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(54) Liquid crystal display

(57) A liquid crystal display includes a plurality of pix-
els arranged in a matrix, a substrate, and a plurality of
gate lines, data lines, thin film transistors, pixel elec-
trodes, and storage electrode lines. The gate lines are
formed on the substrate. The data lines run crosswise
relative to the gate lines above or below the gate lines,
and the thin film transistors are connected to the gate

lines and the data lines. The pixel electrodes are con-
nected to the thin film transistors, and have a first side
formed in parallel with the gate lines and a second side
shorter than the first side and adjacent to the first side.
The storage electrode lines overlap with the pixel elec-
trodes. Storage electrode signals applied to the storage
electrode lines are periodic alternating signals.
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Description

CROSS-REFERENCE TO RELATED APPLICATION

[0001] This application claims priority to and the benefit
of Korean Patent Application No. 10-2006-0069647 filed
in the Korean Intellectual Property Office on July 25,
2006, the entire contents of which are incorporated here-
in by reference.

BACKGROUND OF THE INVENTION

(a) Field of the Invention

[0002] The present invention relates to liquid crystal
displays.

(b) Description of the Related Art

[0003] A liquid crystal display is one of the most widely
used types of flat panel displays. A liquid crystal display
includes two display panels having field-generating elec-
trodes such as pixel electrodes and a common electrode,
and a liquid crystal layer interposed between the panels.
The liquid crystal display induces an electric field on a
liquid crystal layer by applying voltages to the field gen-
erating electrodes. The electric field determines the align-
ment of liquid crystal molecules in the liquid crystal layer,
and this alignment controls the polarization of incident
light so as to form an image.
[0004] The liquid crystal display also includes a plural-
ity of signal lines such as gate lines and data lines which
control switching elements connected to the pixel elec-
trodes so as to supply suitable voltages to the pixel elec-
trodes.
[0005] A gate driving circuit and a data driving circuit
are directly mounted on a display panel as a plurality of
IC chips. Alternatively, the gate driving circuit and data
driving circuit are mounted on a flexible printed circuit
film and the flexible printed circuit film is attached to a
display panel. Such ICs are responsible for a large share
of the manufacturing cost of a liquid crystal display. It is
therefore desirable to reduce the number of such ICs. A
data driver IC is more expensive than a gate driving circuit
IC, and therefore it is particularly desirable to reduce the
number of the data driver ICs, especially in large liquid
crystal displays having high resolution. The manufactur-
ing cost of the gate driving circuit can be reduced by
integrating the gate driving circuit with a display panel
together with the gate lines, the data lines, and the switch-
ing elements. However, it is difficult to integrate the data
driving circuit with display panel because the data driving
circuit has a complicated structure. Therefore, a reduc-
tion of the number of data driver ICs is needed.
[0006] The power consumption increases if a driving
voltage of the data driving circuit is increased, and the
heat generated by the data driving circuit increases as a
square of the driving voltage. The data driving circuit may

be damaged by excessive heat. It is therefore desirable
to reduce the number of data driving circuit chips, and
also to reduce the driving voltage of the data driving cir-
cuit.

SUMMARY

[0007] Some embodiments of the present invention
have been made in an effort to provide a liquid crystal
display having advantages of reducing the cost of data
driving circuit IC chips and reducing a driving voltage of
a data driving circuit. An exemplary embodiment of the
present invention provides a liquid crystal display includ-
ing a substrate, and a plurality of gate lines formed on
the substrate, data lines, thin film transistors, pixel elec-
trodes, and storage electrode lines. The gate lines are
formed on the substrate. The data lines are arranged
crosswise relative to the gate lines, and the thin film tran-
sistors are connected to the gate lines and the data lines.
The pixel electrodes are connected to the thin film tran-
sistors, and each pixel electrode has a first side formed
in parallel with the gate lines and a second side shorter
than the first side and adjacent to the first side. The stor-
age electrode lines overlap with the pixel electrodes. In
the liquid crystal display, a storage electrode signal ap-
plied to a storage electrode line is a periodic alternating
signal.
[0008] The storage electrode signals applied to adja-
cent storage electrode lines may be opposite in phase.
[0009] The storage electrode lines may be substantial-
ly parallel to the data lines.
[0010] The storage electrode lines may be made of the
same layer of material as the data lines.
[0011] Each storage electrode line may be adjacent to
one or more of the gate lines and may have at least one
of branch parallel to the gate lines.
[0012] The first side of each pixel electrode may be
three times longer than the second side.
[0013] The liquid crystal display may further include a
gate driver connected to the gate lines, wherein the gate
driver may be located on the substrate.
[0014] The gate driver may include a first gate driver
connected to a first group of the gate lines and the second
gate driver connected to a second group of the gate lines.
[0015] The first gate driver and the second gate driver
may be placed at opposite sides of the substrate.
[0016] Thin film transistors adjacent in a column direc-
tion may be connected to different data lines.
[0017] Thin film transistors adjacent in a column direc-
tion may be connected to the different data lines in every
two rows.
[0018] The liquid crystal display may include a data
driver connected to the data lines, and may include a
plurality of additional wires, and the storage electrode
signals may be transferred through the additional wires.
[0019] The liquid crystal display may further include a
storage electrode signal supply line connecting the ad-
ditionalwires. The storage electrode lines may be parallel

1 2 



EP 1 883 061 A2

3

5

10

15

20

25

30

35

40

45

50

55

to the gate lines.
[0020] The storage electrode signals may be reversed
every frame.
[0021] Polarities of data voltages flowing on adjacent
data lines may be opposite to each other.
[0022] Polarities of data voltages on adjacent data
lines may be the same.
[0023] Another embodiment of the present invention
provides a liquid crystal display including a matrix of pix-
els, gate lines, and data lines. The data lines are arranged
crosswise relative to the gate lines. In the liquid crystal
display, each of the pixels includes a liquid crystal ca-
pacitor and a storage capacitor. The storage capacitor
has a first terminal connected to the liquid crystal capac-
itor and a second terminal receiving a storage electrode
signal that is a periodic alternating signal. In the liquid
crystal display, wherein a region defined by the gate lines
and the data lines has a first side extending along the
gate lines that is longer than a second side extending
along the data lines.
[0024] The first side may be three times longer that the
second side.
[0025] The voltage of the liquid crystal capacitor may
change according to oscillations of the storage electrode
signal.
[0026] Another embodiment of the present invention
provides a method for operating a liquid crystal display.
The method comprises providing signals to a plurality of
gate lines of the liquid crystal display which are formed
on a substrate. The method may comprise providing sig-
nals to a plurality of data lines of the liquid crystal display
which are arranged crosswise relative to the gate lines
and are connected to the gate lines via a plurality of thin
film transistors, the thin film transistors being connected
to a plurality of pixel electrodes of the liquid crystal dis-
play, the pixel electrodes each having a first side formed
in parallel with the gate lines and a second side shorter
than the first side and adjacent to the first side, The meth-
od may include providing periodic alternating voltages to
a plurality of storage electrode lines overlapping with the
pixel electrodes.

BRIEF DESCRIPTION OF THE DRAWINGS

[0027]

FIG. 1 is a block diagram illustrating a liquid crystal
display according to an exemplary embodiment of
the present invention.
FIG. 2 is an equivalent circuit diagram illustrating a
liquid crystal display device according to an exem-
plary embodiment of the present invention.
FIG. 3 is a schematic diagram illustrating pixel po-
larities and the arrangement of switching elements
in a liquid crystal panel assembly according to an
exemplary embodiment of the present invention.
FIG. 4 is a layout view of a lower panel for a liquid
crystal panel assembly according to an exemplary

embodiment of the present invention.
FIG. 5 is a layout view of an upper panel for a liquid
crystal panel assembly according to an exemplary
embodiment of the present invention.
FIG. 6 is a layout view illustrating a liquid crystal pan-
el assembly formed of the lower panel shown in FIG.
4 and the upper panel shown in FIG. 5.
FIG. 7 and FIG. 8 are cross-sectional views of the
liquid crystal panel assembly shown in FIG. 6 which
are taken along the lines VII-VII and VIII-VIII respec-
tively.
FIG. 9A and FIG. 9B are waveforms showing signals
in a liquid crystal display in respective two consec-
utive frames according to an exemplary embodiment
of the present invention.
FIG. 10 is a perspective view of a liquid crystal panel
assembly and a data driver according to an exem-
plary embodiment of the present invention.
FIG. 11 is a schematic diagram illustrating pixel po-
larities and the arrangement of switching elements
in a liquid crystal panel assembly according to an
exemplary embodiment of the present invention.
FIG. 12 is a layout view of a liquid crystal panel ac-
cording to another exemplary embodiment of the
present invention.

DESCRIPTION OF SOME EMBODIMENTS

[0028] Below, exemplary embodiments of the present
invention are described with reference to the accompa-
nying drawings. As those skilled in the art will realize,
these exemplary embodiments may be modified in dif-
ferent ways, all without departing from the spirit or scope
of the present invention.
[0029] In the drawings, the thickness of layers, films,
panels, regions, etc., is exaggerated for clarity. Like ref-
erence numerals designate like elements throughout the
specification. It will be understood that when an element
such as a layer, a film, a region, or a substrate is referred
to as being "on" another element, this can mean "directly
on" or intervening elements may be present. In contrast,
when an element is referred to as being "directly on" an-
other element, there are no intervening elements
present.
[0030] A liquid crystal display according to one exem-
plary embodiment of the present invention will now be
described with reference to FIG. 1 and FIG. 2. FIG. 1 is
a block diagram of the liquid crystal display, and FIG. 2
is an equivalent circuit diagram illustrating a pixel of the
liquid crystal display.
[0031] Referring to FIG. 1 and FIG. 2, the liquid crystal
display includes a liquid crystal panel assembly 300.
Connected to the assembly 300 are a pair of gate drivers
400a and 400b and a data driver 500. Also shown are a
storage electrode driving unit 700, a gray voltage gener-
ator 800 which is connected to the data driver 500, and
a signal controller 600 for controlling the circuits 400a,
400b, 500, 700, and 800.
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[0032] The liquid crystal panel assembly 300 includes
a plurality of display signal lines and a matrix of pixels
PX (such as pixels PX1, PX2, and PX3) connected to the
display signal lines. A liquid crystal layer 3 is interposed
between lower and upper panels 100 and 200 facing each
other as shown in FIG. 2.
[0033] The display signal lines include gate lines
G1-Gn for providing a gate signal (which is a scanning
signal) and data lines D1-Dm for carrying data signals.
The gate lines G1-Gn extend in approximately a row di-
rection in parallel with each other, and the data lines
D1-Dm extend in approximately a column direction in par-
allel with each other.
[0034] Each pixel PX is elongated in the row direction.
Each pixel PX is connected to a respective data line (DL),
which is one of lines D1-Dm, through a respective switch-
ing element Q. The element Q is connected to a respec-
tive gate line (GL), which is one of lines G1-Gm. Each
pixel PX is associated with a liquid crystal capacitor Clc
and a storage capacitor Cst. The storage capacitor Cst
is omitted in some embodiments.
[0035] The switching element Q is a three-terminal el-
ement such as a thin film transistor. The switching ele-
ment Q is disposed on the lower panel 100. The switching
element Q includes a control terminal connected to the
respective gate line (GL), an input terminal connected to
the respective data line (DL), and an output terminal con-
nected to the respective liquid crystal capacitor Clc and
storage capacitor Cst.
[0036] The liquid crystal capacitor Clc has one terminal
provided by the corresponding pixel electrode 191 on the
lower panel 100, the other terminal provided by a com-
mon electrode 270 of the upper panel 200, and capacitor
dielectric provided by the liquid crystal layer 3 between
the electrodes 191 and 270. The pixel electrode 191 is
connected to the switching element Q. The common elec-
trode 270 occupies the entire surface of the upper panel
200 and receives a common voltage Vcom. As an alter-
native to the structure shown in FIG. 2, the common elec-
trode 270 can be formed on the lower panel 100. In this
case, at least one of two electrodes 191 and 270 can be
shaped as a line or a rod.
[0037] The storage capacitor Cst functions as an aux-
iliary to liquid crystal capacitor Clc. The storage capacitor
Cst is provided by a storage electrode line (SL) overlap-
ping with the pixel electrode 191 and insulated from the
pixel electrode by an insulator.. Alternatively, the storage
capacitor Cst can be provided by the pixel electrode 191
overlapping with the gate line of the adjacent row, with
an insulator between the pixel electrode and the gate line.
[0038] In order to provide color display, each pixel PX
displays a unique primary color (spatial division), or each
pixel PX alternately displays different primary colors at
different times (temporal division). A desired color is gen-
erated as a spatial or temporal sum of the primary colors.
The primary colors could be red, green and blue. FIG. 2
shows a color filter 230 arranged to provide one of the
primary colors. Color filter 230 is arranged on a region

of upper panel 200 corresponding to a pixel electrode
191 of a respective one of pixels PX (for example, one
of pixels PX1, PX2, PX3) in the case of spatial division.
In other embodiments, color filter 230 is formed on lower
panel 100 above or below the respective pixel electrode
191. In some embodiments, color filters 230 of adjacent
pixels in each row are contiguous, i.e. in physical contact
with each other, for the same color. Color filters 230 for
different colors alternate in the column direction.
[0039] It will be assumed for the embodiment being
described that each color filter 230 displays a unique
color of red, green, or blue (the invention is not limited to
such embodiments however). A red pixel is a pixel with
a red color filter 230, a green pixel is a pixel with a green
color filter 230, and a blue pixel is a pixel with a blue color
filter 230. In each column, the pixels alternate as red,
green, blue, red, etc. Three consecutive pixels, such as
PX1- PX3, of three primary colors form one dot (DT) as
a basic unit of image display.
[0040] Now a liquid crystal panel assembly according
to an exemplary embodiment of the present invention will
be described in detail with reference FIGs. 3-8. FIG. 3 is
a schematic diagram illustrating the pixel polarities and
the location of switching elements Q in a liquid crystal
panel assembly according to the exemplary embodi-
ment. The voltages on any two adjacent data lines 171
have opposite polarities. One of the polarities is positive
(+), and the other polarity is negative (-).
[0041] In each column, the location of switching ele-
ment Q changes every two rows. The switching elements
Q are connected to one of the adjacent data lines 171 in
two rows, then to the other one of lines 171 in the next
two rows, and so on. Hence, if data driver 500 supplies
data voltages of opposite polarities to adjacent data lines
171 (column inversion) and the polarities remain constant
for one frame, then the polarities of pixel voltages of the
adjacent pixels alternate both in each row (at each pixel)
and in each column (every two pixels). Therefore, the
apparent inversion as shown on the screen is 2� 1 dot
inversion.
[0042] Besides the frame inversion, the data driver 500
inverts the polarity of the data voltage flowing through
adjacent data lines D1-Dm in one frame. Accordingly, the
polarity of a data voltage supplied therefrom changes.
As shown in FIG. 3, since the connection on the pixel
and the data lines D1-Dm changes in every pixel row, the
polarity inversion (driver inversion) pattern in the data
driver 500 and the polarity inversion (apparent inversion)
pattern of the pixel voltage shown in the screen of the
liquid crystal panel assembly 300 appear differently. That
is, although the driver inversion is column inversion, the
apparent inversion becomes a 2x 1 dot inversion.
[0043] If the apparent inversion is dot inversion as de-
scribed above, the luminance variations generated by
the kick-back voltages (described below with reference
to FIGs. 9A, 9B) tend to cancel each other in each column.
Therefore, flicker in each column can be suppressed.
Since the driver inversion is column inversion, the voltage
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polarities on data lines D1-Dm are unchanged for an entire
frame period. Therefore, the resolution or the frame fre-
quency can be increased, and the pixel charge increases.
[0044] Now a liquid crystal panel assembly according
to an exemplary embodiment of FIG. 3 will be described
in detail with reference to FIGs. 4-8.
[0045] FIG. 4 is a layout view illustrating the lower pan-
el for the liquid crystal panel assembly according to the
exemplary embodiment, FIG. 5 is a layout view illustrat-
ing the upper panel of the liquid crystal panel assembly
according to the exemplary embodiment, and FIG. 6 is
a layout view showing the liquid crystal panel assembly
formed with the lower panel of FIG. 4 and the upper panel
of FIG. 5. FIG. 7 and FIG. 8 are cross-sectional views of
the liquid crystal panel assembly of FIG. 6 that are taken
respectively along the lines VII-VII and VIII-VIII.
[0046] FIGs. 4-8 show the lower panel 100, the upper
panel 200, and the liquid crystal layer 3 interposed be-
tween the display panels 100 and 200.
[0047] First, the lower panel 100 will be described.
[0048] A plurality of gate lines 121 are formed on an
insulating substrate 110 made of transparent glass or
plastic. The gate lines 121 transfer a gate signal and ba-
sically extend in the horizontal (row) direction. Each gate
line 121 includes a plurality of gate electrodes 124 pro-
truding upwardly and downwardly, and a widened contact
area 129 at the end for contacting other layers or an ex-
ternal driving circuit.
[0049] The gate lines 121 can be made of an aluminum
group metal such as aluminum (Al) or an aluminum alloy,
of a silver group metal such as silver (Ag) or a silver alloy,
of a copper group metal such as copper (Cu) or a copper
alloy, of a molybdenum group metal such as molybde-
num (Mo) or a molybdenum alloy, or of chromium (Cr),
tantalum (Ta), or titanium (Ti). Gate lines 121 can also
be a multi-layer structure having two conductive layers
(not shown) with different physical properties. One of the
two conductive layers can be a metal having low resis-
tivity in order to reduce signal delay or voltage drop. Ex-
amples include aluminum group metals, silver group met-
als, and copper group metals. The other conductive layer
can be a different material which has excellent physical
and chemical characteristics and which is suitable for
making good electrical contact with ITO (indium tin oxide)
and/or IZO (indium zinc oxide). Examples include molyb-
denum group metals, chromium, tantalum, and titanium.
For example, such a structure can have a lower layer of
chromium and an upper layer of aluminum or aluminum
alloy, or a lower layer of aluminum or aluminum alloy and
an upper layer of molybdenum or molybdenum alloy.
However, the gate lines 121 can be made of other metals
or other conductive materials besides the materials de-
scribed above.
[0050] It is desirable that the gate lines 121 have
sloped sidewalls, and the sidewall angle be in a range of
about 30° to about 80° relative to the substrate 110.
[0051] A gate insulating layer 140 made of silicon ni-
tride (SiNx) or silicon oxide (SiOx) is formed on the gate

lines 121.
[0052] A plurality of semiconductor islands 154 made
of hydrogenated amorphous silicon (a-Si) or polysilicon
are formed on the gate insulating layer 140. A semicon-
ductor island·154 is placed over each gate electrode 124.
[0053] A plurality of ohmic contact islands (ohmic con-
tacts) 163 and 165 are formed on the semiconductor is-
lands 154. Ohmic contacts 163 and 165 are made of n+
hydrogenated amorphous silicon heavily doped with n-
type impurity such as phosphorus, or they can be made
of a silicide. A pair of ohmic contacts 163 and 165 is
provided on each semiconductor island 154.
[0054] The semiconductor islands 154 and the ohmic
contacts 163 and 165 have sloped sidewalls. The side-
wall angle is in a range of about 30° to about 80° relative
to the substrate 110.
[0055] The data lines 171, a plurality of drain elec-
trodes 175, and a plurality of storage electrode lines 131
are formed over the ohmic contacts 163 and 165 and the
gate insulating layer 140.
[0056] The data lines 171 carry data signals and basi-
cally extend in the vertical (column) direction, passing
over the gate lines 121. Each data line 171 includes a
plurality of source electrodes 173 extending toward the
gate electrodes 124, and also includes a widened contact
area 179 at the end for contacting other layers or an ex-
ternal driving circuit. The data driving circuit (not shown)
generating the data signals can be mounted on a flexible
printed circuit film (not shown) attached to the substrate
110, or can be mounted directly on the substrate 110, or
can be integrated with the substrate 110. When the data
driving circuit is integrated with the substrate 110, the
data lines 171 can have extensions to directly connect
to the data driving circuit.
[0057] Drain electrodes 175 are spaced from the data
lines 171. Each drain electrode 175 is part of a transistor
which includes a gate electrode 124 and also includes a
source electrode 173 facing the drain electrode 175.
Each drain electrode 175 includes rod-shaped end. The
rod shaped end of the drain electrode 175 is partially
surrounded by the U shaped source electrode 173. The
source electrode 173 and the drain electrode 175 are
approximately bilaterally symmetrical.
[0058] One gate electrode 124, one semiconductor is-
land 154, one source electrode 173, and one drain elec-
trode 175 form a thin film transistor (TFT). The channel
of the thin film transistor is located between the source
electrode 173 and the drain electrode 175 in the semi-
conductor island 154.
[0059] Each storage electrode line 131 includes a stem
running parallel to the data lines 171 and also includes
a plurality of first to fourth storage electrodes 137a, 137b,
137c and 137d branching therefrom. A set of first to fourth
storage electrodes 137a-d is provided at each pixel elec-
trode 191. At each pixel electrode 191, the corresponding
first to fourth storage electrodes 137a-d extend from the
stem on two opposite sides in parallel and adjacent to
the adjacent gate lines 121. The second and fourth stor-
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age electrodes 137b and 137d are interconnected by a
junction storage electrode 137e, which is parallel to the
data lines. Other shapes and arrangements can also be
used for the storage electrode lines 131.
[0060] It is desirable that the data lines 171, the drain
electrodes 175, and the storage electrode lines 131 be
made of a layer of a refractory metal such as molybde-
num, chromium, tantalum, titanium, and/or their alloys,
and/or have a multi-layer structure including a refractory
metal layer (not shown) and a low-resistivity conductive
layer (not shown). For example, a dual-layer structure
can be used and can include a lower layer of chromium,
molybdenum, or their alloys and an upper layer of alumi-
num or its alloy. Some embodiments use a triple-layer
structure which includes a lower layer of molybdenum or
its alloy, the middle layer of aluminum or its alloy, and an
upper layer of molybdenum or its alloy. The data lines
171, the drain electrodes 175, and the storage electrode
lines 131 can also be made of other metal and/or non-
metal conductive materials.
[0061] It is desirable that the data lines 171, the drain
electrodes 175, and the storage electrode lines 131 have
sloped sidewalls, and the sidewall angle be in a range of
about 30° to about 80° relative to the substrate 110.
[0062] The ohmic contacts 163 and 165 are only
present between the semiconductor islands 154 dis-
posed thereunder and the data line 171 and drain elec-
trode 175 disposed thereover. The ohmic contacts 163
and 165 reduce the contact resistance between islands
154 on the one hand and the data lines 171 and drain
electrodes 175 on the other hand. Each semiconductor
island 154 includes a region ("first region") not covered
by a data line 171 and not covered by a drain electrode
175, that first region lying between the source electrode
173 and the drain electrode 175.
[0063] A passivation layer 180 is formed on the data
lines 171, the drain electrodes 175 and the uncovered
portions of the semiconductor islands 154. The passiva-
tion layer 180 is made of an inorganic insulator such as
silicon nitride or silicon oxide. The passivation layer 180
can be made of an organic insulator, and may have a
planar top surface. In the case of the organic insulator,
the passivation layer 180 can be photosensitive, and it
is desirable that the dielectric constant thereof be less
than about 4.0. The passivation layer 180 can have a
dual-layer structure to include a lower inorganic layer and
an upper organic layer at least over the first regions of
the semiconductor islands 154, in order to obtain the in-
organic layer’s excellent insulating characteristics while
at the same avoiding damage to the first regions of the
semiconductor islands 154.
[0064] A plurality of contact holes 182 and 185 are
formed in the passivation layer 180 to expose the contact
areas 179 of the data lines 171 and the widened contact
areas 177 of the drain electrodes 175, and a plurality of
contact holes 181 are formed in the passivation layer 180
and the gate insulating layer 140 to expose the contact
areas 129 of the gate lines 121.

[0065] Pixel electrodes 191 and contact liners 81 and
82 are formed over the passivation layer 180. They can
be made of a transparent conductive material such as
ITO or IZO, or a reflective metal such as aluminum, silver,
chromium, or an alloy thereof.
[0066] Each pixel electrode 191 has four sides two of
which extend in about the row direction, and are about
parallel to gate lines 121, and the other two of which
extend in about the column direction, and are about par-
allel to data lines 171. The row-direction sides are longer
than the column-direction sides. In some embodiments,
the row-direction sides are three times longer than the
column-direction sides. Therefore, compared to similar-
ly-sized LCDs having pixel electrodes whose row-direc-
tion sides are shorter than the column-direction sides,
the number of pixel electrodes 191 per column can be
decreased and the number of pixel electrodes 191 per
row can be increased. Therefore, the overall number of
data lines 171 is reduced, and the manufacturing cost
can be reduced by reducing the number of IC chips in
the data driver 500. Although the number of gate lines
121 increases, this is not a substantial problem because
the gate drivers 400a and 400b can be integrated with
the assembly 300 which includes gate lines 121, data
lines 171, and the thin film transistors. Even if the gate
drivers 400a and 400b are not integrated but are provided
as IC chips, it is more economical to reduce the number
of the IC chips for the data driver 500 because the price
per IC chip for the gate drivers 400a and 400b is lower.
[0067] Each pixel electrode 191 is physically and elec-
trically connected to the respective drain electrode 175
through the respective contact hole 185. The pixel elec-
trode 191 receives a data voltage from the drain electrode
175. The data voltage on the pixel electrode 191 and the
common voltage supplied to the common electrode 270
on common electrode panel 200 induce an electric field
which determines the orientation of the liquid crystal mol-
ecules of the liquid crystal layer 3 between the electrodes
191 and 270. This orientation determines polarization of
the light passing through the liquid crystal layer 3. The
pixel electrode 191 and the common electrode 270 form
a liquid crystal capacitor which sustains its voltage after
the respective thin film transistor is turned off.
[0068] The pixel electrode 191 overlaps with a respec-
tive storage electrode line 131 and, in particular, the re-
spective storage electrodes 137a-e, thereby forming a
storage capacitor that enhances a voltage sustaining ca-
pability of the liquid crystal capacitor. More particularly,
the stem of the storage electrode line 131 runs in the
column direction over the center portion of the pixel elec-
trode 191. The boundary of the pixel electrode 191 ad-
jacent to the gate lines 121 is overlapped by the storage
electrodes 137a-d extending on both sides from the stem
line in the row direction. In this configuration, electromag-
netic interference between the pixel electrode 191 and
the respective the gate line 121 is blocked by the storage
electrodes 137a-e, thereby stably sustaining the voltage
on the pixel electrode 191. The resulting structure needs

9 10 



EP 1 883 061 A2

7

5

10

15

20

25

30

35

40

45

50

55

less wiring in the column direction compared to a struc-
ture with storage electrodes 137a-d being disposed near
the pixel electrode’s boundary adjacent to the data lines.
Therefore, the pixel width in the row direction can be re-
duced, leaving more room for integrating the gate drivers
400a and 400b. The storage electrodes 137a-e also
block light leakage between the pixel electrodes 191. The
step profile caused by the presence of the stem of the
storage electrode line 131 in the middle of the pixel elec-
trode 191 can be made smoothened using greater incli-
nation of the sidewalls of the storage electrode line 131.
[0069] Each contact liner 82 contacts the respective
contact area 179 of the respective data line 171 through
the respective contact hole 182. The contact liners 82
enhance adhesion between the contact areas 179 and
an external device, and protect the contact areas 179.
[0070] Each contact liner 81 contacts the respective
contact area 129 of the respective gate line 121 through
the respective contact hole 181, thus connecting the con-
tact area 129 to the gate driver 400. If the gate driver 400
is formed of 1C chips, the contact liners 81 may have a
similar shape and function to the contact liners 82.
[0071] Now the upper panel 200 will be described. A
light blocking member 220 is formed on an insulating
substrate 210 made of transparent glass or plastic to
block light leakage. The light blocking member 220 is
also called a black matrix.
[0072] The color filters 230 are formed on the substrate
210 and the light blocking member 220. Most of each
color filter 230 is located in a region surrounded by the
light blocking member 220. Each color filter 230 extends
longitudinally along a pixel electrode 191. Each of the
color filters 230 is of a primary color of red, green, or blue.
[0073] An overcoat 250 is formed on the color filters
230 and the light blocking member 220. The overcoat
250 can be made of an organic insulator. The overcoat
250 protects the color filters 230 from being exposed and
provides a flat surface. The overcoat 250 can be omitted.
[0074] Alignment layers 11 and 21 are coated on the
inside surfaces of the display panels 100 and 200, and
they can be vertical alignment layers. Polarizers 12 and
22 are provided at the outer surfaces of the display panels
100 and 200, and the polarization axes of the two polar-
izers can be parallel or at an angle to each other. In the
case of a reflective liquid crystal display, one of the po-
larizers can be omitted.
[0075] The liquid crystal display according to the
present exemplary embodiment can further include a
phase retardation film (not shown) to correct for the re-
tardation in the liquid crystal layer 3. The liquid crystal
display may also include a lighting unit for providing light
to the liquid crystal layer 3.
[0076] The liquid crystal layer 3 has positive or nega-
tive dielectric anisotropy, and the liquid crystal molecules
of the liquid crystal layer 3 are arranged to have longitu-
dinal axes to be parallel with or orthogonal to the surface
of the display panels 100 and 200 when no electric field
is applied.

[0077] Referring again to FIG. 1, the gate drivers 400a
and 400b are integrated at the liquid crystal panel as-
sembly 300 with the signal lines G1-Gn and D1-Dm and
thin film transistor switching elements Q. Drivers 400a,
400b are placed respectively at the right and left sides
of the liquid crystal panel assembly 300. The gate drivers
400a and 400b are alternately connected to the odd-num-
bered gate lines and the even-numbered gate lines, re-
spectively, and supply gate signals each of which alter-
nates as a gate-on voltage Von and a gate-off voltage
Voff. The gate drivers 400a and 400b supply the gate
signals to the gate lines (G1-Gn). In other embodiments,
the gate drivers 400a and 400b are both located on one
side of the liquid crystal panel assembly 300.
[0078] At least one polarizer (not shown in Fig. 1) is
attached at the outer surface of the liquid crystal panel
assembly 300 for polarizing light.
[0079] The gray voltage generator 800 generates two
sets of gray voltages (or reference sets of gray voltages)
related to the transmittance of the pixels PX. One of the
two sets has positive polarity relative to the common volt-
age Vcom, and the other set negative polarity.
[0080] The data driver 500 is connected to the data
lines D1-Dm of the liquid crystal panel assembly 300. The
data driver 500 selects the gray voltages from the volt-
ages provided by the gray voltage generator 800, and
supplies the selected gray voltages as data signals to
the data lines D1-Dm. If the gray voltage generator 800
supplies a predetermined number of reference gray volt-
ages without supplying all the gray voltages needed, the
data driver 500 generates the gray voltages needed by
dividing the reference gray voltages and selects a
number of the generated gray voltages as data signals.
[0081] Storage electrode driver 700 is connected to
the storage electrode lines SL of the liquid crystal panel
assembly 300, and supplies alternating, periodic storage
electrode voltages to the storage electrode lines SL.
[0082] The signal controller 600 controls the gate driv-
ers 400a and 400b and the data driver 500.
[0083] Each of the drivers 400, 500, 600, 700, and 800
may be directly mounted on the liquid crystal panel as-
sembly 300 as one or more IC chips. The drivers 400,
500, 600, 700 and 800 can alternatively be mounted on
a flexible printed circuit film (not shown), and the flexible
printed circuit film can be attached to the liquid crystal
panel assembly 300 using a tape carrier package (TCP).
In other embodiments, the drivers 400, 500, 600, 700,
800 are mounted on a printed circuit board (PCB) (not
shown). In another alternative, the drivers 400, 500, 600,
700, and 800 can be integrated with the liquid crystal
panel assembly 300, the signal lines G1-Gn, D1-Dm, SL,
and the thin film transistor switching elements Q. The
drivers 400, 500, 600, 700, and 800 can also be integrat-
ed in a single chip. In another alternative, the drivers may
include a single chip plus one or more discrete circuit
elements formed outside of the chip.
[0084] Now the operation of the liquid crystal display
according to the present embodiment will be described
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in detail.
[0085] Signal controller 600 receives, from an external
graphics controller (not shown), input image signals R,
G, and B and an input control signal for displaying the
input image signals R, G, and B. The input image signals
R, G, and B include luminance information for each pixel
PX. The luminance can have a predetermined number
of values, for example, 1024 values (i.e. 210), or 256 val-
ues (i.e. 28) or 64 values (i.e. 26). The input control signal
may include a vertical synchronization signal Vsync, a
horizontal synchronizing signal Hsync, a main clock sig-
nal MCLK, and a data enable signal DE.
[0086] The signal controller 600 processes the input
image signals R, G, and B as appropriate for the operat-
ing conditions of the liquid crystal panel assembly 300,
and generates from the input image signals R, G, and B
and the input control signal, a gate control signal CONT1,
a data control signal CONT2, a storage electrode control
signal CONT3, and image signals DAT. Then, the signal
controller 600 outputs the gate control signal CONT1 to
the gate drivers 400a and 400b and outputs the data
control signal CONT2 and image signals DAT to the data
driver 500. Also, the signal controller 600 outputs the
storage electrode control signal CONT3 to the storage
electrode driver 700. The signal controller arranges the
input image signals R, G, and B according to the pixel
arrangement shown in FIG. 1.
[0087] The gate control signal CONT1 includes a scan-
ning start signal STV to initiate scanning, and at least
one clock signal for controlling the output cycle of the
gate-on voltage (Von). The gate control signal CONT1
can further include an output enable signal OE that limits
the duration of the gate-on voltage (Von).
[0088] The data control signal CONT2 includes a hor-
izontal synchronization start signal STH to initiate trans-
mission of digital image signals DAT for all the columns
for one row of pixels, and a load signal (LOAD) and a
data clock signal HCLK to initiate driving of analog data
signals on the data lines D1-Dm. The data control signal
CONT2 can further include an inversion signal RVS that
inverts the voltage polarity of the analog data signals rel-
ative to the common voltage Vcom. Hereinafter, "data
signal polarity" denotes the voltage polarity of a data sig-
nal relative to the common voltage.
[0089] The data driver 500 receives the digital image
signals DAT for one row for all the columns of pixels, and
converts the digital image signals DAT to analog data
signals by selecting gray voltages corresponding to each
digital image signal DAT according to the data control
signal CONT2 from the signal controller 600. Then, the
analog data signals are applied to the corresponding data
lines D1-Dm.
[0090] The gate driver 400 supplies the gate-on volt-
age Von to gate lines G1-Gn according to gate control
signal CONT1 from the signal controller 600, thereby
turning on the switching elements Q connected to the
gate lines G1-Gn. Then, the data signals on the data lines
D1-Dm are applied to the corresponding pixels PX

through the turned-on switching elements Q.
[0091] The storage electrode driver 700 supplies the
storage electrode signals (Vst) to the storage electrode
lines SL according to the storage electrode control signal
CONT3 from the signal controller 600. Each storage elec-
trode signal (Vst) has periodic, alternating polarity is rel-
ative to the common voltage Vcom.
[0092] The difference between the voltage of the data
signal applied to the pixel PX and the common voltage
Vcom (i.e. the pixel voltage) appears as a voltage of the
liquid crystal capacitor Clc. The arrangement of the liquid
crystal molecules varies with the magnitude of the pixel
voltage to vary the polarization of light that passes
through the liquid crystal layer 3. Changes in polarization
cause changes in transmittance of light by a polarizer in
the display panel assembly 300, and the pixel PX displays
the luminance corresponding to the gray level of the im-
age signal DAT.
[0093] By repeating the above-described operation in
each horizontal period (1H), which is equivalent to one
cycle of the horizontal synchronizing signal Hsync and
data enable signal DE, the gate-on voltage Von is se-
quentially provided to all gate lines G1-Gn, and an image
of one frame is displayed by supplying the data signals
to all pixels PX.
[0094] After displaying the image for one frame, the
next frame starts and the state of the inversion signal
RVS applied to the data driver 500 is controlled to invert
the polarity of the data signals from the previous frame
("frame inversion")Herein, the polarity of a data signal
flowing through a data line can be inverted according to
characteristics of the inversion signal RVS even within
one frame (for example: row inversion, dot inversion), or
the polarity of the data signal applied to one pixel can be
different (for example: column inversion, dot inversion)..
[0095] Now the operation of a liquid crystal display ac-
cording to the exemplary embodiment of the present in-
vention will be described with reference to FIG. 9A and
FIG. 9B.
[0096] FIG. 9A and FIG. 9B are waveform graphs il-
lustrating driving signals of the liquid crystal display ac-
cording to the exemplary embodiment of the present in-
vention in an nth frame and an (n+1)th frame for an ex-
emplary pixel PX. Referring to FIG. 9A, the nth frame is
displayed as follows. When a gate signal (Vg) is applied
to a gate line 121 from the gate driver 400, the liquid
crystal capacitor Clc is charged. The pixel electrode volt-
age Vp increases, changing from the negative polarity
(-) to the positive polarity (+). The storage electrode volt-
age (Vst) is an alternating periodic signal, and the polarity
thereof alternates relative to the common voltage Vcom.
The gate voltage (Vg) is driven to the gate-on level Von
about time 1H before the corresponding data voltages
(Vd) are supplied to the data lines for the corresponding
pixel row. Therefore, the liquid crystal capacitor Clc is
pre-charged for about time 1H to some voltage of appro-
priate polarity, though perhaps not to the target value.
(The precharge takes advantage of the data line voltages
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for the previous pixel row having the same polarities, al-
though possibly not the same target levels, as for the
current row.) Then the data voltages (Vd) for the current
row are provided for additional time of about 1H.
[0097] Then, about 2H after the gate voltage Vg be-
came Von, the gate voltage returns to the Voff value.
Therefore, the pixel electrode voltage Vp for the exem-
plary pixel being described decrease by a kick-back volt-
age value (Vkb). The pixel electrode voltage Vp oscillates
in a periodic manner according to the oscillation of the
storage electrode voltage (Vst). The pixel electrode volt-
age Vp periodically increases by a value shown as ∆Vp
in the drawings when the storage electrode voltage (Vst)
increases, and then the voltages Vp returns to its original
level when the storage electrode voltage (Vst) decreas-
es. The average values Vpp of the pixel electrode voltage
Vp increases (Vpp is shown relative to Vcom).
[0098] FIG. 9B shows this operation for the pixel in the
next frame, when the data line connected to the pixel has
negative polarity. The liquid crystal capacitor Clc is
charged when the gate-on voltage Von is supplied from
gate driver 400 to the gate line 121 as the gate signal
Vg. The pixel electrode voltage Vp increases in magni-
tude and changes from positive (+) to negative (-) polarity.
The storage electrode voltage (Vst) alternates periodi-
cally, and the polarity thereof changes relative to the com-
mon voltage Vcom. The gate voltage (Vg) rises to the
gate-on level (Von) about 1H before the corresponding
data voltage (Vd) is supplied to the data line. Therefore,
the liquid crystal capacitors Clc is pre-charged for about
1H. Afterward, the gate voltage (Vg) stays at Von, and
the corresponding data voltage (Vg) is provided for an
additional time of about 1H to the gate line.
[0099] Then, about 2H after the gate voltage Vg be-
came Von, the gate voltage returns to the Voff value.
Therefore, the pixel electrode voltage Vp decreases by
as much as a kick-back voltage value (Vkb). The pixel
electrode voltage Vp alternates periodically according to
the oscillation of the storage electrode voltage (Vst). The
pixel electrode voltage Vp periodically increases in mag-
nitude by the ∆Vp value when the storage electrode volt-
age (Vst) decreases, and then the voltages Vp returns
to its original level when Vst increases. The average val-
ue Vpp of the pixel electrode voltage Vp increases in
magnitude.
[0100] Thus, both in the case of FIG. 9A (positive po-
larity) and in the case of FIG. 9B (negative polarity), the
difference between the common voltage (Vcom) and the
pixel electrode voltage (Vp) increases in magnitude due
to the pulses of the storage electrode signal (Vst). The
average difference Vpp thus increases in magnitude.
Consequently, the gray levels increase. Therefore, both
the power consumption in the data driver 500 and the
heat generated by the data driver 500 can be reduced
because proper pixel voltages can be generated with a
lower driving voltage of the data driver 500.
[0101] In each frame, when a gate line 121 is driven
as shown in FIG. 9A or 9B, one of any two adjacent pixels

in the corresponding row has positive polarity and the
other one of the two adjacent pixels has negative polarity.
Therefore, the data lines for any two adjacent columns
have voltages Vst of opposite polarities during each
frame. The data line signals are therefore opposite in
phase.
[0102] Now a method for supplying the storage voltage
signals to a liquid crystal display according to an exem-
plary embodiment of the present invention will be de-
scribed with reference to FIG. 10. FIG. 10 is a perspective
view illustrating the liquid crystal panel assembly 300 ac-
cording to the exemplary embodiment. The liquid crystal
panel assembly 300 includes a lower panel 100 and an
upper panel 200 facing each other, with a liquid crystal
layer 3 interposed therebetween.
[0103] One side of data driver 500 is connected to the
upper portion of the lower panel 100. The other side of
the data driver 500 is connected to a printed circuit board
(PCB) 900. The gray voltage generator 800 and the stor-
age electrode driver 700 are disposed on the PCB 900.
The data driver 500 includes a data driving circuit chip
510 transferring the data voltage (Vd) to data lines 171.
Additional wires 520 and 530 are formed around the data
driving circuit chip 510The additional wires 520 and 530
include first additional wiring 520 for receiving the storage
electrode signals (Vst) and second additional wiring 530
for receiving the common voltage Vcom. One end of the
first additional wiring 520 is connected to the storage
electrode driver 700. The first additional wiring 520 has
a portion on the lower panel 100, and that portion is con-
nected to a storage electrode signal supply line 130
formed on the lower panel 100. The storage electrode
signal supply line 130 is parallel to the gate lines 121,
and is connected to a plurality of storage electrode lines
131 formed in parallel with data lines 171. The storage
electrode signals (Vst) are generated by storage elec-
trode driver 700, and are transferred to the storage elec-
trode line 131 through the first additional wiring 520 and
the storage electrode signal supply line 130.
[0104] As described above, since the storage elec-
trode signal supply line 130 runs parallel to gate lines
121, that is, in the row direction, the distance between
the storage electrode signal supply line 130 and the stor-
age electrode driver 700 is uniform. Therefore, the peri-
odic alternating storage electrode signals (Vst) reach the
pixels with a low delay and low distortion.
[0105] The common voltage Vcom is supplied through
the second additional wiring 530 to the common elec-
trode 270 on the upper panel 200 through a short con-
nector 40.
[0106] Now a liquid crystal panel assembly according
to another embodiment of the present invention will be
described with reference to FIG. 11 and FIG. 12.
[0107] FIG. 11 is a schematic diagram illustrating
switching elements Q and pixel polarities in the liquid
crystal panel assembly. Each pixel column is adjacent to
two data lines, and the pixels PX in the column alternate
with respect to their connection to these data lines. In
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other words, the switching elements Q of any two con-
secutive pixels in each column are connected to different
ones of these two data lines.
[0108] As shown in FIG. 11, if the data driver 500 sup-
plies data voltages of opposite polarities to two adjacent
data lines (column inversion), and the polarities remain
the same for one frame, then any two adjacent pixels PX
in a column or a row have opposite polarities. That is,
the apparent inversion on the screen is dot inversion.
[0109] More particularly, in addition to inverting the po-
larity of each data line between different frames, the data
driver 500 provides different polarities on any two adja-
cent data lines D1-Dm during each frame. Since the con-
nections between pixels PX and the corresponding data
lines D1-Dm alternate within every column as shown in
FIG. 11, the polarity inversion (driver inversion) pattern
of the data driver 500 is different from the polarity inver-
sion (apparent inversion) of the pixel electrodes. Al-
though the driver inversion is column inversion, the ap-
parent inversion is 1 � 1 dot inversion.
[0110] FIG. 12 is a layout view illustrating one example
of a liquid crystal panel assembly shown in FIG. 11. The
liquid crystal panel assembly of FIG. 12 includes a lower
panel (not shown), an upper panel (not shown), and a
liquid crystal layer (not shown) interposed between the
two display panels. The layered structure of the liquid
crystal panel is about identical to the layered structure of
the liquid crystal display shown in FIGs. 3 to 8. Therefore,
the layered structure of the liquid crystal panel of FIG. 12
is not shown. The layered structure of the liquid crystal
display of FIG. 12 will be described using the same ref-
erence numerals as in FIG. 7 and FIG. 8.
[0111] The lower panel 100 will now be described.
Conductive gate lines 121 and conductive storage elec-
trode lines 131 are formed on the insulation substrate
110. Each gate line 121 includes an end portion 129 and
a number of gate electrodes 124, and each of storage
electrode lines 131 includes a number of storage elec-
trodes 137. Gate insulating layer 140 is formed on the
gate lines 121. Semiconductor islands 154 are formed
on the gate insulating layer 140, and ohmic contacts 163
and 165 are formed thereon. Conductive data lines 171
and conductive drain electrodes 175 are formed over the
ohmic contacts 163 and 165 and the gate insulating layer
140. Each data line 171 includes end portion 179 for con-
nection to a respective plurality of source electrodes 173.
Passivation layer 180 is formed on the data conductors
171 and 175 and the exposed portions of the semicon-
ductor islands 154, and contact holes 181, 182, and 185
are formed in the passivation layer 180 and the gate in-
sulating layer 140. Pixel electrodes 191 and contact liners
81 and 82 are formed on the passivation layer 180. Align-
ment layer 11 is formed over the pixel electrodes 191,
the contact liners 81 and 82, and the passivation layer
180.
[0112] Now the upper panel will be described. Light
blocking member 220, color filters 230, overcoat 250,
common electrode 270, and alignment layer 21 are

formed on insulating substrate 210.
[0113] The liquid crystal panel assembly shown in FIG.
12 includes thin film transistors each of which includes a
gate electrode 124, a region of a semiconductor island
154, a source electrode 173, and a drain electrode 175.
The thin film transistors are connected to different data
lines in every pixel column.
[0114] According to the present invention, the number
of data driving circuit chips can be reduced. Also, the
power consumption and the heat can be reduced be-
cause a wide range of grays can be expressed with low
voltages provided by the data driving circuit.
[0115] While this invention has been described in con-
nection with what is presently considered to be practical
exemplary embodiments, it is to be understood that the
invention is not limited to the disclosed embodiments,
but, on the contrary, is intended to cover various modifi-
cations and equivalent arrangements included within the
spirit and scope of the appended claims.

Claims

1. A liquid crystal display comprising:

a substrate;
a plurality of gate lines formed on the substrate;
a plurality of data lines arranged crosswise rel-
ative to the gate lines;
a plurality of thin film transistors connected to
the gate lines and the data lines;
a plurality of pixel electrodes connected to the
thin film transistors, and having a first side
formed in parallel with the gate lines and a sec-
ond side shorter than the first side and adjacent
to the first side; and
a plurality of storage electrode lines overlapping
with the pixel electrodes,

wherein storage electrode signals applied to the stor-
age electrode line are periodic alternating signals.

2. The liquid crystal display of claim 1, wherein the stor-
age electrode signals applied to adjacent storage
electrode lines are opposite in phase.

3. The liquid crystal display of claim 1, wherein the stor-
age electrode lines are substantially parallel to the
data lines.

4. The liquid crystal display of claim 1, wherein the stor-
age electrode lines are made of a layer of material,
and the data lines are also made of the same layer
of material.

5. The liquid crystal display of claim 3, wherein each
storage electrode line is adjacent to one or more of
the gate lines and has at least one branch substan-
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tially parallel to the gate lines.

6. The liquid crystal display of claim 1, wherein the first
side is three times longer than the second side.

7. The liquid crystal display of claim 1, further compris-
ing a gate driver connected to the gate lines,
wherein the gate driver is located on the substrate.

8. The liquid crystal display of claim 7, wherein the gate
driver includes a first gate driver connected to a first
group of the gate lines and a second gate driver con-
nected to a second group of the gate lines.

9. The liquid crystal display of claim 8, wherein the first
gate driver and the second gate driver are placed at
opposite sides of the substrate.

10. The liquid crystal display of claim 1, wherein thin film
transistors adjacent in a column direction are con-
nected to different data lines.

11. The liquid crystal display of claim 1, wherein thin film
transistors adjacent in a column direction are con-
nected to different data lines in every two rows.

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

a data driver connected to the data lines; and
a plurality of additional wires,

wherein the storage electrode signals are trans-
ferred through the additional wires.

13. The liquid crystal display of claim 12, further com-
prising a storage electrode signal supply line con-
necting the additional wires and the storage elec-
trode lines and formed in parallel with the gate lines

14. The liquid crystal display of claim 12, further com-
prising a storage electrode signal supply line con-
necting the additional wires, wherein the storage
electrode lines and formed in parallel with the gate
lines.

15. The liquid crystal display of claim 1, wherein the stor-
age electrode signals are reversed every frame.

16. The liquid crystal display of claim 1, wherein polari-
ties of data voltages on adjacent data lines are op-
posite to each other.

17. The liquid crystal display of claim 15, wherein polar-
ities of data voltages flowing along the data line ar
the same, respectively.

18. A liquid crystal display comprising:

a matrix of pixels;
a plurality of gate lines; and
a plurality of data lines arranged crosswise rel-
ative to the gate lines;

wherein each of the pixels comprises:

a liquid crystal capacitor, and
a storage capacitor having a first terminal con-
nected to the liquid crystal capacitor, and a sec-
ond terminal supplied with a storage electrode
signal that is a periodic alternating signal,

wherein a region defined by the gate lines and the
data lines has a first side extending along the gate
lines that is longer than a second side extending
along the data lines.

19. The liquid crystal display of claim 18, wherein the
first side is three times longer that the second side.

20. The liquid crystal display of claim 18, wherein the
voltage of the liquid crystal capacitor changes ac-
cording to oscillations of the storage electrode signal.
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