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(7) ABSTRACT

A pixel includes a first subpixel and a second subpixel. The
first subpixel includes a first switching element connected to
a first gate line and a data line, a first liquid crystal capacitor
connected to the first switching element, and a first storage
capacitor connected to the first switching element. The
second subpixel includes a second switching element con-
nected to a second gate line and the data line, a second liquid
crystal capacitor connected to the second switching element,
and a second storage capacitor connected to the second
switching element. At least one of a ratio of capacitances
between a first parasitic capacitor formed in the first switch-
ing element and a second parasitic capacitor formed in the
second switching element and a ratio of capacitances
between the first storage capacitor and a second storage
capacitor is determined based on a ratio of the first liquid
crystal capacitor and the second liquid crystal capacitor.
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FIG. 3
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FIG. 5
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DISPLAY DEVICE AND DRIVING METHOD
THEREOF

BACKGROUND OF THE INVENTION
[0001]

[0002] The present invention relates to a display device
and a driving method thereof, and in particular, to a liquid
crystal display.

[0003] (b) Description of Related Art

[0004] Generally, a liquid crystal display (LCD) includes
a pair of panels including a plurality of pixel electrodes and
a common electrode and a liquid crystal (LC) layer inter-
posed between the panels and having dielectric anisotropy.
The pixel electrodes are arranged in a matrix and connected
to switching elements such as thin film transistors (TFTs).
The pixel electrodes are supplied with data voltages through
the TFTs row by row. The common electrode ranges over an
entire surface of a panel and is supplied with a common
electrode. The pixel electrode and the common electrode
along with the LC layer disposed therebetween form LC
capacitors in circuital view, and a LC capacitor as well as a
switching element is a basic element forming a pixel.

[0005] The LCD generates electric field in the LC layer by
applying voltages to the electrodes, and obtains desired
images by controlling the strength of the electric field to
varying the transmittance of light incident on the LC layer.

[0006] Among the LCDs, a vertical alignment (VA) mode
LCD, which aligns LC molecules such that the long axes of
the LC molecules are perpendicular to the panels in absence
of electric field, is spotlighted because of its high contrast
ratio and wide reference viewing angle.

[0007] The wide viewing angle of the VA mode LCD can
be realized by cutouts in the field-generating electrodes and
protrusions on the field-generating electrodes. Since the
cutouts and the protrusions can determine the tilt directions
of the LC molecules, the tilt directions can be distributed
into several directions by using the cutouts and the protru-
sions such that the reference viewing angle is widened.

[0008] However, the VA mode LCD has poor lateral
visibility as compared with front visibility. For example, a
lateral gamma curve is different from a front gamma curve.

[0009] To improve the lateral visibility, a pixel is divided
into two subpixels capacitively coupled to each other. One
of the two subpixels is directly supplied with a voltage,
while the other is subjected to voltage drop by the capacitive
coupling such that the two subpixels have different voltages
to cause different transmittances.

[0010] However, the conventional method may not control
the transmittances of the two subpixels. In particular, since
the transmittance is varied depending on the color of light,
it is preferred that the voltages for different colors are
different, but it may not be possible. Furthermore, the
aperture ratio is reduced due to the addition of conductors
for capacitive coupling, and the transmittance is reduced due
to the voltage drop caused by the capacitive coupling.

(a) Field of the Invention

SUMMARY OF THE INVENTION

[0011] A liquid crystal display according to an embodi-
ment of the present invention includes: a pixel including a
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first subpixel and a second subpixel; a first gate line coupled
to the first subpixel and transmitting a first gate signal; a
second gate line coupled to the second subpixel and trans-
mitting a second gate signal; and a data line intersecting the
first and the second gate lines and transmitting a data
voltage, wherein the first subpixel includes a first switching
element connected to the first gate line and the data line, a
first liquid crystal capacitor connected to the first switching
element, and a first storage capacitor connected to the first
switching element, the second subpixel includes a second
switching element connected to the second gate line and the
data line, a second liquid crystal capacitor connected to the
second switching element, and a second storage capacitor
connected to the second switching element, and at least one
of a ratio of capacitances between a first parasitic capacitor
formed in the first switching element and a second parasitic
capacitor formed in the second switching element and a ratio
of capacitances between the first storage capacitor and a
second storage capacitor is determined based on a ratio of
the first liquid crystal capacitor and the second liquid crystal
capacitor.

[0012] Each of the first and the second switching elements
may include a thin film transistor including a gate electrode
connected to the first or the second gate line, a source
electrode connected to the data line, and a drain electrode
connected to the first or the second liquid crystal capacitor
and the first or the second storage capacitor, and the first and
the second parasitic capacitances are formed between the
gate electrodes and the drain electrodes.

[0013] The capacitances of the first and the second para-
sitic capacitances may depend on a channel width or a
channel length of the transistors.

[0014] Sizes of the first and the second switching elements
may be determined based on the ratio of the first liquid
crystal capacitor and the second liquid crystal capacitor.

[0015] The ratio of the capacitances between the first and
the second parasitic capacitors and the ratio of capacitances
between the first storage capacitor and a second storage
capacitor may be equal to the ratio of the first liquid crystal
capacitor and the second liquid crystal capacitor.

[0016] The liquid crystal display may further include a
storage electrode line connected to the first and the second
storage capacitors.

[0017] The liquid crystal display may further include a
shielding electrode overlapping the data line and electrically
insulated from the data line.

[0018] The first liquid crystal capacitor may include a first
subpixel electrode, and the second liquid crystal capacitor
comprises a second subpixel electrode.

[0019] The first and the second subpixel electrodes may
substantially have an inversion symmetry with respect to a
straight line parallel to the first and the second gate lines.

[0020] At least one of the first and the second subpixel
electrodes may have a cutout.

[0021] The liquid crystal display may further include a
common electrode facing the first and the second pixel
electrodes.
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[0022] The common electrode may have a cutout.

[0023] The cutout of the at least one of the first and the
second subpixel electrodes and the cutout of the common
electrode may be alternately arranged.

[0024] A gap between the first subpixel electrode and the
second subpixel electrode and the cutout of the common
electrode may be alternately arranged.

[0025] The cutout of the common electrode may have a
notch.
[0026] The liquid crystal display may further include a

shielding electrode overlapping the data line and disposed
on the same layer as the first and the second subpixel
electrodes.

BRIEF DESCRIPTION OF THE DRAWINGS

[0027] The present invention will become more apparent
by describing embodiments thereof in detail with reference
to the accompanying drawings in which:

[0028] FIG. 1 is an equivalent circuit diagram of a pixel
of an LCD according to an embodiment of the present
invention;

[0029] FIG. 2 is an equivalent circuit diagram of a sub-
pixel of an LCD according to an embodiment of the present
invention;

[0030] FIG. 3 isalayout view of a lower panel (TFT array
panel) according to an embodiment of the present invention,;

[0031] FIG.d is alayout view of an upper panel (common
electrode panel) according to an embodiment of the present
invention;

[0032] FIG. 5 is a layout view of an LC panel assembly
including the TFT array panel shown in FIG. 3 and the
common electrode panel shown in FIG. 4;

[0033] FIGS. 6A and 6B are sectional views of the LC
panel assembly shown in FIG. 5 taken along lines VIA-VIA
and VIB-VIB, respectively; and

[0034] FIG. 7 is a graph illustrating gamma curves in an
LCD according to an embodiment of the present invention.

DETAILED DESCRIPTION OF EMBODIMENTS

[0035] The present invention now will be described more
fully hereinafter with reference to the accompanying draw-
ings, in which preferred embodiments of the invention are
shown. The present invention may, however, be embodied in
many different forms and should not be construed as limited
to the embodiments set forth herein.

[0036] In the drawings, the thickness of layers, films and
regions are exaggerated for clarity. Like numerals refer to
like elements throughout. Tt will be understood that when an
element such as a layer, film, region or substrate is referred
to as being “on” another element, it can be directly on the
other element or intervening elements may also be present.
In contrast, when an element is referred to as being “directly
on” another element, there are no intervening elements
present.

[0037] An LCD according to an embodiment of the
present invention will be described in detail with reference
to FIGS. 1 and 2.
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[0038] FIG. 1 is an equivalent circuit diagram of a pixel
of an LCD according to an embodiment of the present
invention, and FIG. 2 is an equivalent circuit diagram of a
subpixel of an LCD according to an embodiment of the
present invention.

[0039] In a circuit view, an LCD according to an embodi-
ment includes a plurality of signal lines (not shown) and a
plurality of pixels PX connected thereto and arranged sub-
stantially in a matrix. In a structural view, the panel assem-
bly 300 includes a lower panel 100, an upper panel 200, and
a LC layer 3 interposed therebetween.

[0040] The signal lines include a plurality of gate lines
GLa and GLb transmitting gate signals (also referred to as
“scanning signals”), and a plurality of data lines DL trans-
mitting data signals. The gate lines GLa and GLb extend
substantially in a row direction and substantially parallel to
each other, while the data lines DL extend substantially in a
column direction and substantially parallel to each other.

[0041] In addition, the signal lines further includes a
plurality of storage electrode lines SL extending parallel to
the gate lines GLa and GLb.

[0042] Referring to FIG. 1, each pixel PX includes a pair
of subpixels PXa and PXb. Each subpixel PXa/PXb includes
a liquid crystal (LC) capacitor Clca/Cleh and a switching
element Qa/Qb connected to a gate line GLa/GLb, a data
line DL, a LC capacitor Clca/Clch, and a storage capacitor
Csta/Cstb. The storage capacitors Csta and Cstb may be
omitted, and in this case, the storage electrode lines SL may
also be omitted.

[0043] The switching element Qa/Qb including a thin film
transistor (TFT) is provided on the lower panel 100 and has
three terminals: a control terminal connected to the gate line
GLa/GLb; an input terminal connected to the data line DL;
and an output terminal connected to both the LC capacitor
Clca/Clcb and the storage capacitor Csta/Csth.

[0044] The LC capacitor Clca/Clch includes a subpixel
electrode PEa/PEb and a common electrode CE provided on
an upper panel 200 as two terminals. The LC layer 3
disposed between the electrodes PEa/PEb and CE functions
as dielectric of the LC capacitor Clca/Clch. A pair of
subpixel electrodes PEa and PEDb are separated from each
other and form a pixel electrode PE. The common electrode
CE is supplied with a common voltage Vcom and covers an
entire surface of the upper panel 200. In other embodiments,
the common electrode CE may be provided on the lower
panel 100, and at least one of the electrodes PE and CE may
have a shape of a bar or a stripe.

[0045] The storage capacitor Csta/Cstb is an auxiliary
capacitor for the LC capacitor Clca/Clch. The storage
capacitor Csta/Cstb includes the subpixel electrode PEa/PEb
and a separate signal line, which is provided on the lower
panel 100, overlapping the subpixel electrode PEa/PEb via
an insulator, and is supplied with a predetermined voltage
such as the common voltage Vcom. Alternatively, the stor-
age capacitor Csta/Cstb includes the subpixel electrode
PEa/PEb and an adjacent gate line called a previous gate
line, which overlaps the pixel electrode Csta/Cstb via an
insulator.

[0046] For color display, each pixel PX uniquely repre-
sents one of primary colors (i.e., spatial division) or each
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pixel PX sequentially represents the primary colors in turn
(i.e., temporal division) such that spatial or temporal sum of
the primary colors are recognized as a desired color. An
example of a set of the primary colors includes red, green,
and blue colors. FIG. 2 shows an example of spatial division
in that each pixel PX includes a color filter CF representing
one of the primary colors in an area of the upper panel 200
facing the pixel electrode 190. Alternatively, the color filter
CF is provided on or under the subpixel electrode PEa or
PEb on the lower panel 100.

[0047] One or more polarizers (not shown) are attached to
at least one of the panels 100 and 200.

[0048] Now, an LCD according to an embodiment of the
present invention will be described in detail with reference
to FIGS. 3, 4, 5, 6A and 6B.

[0049] FIG. 3 is a layout view of a lower panel (TFT array
panel) according to an embodiment of the present invention,
FIG. 4 is alayout view of an upper panel (common electrode
panel) according to an embodiment of the present invention,
FIG. 5 is a layout view of an LC panel assembly including
the TFT array panel shown in FIG. 3 and the common
electrode panel shown in FIG. 4, and FIGS. 6A and 6B are
sectional views of the LC panel assembly shown in FIG. 5
taken along lines VIA-VIA and VIB-VIB, respectively.

[0050] Referring to FIGS. 3-6B, an LCD according to an
embodiment of the present invention includes a TFT array
panel 100, a common electrode panel 200 facing the TFT
array panel 100, and a liquid crystal layer 3 interposed
between the panels 100 and 200.

[0051] First, the TFT array panel 100 will be described
with reference to FIGS. 3, and 5-6B.

[0052] A plurality of pairs of first and second gate lines
121q and 1215 and a plurality of storage electrode lines 131
are formed on an insulating substrate 110 such as transparent
glass or plastic.

[0053] The gate lines 121a and 1215 transmit gate signals,
extend substantially in a transverse direction, and are physi-
cally and electrically separated from one another. The pair of
first and second gate lines 121a and 1215 are disposed at
relatively upper and lower positions, respectively, and
include a plurality of gate electrodes 124a and 1245 pro-
jecting toward downward and upward. Each of the gate lines
121a and 1215 further includes an end portion 129a and
1295 having a large area for contact with another layer or a
gate driving circuit. A gate driving circuit (not shown) for
generating the gate signals may be mounted on a flexible
printed circuit (FPC) film (not shown), which may be
attached to the substrate 110, directly mounted on the
substrate 110, or integrated onto the substrate 110. The gate
lines 121a and 1215 may extend to be connected to a driving
circuit that may be integrated on the substrate 110.

[0054] The storage electrode lines 131 are supplied with a
predetermined voltage such as the common voltage Vcom
and each of the storage electrode lines 131 includes a stem
extending substantially parallel to the gate lines 121a and
1215 and a plurality of pairs of first and second storage
electrodes 137a and 1375 extending upward and downward
from the stem. Each of the storage electrode lines 131 is
disposed between first and second gate lines 1214 and 1215
and it is closer to the first gate line 121a than the second gate
line 1215.
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[0055] The second storage electrodes 1375 are longer and
narrower than the first storage electrodes 137a. The storage
electrode lines 131 may have various shapes and arrange-
ments.

[0056] The gate lines 121a and 1215 and the storage
electrode lines 131 are preferably made of Al containing
metal such as Al and Al alloy, Ag containing metal such as
Ag and Ag alloy, Cu containing metal such as Cu and Cu
alloy, Mo containing metal such as Mo and Mo alloy, Cr, Ta,
or Ti. However, they may have a multi-layered structure
including two conductive films (not shown) having different
physical characteristics. One of the two films is preferably
made of low resistivity metal including Al containing metal,
Ag containing metal, and Cu containing metal for reducing
signal delay or voltage drop. The other film is preferably
made of material such as Mo containing metal, Cr, Ta, or Ti,
which has good physical, chemical, and electrical contact
characteristics with other materials such as indium tin oxide
(ITO) or indium zinc oxide (IZO). Good examples of the
combination of the two films are a lower Cr film and an
upper Al (alloy) film and a lower Al (alloy) film and an upper
Mo (alloy) film. However, the gate lines 121a and 1215 and
the storage electrode lines 131 may be made of various
metals or conductors.

[0057] The lateral sides of the gate lines 121a and 1215
and the storage electrode lines 131 are inclined relative to a
surface of the substrate, and the inclination angle thereof
ranges about 30-80 degrees.

[0058] A gate insulating layer 140 preferably made of
silicon nitride (SiNx) or silicon oxide (SiOx) is formed on
the gate lines 121a and 1215 and the storage electrode lines
131.

[0059] A plurality of semiconductor islands 152, 154a and
1545 preferably made of hydrogenated amorphous silicon
(abbreviated to “a-Si”) or polysilicon are formed on the gate
insulating layer 140. The semiconductor islands 154a and
1545 are disposed on the first and the second gate electrodes
124a and 1245, respectively, and the semiconductor islands
152 are disposed on the storage electrode lines 131.

[0060] A plurality of pairs of ohmic contact islands 163a
and 1654 are formed on the semiconductor islands 154a and
a plurality of pairs of chmic contact islands (not shown) are
formed on the semiconductor islands 1545. Furthermore, a
plurality of ohmic contact islands (not shown) are disposed
on the semiconductor islands 152. The ohmic contact stripes
and islands 163a and 165a are preferably made of n+
hydrogenated a-Si heavily doped with n type impurity such
as phosphorous or they may be made of silicide.

[0061] The lateral sides of the semiconductor stripes 152,
154a and 1545 and the ohmic contacts 163a and 1654 are
inclined relative to the surface of the substrate 110, and the
inclination angles thereof are preferably in a range of about
30-80 degrees.

[0062] A plurality of data lines 171 and a plurality of pairs
of first and second drain electrodes 1754 and 1756 are
formed on the ohmic contacts 1634 and 1654 and the gate
insulating layer 140.

[0063] The data lines 171 transmit data signals and extend
substantially in the longitudinal direction to intersect the
gate lines 121a¢ and 1215. Each data line 171 includes a
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plurality of first and second source electrodes 173a and 1735
projecting toward the first and the second gate electrodes
124a and 1245, respectively, and curved like a character C.
Each of the data lines 171 further includes an end portion
179 having a large area for contact with another layer or an
external driving circuit. A data driving circuit (not shown)
for generating the data signals may be mounted on a FPC
film (not shown), which may be attached to the substrate
110, directly mounted on the substrate 110, or integrated
onto the substrate 110. The data lines 171 may extend to be
connected to a driving circuit that may be integrated on the
substrate 110.

[0064] The first and the second drain electrodes 175a and
175b are separated from the data lines 171 and disposed
opposite the first and the second source electrodes 1734 and
1735 with respect to the first and the second gate electrodes
124 and 124b. Each of the first and the second drain
electrodes 175a and 1755 includes a wide end portion 177a
or 177b and a narrow end portion. The wide end portion
177a or 177b overlaps first or second storage electrode 137a
or 13756 and the narrow end portion is disposed on the first
or the second projection 154a or 1545 and partly enclosed by
a first or the second source electrode 173a or 1734.

[0065] A gate electrode 1240/124b, a source electrode
173a/173b, and a drain electrode 175a4/1756 along with a
semiconductor island 1544/154b form a TFT Qa and Qb
having a channel formed in the semiconductor island 154a/
1545 disposed between the source electrode 173a/173b and
the drain electrode 175a/1756.

[0066] The data lines 171 and the drain electrodes 175a
and 1755 are preferably made of refractory metal such as Cr,
Mo, Ta, Ti, or alloys thereof. However, they may have a
multilayered structure including a refractory metal film (not
shown) and a low resistivity film (not shown). Good
examples of the multi-layered structure are a double-layered
structure including a lower Cr/Mo (alloy) film and an upper
Al (alloy) film and a triple-layered structure of a lower Mo
(alloy) film, an intermediate Al (alloy) film, and an upper Mo
(alloy) film. However, the data lines 171 and the drain
electrodes 1754 and 17556 may be made of various metals or
conductors.

[0067] The data lines 171 and the drain electrodes 175a
and 1756 have inclined edge profiles, and the inclination
angles thereof range about 30-80 degrees.

[0068] The ohmic contacts 163a and 165« are interposed
only between the underlying semiconductor islands 152,
1544 and 1545 and the overlying conductors 171, 175 and
1756 thereon and reduce the contact resistance therebe-
tween. The semiconductor islands 152 and the overlying
ohmic contacts smooth the profile of the surface to prevent
the disconnection of the data lines 171. The semiconductor
islands 152, 154a and 1545 include some exposed portions,
which are not covered with the data lines 171 and the drain
electrodes 175a and 1755, such as portions located between
the source electrodes 173 and the drain electrodes 175a and
1756.

[0069] A passivation layer 180 is formed on the data lines
171, the drain electrodes 1754 and 175b, and the exposed
portions of the semiconductor stripes 152, 154a and 1544.
The passivation layer 180 is preferably made of inorganic or
organic insulator and it may have a flat top surface.
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Examples of the inorganic insulator include silicon nitride
and silicon oxide. The organic insulator may have photo-
sensitivity and dielectric constant less than about 4.0. The
passivation layer 180 may include a lower film of inorganic
insulator and an upper film of organic insulator such that it
takes the excellent insulating characteristics of the organic
insulator while preventing the exposed portions of the
semiconductor islands 152, 154¢ and 1545 from being
damaged by the organic insulator.

[0070] The passivation layer 180 has a plurality of contact
holes 182, 1874 and 187b exposing the end portions 179 of
the data lines 171 and the drain electrodes 175a and 1755,
respectively. The passivation layer 180 and the gate insu-
lating layer 140 have a plurality of contact holes 181a and
1815 exposing the end portions 1294 and 1295 of the gate
lines 121a and 1215.

[0071] A plurality of pixel electrodes 190 including first
and second subpixel electrodes 190a and 1905, a shielding
electrode 88, and a plurality of contact assistants 81a, 815
and 82 are formed on the passivation layer 180. They are
preferably made of transparent conductor such as ITO or
170 or reflective conductor such as Ag, Al, Cr, or alloys
thereof.

[0072] The first/second subpixel electrode 190a/1905 is
physically and electrically connected to the first/second
drain electrodes 175a/175b through the contact holes 1854/
1856 such that the subpixel electrode 190a/1905 receives
data voltages from the first/second drain electrodes 175a/
175b.

[0073] The subpixel electrodes 1904 and 1905 supplied
with the data voltages generate electric fields in cooperation
with a common electrode 270 of the common electrode
panel 270 supplied with a common voltage, which deter-
mine the orientations of liquid crystal molecules (not shown)
of the liquid crystal layer 3 disposed between the two
electrodes 190 and 270. A subpixel electrode 1904/1905 and
the common electrode 270 form a LC capacitor Clca/Clch,
which stores applied voltages after the TFT turns off. Stor-
age capacitors Csta and Cstb for enhancing the charge
storing capacity are formed by overlapping the first and the
second subpixel electrodes 190a and 1905 and the drain
electrodes 175¢ and 1756 with the first and the second
storage electrodes 137a and 1375, etc.

[0074] Each pixel electrode 190 is chamfered at right
comers and the chamfered edges of the pixel electrode 190
make an angle of about 45 degrees with the gate lines 121.

[0075] Each of the pixel electrodes 190 includes a pair of
first and second subpixel electrodes 190a and 1905 spaced
apart from each other with interposing a gap 192, and has a
shape of rectangle. The first subpixel electrode 190q is a
rotated isosceles trapezoid and has a right edge disposed
near a second storage electrode 1375, a left edge disposed
opposite the left edge, and upper and lower oblique edges
making an angle of about 45 degrees with the gate lines 121a
and 1215. The second subpixel electrode 1905 includes a
pair of trapezoids facing the oblique edges of the first
subpixel electrode 1904 and a longitudinal portion facing the
left edge of the first subpixel electrode 190a.

[0076] Accordingly, the gap 92 between the first subpixel
electrode 190a¢ and the second subpixel electrode 1905
substantially have a uniform width, and includes upper and
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lower oblique portions making an angle of about 45 degrees
with the gate lines 121a and 1215 and a longitudinal portion
substantially having a uniform width.

[0077] The first subpixel electrode 190a has center cutouts
91 and 94, and the second subpixel electrode 1905 has a
lower cutout 934 and an upper cutout 936. The gap 92 is also
referred to as a cutout hereinafter, and the cutouts 91, 92,
93a, 93b and 94 partition a plurality of partitions. The
cutouts 91, 92, 934, 936 and 94 have an inversion symmetry
with respect to the storage electrode line 131.

[0078] Each of the lower and the upper cutouts 93a and
935 obliquely extends approximately from a right edge of
the pixel electrode 190 approximately to an upper or a lower
edge of the pixel electrode 190. The lower cutout 93a and
the upper cutout 935 are disposed at lower and upper halves
of the pixel electrode 190, respectively, which can be
divided by the storage electrode line 131. The lower and the
upper cutouts 93¢ and 935 make an angle of about 45
degrees to the gate lines 121, and they extend substantially
perpendicular to each other.

[0079] The center cutout 91 includes a center portion
extending in the transverse direction and a pair of oblique
portions substantially parallel to the lower cutout 934 and
the upper cutout 934, respectively. The center cutout 94 is a
depression disposed at the left edge of the pixel electrode
190 and has a pair of oblique portions substantially parallel
to the lower cutout 93a and the upper cutout 935, respec-
tively.

[0080] Accordingly, the lower half of the pixel electrode
190 is partitioned into three partitions by the cutouts 91, 92
and 93a, and the upper half of the pixel electrode 190 is also
partitioned into three upper partitions by the cutouts 91, 92
and 935.

[0081] The number of the cutouts or the number of the
partitions is varied depending on the design factors such as
the size of the pixel electrode 190, the ratio of the transverse
edges and the longitudinal edges of the pixel electrode 190,
the type and characteristics of the liquid crystal layer 3, and
SO on.

[0082] In addition, the first subpixel electrode 190a over-
laps a first gate line 121a and the second subpixel electrode
1905 overlaps both of first and second gate lines 121a and
1215.

[0083] The shielding electrode 88 extends along the data
lines 171 and the gate lines 1215 and fully covers the data
lines 171, but partially covers the gate lines 1215. The
shielding electrode 88 is supplied with the common voltage
that is applied through a contact hole provided at the
passivation layer 180 and the gate insulating layer 140 or
supplied from a short-circuit point (not shown) transmitting
the common voltage from the TFT array panel 100 to the
common electrode panel 200. At this time, it is preferable
that the distance between the shielding electrode 88 and the
pixel electrodes 190 is minimized to minimize the decrease
of the aperture ratio.

[0084] The shielding electrode 88 blocks electromagnetic
interference between the data lines 171 and the pixel elec-
trodes 190 and between the data lines 171 and the common
electrode 270 to reduce the distortion of the voltage of the
pixel electrodes 190 and the signal delay of the data voltages
carried by the data lines 171.
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[0085] Furthermore, since the pixel electrodes 190 are
required to be spaced apart from the shielding electrodes 88
for preventing the short therebetween, the pixel electrodes
190 become farther from the data lines 171 such that the
parasitic capacitance therebetween becomes reduced. More-
ovet, since the permittivity of the LC layer 3 is higher than
that of the passivation layer 180, the parasitic capacitance
between the data lines 171 and the shielding electrodes 88 is
reduced compared with that between the data lines 171 and
the common electrode 270 without the shielding electrodes
88.

[0086] In addition, the distance between the pixel elec-
trodes 190 and the shielding electrodes 88 can be uniformly
maintained since they are made of the same layer and thus
the parasitic capacitance therebetween can be made uniform.

[0087] The contact assistants 81a, 815 and 82 are con-
nected to the end portions 1294 and 1295 of the gate lines
121a and 1215 and the end portions 179 of the data lines 171
through the contact holes 181a, 1815 and 182, respectively.
The contact assistants 81a, 815 and 82 protect the end
portions 129a, 1296 and 179 and enhance the adhesion
between the end portions 129, 1295 and 179 and external
devices.

[0088] When the data driver or the data driver is integrated
on the panel assembly 300, the gate lines 121a and 1215 or
the data lines 171 may extend to be directly connected to the
driver and the contact assistants 81a, 815 and 82 are used for
connecting the gate lines 121a and 1215 or the data lines 171
to the drivers.

[0089] The description of the common electrode panel 200
follows with reference to FIGS. 20-24.

[0090] Alight blocking member 220 referred to as a black
matrix for preventing light leakage is formed on an insulat-
ing substrate 210 such as transparent glass or plastic. The
light blocking member 220 has a plurality of openings that
face the pixel electrodes 190 and it may have substantially
the same planar shape as the pixel electrodes 190. Other-
wise, the light blocking member 220 may include a plurality
of rectilinear portions facing the data lines 171 on the TFT
array panel 100 and a plurality of widened portions facing
the TFTs Qa and Qb on the TFT array panel 100. However,
the light blocking member 220 may have various shapes for
blocking light leakage near the pixel electrodes 190 and the
TFTs Qa and Qb.

[0091] A plurality of color filters 230 are also formed on
the substrate 210 and they are disposed substantially in the
areas enclosed by the light blocking member 220. The color
filters 230 may extend substantially in the longitudinal
direction along the pixel electrodes 190. The color filters 230
may represent one of the primary colors such as red, green
and blue colors.

[0092] An overcoat 250 is formed on the color filters 230
and the light blocking member 220. The overcoat 250 is
preferably made of (organic) insulator and it prevents the
color filters 230 from being exposed and provides a flat
surface. The overcoat 250 may be omitted.

[0093] A common electrode 270 is formed on the overcoat
250. The common electrode 270 is preferably made of
transparent conductive material such as ITO and 170 and
has a plurality of sets of cutouts 71, 72, 73a, 73b, 74a and
74b.
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[0094] A set of cutouts 71, 72, 73a, 73b, T4a and 74b face
a pixel electrode 190 and include center cutouts 71 and 72,
lower cutouts 73a and 74a, and upper cutouts 735 and 745.
Each of the cutouts 71-74b is disposed between adjacent
cutouts 91-935 of the pixel electrode 190 or between a
cutout 93¢ or 936 and a chamfered edge of the pixel
electrode 190. In addition, each of the cutouts 71-745 has at
least an oblique portion having a depressed notch 77 and
extending parallel to the lower cutout 93a or the upper
cutout 935 of the pixel electrode 190.

[0095] Each of the lower and the upper cutouts 73a-74b
includes an oblique portion and a pair of transverse and
longitudinal portions or a pair of longitudinal portions. The
oblique portion extends approximately from a left edge, a
lower edge, or an upper edge of the pixel electrode 190
approximately to a right edge of the pixel electrode 190. The
transverse and longitudinal portions extend from respective
ends of the oblique portion along edges of the pixel electrode
190, overlapping the edges of the pixel electrode 190, and
making obtuse angles with the oblique portion.

[0096] Each of the center cutouts 71 and 72 includes a
center portion, a pair of oblique portions, and a pair of
terminal longitudinal portions. The center portion of the
center cutout 71 extends in the transverse direction approxi-
mately from a center of the pixel electrode 190 along the
storage electrode line 131. The center portion of the center
cutout 72 extends in the longitudinal direction near the right
edge of the pixel electrode 190. The oblique portions extend
from an end or both ends of the center portion approximately
to the left edge of the pixel electrode and making oblique
angles with the central transverse portion. The terminal
longitudinal portions extend from the ends of the respective
oblique portions along the left edge of the pixel electrode
190, overlapping the left edge of the pixel electrode 190, and
making obtuse angles with the respective oblique portions.

[0097] The number of the cutouts 71-745 may be varied
depending on the design factors, and the light blocking
member 220 may also overlap the cutouts 71-745 to block
the light leakage through the cutouts 71-74b.

[0098] Alignment layers 11 and 21 that may be homeo-
tropic are coated on inner surfaces of the panels 100 and 200.

[0099] Polarizers 12 and 22 are provided on outer surfaces
of the panels 100 and 200 so that their polarization axes may
be crossed and one of the polarization axes may be parallel
to the gate lines 121. One of the polarizers 12 and 22 may
be omitted when the LCD is a reflective LCD.

[0100] The LCD may further include at least one retarda-
tion film (not shown) for compensating the retardation of the
LC layer 3. The LCD may further include a backlight unit
(not shown) supplying light to the LC layer 3 through the
polarizers 12 and 22, the retardation film, and the panels 100
and 200.

[0101] It is preferable that the LC layer 3 has negative
dielectric anisotropy and it is subjected to a vertical align-
ment that the LC molecules in the LC layer 3 are aligned
such that their long axes are substantially vertical to the
surfaces of the panels 100 and 200 in absence of electric
field. Accordingly, incident light cannot pass the crossed
polarization system 12 and 22.

[0102] Upon application of the common voltage to the
common electrode 270 and a data voltage to a pixel elec-
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trode 190, an electric field substantially perpendicular to the
surfaces of the panels 100 and 200 is generated, and both the
pixel electrode 190 and the common electrode 270 are
commonly referred to as “field generating electrodes” here-
inafter. The LC molecules tend to change their orientations
in response to the electric field such that their long axes are
perpendicular to the field direction.

[0103] The cutouts 71-74b and 91-935 of the field gener-
ating electrodes 190 and 270 and the edges of the pixel
electrodes 190 distort the electric field to have a horizontal
component that is substantially perpendicular to the edges of
the cutouts 71-74b and 91-935 and the edges of the pixel
electrodes 190.

[0104] Accordingly, the electric field points a direction
oblique to a normal of a surface of the panels 100 and 200.
The liquid crystal molecules tend to reorient themselves so
that their long axes may be perpendicular to the electric
field. Since the electric field near the cutouts 71-74b and
91-93b and the edges of the pixel electrode 190 is not
parallel to the long axes of the L.C molecules to make angles,
the LC molecules rotate along a direction giving the shortest
moving distance on a plane defined by the long axes of the
LC molecules and the electric field.

[0105] Referring to FIG. 5, a set of the cutouts 71-745 and
91-93p divides a pixel electrode 190 into a plurality of
sub-areas and each sub-area has two primary edges making
oblique angles with the major edges of the pixel electrode
190. The primary edges of the sub-areas make an angle of
about 45 degrees with the polarization axes of the polarizers
12 and 22 for maximizing the light efficiency.

[0106] Since most LC molecules on each sub-area tilt
perpendicular to the primary edges, the azimuthal distribu-
tion of the tilt directions are localized to four directions,
thereby increasing the reference viewing angle of the LCD.

[0107] The variation of the arrangement of the LC mol-
ecules changes the polarization of incident light and the
change of the polarization is represented as the transmittance
of the incident light by the polarizers 12 and 22.

[0108] The shapes and the arrangements of the cutouts
71-74b and 91-935 may be modified.

[0109] At least one of the cutouts 71-745 and 91-935 can
be substituted with protrusions (not shown) or depressions
(not shown). The protrusions are preferably made of organic
or inorganic material and disposed on or under the field
generating electrodes 190 or 270.

[0110] Two different gamma curves Ta and Th as function
of input gray GS1-GSF for the subpixels PXa and PXb are
shown in FIG. 7. In FIG. 7, GS1 and GSf denote the lowest
input gray and the highest input gray, respectively. The
synthesis T of the two gamma curves Ta and Th form a
gamma curve for a pixel PX. The voltages of the subpixels
PXa and PXb are preferably determined such that the
synthesized gamma curve T approaches a reference gamma
curve at a front view. For example, the synthesized gamma
curve at a front view coincides with the most suitable
reference gamma curve at a front view, and the synthesized
gamma curve T at a lateral view is the most similar to the
reference gamma curve at a front view. For example, the
lower gamma curve may be further lowered for improve-
ment of the visibility.
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[0111] In this way, the two subpixels PXa and PXb are
separately controlled by using separate TFIs Qa and Qb
according to separate gamma curves and thus the voltages of
the two subpixels PXa and PXb can be exactly controlled to
improve visibility, aperture ratio, and light transmittance.

[0112] The ratio of the areas of the first and the second
subpixel electrodes 190a and 1905 is firstly determined, and
the first and the second subpixels PXa and PXb are designed
based on the ratio of the capacitance between the first and
the second LC capacitors Clca and Clcb that can be obtained
from the ratio of the areas of the first and the second subpixel
electrodes 190a and 1905.

[0113] In detail, the ratio of the capacitance between the
first and the second storage capacitors Clca and Clcb and the
ratio of the capacitance between first and second parasitic
capacitors formed between gate and drain of the first and the
second TFTs Qa and Qb.

[0114] Tt is assumed that the area of the gate electrodes of
the first and the second TFTs Qa and Qb are the same and
the channel length of the TFTs Qa and Qb is determined as
a minimum value. Since the overlapping area of the gate
electrode and the drain electrode increases as the channel
width increases and vice versa, the capacitances of the first
and the second parasitic capacitors can be controlled by
varying the channel width of the first and the second TFTs
Qa and Qb.

[0115] However, the channel length or both the channel
length and the channel width may be varied for controlling
the capacitances of the first and the second parasitic capaci-
tors.

[0116] The voltage of a subpixel depends on the kickback
voltage (Vk) that is determined by capacitances of the LC
capacitor Cle, the storage capacitor Cst, and the parasitic
capacitor Cgd as follows:

Vi AVgx Cgd
T Cst+Cle+Cgd’

[0117] where AVgis a difference in voltage levels ofa gate
signal.
[0118] When ratios of the capacitances of the first and the

second storage capacitors and the first and the second
parasitic capacitors are determined to be equal to the ratio of
the first and the second liquid crystal capacitors, the kick-
back voltages for the first and the second subpixels can be
equal to each other. In particular, the ratio of sum of the
capacitances of the LC capacitor and the storage capacitor
can be made equal to the ratio of the capacitance of the LC
capacitors.

[0119] When the subpixels are designed to have substan-
tially equal kickback voltages. the difference in the charging
rate between the subpixels is decreased to improve the
image quality.

[0120] While the present invention has been described in
detail with reference to the preferred embodiments, those
skilled in the art will appreciate that various modifications
and substitutions can be made thereto without departing
from the spirit and scope of the present invention as set forth
in the appended claims.
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What is claimed is:
1. A liquid crystal display comprising:

a pixel including a first subpixel and a second subpixel,

a first gate line coupled to the first subpixel and trans-
mitting a first gate signal;

a second gate line coupled to the second subpixel and
transmitting a second gate signal; and

a data line intersecting the first and the second gate lines
and transmitting a data voltage,

wherein the first subpixel includes a first switching ele-
ment connected to the first gate line and the data line,
a first liquid crystal capacitor connected to the first
switching element, and a first storage capacitor con-
nected to the first switching element,

the second subpixel includes a second switching element
connected to the second gate line and the data line, a
second liquid crystal capacitor connected to the second
switching element, and a second storage capacitor
connected to the second switching element, and

at least one of a ratio of capacitances between a first
parasitic capacitor formed in the first switching element
and a second parasitic capacitor formed in the second
switching element and a ratio of capacitances between
the first storage capacitor and a second storage capaci-
tor is determined based on a ratio of the first liquid
crystal capacitor and the second liquid crystal capaci-
tor.

2. The liquid crystal display of claim 1, wherein each of
the first and the second switching elements comprises a thin
film transistor including a gate electrode connected to the
first or the second gate line, a source electrode connected to
the data line, and a drain electrode connected to the first or
the second liquid crystal capacitor and the first or the second
storage capacitor, and

the first and the second parasitic capacitances are formed

between the gate electrodes and the drain electrodes.

3. The liquid crystal display of claim 2, wherein the
capacitances of the first and the second parasitic capaci-
tances depend on a channel width or a channel length of the
transistors.

4. The liquid crystal display of claim 1, wherein sizes of
the first and the second switching elements are determined
based on the ratio of the first liquid crystal capacitor and the
second liquid crystal capacitor.

5. The liquid crystal display of claim 1, wherein the ratio
of the capacitances between the first and the second parasitic
capacitors and the ratio of capacitances between the first
storage capacitor and a second storage capacitor are equal to
the ratio of the first liquid crystal capacitor and the second
liquid crystal capacitor.

6. The liquid crystal display of claim 5, further comprising
a storage electrode line connected to the first and the second
storage capacitors.

7. The liquid crystal display of claim 6, further comprising
a shielding electrode overlapping the data line and electri-
cally insulated from the data line.

8. The liquid crystal display of claim 1, wherein the first
liquid crystal capacitor comprises a first subpixel electrode,
and the second liquid crystal capacitor comprises a second
subpixel electrode.
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9. The liquid crystal display of claim 8, wherein the first
and the second subpixel electrodes substantially have an
inversion symmetry with respect to a straight line parallel to
the first and the second gate lines.

10. The liquid crystal display of claim 9, wherein at least
one of the first and the second subpixel electrodes has a
cutout.

11. The liquid crystal display of claim 10, further com-
prising a common electrode facing the first and the second
pixel electrodes.

12. The liquid crystal display of claim 11, wherein the
common electrode has a cutout.

13. The liquid crystal display of claim 12, wherein the
cutout of the at least one of the first and the second subpixel
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electrodes and the cutout of the common electrode are
alternately arranged.

14. The liquid crystal display of claim 13, wherein a gap
between the first subpixel electrode and the second subpixel
electrode and the cutout of the common electrode are
alternately arranged.

15. The liquid crystal display of claim 14, wherein the
cutout of the common electrode has a notch.

16. The liquid crystal display of claim 8, further com-
prising a shielding electrode overlapping the data line and
disposed on the same layer as the first and the second
subpixel electrodes.
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