode 19154 is quadrangle.

The first subpixel electrode 1914 includes a cross-formed
stem portion including a horizontal stem portion and a verti-
cal stem portion, an outer portion disposed along an outer
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portion thereof, and a protruding portion protruded down-
wardly from the left lower end of the outer portion and con-
nected to the first drain electrode 175a through the first con-
tact hole 185a. In an exemplary embodiment, the ring portion
133 of the common voltage line 131 surrounds the first sub-
pixel electrode 191a, and the light leakage is thereby effec-
tively prevented.

The second subpixel electrode 1915 includes a cross-
formed stem portion including a horizontal stem portion and
a vertical stem portion, an upper horizontal portion and a
lower horizontal portion, and a protruding portion protruded
up from the upper end of the vertical stem portion of the
cross-formed stem portion and connected to the second drain
electrode 1755 through the second contact hole 1854.

Each of the first subpixel electrode 191a and the second
subpixel electrode 1915 is divided into four sub-regions
defined by the cross stem portion and a plurality of fine
branching portions that extends substantially obliquely from
the cross-formed stem portion toward the outside is disposed
in each of the four sub-regions. In an exemplary embodiment,
an angle of each of the plurality of fine branching portions
with respect to the gate line 121 may be about 45° or 135°.

Sides of each of the plurality of fine branching portions of
the first and second subpixel electrodes 191a and 1915 distort
electric field generated in the liquid crystal layer by forming
a horizontal component substantially vertical to the sides of
each of the plurality of fine branching portions, and the
inclined direction of the liquid crystal molecules is deter-
mined based on the horizontal component. Therefore, the
liquid crystal molecules are first inclined in a direction sub-
stantially vertical to the sides of each of the plurality of fine
branching portions. However, since the direction of the hori-
zontal component of electric field generated by a fine branch-
ing portion is opposite to the direction of the horizontal com-
ponent of electric field generated by a side of a neighboring
fine branching portion and the width of the fine branching
portion or the interval of the fine branching portion is sub-
stantially less than the cell gap of the liquid crystal layer 3, the
liquid crystal molecules inclined in a direction opposite to
each other are inclined in a direction substantially parallel to
a longitudinal direction of the fine branching portion.

In the exemplary embodiment, the first and second sub-
pixel electrodes 191a and 1915 include four sub-regions and
the fine branching portions disposed in the four sub-regions
have four different longitudinal directions. Accordingly, the
liquid crystal molecules of the liquid crystal layer 3 are
inclined in the four different longitudinal directions. In an
exemplary embodiment, as described above, the directions
where the liquid crystal molecules are inclined vary, and the
reference viewing angle of the liquid crystal display is
thereby substantially increased.

In an exemplary embodiment, the first subpixel electrode
191a and the opposed electrode 270 form the first liquid
crystal capacitor Clca together with the liquid crystal layer 3
interposed therebetween, and the second subpixel electrode
1915 and the opposed electrode 270 form the second liquid
crystal capacitor Clcb together with the liquid crystal layer 3
interposed therebetween.

The operation of the liquid crystal display shown in FIG. 5
is substantially the same as the operation of the liquid crystal
display shown in FIGS. 3, 4 and 6. Accordingly, in an exem-
plary embodiment, the charging voltage of the first and sec-
ond liquid crystal capacitors Clca and Clcb is different, and
the side visibility of the liquid crystal display is thereby
substantially improved. In addition, an exemplary embodi-
ment of the liquid crystal display shown in FIG. 5 has char-
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acteristics and effects substantially similar to the character-
istics and effects described above with reference to FIGS. 3,
4 and 6.

According to exemplary embodiments of the present
invention as described herein, the visibility of a liquid crystal
display is substantially improved while the aperture ratio and
transmittance of the liquid crystal display are substantially
increased. In addition, the degradation of the visibility is
effectively prevented and the stress of the decompressing
switching element is substantially reduced in the driving
method of previously charging the pixel of the liquid crystal
display, and the change in the threshold voltage is thereby
substantially decreased.

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

What is claimed is:

1. A liquid crystal display, comprising:

a gate line;

adata line crossing the gate line and insulated from the gate
line;

acommon voltage line separated from the gate line and the
data line, wherein the common voltage line transfers a
predetermined voltage;

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

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

a first liquid crystal capacitor connected to the first switch-
ing element;

a second liquid crystal capacitor connected to the second
switching element; and

at least two decompressing switching elements connected
to the second switching element and the common volt-
age line.

2. The liquid crystal display of claim 1, wherein

the at least two decompressing switching elements are
connected to one another in series.

3. The liquid crystal display of claim 2, wherein

acontrol terminal of each of the at least two decompressing
switching elements is connected to the common voltage
line.

4. The liquid crystal display of claim 3, further comprising:

at least one decompressing capacitor, wherein each of the
at least one decompressing capacitor is connected to the
common voltage line and at least one decompressing
switching element of the at least two decompressing
switching elements.

5. The liquid crystal display of claim 4, wherein

each of the at least one decompressing capacitor includes a
first terminal and a second terminal, wherein the first
terminal corresponds to an output terminal of a corre-
sponding decompressing switching element of the at
least one decompressing switching element connected
thereto and the second terminal corresponds to a portion
of the common voltage line.

6. The liquid crystal display of claim 5, further comprising:

acontroller which controls a data voltage received from the
data line such that a polarity of the data voltage with
respect to the predetermined voltage of the common
voltage line is inverted every frame.
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7. The liquid crystal display of claim 6, wherein

a control terminal of the first switching element and a
control terminal of the second switching element are
connected to the gate line,

an input terminal of the first switching element and an input
terminal of the second switching element are connected
to the data line,

an output terminal of the first switching element is con-
nected to the first liquid crystal capacitor, and

an output terminal of the second switching element is con-
nected to the second liquid crystal capacitor and an input
terminal of one decompressing switching element of the
at least two decompressing switching elements.

8. The liquid crystal display of claim 7, wherein

the at least two decompressing switching elements com-
prise a first decompressing switching element and a
second decompressing switching element,

an input terminal of the first decompressing switching ele-
ment is connected to the output terminal of the second
switching element, and

an output terminal of the first decompressing switching
element and an input terminal of the second decom-
pressing switching element are connected to each other.

9. The liquid crystal display of claim 1, wherein

a control terminal of each of the at least two decompressing
switching elements are connected to the common volt-
age line.

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

ing:

at least one decompressing capacitor, wherein each of the
at least one decompressing capacitor is connected to the
common voltage line and at least one decompressing
switching element of the at least two decompressing
switching elements.

11. The liquid crystal display of claim 10, wherein

each of the at least one decompressing capacitor includes a
first terminal and a second terminal, wherein the first
terminal corresponds to an output terminal of a corre-
sponding decompressing switching element of the at
least one decompressing switching element connected
thereto and a second terminal corresponds to a portion of
the common voltage line.

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

ing:

a controller which controls a data voltage received from the
data line such that a polarity of the data voltage with
respect to the predetermined voltage of the common
voltage line is inverted every frame.

13. The liquid crystal display of claim 1, wherein

a control terminal of the first switching element and a
control terminal of the second switching element are
connected to the gate line,

an input terminal of the first switching element and an input
terminal of the second switching element are connected
to the data line,

an output terminal of the first switching element is con-
nected to the first liquid crystal capacitor, and

an output terminal of the second switching element is con-
nected to the second liquid crystal capacitor and an input
terminal of one decompressing switching element of the
at least two decompressing switching elements.

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

the at least two decompressing switching elements include
a first decompressing switching element and a second
decompressing switching element,
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an input terminal of the first decompressing switching ele-
ment is connected to an output terminal of the second
switching element, and

an output terminal of the first decompressing switching
element and an input terminal of the second decom-
pressing switching element are connected to each other.

15. A liquid crystal display, comprising:

a first substrate;

a second substrate disposed opposite to the first substrate;

a gate line disposed on the first substrate;

a data line disposed on the first substrate;

a common voltage line disposed on the first substrate;

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

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

a first subpixel electrode connected to the first switching
element;

a second subpixel electrode connected to the second
switching element; and

at least two decompressing switching elements connected
to the second switching element and the common volt-
age line.

16. The liquid crystal display of claim 15, wherein

the at least two decompressing switching elements are
connected to one another in series.

17. The liquid crystal display of claim 16, wherein

acontrol terminal of each of the at least two decompressing
switching elements is connected to the common voltage
line.

22

18. The liquid crystal display of claim 17, further compris-
ing:
at least one decompressing capacitor, wherein each of the
at least one decompressing capacitor is connected to the
5 common voltage line and at least one decompressing
switching element of the at least two decompressing
switching elements.
19. The liquid crystal display of claim 18, further compris-
ing:
an opposed electrode disposed on the second substrate,
wherein the opposed electrode receives a predetermined
voltage from the common voltage line.
20. The liquid crystal display of claim 15, wherein
a control terminal of each of the at least two decompressing

10

15 switching elements is connected to the common voltage
line.
21. The liquid crystal display of claim 15, further compris-
ing:
at least one decompressing capacitor, wherein each of the
20 at least one decompressing capacitor is connected to the

common voltage line and at least one decompressing
switching element of the at least two decompressing
switching elements.

22. The liquid crystal display of claim 15, further compris-

25 ing:

an opposed electrode disposed on the second substrate,
wherein the opposed electrode receives a predetermined
voltage from the common voltage line.

* * #* Ed *



THMBW(EF)

[ i (S RIR) A ()
e (S IR) A (%)

HAT R E (TR AGE)

WEE e

US8325287 ASIHUN=!
US12/986599 HiE A
=EBFHA L4

SAMSUNG ELECTRONICS CO. , LTD.

=EDISPLAY CO., LTD.

2012-12-04

2011-01-07

patsnap

¥R &8 A JUNG KWANG CHUL
CHAI CHONG CHUL
GOH JOON CHUL
YOON YOUNG SO0
REBEA JUNG, KWANG-CHUL
CHAI, CHONG-CHUL
GOH, JOON-CHUL
YOON, YOUNG-SOO
IPCH¥%(S GO02F1/136
CPCH#%S GO02F1/13624 G09G3/3648 GO2F1/133707 G02F2001/134345 G09G2300/0434 G09G2300/0439
G09G2300/0447 G09G2320/028
RIBHEF) EEBRMBELLP
£ 42 1020100056645 2010-06-15 KR
H AN FF Sk US20110304789A1
I EheE Espacenet USPTO
BEGE) OL
RBEREETEMRE , EMRER X HEMREL SN EEL , St il - ~}
MENBBLEIENLAREEL  EF 0 BEEERTERE , £— i S, . 3
RURE ERIMRE BTBELN TH | EETMRENBBENE =T i J_ J_ i
Xt EEIE-FROHNE—HRBEREE  EEIE-Fxalt | Cleh= = (sl =—(s? 3
NEZHRERBNELHNRETF R T EZERE - T4 | 1
b [ [] ~PXb
BEL, i TI_I Qcl Qc2 |
e PX
R :
; ——PXa
! - Oa\ﬁ |
' g Cloa ‘



https://share-analytics.zhihuiya.com/view/6fce6b2a-f31a-40e7-882f-5e279d3c4154
https://worldwide.espacenet.com/patent/search/family/045095972/publication/US8325287B2?q=US8325287B2
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=8325287.PN.&OS=PN/8325287&RS=PN/8325287

