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LIQUID CRYSTAL DISPLAY

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The present invention relates to a liquid crystal dis-
play.

[0003] 2. Discussion of the Background

[0004] Liquid crystal displays (LCDs) are one of the most

widely used flat panel displays. An LCD includes a pair of
substrates provided with field-generating electrodes, such as
pixel electrodes and a common electrode, and a liquid crystal
(LC) layer interposed between the two substrates. The LCD
displays images when voltages are applied to the field-gen-
erating electrodes, thereby generating an electric field in the
LC layer that determines the orientations of LC molecules
therein to adjust polarization of incident light.

[0005] Among LCDs, a vertical alignment (VA) mode
LCD, which aligns LC molecules such that the long axes
thereof are perpendicular to the substrates in the absence of an
electric field, is spotlighted because of its high contrast ratio
and wide viewing angle.

[0006] The wide viewing angle of the VA mode LCD may
be realized by cutouts or openings in the field-generating
electrodes. Since the cutouts may determine the tilt directions
of the LC molecules, the tilt directions may be distributed in
several directions using the cutouts such that the viewing
angle is widened.

[0007] However, the VA mode LCD has poor lateral vis-
ibility as compared with front visibility. To improve the lat-
eral visibility of the VA mode LCD, one pixel may be divided
into two sub-pixels and different voltages may be applied to
each sub-pixel. One sub-pixel receives a higher voltage
through a switching element and the other sub-pixel may be
coupled to the sub-pixel connected to the switching element
through a coupling capacitor so that it may receive a lower
voltage.

[0008] However, when connecting two sub-pixels with a
coupling capacitor, the pixels may discharge more slowly,
thereby generating image sticking. Also, the color and lumi-
nance of the LCD are not naturally visible on the lateral side
since the lateral gamma curve changes abruptly.

SUMMARY OF THE INVENTION

[0009] The present invention provides an LCD that may
prevent the generation of image sticking and improve lateral
visibility by preventing a delay of an electric discharge of
pixels.

[0010] Additional features of the invention will be set forth
in the description which follows, and in part will be apparent
from the description, or may be learned by practice of the
invention.

[0011] The present invention discloses a liquid crystal dis-
play comprising a pixel electrode comprising a first sub-pixel
electrode, a second sub-pixel electrode and a third sub-pixel
electrode, separated from each other. First and second thin
film transistor are connected to the first and second sub-pixel
electrodes respectively. A gate line is connected to the first
thin film transistor and the second thin film transistor. A data
line is insulated from and crossing the gate line, connected to
the first thin film transistor and the second thin film transistor.
A first storage line extends across the first sub-pixel electrode
parallel with the gate line. The first storage line is supplied
with a voltage with a period smaller than one frame time. The
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firstand second thin film transistors comprise a gate electrode
connected to the gate line, a source electrode connected to the
data line and a drain electrode connected to the first sub-pixel
electrode and the second sub-pixel electrode respectively, and
the drain electrode of the first or second thin film transistor
overlaps with the third sub-pixel electrode. A voltage applied
to the first sub-pixel electrode is higher than a voltage applied
to the second sub-pixel electrode, and the voltage applied to
the second sub-pixel electrode is higher than a voltage applied
to the third sub-pixel electrode. At least one of the first,
second and third sub-pixel electrodes further comprises a
plurality of slits to speed up the movement of liquid crystal
molecules. The liquid crystal display further comprises a
second storage line extending across the second sub-pixel
electrode or the third sub-pixel electrode.

[0012] The present invention also discloses a liquid crystal
display a first substrate comprising a gate line formed on the
first substrate and a data line crossing the gate line. A plurality
of pixels is connected to the gate line and the data line, and
each pixel comprises a first sub-pixel electrode, a second
sub-pixel electrode and a third sub-pixel electrode, separated
from each other. A first storage line, parallel with the gate line,
extending across the first sub-pixel electrode. A second sub-
strate comprises a common electrode formed on the second
substrate so as to apply a reference voltage. A liquid crystal
layer is disposed between the first substrate and the second
substrate. First, second and third liquid crystal capacitors are
formed by the first, second and third sub-pixel electrodes, the
common electrode and the liquid crystal layer therebetween.
First and second thin film transistor are connected to the first
and second sub-pixel electrodes respectively. The first and
second thin film transistors comprise a gate electrode con-
nected to the gate line, a source electrode connected to the
data line and a drain electrode connected to the first sub-pixel
electrode and the second sub-pixel electrode respectively, and
each pixel comprises a coupling capacitor formed by over-
lapping the drain electrode of the first or second thin film
transistor with the third sub-pixel electrode. At least one of
the first, second and third sub-pixel electrodes and the com-
mon electrode comprise a plurality of slits to speed up the
movement of liquid crystal molecules. The liquid crystal
display further comprises a light blocking member, formed
on the first substrate or the second substrate, including linear
portions corresponding to the data line and the gate line so as
to prevent light leakage between the pixels. A plurality of
color filters is formed on the first substrate or the second
substrate, disposed substantially in the areas enclosed by the
light blocking member.

[0013] The present invention also discloses a method for
manufacturing an array substrate, the method comprising
forming a gate line, a gate electrode and a first storage line
parallel with the gate line; forming a gate insulating layer on
the gate line and the first storage line; forming a plurality of
semiconductor islands on the gate insulating layer; forming a
data line crossing the gate line on the gate insulating layer,
source electrodes and drain electrodes on each semiconductor
island; forming a passivation layer comprising a plurality of
contact holes exposing the drain electrode and the gate line;
and forming a pixel electrode comprising a first sub-pixel
electrode, a second sub-pixel electrode and a third sub-pixel
electrode, separated from each other. Each of the first and
second sub-pixel electrode connects to the drain electrode
through the contact hole, the first storage line extends across
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the first sub-pixel electrode, and at least one of the drain
electrodes overlaps with the third sub-pixel electrode.
[0014] Itistobeunderstood that both the foregoing general
description and the following detailed description are exem-
plary and explanatory and are intended to provide further
explanation of the invention as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] The accompanying drawings, which are included to
provide a further understanding of the invention and are
incorporated in and constitute a part of this specification,
illustrate embodiments of the invention, and together with the
description serve to explain the principles of the invention.
[0016] FIG.1isablockdiagram of an LCDaccording to an
exemplary embodiment of the present invention.

[0017] FIG. 2 is a structural view of three sub-pixels in a
pixel of an LCD according to an exemplary embodiment of
the present invention.

[0018] FIG. 3 is an equivalent circuit diagram of three
sub-pixels in a pixel of an LCD according to an exemplary
embodiment of the present invention.

[0019] FIG. 4 is a layout view of an LCD to an exemplary
embodiment of the present invention.

[0020] FIG. 5 and FIG. 6 are cross-sectional views of the
LCD shown in FIG. 4 taken along line V-V and line VI-V],
respectively.

[0021] FIG. 7 is a timing chart of three sub-pixel voltages
applied to one pixel of an LCD according to an exemplary
embodiment of the present invention.

[0022] FIG. 8 is a graph illustrating a front gamma curve
and a lateral gamma curve of an LCD according to the prior
art.

[0023] FIG. 9 is a graph illustrating a front gamma curve
and a lateral gamma curve of an LCD according to an exem-
plary embodiment of the present invention.

DETAILED DESCRIPTION OF THE
ILLUSTRATED EMBODIMENTS

[0024] The invention is described more fully hereinafter
with reference to the accompanying drawings, in which
embodiments ofthe invention are shown. This invention, may
however, be embodied in many different forms and should not
be construed as limited to the embodiments set forth herein.
Rather, these embodiments are provided so that this disclo-
sure is thorough, and will fully convey the scope of the inven-
tion to those skilled in the art. In the drawings, the size and
relative sizes of layers and regions may be exaggerated for
clarity. Like reference numerals in the drawings denote like
elements.

[0025] It will be understood that when an element or layer
is referred to as being “on” or “connected to” another element
or layer, it can be directly on or directly connected to the other
element or layer, or intervening elements of layers may be
present.

[0026] I.CDs according to exemplary embodiments of the
present invention will be described in detail below with ref-
erence to the accompanying drawings.

[0027] FIG.1isablockdiagram of an LCDaccording to an
exemplary embodiment of the present invention, FIG. 2 is a
structural view of three sub-pixels in a pixel of an LCD
according to an exemplary embodiment of the present inven-
tion and FIG. 3 is an equivalent circuit diagram of three
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sub-pixels in a pixel of an LCD according to an exemplary
embodiment of the present invention.

[0028] As shown in FIG. 1, an LCD according to an exem-
plary embodiment of the present invention includes an LC
panel assembly 300, a gate driver 400 and a data driver 500
connected to the LC panel assembly 300, a gray voltage
generator 800 connected to the data driver 500, a storage line
driver 700 connected to the LC panel assembly 300 and a
signal controller 600 to control the above elements. The gate
driver 400 may include a pair of drivers disposed at respective
sides of the L.C panel assembly 300.

[0029] The LC panel assembly 300 includes a plurality of
signal lines G1-Gn, D1-Dm and SLal-SLan, and a plurality
of pixels PX1, PX2, and PX3 connected to the signal lines and
arranged substantially in a matrix, as seenin FIG. 1. The LC
panel assembly 300 includes lower and upper substrates 100
and 200 that face each other and an LC layer 3 interposed
between the lower and upper substrates 100 and 200, as in the
structural view shown in F1G. 2.

[0030] The signal lines G1-Gn, D1-Dm and Slal-SLan
include a plurality of gate lines G1-Gn to transmit gate signals
(also referred to as “scanning signals™), a plurality of data
lines D1-Dm to transmit data signals and a plurality of storage
lines SLal-SLan to transmit storage signals. The gate lines
G1-Gn and the storage lines SLal-SLan extend substantially
in a row direction and are substantially parallel to each other,
and the data lines D1-Dm extend substantially in a column
direction and are substantially parallel to each other.

[0031] Each pixel PX1, PX2, and PX3 has an elongated
shape and extends in the row direction, and includes a first,
second and third sub-pixels PXa, PXb and PXc. Each pixel
includes an LC capacitor Clca, Clcb and Clce respectively,
and the first and second sub-pixel PXa and PXb include
switching elements Qa and Qb connected to the signal lines
respectively.

[0032] The switching element including a thin film transis-
tor is a three-terminal element provided on the lower substrate
100, and the control terminal thereof'is connected to the gate
line Gn, the input terminal thereofis connected to the data line
Dm, and the output terminal thereof is connected to an LC
capacitor Clca or Clcb, a coupling capacitor Cep or a storage
capacitor Csta.

[0033] The LC capacitor Clea, Clcb or Clec is formed by a
sub-pixel electrode PEa, PEb or PEc provided on the lower
substrate 100 and a common electrode 270 provided on an
upper substrate 200 as two terminals, and the LC layer 3
disposed between the sub-pixel electrode PEa, PEb or PEc
and the common electrode 270 as a dielectric material. The
sub-pixel electrodes PEa, PEb and PEc are separated from
each other and together form a pixel electrode PE. The com-
mon electrode 270 is formed on the entire surface of the upper
substrate 200 and supplied with a common voltage Vcom.
[0034] The first sub-pixel PXa includes the first switching
element Qa, the first storage capacitor Csta connected to a
first storage line SLa. The first storage capacitor Csta func-
tioning as an auxiliary capacitor for the first liquid crystal
capacitor Clca is formed by overlapping another signal line
SLa provided on the lower substrate 100 with the pixel elec-
trode PE via an insulator disposed therebetween, and this
signal line is supplied with an alternating current voltage, in
other words AC voltage swinging between predetermined
ranges. The second sub-pixel PXb includes a second switch-
ing element Qb and may include a second storage capacitor
(not shown). The third sub-pixel PXc¢ includes the coupling
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capacitor Ccp formed by overlapping an extended drain elec-
trode of the second switching element Qb with the sub-pixel
electrode PEc and may include a third storage capacitor (not
shown).

[0035] In the meantime, in order to implement a color dis-
play, each pixel PX1, PX2, and PX3 uniquely displays one of
the primary colors (spatial division) or each pixel PX1, PX2,
and PX3 sequentially displays the primary colors in turn
(temporal division) so that a spatial or temporal sum of the
primary colors are recognized as a desired color. An example
of a set of the primary colors is three primary colors including
red, green, and blue. FIG. 2 shows an example of the spatial
division in which each pixel PX1, PX2, PX3 includes a color
filter 230 representing one of the primary colors in an area of
the upper substrate 200 facing the pixel electrode PE. Unlike
FIG. 2, the color filter 230 may be provided on or under the
pixel electrode PE on the lower substrate 100. Color filters
230 of the pixels PX1, PX2, and PX3 that are adjacent to each
other in a row direction are connected to each other to extend
along the row direction, and color filters 230 representing
different colors from each other are alternately arranged in the
column direction.

[0036] In this way, pixels PX1, PX2, and PX3, which rep-
resent three primary colors, form a dot DT that is a funda-
mental unit for displaying images.

[0037] Referring to FIG. 1 again, the gate driver 400 is
connected to the gate lines G1-Gn of the LC panel assembly
300 and synthesizes a gate-on voltage Von and a gate-off
voltage Voff to generate gate signals, which are applied to the
gate lines G1-Gn.

[0038] The data driver 500 is connected to the data lines
D1-Dm of the LC panel assembly 300 and selects the gray
voltages supplied from the gray voltage generator 800 and
then applies a selected gray voltage to the data lines D1-Dm
as a data signal.

[0039] The storage line driver 700 is connected to the stor-
age lines SLal-SLan of the LC panel assembly 300 and
applies storage voltages.

[0040] Each driver 400 and 500 mentioned above may be
directly mounted on the LC panel assembly 300 in the form of
at least one integrated circuit (IC) chip. Alternatively, each
driver 400 and 500 may be mounted on a flexible printed
circuit film (not shown) in a tape carrier package (TCP) type
that is attached to the LC panel assembly 300 or on a separate
printed circuit board (not shown). As yet another alternative,
each driver 400 and 500 may be integrated with the LC panel
assembly 300, the signal lines G1-Gn, D1-Dm, and the
switching elements.

[0041] Thesignal controller 600 may control the gate driver
400 and the data driver 500.

[0042] Now, a structure of the LC panel assembly will be
described in detail with reference to FIG. 4, FIG. 5, and FIG.
6 along with FIG. 1, FIG. 2 and FIG. 3 described above.
[0043] FIG. 4 is a layout view of an LCD to an exemplary
embodiment of the present invention, and FIGS. 5 and 6 are
cross-sectional views of the LCD shown in F1G. 4 taken along
line V-V and line VI-VI, respectively.

[0044] An LCD according to an exemplary embodiment of
the present invention includes a lower substrate 100, an upper
substrate 200 opposing the lower substrate 100 and an LC
layer 3 interposed between the two substrates 100 and 200.
[0045] First, the lower substrate 100 will be described in
detail with reference to FIG. 4, FIG. 5, and FIG. 6.
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[0046] A plurality of gate lines 121 is formed on an insu-
lating substrate 110, which may include transparent glass.
[0047] The gate lines 121, which are spaced from each
other, extend substantially in a row direction and transmit
gate signals. Each gate line 121 includes a plurality of first and
second gate electrodes 124a and 1245 at each pixel. The first
and second gate electrodes 124a and 124b may separately
extend from the gate lines 121, but make up one body such
that a portion of the body is used as the first gate electrodes
124a and the remaining portion of the body is used as the
second electrodes 1245.

[0048] The gate lines 121 may include an aluminum—(Al)
containing metal such as Al and an Al alloy, a silver—(Ag)
containing metal such as Ag and a Ag alloy, a copper—(Cu)
containing metal such as Cu and a Cu alloy, a molybdenum—
(Mo) containing metal such as Mo and a Mo alloy, chromium
(Cr), tantalum (Ta), titanium (Ti), or a combination thereof.
Alternatively, the gate lines 121 may have a multi-layered
structure including two conductive layers (not shown) having
different physical properties. One of the two conductive lay-
ers may include a low resistivity metal, such as an Al-con-
taining metal, an Ag-containing metal, or a Cu-containing
metal, to reduce signal delay or voltage drop in the gate lines
121 and storage electrode lines 131. The other conductive
layer may include a material such as a Mo-containing metal,
Cr, Ti, and Ta, which has good contact characteristics with
other materials such as indium tin oxide (ITO) and indium
zine oxide (IZ0).

[0049] Also, the lateral sides of the gate lines 121 are
inclined relative to a surface of the substrate 110, and the
inclination angle thereof may range from about 30 degrees to
about 80 degrees.

[0050] The storage electrode line 131a extends across the
first sub-pixel PXa substantially in the row direction and is
supplied with the AC voltage swinging between predeter-
mined ranges. The storage electrode line 131a is positioned
between the neighboring gate lines and includes at least one
storage electrode 137a in the first sub-pixel PXa. Although
not shown in the FIGs., another storage line may extend
across the second sub-pixel PXb or the third sub-pixel PXc in
order to keep the applied voltage in each sub-pixel.

[0051] A gate insulating layer 140, which may include sili-
con nitride (SiNx), is formed on the gate lines 121 and the
storage electrode lines 131a.

[0052] A plurality of semiconductor islands 1544 and
1545, which may include hydrogenated amorphous silicon
(abbreviated to “a-S1”) or poly-silicon, are formed on the gate
insulating layer 140.

[0053] The semiconductor islands 154a and 1545 are
respectively disposed on the first and second gate electrodes
124a and 1245. The semiconductor islands 1544 and 1545
make up one body as do the first and second gate electrodes
124a and 1245, and may be spaced apart from each other
corresponding to the structure of the first and second gate
electrodes 124a and 1245.

[0054] A plurality of ohmic contact islands 163¢ and 1635,
which may include silicide or n+ hydrogenated amorphous
silicon (a-Si) heavily doped with an n-type impurity such as
phosphorus (P), are formed on the semiconductor islands
1544 and 154b. The ohmic contact islands 163a and 1635 are
disposed in pairs on the semiconductors 154a and 1545
respectively.

[0055] The lateral sides of the semiconductors 154a and
1545 and the ohmic contact islands 163a and 1635 are also
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inclined relative to a surface of the substrate 110, and the
inclination angle thereof may range from about 30 degrees to
about 80 degrees.

[0056] A plurality of data lines 171 including a plurality of
first and second source electrodes 1734 and 1735, a plurality
of first and second drain electrodes 175a and 1755 are formed
on the chmic contact islands 163a and 1635 and the gate
insulating layer 140.

[0057] The data lines 171 extend substantially in the col-
umn direction and cross the gate lines 121 and transmit data
signals. Each data line 171 includes a plurality of first and
second source electrodes 173a and 1735 branched out toward
the first and second gate electrodes 1244 and 124 and an end
portion 179 having an extended area to connect to another
layer or an external driving circuit. The first and the second
source electrodes 173a and 1735 have upside down “U”
shapes and are connected to each other to form an upside
down “W” shape.

[0058] A data driving circuit (not shown) to generate the
data signals may be mounted on an FPC film (not shown),
which may be attached to the substrate 110, directly mounted
on the substrate 110, or integrated with the substrate 110. The
data lines 171 may extend to connect to a driving circuit that
may be integrated with the substrate 110.

[0059] The first and second drain electrodes 175a and 1755
are spaced apart from the data lines 171, and the drain elec-
trodes 175a and 1755 are opposite the first and second source
electrodes 173a and 1735 over the gate electrodes 124a and
124b, respectively.

[0060] Each of the first and second drain electrodes 1754
and 1756 includes a stick-shaped end portion, which is pat-
tially surrounded by the source electrodes 173a and 1735 that
are curved in the shape of a letter “U”.

[0061] Each of the first and second drain electrodes 175a
and 175b includes an expansion, which is not opposite the
first and second source electrodes 173a and 1735, extending
to connect to another layer.

[0062] The first and second gate electrodes 124¢ and 1245,
the first and second source electrodes 173a and 1735, and the
first and second drain electrodes 1754 and 1756, along with
the semiconductors 154a and 1545, form the first and second
thin film transistors Qa and Qb. Each thin film transistor Qa
and Qb has a channel formed in the semiconductors 154a and
1545 disposed between the first and second source electrodes
173a and 17356 and the first and second drain electrodes 175a
and 175b respectively.

[0063] The first source electrode 173a and the second
source electrode 1735, the first gate electrode 124a and the
second gate electrode 1245, and the first semiconductor 154a
and the second semiconductor 1544, which form the first thin
film transistor Qa and the second thin film transistor Qb as one
body, however, may be spaced apart from each other.

[0064] A passivation layer 180 is formed on the data lines
171, the first and second drain electrodes 175a and 17556, and
the exposed portions of the semiconductors 1544 and 1545.
The passivation layer 180 may include an inorganic insulator
such as silicon nitride or silicon oxide, an organic insulator, or
a low dielectric insulator. The organic insulator and the low
dielectric insulator may have dielectric constants that are
lower than 4.0. The passivation layer 180 may include an
organic insulator having photosensitivity and the surface
thereof may be flat. However, the passivation layer 180 may
have a double-layered structure including a lower inorganic
layer and an upper organic layer, which may protect the
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exposed portions of the semiconductors 154a and 1545 while
making the most of the excellent insulating characteristics of
an organic layer.

[0065] The passivation layer 180 has a plurality of contact
holes 182, 1854 and 185b that respectively expose the end
portions 179 of the data lines 171, the first and second drain
electrodes 175¢ and 175b. Also, another contact hole 181
exposing the end portions 129 of the gate lines 121 is formed
at the gate insulating layer 140 and the passivation layer 180.
[0066] A plurality of pixel electrodes 191, a plurality of
contact assistants 81 and 82, and a plurality of capacitive
conductors 86 are formed on the passivation layer 180. These
may include a transparent conductor such as ITO or IZO, ora
reflective metal such as Al, Ag, Cr, or alloys thereof.

[0067] Each pixel electrode 191 comprises the first sub-
pixel electrode 191a, the second sub-pixel electrode 1915 and
the third sub-pixel electrode 191¢, separated from each other.
Each sub-pixel electrode 191, 19156 and 191¢ substantially
has rectangular shape. Also, the sub-pixel electrodes 191a,
1915 and 191c¢ can be divided by a plurality of chevron
patterns, e.g. openings or protrusions. Furthermore, each sub-
pixel electrode may comprise a plurality of micro slits (not
shown in FIGs.) of which the width is below 2.5 times of a cell
gap, which defines the distance between the substrates, in
order to speed up the movement of the liquid crystal mol-
ecules.

[0068] The first sub-pixel electrode 191a connects to the
first drain electrode 175a through the contact hole 1854 and
the second sub-pixel electrode 1915 connects to the second
drain electrode 1755 through the contact hole 1855. The third
sub-pixel electrode 191¢ overlaps with the extended drain
electrode 175a or 175¢ in order to form the coupling capacitor
Ccep. The coupling capacitor Cep includes the third sub-pixel
electrode PEc and the extended drain electrode 1754 or 175¢
as two terminals, and the passivation layer 180 disposed
between the third sub-pixel electrode PEc and the extended
drain electrode as a dielectric of the coupling capacitor Cep.
The capacitance of the coupling capacitor Cep is adjusted by
an area overlapping the sub-pixel electrode 191¢ with the
drain electrode 175a or 1755.

[0069] Next, the upper substrate 200 will be described with
reference to FIG. 4 and FIG. 5.

[0070] A light blocking member 220 is formed on an insu-
lating substrate 210 that may include transparent glass or
plastic. The light blocking member 220 is also called a black
matrix and prevents light leakage. The light blocking member
220 includes linear portions corresponding to the data lines
171 and the gate lines 121 and planar portions corresponding
to the thin film transistors, and it prevents light leakage
between pixel electrodes 191 and defines openings that face
the pixel electrodes 191.

[0071] A plurality of color filters 230 is also formed on the
substrate 210. The color filters 230 are disposed substantially
in the areas enclosed by the light blocking member 220, and
they may extend in a column direction substantially along the
pixel electrodes 191. Each color filter 230 may represent one
of the primary colors such as red, green, and blue.

[0072] An overcoat 250 is formed on the color filters 230
and the light blocking member 220. The overcoat 250 may
include an (organic) insulator and may prevent the color
filters 230 from being exposed while providing a flat surface.
The overcoat 250 may be omitted.

[0073] Inthe mean time, the light blocking member 220 or
the color filters 230 are formed on the lower substrate 100.
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[0074] The common electrode 270 is formed on the over-
coat 250 so as to apply a reference voltage to the LCD panel
assembly 300. The common electrode 270 may include a
transparent conductive material such as ITO and [ZO.
[0075] Also, the common electrode 270 can be divided by a
plurality of chevron patterns, e.g. openings or protrusions
parallel to the chevron pattern of the sub-pixel electrodes.
Furthermore, the common electrode 270 may also include a
plurality of sets of slits (not shown in FIGs.) of which the
widthis below 2.5 times of the cell gap inorder to speed up the
liquid crystal molecules.

[0076] Alignment layers 11 and 21 are coated on inner
surfaces of the substrates 100 and 200. The alignment layers
11 and 12 may be homeotropic.

[0077] Polarizers 12 and 22 are provided on outer surfaces
of the substrates 100 and 200. The polarization axes of the
polarizers may be perpendicular to each other, and one of the
polarization axes may be parallel to the gate lines 121. One of
the polarizers may be omitted when the LCD is a reflective
LCD.

[0078] The LCD may further include at least one retarda-
tion film (not shown) to compensate the retardation of the LC
layer 3. The retardation film has birefringence and retards
opposite to the LC layer 3. The retardation film may include
auniaxial or biaxial optical compensation film and in particu-
lar, may include a negative uniaxial compensation film.
[0079] The LCD may further include a backlight unit (not
shown) to supply light to the LC layer 3 through the polarizer
12, the retardation film, and the substrate 100.

[0080] The LC layer 3 may have negative dielectric anisot-
ropy and may be subjected to vertical alignment such that the
LC molecules in the LC layer 3 are aligned with their long
axes substantially perpendicular to the surfaces of the sub-
strates 100 and 200 in the absence of an electric field.
[0081] Now, the operation of the LCD panel according to
exemplary embodiments of the present invention will be
described in detail with reference to the accompanying draw-
ings.

[0082] Referring to FIG. 1 again, the signal controller 600
is supplied with input image signals R, G, and B and input
control signals for controlling the display thereof from an
external graphics controller (not shown). The input image
signals R, G, and B include information on the luminance of
the each pixel and the luminance is represented by the gray
scale, e.g. 1024 (=2'9), 256 (=2*) or 64 (=2°). The input
control signals include a vertical synchronization signal
Vsyne, a horizontal synchronization signal Hsync, a main
clock signal MCLK, and a data enable signal DE.

[0083] On the basis of the input control signals, the signal
controller 600 generates gate control signals CONT1, data
control signals CONT?2 and storage control signals CONT3,
and sends the gate control signal CONT1 to the gate driver
400, sends the data control signals CONT?2 to the data driver
500 and sends the storage control signals CONT3 to the
storage line driver 700 in order to operate the panel assembly
300.

[0084] Also, receiving the input image signals R, G, and B,
the signal controller 600 processes the input image signals R,
G, and B and sends output image signals DAT to the data
driver 500. The output image signals DAT include digital
signals representing the gray scale.

[0085] On the basis of the data control signals CONT2, the
data driver 500 receives the output image signals DAT,
changes the output image signals into analog gray voltages by
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the gray voltage generator 800, and applies the analog gray
voltages, that is, the data voltages to the data lines D1-Dm in
order to operate a row of pixels PX.

[0086] Firstly, referring to FIGS. 1, 3 and 4, when the gate
driver applies a gate on voltage Von to one of the gate lines
G1-Gn according to the gate control signals CONTT1, the first
and second thin film transistors Qa and Qb are turned on by
the gate on voltage Von applied to the gate line 121z of the
current row such that the data voltage Vd applied to the data
line 171 is transmitted to the first and second sub-pixel elec-
trodes 191a and 1915 through the contact holes 1854 and
1855 respectively. Accordingly, the data voltage is applied to
the first and second liquid crystal capacitors Clca and Clcb,
and the first storage capacitor Csta.

[0087] Secondly, the third sub-pixel electrode 191c¢ is
charged with a coupling voltage V¢ since the extended drain
electrode 175a or 175¢ overlapping with the third sub-pixel
electrode 191c¢ is applied to the data voltage Vd. The coupling
voltage Ve can be expressed as follows:

Ve=(ClecVeom+CepVd)/(Clec+Cep)

[0088] Accordingly, the coupling voltage Ve is applied to
the third liquid crystal capacitors Clcc and the coupling
capacitor Cep.

[0089] As shown in FIG. 7, each sub-pixel electrode volt-
age Pa, Pb and Pc applied to the first, second and third liquid
crystal capacitors is increased respectively at a predetermined
level simultaneously until the first and second thin film tran-
sistors Qa and Qb are turned off by a gate off voltage Voff
applied to the gate line 121x2. When the first and second thin
film transistors Qaand Qb are turned off, the first, second and
third sub-pixel electrodes 191a, 1915 and 191c are in a float-
ing state, and a parasitic capacitance between each drain
electrode 175a and 1756 and the gate line 121 always leads
each sub-pixel electrode voltage Pa, Pb and Pe, irrespective of
the polarity thereof, to a negative voltage shift, what is to say,
a kick back voltage drop Vkb.

[0090] Thereafter, a voltage is applied to the first storage
line SLa according to the storage control signals CONT3, and
the first sub-pixel electrode voltage Pa varies in a high level at
a positive polarity thereof. The voltage applied to the first
storage line SLa may change the polarity thereof witha period
smaller than one frame time, e.g. 16.7 ms.

[0091] As shown in FIG. 7, the first sub-pixel electrode
voltage Pa is increased with APa commensurate with the
voltage change of the first storage line SLa. The second and
third sub-pixel electrode voltage Pb and Pc keep their level
irrespective of the voltage change of the first storage line SLa.
[0092] Accordingly, the first, second and third sub-pixel
voltages with respect to the common voltage Vcom become
Vpal, Vpbl and Vpcl respectively. The absolute value of the
sub-pixel voltage is sequentially Vpal>Vpbl>Vpcl. These
sub-pixel voltages keep their level during one frame.

[0093] When the voltages are charged in the first and sec-
ond liquid crystal capacitors Clca, Clcb and Clcec, a vertical
electric field between the lower substrate 100 and the upper
substrate 200 is generated in the LC layer 3. Then, the LC
molecules inthe LC layer 3 tiltin response to the electric field
such that their long axes become perpendicular to the field
direction. The tilt of the LC molecules determines the varia-
tion of the polarization of light incident on the L.C layer 3, and
the variation of the light polarization is transformed into the
variation of the light transmittance by the polarizers 12 and
22. In this way, the LCD may display images.
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[0094] The tilt angle of the LC molecules depends on the
strength of the electric field. Since the voltage Va of the first
liquid crystal capacitor Clca, the voltage Vb of the second
liquid crystal capacitor Clcb and the voltage Ve of the third
liquid crystal capacitor Clcc are different from each other.
Therefore, the tilt direction of the LC molecules in each
sub-pixel is different from each other, and the luminance of
the three sub-pixels becomes different. Accordingly, while
maintaining the average luminance of the two sub-pixels at a
target luminance, the voltages Va, Vb and Ve of the first,
second and third sub-pixels may be adjusted so that the image
quality viewed from a lateral side is close to the image quality
viewed from the front, thereby improving the lateral visibil-
ity.

[0095] The gate driver, in response to the gate control sig-
nals, supplies the gate on voltage Von to each row of the gate
lines sequentially at a period 1H which is the same as a period
of the horizontal synchronization signals Hsync and the data
enable signal DE, thereby the data voltage is applied to each
pixel and the LCD panel assembly represents an image of one
frame.

[0096] When the next frame starts, the polarity of the data
voltage applied to each pixel is reversed by the data driver 500
which supplies an inversion control signal RVS. That is,
through the same process as described above, the first, second
and third sub-pixel voltages with respect to the common
voltage Vcom become Vpa2, Vpb2 and Vpc2 respectively.
The absolute value of the sub-pixel voltage is sequentially
Vpa2>Vpb2>Vpc2.

[0097] Referring to FIGS. 8 and 9, effects of the LCD
according to an exemplary embodiment of the present inven-
tion will be described as below. FIG. 8 is a graph illustrating
the front and lateral gamma curves of a LCD according to the
prior art. FIG. 9 is a graph illustrating the front and lateral
gamma curves of a LCD according to an exemplary embodi-
ment of the present invention.

[0098] The LCD according to the prior art includes a plu-
rality of pixels having two sub-pixels separated from each
other. InFIG. 8, the visibility index of this LCDis 0.250better
than that of a LCD not dividing the pixel electrodes into the
sub-pixel electrodes. The visibility index is defined as a value
which represents how the lateral gamma compared with the
front gamma is distorted and it is preferable that the visibility
index is lower. As illustrated in FIG. 8, the lateral gamma
curve of the LCD according to the prior art has a deflection
point and a concave portion, where the slope of the gamma
curve is changed, due to the abrupt movement of the liquid
crystal molecules in one sub-pixel supplied with a relatively
lower voltage than the other sub-pixel. As a result, since the
lateral gamma curve changes abruptly, the color and lumi-
nance of this LCD are not naturally visible on the lateral side.
[0099] In the mean time, the visibility index of the LCD
according to the exemplary embodiments of the present
invention is 0.204 better than that of the prior art. Also, as
illustrated in FIG. 9, the lateral gamma curve of the LCD
according to the present invention has no deflection point and
concave portions where the slope of the lateral gamma curve
is abruptly changed. It is understood that even though the
liquid crystal molecules abruptly moves, two sub-pixel sup-
plied with a relatively lower voltage than the other sub-pixel
share and reduce the effect due to the abrupt movement of the
liquid crystal molecules.

[0100] In the LCD shown in FIG. 3, so as to prevent the
abrupt change of slope of the lateral gamma curve and

Dec. 3, 2009

improve the lateral visibility, it is preferable that the first
sub-pixel voltage Vpal is 0.5-1.5 V higher than the third
sub-pixel voltage Vpcl and the second sub-pixel voltage
Vpbl is 0.1-1.0 V higher than the third sub-pixel voltage
Vpcl.

[0101] Accordingly, the exemplary embodiments of the
present invention, compared with the LCD comprising a pixel
divided into two sub-pixels, can accomplish the improvement
of lateral visibility and the prevention of image sticking.
[0102] It will be apparent to those skilled in the art that
various modifications and variations can be made in the
present invention without departing from the spiritor scope of
the invention. Thus, it is intended that the present invention
covers the modifications and variations of this invention pro-
vided they come within the scope of the appended claims and
their equivalents.

What is claimed is:

1. A liquid crystal display comprising:

a pixel electrode comprising a first sub-pixel electrode, a
second sub-pixel electrode and a third sub-pixel elec-
trode, separated from each other;

a first thin film transistor connected to the first sub-pixel
electrode;

a second thin film transistor connected to the second sub-
pixel electrode;

a gate line connected to the first thin film transistor and the
second thin film transistor;

a data line, insulated from and crossing the gate line, con-
nected to the first thin film transistor and the second thin
film transistor; and

a first storage line, parallel with the gate line, extending
across the first sub-pixel electrode,

wherein the first and second thin film transistors comprise
a gate electrode connected to the gate line, a source
electrode connected to the data line and a drain electrode
connected to the first sub-pixel electrode and the second
sub-pixel electrode respectively, and the drain electrode
of thefirst or second thin film transistor overlaps with the
third sub-pixel electrode.

2. The liquid crystal display of claim 1, wherein at least one
of the first, second and third sub-pixel electrodes comprise a
plurality of slits to speed up the movement of liquid crystal
molecules.

3. The liquid crystal display of claim 1, wherein the first
storage line is supplied with a voltage with a period smaller
than one frame time.

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

asecond storage line extending across the second sub-pixel
electrode or the third sub-pixel electrode.

5. The liquid crystal display of claim 1, wherein a voltage
applied to the first sub-pixel electrode is higher than a voltage
applied to the second sub-pixel electrode, and the voltage
applied to the second sub-pixel electrode is higher than a
voltage applied to the third sub-pixel electrode.

6. Theliquid crystal display ofclaim 5, wherein the voltage
applied to the first sub-pixel electrode is 0.5-1.5V higher than
the voltage applied to the second sub-pixel electrode, and the
voltage applied to the second sub-pixel electrode is 0.1-1.0V
higher than the voltage applied to the third sub-pixel elec-
trode.

7. A liquid crystal display comprising:

a first substrate comprising

a gate line formed on the first substrate,
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a data line, insulated from the gate line, crossing the gate
line,

aplurality of pixels connected to the gate line and the data
line, wherein each pixel comprising a first sub-pixel
electrode, a second sub-pixel electrode and a third sub-
pixel electrode, separated from each other, and

a first storage line, parallel with the gate line, extending
across the first sub-pixel electrode;

asecond substrate comprising a common electrode formed
on the second substrate so as to apply a reference volt-
age;

a liquid crystal layer disposed between the first substrate
and the second substrate;

a first liquid crystal capacitor formed by the first sub-pixel
electrode, the common electrode and the liquid crystal
layer therebetween;

a second liquid crystal capacitor formed by the second
sub-pixel electrode, the common electrode and the lig-
uid crystal layer therebetween;

a third liquid crystal capacitor formed by the third sub-
pixel electrode, the common electrode and the liquid
crystal layer therebetween;

a first thin film transistor connected to the first sub-pixel
electrode; and

a second thin film transistor connected to the second sub-
pixel electrode,

wherein the first and second thin film transistors comprise
a gate electrode connected to the gate line, a source
electrode connected to the data line and a drain electrode
connected to the first sub-pixel electrode and the second
sub-pixel electrode respectively, and each pixel com-
prises a coupling capacitor formed by overlapping the
drain electrode of the first or second thin film transistor
with the third sub-pixel electrode.

8. Theliquid crystal display ofclaim 7, wherein at least one
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11. The liquid crystal display of claim 7, wherein a voltage
applied to the first sub-pixel electrode is higher than a voltage
applied to the second sub-pixel electrode, and the voltage
applied to the second sub-pixel electrode is higher than a
voltage applied to the third sub-pixel electrode.

12. The liquid crystal display of claim 11, wherein the
voltage applied to the first sub-pixel electrode is 0.5-1.5V
higher than the voltage applied to the second sub-pixel elec-
trode, and the voltage applied to the second sub-pixel elec-
trode is 0.1-1.0 V higher than the voltage applied to the third
sub-pixel electrode.

13. The liquid crystal display of claim 11, further compris-
ing:

a light blocking member, formed on the first substrate or
the second substrate, including linear portions corre-
sponding to the data line and the gate line so as to prevent
light leakage between the pixels; and

a plurality of color filters, formed on the first substrate or
the second substrate, disposed substantially in the areas
enclosed by the light blocking member.

14. A method for manufacturing an array substrate, the

method comprising:

forming a gate line, a gate electrode and a first storage line
parallel with the gate line;

forming a gate insulating layer on the gate line and the first
storage line;

forming a plurality of semiconductor islands on the gate
insulating layer;

forming a data line crossing the gate line on the gate insu-
lating layer, source electrodes and drain electrodes on
each semiconductor island;

forming a passivation layer comprising a plurality of con-
tact holes exposing the drain electrode and the gate line;
and

of the first, second and third sub-pixel electrodes and the
common electrode comprise a plurality of slits to speed up the
movement of liquid crystal molecules.

9. The liquid crystal display of claim 7, wherein the first
storage line is supplied with a voltage with a period smaller
than one frame time.

10. The liquid crystal display of claim 7, further compris-
ing:

asecond storage line extending across the second sub-pixel

electrode or the third sub-pixel electrode.

forming a pixel electrode comprising a first sub-pixel elec-
trode, a second sub-pixel electrode and a third sub-pixel
electrode, separated from each other, wherein each of
the first and second sub-pixel electrode connects to the
drain electrode through the contact hole, the first storage
line extends across the first sub-pixel electrode, and at
least one of the drain electrodes overlaps with the third
sub-pixel electrode.

L
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