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wherein the signal generating circuit is connected to a k-th
storage electrode line, where k is a natural number.
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DISPLAY DEVICE AND DRIVING
APPARATUS

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority to and the benefit
of Korean Patent Application No. 10-2006-0008148 filed in
the Korean Intellectual Property Office on Jan. 26, 2006, the
entire contents of which is incorporated herein by reference.

BACKGROUND

[0002] (a) Technical Field

[0003] The present invention relates to a liquid crystal
display (LCD) device.

[0004] (b) Related Art

[0005] In general, liquid crystal display (LCD) devices
include two display panels having pixel electrodes and a
common electrode, and a liquid crystal layer having an
anisotropy dielectric disposed between the display panels.
The pixel electrodes are arranged in a matrix, and are
connected to switching elements such as thin film transistors
(TFTs) to sequentially receive data voltages by rows. The
common electrode is formed on the entire surface of one of
the display panels and may receive a common voltage. A
liquid crystal capacitor is formed with the pixel electrode,
the common electrode, and the liquid crystal layer therebe-
tween. The liquid crystal capacitor and the switching ele-
ment connected to the liquid crystal capacitor form a pixel
unit.

[0006] In LCD devices, a voltage is applied to the two
electrodes to form an electric field on the liquid crystal layer.
A desired image is obtained by controlling the strength of the
electric field and controlling the transmittance of light
passing through the liquid crystal layer. When an electric
field is applied to the liquid crystal layer in one direction,
degradation of the LCD device may occur. In order to
prevent such degradation, the polarity of the data voltage
with respect to a common voltage may be inverted for each
frame, row, or pixel.

[0007] Because of the slow response rate of liquid crystal
molecules, it takes time to charge a liquid crystal capacitor
up to a target voltage (hereinafter, “pixel voltage™) to obtain
a desired luminance. This time depends on the difference
between the target voltage and the voltage previously
charged to the liquid crystal capacitor. Thus, when the
difference between a target voltage and the previous voltage
1s great and the target voltage is applied at a beginning stage,
it may be impossible to reach the target voltage during the
time a switching element is turned on.

[0008] Accordingly, a dynamic capacitance compensation
(DCC) method has been developed. When the voltage
applied between both ends of a liquid crystal capacitor is
greater, charging time is reduced. The DCC method raises
the data voltage to be applied to each pixel to a voltage
greater than a target voltage: This shortens the time required
for the pixel voltage to reach the target voltage. The data
voltage is practically the difference between a data voltage
and a common voltage, but the DCC method sets the
common voltage to OV for the sake of convenience.
[0009] The DCC method however, requires a frame
memory and a driving circuit for performing DCC compu-
tations. As a result, the DCC method requires changes in
circuit design and raises manufacturing costs.
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[0010] Small LCD devices such as those used for mobile
phones, perform row inversion that inverts the polarity of the
data voltage with respect to the common voltage by rows to
reduce power consumption. Because small LCD devices can
require high resolutions, power consumption is an important
factor in such devices. In particular, power consumption will
be increased in the performance of DCC computation
because the DCC method requires additional computations
or circuits.

[0011] Further, the data voltage range used for displaying
an image in the case of row inversion is smaller than that for
dot inversion in which the polarity of a data voltage with
respect to the common voltage is inverted by pixels. Thus,
if the threshold voltage for driving liquid crystals is high,
such as in a vertical alignment (VA) mode liquid crystal
display, the data voltage range for gray representation used
for actual image display becomes as low as the threshold
voltage. Thus, luminance representation in such configura-
tions is difficult.

[0012] The above information disclosed in this Back-
ground section is only for enhancement of understanding of
the background of the invention and therefore it may contain
information that does not form the prior art that is already
known in this country to a person of ordinary skill in the art.

SUMMARY

[0013] In accordance with various embodiments of the
invention, power consumption of liquid crystal display
devices may be reduced, response times of liquid crystal
layers of such display devices may be improved, and image
definition of such display devices may be improved without
significantly increasing power consumption.

[0014] According to an embodiment of the present inven-
tion, a display device configured to display images in a
plurality of frames includes a plurality of gate lines adapted
to transmit a plurality of gate signals, a plurality of data lines
adapted to transmit a plurality of data voltages, a plurality of
storage electrode lines adapted to transmit a plurality of
storage signals, a plurality of pixels arranged in a matrix
having a plurality of rows, wherein each pixel comprises a
switching element connected to one of the gate lines and one
of the data lines, a liquid crystal capacitor connected to the
switching element and a common voltage, and a storage
capacitor connected to the switching element and one of the
storage electrode lines, and a plurality of signal generating
circuits connected to the storage electrode lines, wherein
each of the signal generating circuits is adapted to apply a
storage signal having a first or second voltage to an asso-
ciated one of the storage electrode lines in response to a gate
signal immediately after the liquid crystal capacitor and
storage capacitors of an associated row of pixels have been
charged by the data voltages, adapted to invert the voltage of
the storage signal in response to a first control signal, and
adapted to maintain the storage signal for a first predeter-
mined time period in response to a second control signal and
a third control signal.

[0015] The storage signals applied to adjacent storage
electrode lines may have different voltage levels from each
other.

[0016] The first control signal may be adapted to invert the
storage signal for every frame wherein the common voltage
may be a fixed voltage.

[0017] The first control signal and the third control signal
may have substantially the same phase.
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[0018] The second comntrol signal and the third control
signal may have substantially inverted phases.

[0019] The first, second, and third control signals may
have substantially the same period.

[0020] The first, second, and third control signals may
have a period of about one horizontal period (1H).

[0021] The first, second, and third control signals may
have substantially the same duty ratio.

[0022] The first, second, and third control signals may
have a duty ratio of about 50%.

[0023] The display device may further include an addi-
tional gate line adapted to transmit one of the gate signals to
one of the signal generating circuits.

[0024] The additional gate line may be connected to a last
one of the signal generating circuits.

[0025] Each gate signal may be configured to provide a
gate-on voltage and a gate-off voltage, wherein the gate-on
voltages of two of the gate signals transmitted by two
adjacent gate lines overlap for a second predetermined time
period.

[0026] The second predetermined time period may corre-
spond to about one horizontal period (1H).

[0027] Each of the signal generating circuits may be
associated with a corresponding one of the gate lines,
wherein each of the signal generating circuits may further
include a first transistor having a control terminal connected
to the one of the gate lines, an input terminal adapted to
receive the first control signal, and an output terminal
connected to the one of the storage electrode lines.

[0028] Each of the signal generating circuits may further
include a second transistor having a control terminal con-
nected to the one of the gate lines and an input terminal
adapted to receive the second control signal, and a third
transistor having a control terminal connected to the one of
the gate lines and an input terminal adapted to receive the
third control signal.

[0029] Each of the signal generating circuits may further
include a fourth transistor having a control terminal con-
nected to an output terminal of the third transistor, an input
terminal connected to a first driving voltage, and an output
terminal connected to the one of the storage electrode lines,
a fifth transistor having a control terminal connected to an
output terminal of the second transistor, an input terminal
connected to the one of the storage electrode lines, and an
output terminal connected to a second driving voltage, a first
capacitor connected between the input terminal and the
control terminal of the fourth transistor, and a second
capacitor connected between the control terminal and the
output terminal of the fifth transistor.

[0030] According to another embodiment of the present
invention, a display device configured to display images in
a plurality of frames includes a plurality of gate lines
adapted to transmit a plurality of gate signals, a plurality of
data lines adapted to transmit a plurality of data voltages, a
plurality of storage electrode lines adapted to transmit a
plurality of storage signals, a plurality of pixels arranged in
a matrix having a plurality of rows, wherein each pixel
comprises a switching element connected to one of the gate
lines and one of the data lines, a liquid crystal capacitor
connected to the switching element and a common voltage,
and a storage capacitor connected to the switching element
and one of the storage electrode lines, and a plurality of
signal generating circuits connected to the storage electrode
lines, wherein each of the signal generating circuits is
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adapted to apply a storage signal having a first or second
voltage to an associated one of the storage electrode lines in
response to a first gate signal immediately after the liquid
crystal capacitor and storage capacitors of a first row of
pixels have been charged by a first set of the data voltages,
wherein the first gate signal is received over a first gate line
associated with the signal generating circuit, adapted to
invert the voltage of the storage signal in response to a first
control signal or in response to a second gate signal received
over a second gate line associated with the signal generating
circuit, and adapted to maintain the storage signal for a first
predetermined time period in response to a second control
signal and a third control signal.

[0031] The storage signals applied to adjacent storage
electrode lines may have different voltage levels from each
other.

[0032] The first control signal may be adapted to invert the
storage signal for every frame.

[0033] The common voltage may have a fixed voltage.
[0034] The first control signal and the third control signal
may have substantially the same phase.

[0035] The second control signal and the third control
signal may have substantially inverted phases.

[0036] The first, second, and third control signals may
have substantially the same period.

[0037] The first, second, and third control signals have a
period of about one horizontal period (1H).

[0038] The first, second, and third control signals may
have substantially the same duty ratio.

[0039] The first, second, and third control signals may
have a duty ratio of about 50%.

[0040] The display device may further include an addi-
tional gate line adapted to transmit one of the gate signals to
one of the signal generating circuits.

[0041] The additional gate line may be connected to a last
one of the signal generating circuits.

[0042] Each of the signal generating circuits may further
include a first transistor having a control terminal connected
to the second gate line, an input terminal adapted to receive
the first control signal, and an output terminal connected to
the one of the storage electrode lines.

[0043] Each of the signal generating circuits may further
include a second transistor having a control terminal con-
nected to the second gate line, and an input terminal adapted
to receive the second control signal, and a third transistor
having a control terminal connected to the second gate line,
and an input terminal adapted to receive the third control
signal.

[0044] Each of the signal generating circuits may further
include a fourth transistor having a control terminal con-
nected to an output terminal of the third transistor, an input
terminal connected to a first driving voltage, and an output
terminal connected to the one of the storage electrode lines,
a fifth transistor having a control terminal connected to an
output terminal of the second transistor, an input terminal
connected to the one of the storage electrode lines, and an
output terminal connected to a second driving voltage, a first
capacitor connected between the input terminal and the
control terminal of the fourth transistor, and a second
capacitor connected between the control terminal and the
output terminal of the fifth transistor.

[0045] Each of the signal generating circuits may further
include a sixth transistor having an input terminal adapted to
receive the first control signal, a control terminal connected
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to the first gate line, and an output terminal connected to the
one of the storage electrode lines.

[0046] According to another embodiment of the present
invention, a method of driving a display device is provided,
wherein the display device includes a plurality of pixels
arranged in a matrix having a plurality of rows, wherein each
pixel comprises a switching element connected to one of a
plurality of gate lines and one of a plurality of data lines, a
liquid crystal capacitor connected to the switching element
and a common voltage, and a storage capacitor connected to
the switching element and one a plurality of storage elec-
trode lines. The method includes applying a first set of data
voltages to the data lines; applying a first gate voltage to a
first gate line connected with a first row of pixels; applying
a first storage signal having a first voltage to a first storage
electrode line connected with the first row of pixels to
maintain the first voltage on the storage capacitors of the first
row of pixels; maintaining the first storage signal for a first
predetermined time period; applying a second set of data
voltages to the data lines; applying a second gate voltage to
a second gate line connected with a second row of pixels;
applying a second storage signal having a second voltage to
a second storage electrode line connected with the second
row of pixels to maintain the second voltage on the storage
capacitors of the second row of pixels; and maintaining the
second storage signal for a second predetermined time
period.

[0047] The first and second voltages may be approxi-
mately equal and opposite in polarity to each other.

[0048] The first and second gate signals may overlap with
each other in time.

BRIEF DESCRIPTION OF THE DRAWINGS

[0049] Referring to the accompanying drawings, various
embodiments of the invention are illustrated in detail.
[0050] FIG.1 is ablock diagram of a liquid crystal display
according to an embodiment of the invention.

[0051] FIG. 2 is an equivalent circuit diagram of a pixel of
a liquid crystal display according to an embodiment of the
invention.

[0052] FIG. 3 is a circuit diagram of a signal generating
circuit according to an embodiment of the invention.
[0053] FIG. 4 is a timing diagram of signals used in the
liquid crystal display including the signal generating circuit
shown in FIG. 3 according to an embodiment of the inven-
tion.

[0054] FIG. 5 is a graph illustrating a response speed of
liquid crystal in relation to a pixel electrode voltage accord-
ing to an operation of a signal generating circuit according
10 an embodiment of the invention.

[0055] FIG. 6 is a graph illustrating a response speed of
liquid crystal in relation to a pixel electrode voltage accord-
ing to a conventional art.

[0056] FIG. 7 is a block diagram of a liquid crystal display
according to another embodiment of the invention.

[0057] FIG. 8 is a circuit diagram of a signal generating
circuit according to another embodiment of the invention.
[0058] FIG. 9 is a timing diagram of signals used in the
liquid crystal display including the signal generating circuit
shown in FIG. 8 according to an embodiment of the inven-
tion.

[0059] FIG. 10 is a layout view of a thin film transistor
array panel of a liquid crystal display according to an
embodiment of the invention.
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[0060] FIG. 11A and FIG. 11B are cross-sectional views of
the thin film transistor array panel illustrated in FIG. 10,
taken along lines XIA-XIA and XIB-XIB, respectively,
according to an embodiment of the invention.

[0061] FIG. 12 is another layout view of a thin film
transistor array panel of a liquid crystal display according to
an embodiment of the invention.

[0062] FIG. 13A and FIG. 13B are cross-sectional views
of the thin film transistor array panel illustrated in FIG. 12,
taken along lines XIITA-XIIIA and XIIIB-XIIIB according
to an embodiment of the invention.

DETAILED DESCRIPTION

[0063] The invention will be described more fully here-
inafter with reference to the accompanying drawings, in
which embodiments of the invention are shown.

[0064] In the drawings, the thickness of layers, films,
panels, regions, etc., are exaggerated for clarity. Like refer-
ence numerals designate like elements throughout the speci-
fication. It will be understood that when an element such as
a layer, film, region, or substrate is referred to as being “on”
another element, it can be directly on the other element or
intervening elements may also be present. In contrast, when
an element is referred to as being “directly on” another
element, there are no intervening elements present.

[0065] Referring to FIG. 1 and FIG. 2, a liquid crystal
display according to an embodiment of the invention is
illustrated in detail. FIG. 1 is a block diagram of a liquid
crystal display according to an embodiment of the invention,
and FIG. 2 is an equivalent circuit diagram of the pixel of the
liquid crystal display according to an embodiment of the
invention.

[0066] As shown in FIG. 1, aliquid crystal display accord-
ing to an exemplary embodiment of the invention includes
a liquid crystal panel assembly 300, a gate driver 400, a data
driver 500, a gray voltage generator 800 connected to the
data driver 500, a storage signal generator 700, and a signal
controller 600 controlling the above elements.

[0067] The liquid crystal panel assembly 300 includes a
plurality of signal lines (G,-G,,, G, D,-D,,, and §,-S,,)) and
a plurality of pixels PX connected to the signal lines G,-G,,,,
G, Dy-D,,, and S;-S,, and arranged substantially in a
matrix. As shown in FIG. 2, the liquid crystal panel assem-
bly 300 includes lower and upper panels 100 and 200 facing
each other and a liquid crystal layer 3 interposed between the
panels 100 and 200.

[0068] The signal lines include a plurality of gate lines
GG,, and G, a plurality of data lines D-D,, and a
plurality of storage electrode lines S-S,

[0069] The gate lines G,-G,,,, and G, include a plurality of
normal gate lines G,-G,, and an additional gate line G,
transmitting gate signals (also referred to as “scanning
signals” hereinafter). The storage electrode lines S,-S,, are
alternately connected to the normal gate lines G,-G,,, and
transmit storage signals. The data lines D-D,, transmit data
voltages.

[0070] The gate lines G,-G,,, G, and the storage electrode
lines S,-S,, extend substantially in a row direction and
substantially parallel to each other, while the data lines
D -D,, extend substantially in a column direction and sub-
stantially parallel to each other.

[0071] Referring to FIG. 2, each pixel PX, for example a
pixel PX connected to the i-th normal gate line G, (i=1, 2, .
.., 2n) and the j-th data line D,(j=1, 2, . . . , m), includes a
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switching element Q connected to the signal lines G, and D,
and a liquid crystal capacitor Clc and a storage capacitor Cst
that are connected to the switching element Q. The switch-
ing element Q may be implemented, for example, as a
three-terminal element such as a thin film transistor installed
on the lower panel 100. The three-terminal element has a
contro] terminal connected to the normal gate line G,, an
input terminal connected to the data line D,, and an output
terminal connected to the liquid crystal capacitor Clc and the
storage capacitor Cst.

[0072] A pixel electrode 191 of the lower panel 100 and a
common electrode 270 of the upper panel 200 are two
terminals of the liquid crystal capacitor Clc. The liquid
crystal layer 3 disposed between the electrodes 191 and 270
acts as a dielectric material. The pixel electrode 191 is
connected to the switching element Q. The common elec-
trode 270 is disposed on the entire upper panel 200 and
receives a common voltage Vecom. The common voltage
may include, for example, a direct current (DC) voltage
having a predetermined value. Alternatively, the common
electrode 270 may be formed on the lower panel 100. In this
case, at least one of the electrodes 191 and 270 may have a
linear or plate shape.

[0073] The storage capacitor Cst assists the liquid crystal
capacitor Clc and is formed by overlapping a pixel electrode
191 and a storage electrode line S, with an insulator between
them. For a color display, each pixel PX may represent one
primary color (spatial division) or may alternatively repre-
sent different primary colors depending on time (temporal
division). Thus, a desired color is displayed by a spatial and
temporal sum of the primary colors. Examples of the pri-
mary colors include red, green, and blue. FIG. 2 shows an
exemplary spatial division. Each pixel PX has a color filter
230 representing one of the primary colors on the region of
the upper panel 200 corresponding to the pixel electrode
191. Alternatively, the color filter 230 may be formed above
or below the pixel electrode 191 of the lower panel 100.

[0074] At least one polarizer (not shown) to polarize light
is attached to the liquid crystal panel assembly 300.

[0075] Referring to FIG. 1, the gray voltage generator 800
may generate a full number of gate voltages or a limited
number of gray voltages (referred to as “reference gray
voltages” hereinafter) related to the transmittance of the
pixels PX. Some of the reference gray voltages have a
positive polarity relative to the common voltage Vcom,
while the other reference gray voltages have a negative
polarity relative to the common voltage Vcom.

[0076] The gate driver 400 includes first and second gate
driving circuits 400a and 4005 respectively arranged on both
sides of the liquid crystal panel assembly 300 (for example,
right and left sides).

[0077] The first gate driving circuit 400q is connected to
ends of the odd-numbered normal gate lines G, G, . . ., and
G,,_, and the additional gate line G, The second gate
driving circuit 4005 is connected to ends of the even-
numbered normal gate lines G,, G, . . ., and G,,, Alter-
natively, the second gate driving circuit 4005 may be con-
nected to ends of the odd-numbered normal gate lines Gy,
G, ..., and G,,_,; and the additional gate line G, and the
first gate driving circuit 400a may be connected to ends of
the even-numbered normal gate lines G,, G, . . ., G,,.

[0078] Each of the first and second gate driving circuits
4000 and 4005 synthesizes a gate-on voltage Von and a
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gate-off voltage Voff to generate the gate signals for appli-
cation to the gate lines G,-G,, and G

[0079] The gate driver 400 is integrated into the liquid
crystal panel assembly 300 along with the signal lines
G,-G,,, G, D;-D,,, and S,-S,, and the switching elements
Q. In one embodiment, the gate driver 400 may include at
least one integrated circuit (IC) chip mounted on the LC
panel assembly 300 or on a flexible printed circuit (FPC)
film in a tape carrier package (TCP), which is attached to the
panel assembly 300. Alternatively, the gate driver 400 may
be mounted on a separate printed circuit board (not shown).
[0080] The storage signal generator 700 includes first and
second storage signal generating circuits 700a and 7005
arranged on both sides of the liquid crystal panel assembly
300, for example, and adjacent to the first and second gate
driving circuits 400a and 4005.

[0081] The first storage signal generating circuit 700a is
connected to the odd-numbered storage electrode lines S,,
Ss, .. .,and S, _, and the even-numbered normal gate lines
G,, Gy, . .., and G,,, and applies storage signals having a
high level voltage and a low level voltage.

[0082] The second storage signal generating circuit 7005
is connected to the even-numbered storage electrode lines
S,,8,,...,and S, and the odd-numbered normal gate lines
G, ..., and G,,_, (except for the first normal gate line G,
and the additional gate line G,.) and applies the storage
signals to the storage electrode lines S,, S,, and S,,.
[0083] Instead of the storage signal generator 700 being
supplied with the signal from the additional gate line G,
connected to the gate driver 400, the storage signal generator
700 may be supplied with a signal from a separate unit such
as the signal controller 600 or a separate signal generator
(not shown). In this case, the additional gate line G, is not
necessarily formed on the liquid crystal panel assembly 300.
[0084] The storage signal generator 700 is integrated into
the liquid crystal panel assembly 300 along with the signal
lines G,-G,,, G,, D,-D,,, and S,-S,, and the switching
elements Q. In one embodiment, the storage signal generator
700 may include at least one integrated circuit (IC) chip
mounted on the LC panel assembly 300 or on a flexible
printed circuit (FPC) film in a tape carrier package (TCP),
which is attached to the panel assembly 300. Alternatively,
the storage signal generator 700 may be mounted on a
separate printed circuit board (not shown).

[0085] The data driver 500 is connected to the data lines
D,-D,, of the panel assembly 300 and applies data voltages,
which are selected from the gray voltages supplied from the
gray voltage generator 800, to the data lines D,-D,,. How-
ever, when the gray voltage generator 800 generates only
some rather than all the gray voltages, the data driver 500
may divide the reference gray voltages to generate the data
voltages among the gray voltages. In one embodiment,
drivers 500, 600, and 800 may include at least one integrated
circuit (IC) chip mounted on the L.C panel assembly 300 or
on a flexible printed circuit (FPC) film in a tape carrier
package (TCP), which is attached to the panel assembly 300.
Alternately, at least one of the drivers 400, 500, 600, and 800
may be integrated into the panel assembly 300 along with
the signal lines G,-G,,, G, S;-S,,, and D,-D,, and the
switching elements Q. Alternatively, all the drives 400, 500,
600, and 800 may be integrated into a single IC chip, but at
least one of the drivers 400, 500, 600, and 800 or at least one
circuit element in at least one of drivers 400, 500, 600, and
800 may be disposed outside the single IC chip.
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[0086] The signal controller 600 controls the gate driver
400, the data driver 500, and the storage signal generator
700.

[0087] The operation of the liquid crystal display is
described below.

[0088] The signal controller 600 receives input image
signals R, G, and B and input control signals for controlling
the input image signals from an external graphics controller
(not shown). The input image signals R, G, and B contain
luminance information for pixels PX, and the luminance has
a predetermined number of grays, for example, 1024(=2'°),
256(=2%), or 64(=2°) grays.

[0089] The input control signals include, for example, a
vertical synchronization signal Vsync, a horizontal synchro-
nization signal Hsyne, a main clock signal MCLK, and a
data enable signal DE.

[0090] The signal controller 600 processes the input image
signals R, G, and B based on an input control signal and the
input image signals R, G and B, according to an operating
condition of the liquid crystal panel assembly 300, generates
gate control signals CONTI, data control signals CONT2,
and storage control signals CONT3, and applies the gate
control signals CONTI to the gate driver 400, the data
control signals CONT2 and the image signals DAT to the
data driver 500, and the storage control signals CONT3 to
the storage signal generator 700.

[0091] The gate control signals CONT1 include scanning
start signals STV1 and STV2 for indicating the start of the
scanning, and at least one clock signal for controlling an
output period of a gate-on voltage Von. The gate control
signal CONT1 may further include an output enable signal
OE for limiting a time period of the gate-on voltage Von.
[0092] The data control signals CONT2 include a hori-
zontal synchronization start signal STH for indicating the
start of data transmission for a row of pixels PX, a load
signal LOAD to apply the data voltages to data lines D,-D,,,
and a data clock signal HCLK. The data control signals
CONT2 may further include an inversion signal RVS for
reversing the polarity of the data voltages (relative to the
common voltage Vcom).

[0093] Responsive to the data control signals CONT2
from the signal controller 600, the data driver 500 receives
a packet of the digital image signals DAT for the row of
pixels PX from the signal controller 600, converts the digital
image signals DAT into analog data voltages selected from
the gray voltages, and applies the analog data voltages to the
data lines D,-D,,.

[0094] The gate driver 400 applies the gate-on voltage Von
to a corresponding one of the normal gate lines G,-G,,,, for
example an i-th normal gate line G,, in response to the gate
control signals CONT1 from the signal controller, 600 and
turns on the switching elements Q that are connected to the
normal gate line G, (except the additional gate line G, that
is not connected to the switching elements Q). The data
voltages applied to the data lines D, -D,, are then supplied to
the pixels PX of the i-th row through the activated switching
transistors Q such that the liquid crystal capacitor Clc and
the storage capacitor Cst in the pixels PX are charged.
[0095] The difference between the data voltage and the
common voltage Vcom applied to a pixel PX is represented
as a voltage across the liquid crystal capacitor Clc of the
pixel PX, which is referred to as a pixel voltage. The liquid
crystal molecules in the liquid crystal capacitor Clc have
orientations depending on the magnitude of the pixel volt-
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age, and the molecular orientations determine the polariza-
tion of light passing through the liquid crystal layer 3. The
polarizer(s) converts light polarization to light transmittance
such that the pixel PX has a luminance represented by a gray
of the data voltage.

[0096] With the elapse of a horizontal period (also referred
to as “1H” and is equal to one period of the horizontal
synchronization signal Hsync and the data enable signal
DE), the data driver 500 applies data voltages to pixels PX
of an (i+1)-th row, and then the gate driver 400 changes the
gate signal applied to the i-th normal gate line G, to a gate-off
voltage Voff and changes the gate signal applied to the next
normal gate line G, to a gate-on voltage Von. Then, the
switching elements. Q of the i-th row are turned off such that
pixel electrodes 191 are in a floating state.

[0097] The storage signal generator 700 changes a voltage
level of a storage signal applied to i-th storage electrode line
S, based on the storage control signals CONT3 and the
voltage variation of the gate signal applied to the (i+1)-th
gate line G,, ;. Thereby, a voltage of the pixel electrode 191
connected to one terminal of the storage capacitor Cst is
varied in accordance with the voltage variation of the
storage electrode line S, connected to another terminal of the
storage capacitor Cst. By repeating this procedure for all
pixel rows, the liquid crystal display displays an image for
a frame.

[0098] When the next frame starts after one frame finishes,
the inversion signal RVS applied to the data driver 500 is
controlled such that the polarity of the data voltages is
reversed (which is referred to as “frame inversion”). In
addition, the polarity of the data voltages applied to pixels
PX of one row is substantially the same, and the polarity of
the data voltages applied to pixels PX of the two adjacent
rows is reversed (for example, row inversion).

[0099] In an embodiment of the invention that performs
frame inversion and row inversion, the polarity of all data
voltages applied to pixels PX of one row is positive or
negative and is changed by a unit of one frame. At this time,
a storage signal applied to a storage electrode line S-S, is
changed from a low level voltage to a high level voltage
when the pixel electrode 191 is charged by a data voltage of
the positive polarity. On the other hand, the storage signal is
changed from a high level voltage to a low level voltage
when the pixel electrode 191 is charged by a data voltage of
the negative polarity. As a result, the voltage of the pixel
electrode 191 increases if the pixel electrode 191 is charged
by a positive data voltage of the positive polarity and
decreases if the pixel electrode 191 is charged by a negative
data voltage. As a result, the voltage range of the pixel
electrode 191 is wider than the range of the gray voltages
that are the basis of data voltages such that the luminance
range using a low basic voltage may be increased.

[0100] The first and second storage signal generating
circuits 700a and 7005 may include a plurality of signal
generating circuits 710 connected to the storage electrode
lines S,-S,,,, respectively. An example of the signal gener-
ating circuits 710 is described with reference to FIGS. 3 and
4

[0101] FIG. 3 is a circuit diagram of a signal generating
circuit according to an embodiment of the invention, and
FIG. 4 shows a timing diagram of signals used in a liquid
crystal display including the signal generating circuit shown
in FIG. 3.
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[0102] Referring to FIG. 3, a signal generating circuit 710
includes an input terminal IP and an output terminal OP. In
an i-th signal generating circuit, the input terminal IP is
connected to an (i+1)-th gate line G, , to be supplied with an
(i+1)-th gate signal g;,, (hereinafter referred to as “an input
signal”), and the output terminal OP is connected to an i-th
storage electrode line S, to output an i-th storage signal Vs,.
Similarly, in an (i+1)-th signal generating circuit, the input
terminal IP is connected to an (i+2)-th gate line G,,, to be
supplied with an (i+2)-th gate signal g,, , as an input signal,
and the output terminal OP is connected to an (i+1)-th
storage electrode line S,,; to output an (i+1)-th storage
signal Vs, ;.

[0103] The signal generating circuit 710 is supplied with
first, second, and third clock signals CK1, CK1B, and CK2
of the storage control signals CONT3 from the signal
controller 600, and is also supplied with a high voltage
AVDD and a low voltage AVSS from the signal controller
600 or an external device.

[0104] As shown in FIG. 4, the period of the first, second,
and third clock signals CK1, CK1B, and CK2 may be about
2H, and a duty ratio thereof may be about 50%. The first and
second clock signals CK1 and CK1B have a phase difference
of about 180° and are inverted relative to each other. The
second clock signal CK1B and the third clock signal CK2
have substantially the same phase. In addition, the first,
second, and third clock signals CK1, CK1B, and CK2 are
reversed by a unit of a frame.

[0105] The first and second clock signals CK1 and CK1B
may have a high level voltage Vh1 of about 15V and a low
level voltage V11 of about OV. The third clock signal CK2
may have a high level voltage Vh2 of about 5V and a low
level voltage V12 of about OV. The high voltage AVDD may
be about 5V and about equal to the high level voltage Vh2
of the third clock signal CK2. The low voltage AVSS may
be about OV and about equal to the low level voltage V12 of
the third clock signal CK2.

[0106] The signal generating circuit 710 includes five
transistors Trl-Tr5, each having a control terminal, an input
terminal, and an output terminal, and two capacitors C1 and
C2. The control terminal of the transistor Tr1 is connected to
the input terminal IP, the input terminal of the transistor Tr1
is connected to the third clock signal CK2, and the output
terminal of the transistor Trl is connected to the output
terminal OP. The control terminals of the transistors Tr2 and
Tr3 are connected to the input terminal IP, and the input
terminals of the transistors Tr2 and Tr3 are connected to the
first and second clock signals CK1 and CK1B, respectively.
[0107] The control terminals of the transistors Trd4 and Tr5
are connected 1o the output terminals of the transistors Tr2
and Tr3, respectively, and the input terminals of the tran-
sistors Tr4 and Tr5 are comnected to the low and high
voltages AVSS and AVDD, respectively. The capacitors C1
and C2 are connected between the control terminals of the
transistors Tr4 and Tr5 and the low and high voltages AVSS
and AVDD, respectively. In one embodiment, the transistors
Trl-TrS may be formed from an amorphous silicon or
polycrystalline silicon thin film transistor.

[0108] The operation of the signal generating circuit will
be further described below. Referring to FIG. 4, gate-on
voltages Von applied to two adjacent gate lines are over-
lapped for a predetermined time period, such as about 1H.
As aresult, all the pixels PX of a row are charged with data
voltages that are applied to pixels of an immediately previ-
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ous row for about 1H, and then are charged with data
voltages for the remaining 1H to normally display images.
[0109] First, an i-th signal generating circuit will be
described. When an input signal, that is, a gate signal g, ,
applied to an (i+1)-th gate line G,,, is changed into a gate-on
voltage Von, the first, second, and third transistors Tr1-Tr3
are turned on. The turned on first transistor Trl transmits the
third clock signal CK2 to the output terminal OP. As a result,
the i-th storage signal Vs, will exhibit a low level voltage V12
of the third clock signal CK2. Meanwhile, the turned on
transistor Tr2 transmits a first clock signal CK1 to the
control terminal of the transistor Trd, and the turned on
transistor Tr3 transmits the second clock signal CK1B to the
contro] terminal of the transistor Tr5.

[0110] Since the first and second clock signals CK1 and
CK1B exhibit an inverse relationship, the transistors Trd and
Tr5 are operated in reverse. That is, when the transistor Tr4
is turned on, the transistor Tr5 is turned off, and, when the
transistor Tr4 is turned off, the transistor Tr5 is turned on.
When transistor Tr4 is turned on and the transistor TtS is
turned off, a low voltage AVSS is transmitted to the output
terminal OP, and when transistor Tr4 is turned off and the
transistor Tr5 is turned on, a high voltage AVDD is trans-
mitted to the output terminal OP.

[0111] Gate signal g, , exhibits the gate on voltage Von,
for example, for about 2H. In FIG. 4, the first half of about
1H is denoted by the first period T1 and the second half of
about 1H is denoted by the latter period T2.

[0112] Since for the first period T1, the first clock signal
CK1 maintains a high voltage Vh1 and the second and third
clock signals CK1B and CK2 maintain low voltages V11 and
V12, respectively, the output terminal OP to which the low
voltage V12 of third clock signal CK2 transmitted by the
transistor Tr1 is supplied with the low voltage AVSS. As a
result, the storage signal Vs, maintains the low level voltage
V-having a magnitude equal to that of the low voltage V12
and the low voltage AVSS. Also during the first period T1,
a voltage between the high level voltage Vhl of the first
clock signal CK1 and the low voltage AVSS is charged into
the capacitor C1, and a voltage between the low level
voltage V11 of the second clock signal CK1B and the high
voltage AVDD is charged into the capacitor C2.

[0113] Since for the latter period T2, the first clock signal
CK1 maintains the low level voltage V11, and the second and
third clock signals CK1B and CK2 maintain the high level
voltages Vhl and Vh2, respectively, the transistor Tr5 is
turned on and the transistor Tr4 is turned off. As a result, the
output terminal OP is supplied with the high level voltage
Vh2 of the third clock signal CK2 transmitted through the
turned on transistor Trl such that a state of storage signal Vs,
is changed from the low level voltage V- into a high level
voltage V+ having a magnitude equal to that of the high level
voltage Vh2. In addition, the output terminal Op is supplied
with the high voltage VADD applied through the turned on
transistor Tr5, which has a magnitude equal to that of the
high level voltage V+.

[0114] Meanwhile, since the charged voltage into the
capacitor C1 is substantially the same as the difference
between the low level voltage V11 of the first clock signal
CK1 and the low voltage VASS, the capacitor C1 is not
charged when the low level voltage V11 of the first clock
signal CK1 and the low voltage VASS are the same as each
other. Since the charged voltage into the capacitor C2 is
substantially the same as the difference between the high
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level voltage Vh1 of the second clock signal CK1B and the
high voltage VADD, the charged voltage into the capacitor
C2 is not OV when the high level voltage Vh1 and the high
voltage AVDD are different from each other. As described
above, when the high level voltage Vhl of the second clock
signal CK1B is about 15V and the high voltage AVDD is
about 5V, a voltage of about 10V is charged into the
capacitor C2.

[0115] When the stage of the gate signal g,,, is changed
from the gate-on voltage Von into the gate-off voltage Voff
after period T2 elapses, the transistors Trl-Tr3 are turned off.
As a result, the electric connection between the transistor
Tr1 and the output terminal OP will be isolated. The control
terminals of the transistors Tr4 and Tr5 will also be isolated.
[0116] Since the capacitor C1 is not charged, the transistor
Trd remains in a turned off state. However, the voltage
between the high level Vh1 of the second clock signal CK1B
and the high voltage AVDD has been charged into the
capacitor C2. At this time, when the charged voltage is larger
than a threshold voltage of the transistor Tr5, the transistor
Tr5 remains in a turned on state. As a result, the high voltage
AVDD is provided to the output terminal OP as storage
signal Vs,. Accordingly, the storage signal Vs, maintains the
high level voltage V+.

[0117] Next, the operation of the (i+1)-th signal generating
circuit will be described.

[0118] When an (i+2)-th gate signal g,, , having a gate-on
voltage Von is applied to the (i+1)-th signal generating
circuit (not shown), the (i+1)-th signal generating circuit is
operated.

[0119] As shown in FIG. 4, when (i+2)-th gate signal g, ,
switches to the gate-on voltage Von, the states of the first,
second, and third clock signals CK1, CK1B, and CK2 are
reversed such that the (i+1)-th gate signal g;, , has a gate-on
voltage Von.

[0120] That is, the operation for the first gate-on voltage
period T1 of the (i+2)—the gate signal g,,, is the same as
that of the latter gate-on period T2 of the (i+1)—the gate
signal g,,, such that the transistors Trl, Tr3, and Tr5 are
turned on. Accordingly, the high level voltage Vh2 of the
third clock signal CK2 and the high voltage AVDD are
applied to the output terminal OP. As a result, the storage
signal Vs, will be at high level voltage V+.

[0121] However, the operation for the latter gate-on volt-
age period T2 of the (i+2)—the gate signal g,, , is the same
as that of the first gate-on period T1 of the (i+1)—the gate
signal g,,, such that the transistors Trl, Tr2, and Tr4 are
turned on. Accordingly, the low level voltage V12 of the third
clock signal CK2 and the low voltage AVSS are applied to
the output terminal OP, and the storage signal Vs, is
changed from the high level voltage V+ into the low voltage
V-.

[0122] As described above, the transistor Trl may apply
the third clock signal CK2 as a storage signal while an input
signal maintains the gate-on voltage Von, and the remaining
transistors Tr2-Tr5 may maintain a state of the storage signal
until the next frame using the capacitors C1 and C2 when the
output terminal OP is isolated from the output terminal of
the transistor Trl by the gate-off voltage Voff of the input
signal. That is, the transistor Tr1 may apply a storage signal
to a corresponding storage electrode line, and the remaining
transistors Tr2-Tr5 may uniformly maintain the storage
signal. In one embodiment, the size of the transistor Trl is
much larger than that of the transistors Tr2-Tr5.
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[0123] The pixel electrode voltage Vp may increase or
decrease in response to the voltage variation of the storage
signal Vs.

[0124] Next, the change of the pixel electrode voltage Vp
according to the voltage variation of the storage signal Vs
will be described. Hereinafter, each of the capacitors and the
capacitance thereof are denoted using the same reference
characters.

[0125] The pixel electrode voltage Vp may be determined
as set forth in the following Equation 1:

Cy (Equation 1)

Vp=VptA=Vpt V+-V-)

Cy +cp

[0126] In Equation 1, Clc and Cst represent the capaci-
tance of liquid crystal capacitor and storage capacitor,
respectively. V+represents a high level voltage of a storage
signal Vs, and V-represents a low level voltage of a storage
signal Vs.

[0127] As shown in Equation 1, the pixel electrode voltage
Vp is defined by adding or subtracting a variation amount *,
which is defined by the capacitances Clc and Cst of the
liquid crystal capacitor and the storage capacitor, respec-
tively, and the voltage variation of the storage signal Vs,
from the data voltage V.

[0128] In one embodiment, the data voltage V. has a
range of about OV to about 5V. The pixel may be imple-
mented such that the values of Cst and Clc are approxi-
mately equal. When V+-V-=about 5V, Equation 1 becomes
Vp=V,£2.5.

[0129] Thus, when the voltage of the storage signal Vs is
changed, the pixel electrode voltage Vp changes about
+2.5V with respect to the data voltage V, applied through
corresponding data lines D, -D,,, according to the polarity of
the data voltage V,,. When the polarity of the data voltage
V, is positive (+), the pixel electrode voltage Vp is
increased by about +2.5V. When the polarity of the data
voltage V, is negative (-), the pixel electrode voltage Vp is
decreased by about -2.5V. According to the change of the
pixel electrode voltage Vp, the range of the pixel voltage is
also increased. For example, when a common voltage Veom
1s fixed to about 2.5V, the range of the pixel voltage is about
-2.5V to about +2.5V in response to the data voltage V, of
about 0 to about 5V applied to a pixel. When a storage signal
Vs is changed to a high level voltage V+ or a low level
voltage V-, the range of the pixel voltage is broadened to
about -5V to about +5V.

[0130] Thus, the range of the pixel voltage is broadened by
the change (*) of the pixel electrode voltage Vp that is
increased by the voltage variation V+-V- of the storage
signal Vs. Thus, the voltage range for gray representation is
broadened and luminance is improved.

[0131] Further, a common voltage is fixed to a predeter-
mined voltage, and thus power consumption is reduced in
comparison with the case in which the common voltage
having a low voltage or a high voltage is alternatively
applied. When the common voltage applied to a common
electrode that is generated between a data line and the
common electrode is about 0 or SV in the parasitic capacitor,
the voltage applied to the parasitic capacitor is about +5V at
maximum. When the common voltage is fixed to about 2.5V,
the voltage applied to the parasitic capacitor that is gener-
ated between the data line and the common electrode is
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about #2.5V at maximum. Thus, the power consumption at
the parasitic capacitor that is generated between the data line
and the common electrode is decreased, and thus total power
consumption of a liquid crystal display is decreased.

[0132] Since the response speed of a liquid crystal is slow,
liquid crystal molecules do not quickly react according to a
pixel voltage. The capacitance of a liquid crystal capacitor
Clc responds to the pixel voltages applied to both ends of a
liquid crystal capacitor Clc, and is changed depending on
whether the rearrangement of the liquid crystal molecules is
completed and the liquid crystal molecules arrive at a stable
state. Thus, the pixel electrode voltage Vp is changed
according to whether the liquid crystal molecules are in a
stable state.

[0133] Next, the change of a pixel electrode voltage Vp
according to whether or not liquid crystal molecules are in
a stable state is illustrated.

[0134] A maximum pixel voltage (e.g., a maximum gray,
that is, a white gray in a normal black) applied to a liquid
crystal capacitor Clc may be three times greater than a
minimum pixel voltage (e.g., a minimum gray, that is, a
black gray in a normal black) applied to the liquid crystal
capacitor Cle. If V+-V==5V and Clc=Cst, then when the
pixel voltage of the maximum gray is applied to the liquid
crystal capacitor Clc and then the liquid crystal molecules
arrive at a stable state, the pixel electrode voltage Vp is as
represented in Equation 1. Since, as described above,
V+-V-=5V and Clc=Cst, the pixel electrode voltage Vp is
Vp£2.5.

[0135] When the pixel voltage of the maximum gray is
applied to the liquid crystal capacitor Clc but the liquid
crystal molecules do not arrive at a stable state, the pixel
electrode voltage Vp may be as represented in the following
Equation 2:

Cy (Equation 2)
Vp=VptA=Vp+ V+-V-)=
st +Cic
Cy 3
Vpt (V+—V—)=\’DtZ(V+—V—)
Cy + §CS,

where V 4+ -V —; =5 V,and V, = Vp £3.75.

[0136] Thus, when the pixel voltage of the maximum gray
is applied to the liquid crystal capacitor Clc but the liquid
crystal molecules do not arrive at a stable state, the pixel
electrode voltage Vp maintains the pixel electrode voltage of
the case in which the pixel voltage of the minimum gray is
applied to the liquid crystal capacitor Cle and the liquid
crystal molecules arrive at a stable state. That is, the state of
a previous frame is maintained. Thus, the change * of the
pixel electrode voltage Vp in response to the voltage varia-
tion V+-V- of a storage signal is increased from 2.5V to
+3.75V.

[0137] As a result, when the pixel electrode voltage of the
minimum gray is changed to the pixel electrode voltage of
another gray, the change (*) of the pixel electrode voltage
Vp in response to the voltage variation V+-V- of the
storage signal is further increased according to Equation 2,
until the liquid crystal molecules arrive at a stable state. For
example, the change is increased to +3.75V at maximum in
the case that V+-V-=5V.
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[0138] In a prior art approach shown in FIG. 6, even if a
pixel electrode voltage Vp corresponding to a target pixel
electrode voltage V; is applied to a corresponding pixel
electrode for each frame, the pixel electrode voltage charged
at the pixel electrode is decreased due to an adjacent data
voltage after a charging operation is completed. As a result,
the pixel electrode voltage cannot arrive at the target pixel
electrode voltage V, within one frame but arrives at the
target pixel electrode voltage V. through several frames.
However, in the embodiment shown in FIG. 5, the pixel
electrode voltage Vp applied to a corresponding pixel elec-
trode is much greater than the target pixel electrode voltage
V. So within one frame, a corresponding pixel electrode
arrives at the target pixel electrode voltage V. and the
response speed RC of the liquid crystal is improved in
comparison with that of the prior art.

[0139] Accordingly, by adding the voltage variation of the
storage signal Vs to or subtracting it from a data voltage V,,
the pixel electrode voltage Vp increases by the voltage
variation when a pixel has been charged with a data voltage
of a positive polarity, and, on the contrary, the pixel elec-
trode voltage Vp decreases by the voltage variation when a
pixel has been charged with a data voltage of a negative
polarity. As a result, the variation of a pixel voltage becomes
wider than the range of a gray voltage by the increased or
decreased pixel electrode voltage Vp such that the range of
the represented luminance also increases.

[0140] Further, since a common voltage is fixed at a
predetermined value, the power consumption is reduced as
compared with implementations in which the common volt-
age alternates between high and low values.

[0141] Next, referring to FIG. 7 to FIG. 9, a liquid crystal
display according to another exemplary embodiment of the
present invention is illustrated

[0142] FIG. 7is a block diagram of a liquid crystal display
according to another embodiment of the invention. FIG. 8 is
a circuit diagram of a signal generating circuit according to
another embodiment of the invention. FIG. 9 is a timing
diagram of signals used in a liquid crystal display including
the signal generating circuit shown in FIG. 8.

[0143] The liquid crystal display illustrated in FIG. 7 has
the same structure as the liquid crystal display illustrated in
FIG. 1, except that FIG. 7 provides a single gate driver 401
connected to all normal gate lines G,-G,,,, and an additional
gate line Gdl, and a single storage signal generator 701
connected to all storage electrode lines S,-S,,. Identical
reference numerals are used in FIGS. 1 and 7 for corre-
sponding structures.

[0144] In one embodiment, the gate driver 401 and the
storage signal generator 701 are formed with the same
manufacturing process along with and switching elements Q
of pixels PX and are integrated into a liquid crystal panel
assembly 301. In another embodiment, each may be directly
installed on the liquid crystal panel assembly 301 as an IC
chip. In another embodiment, they may be installed on a
flexible printed circuit film (not shown), and installed as a
tape carrier package (TCP) on the liquid crystal panel
assembly 301 or an additional printed circuit board (PCB).
The gate driver 401 sequentially applies a gate-on voltage
Von from a first normal gate line G, to the additional gate
line Gd1, controls the charging of a corresponding pixel row
connected to each of normal gate lines G, -G,,,, and controls
the operation of the storage signal generator 701.
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[0145] The storage signal generator 701 includes a plu-
rality of signal generating circuits connected to storage
electrode lines S, -S,,. Each of the signal generating circuits
has the same structure except for input signals, and performs
the same operation except for input signals. Thus, referring
to FIG. 8, the structure and operation of the i-th and (i+1)-th
signal generating circuits 71, and 71,,, applying storage
signals Vs, and Vs, to i-th and (i+1)-th storage electrode
lines S, and S,,, respectively, are illustrated.

[0146] As shown in FIG. 8, each of the signal generating
circuits 71, and 71, are the same as the signal generating
circuit illustrated in FIG. 3, except that they further include
a transistor Tr6. Therefore, the description of the transistors
Tr1-TrS in signal generating circuits 71, and 71,, , are omit-
ted below.

[0147] The transistor Tr6 includes an input terminal con-
nected to a third clock signal CK2, a control terminal
connected to an input terminal IP of an immediately previ-
ous signal generating circuit, and an output terminal con-
nected to an output terminal OP. The transistor Tr6, like the
transistors Tr1-Tr5, may include an amorphous silicon or
polycrystalline silicon thin film transistor.

[0148] The signal generating circuit connected to the
storage electrode line formed at one pixel row receives a
gate signal applied to a corresponding pixel row, as well as
a gate signal applied to a previous pixel row. Thus, the signal
generating circuit connected to a last storage electrode line
S,, 1s connected to the additional gate line Gd1 and receives
a gate signal. Alternatively, the signal generating circuit
connected to the last storage electrode line S,, may receive
a control signal from another device such as a signal
controller 600 rather than a gate driver 400, or from the
outside.

[0149] Referring to FIG. 9, an operation of the signal
generating circuits 71, and 71,,, is illustrated. As described
above, a liquid crystal display may perform one-row inver-
sion and frame inversion. As shown in FIG. 9, the first,
second, and third clock signals CK1, CK1B, and CK2 are
the same as those shown in FIG. 4. As shown in FIG. 9, the
gate-on voltage Von sequentially applied to each of gate
lines G, -G,, and Gd1 does not overlap with adjacent gate-on
voltage Von. and is sequentially applied from a first gate line
G, to the additional gate line Gd1. When the state of the gate
signal g; to be applied to an i-th gate line G, is the gate-on
voltage Von, the transistor Tr6 of an i-th signal generating
circuit 71, is turned on and a low level voltage V12 of the
third clock signal CK2 is applied to an i-th storage electrode
line 8, through the output terminal OP as a storage signal Vs,.
Thus, the state of the storage signal Vs, corresponds to a low
level voltage V-,

[0150] When the gate-on voltage Von is applied to a
(i+1)-th gate line G,,, after 1H is passed, the transistors
Trl-Tr3 are turned on.

[0151] Thus, as shown in FIG. 9, while the transistor Trl
is turned on, a high level voltage Vh2 of the third clock
signal CK2 is applied to the storage electrode line S, through
the output terminal OP as a storage signal Vs, such that the
state of the storage signal Vs, is changed from a low level
voltage V- to a high level voltage V+.

[0152] When an (i+1)-th gate signal g,,, is the gate-on
voltage Von, the first clock signal CK1 maintains a low level
voltage V11 and the second clock signal CK1B maintains a
high level Vhl. As a result, the high level voltage Vh1 and
the low level voltage V11 are applied to the control terminals
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of the transistors Tr5 and Tr4 through the turned on tran-
sistors Tr3 and Tr2, respectively, such that the transistor Tr5
is turned on and the transistor Tr4 is turned off. The capacitor
C2 is also charged. Thus, while the (i+1)-th gate-on voltage
Von is applied, the storage signal Vs, of the high level
voltage V+ is applied to the output terminal OP through the
turned on transistors Tr1 and Tr5. While the gate signal g, ,
(which is applied to the (i+1)-th gate line G,, ;) maintains a
gate-off signal Voff, the transistor Tr5 is turned on by the
charging voltage of the capacitor C2. Accordingly, the high
voltage AVDD is applied to the output terminal OP such that
the storage signal Vs, maintains the high level voltage V+.
[0153] After the pixel row connected to the gate line G, has
been charged by the application of the gate-on voltage Vo of
the i-th gate signal g, a storage signal Vs, is changed from
the low level voltage V- to the high level voltage V+, and
a pixel electrode voltage Vp is increased by a voltage
variation determined according to Equation 1 or Equation 2.
[0154] Like the operation of the i-th signal generating
circuit 71, as shown in FIG. 9, the transistor Tré is turned
on such that the storage signal Vs, that is output from an
(i+1)-th storage electrode line S,,; maintains a high level
voltage V+ by the high level voltage Vh2 of the third clock
signal CK2 through the turned on transistor Tr6 when a
gate-on voltage Von is applied to an i-th gate signal g, ;.
[0155] Next, while the gate-on voltage Von is applied to
the (i+1)-th gate signal g, ,, the transistors Tr1, Tr2, and Tr4
are turned on and the capacitor C1 is charged. Thus, the state
of the storage signal Vs, is changed from the high level
voltage V+ to the low level voltage V- by the low level
voltage V12 and the low voltage AVSS through the turned on
transistors Trl and Trd.

[0156] While the gate signal g,,, maintains a gate-off
voltage Voff, the transistor Tr4 is turned on by the charged
voltage into the capacitor C1. As a result, the low voltage
AVSS is applied to the output terminal OP such that the
storage signal Vs,,, maintains the low level voltage V-.
[0157] After the pixel row connected to a gate line G,, | is
charged by the application of the gate-on voltage Vo of the
(i+1)-th gate signal g, ,, the storage signal Vs,, is changed
from the high level voltage V+ to the low level voltage V-,
and a pixel electrode voltage Vp is decreased by a voltage
variation determined according to Equation 1 or Equation 2.
[0158] The transistor Tr6 is a transistor for maintaining the
voltage state of a storage signal applied to a corresponding
storage electrode line. In one embodiment, the size of the
transistor Tr6 is much smaller than the size of the transistor
Trl.

[0159] Referring to FIG. 10 to FIG. 11B, an example of a
thin film transistor array panel of a liquid crystal display
according to an embodiment of the invention is illustrated.
FIG. 10 is a layout view of an example of a thin film
transistor array panel according to an embodiment of the
invention, and FIG. 11A and FIG. 11B are cross-sectional
views of the thin film transistor array panel illustrated in
FIG. 10 taken along lines XIA-XIA and XIB-XIB.

[0160] A plurality of gate lines 121 and a plurality of
storage electrode lines 131 may be formed on an insulating
substrate 110 formed of transparent glass or plastic. The gate
lines 121 transfer gate signals and extend in a horizontal
direction. Each of the gate lines 121 includes an end portion
129 having a large area for connecting a plurality of gate
electrodes 124 that protrude downwardly to another layer or
an external driving circuit.
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[0161] A gate driving circuit (not shown) for generating a
gate signal may be formed on a flexible printed circuit film
(not shown) attached on the substrate 110, may be directly
formed on the substrate 110, or may be integrated with the
substrate 110. In the case that the gate driving circuit is
integrated with the substrate 110, the gate lines 121 may
extend and directly connect to the gate driving circuit.
[0162] Each of storage electrode lines 131 extends in a
horizontal direction, and includes a plurality of enlarged
portions 137. The storage electrode lines 131 include end
portions having a large area in order to connect to another
layer or an external driving circuit. Other shapes and
arrangements of the storage electrode lines 131 may also be
used.

[0163] Predetermined voltages, such as a high level volt-
age V+ of about 5V and a low level voltage V- of about 0V
are alternatively applied to each of the storage electrode
lines 131 on a frame by frame basis.

[0164] Signal generating circuits (not shown) for gener-
ating storage signals may be formed on a flexible printed
circuit film (not shown) attached on the substrate 110, may
be directly formed on the substrate 110, or may be integrated
with the substrate 110. In the case that the signal generating
circuits are integrated with the substrate 110, the storage
electrode lines 131 may extend and connect to the signal
generating circuits directly.

[0165] The gate lines 121 and the storage electrode lines
131 may be made from an aluminum-containing metal such
as aluminum (Al) or an aluminum alloy, a silver-containing
metal such as silver (Ag) or a silver alloy, a copper-
containing metal such as copper (Cu) or a copper alloy, a
molybdenum-containing metal such as molybdenum (Mo)
or a molybdenum alloy, chromium (Cr), tantalum (Ta), or
titanium (Ti). Alternatively, the gate lines 121 and the
storage electrode lines 131 may have a multilayered struc-
ture having two conductive layers (not shown) with different
physical properties. One of the conductive layers may be
made from a metal having low resistivity, such as an
aluminum-containing metal, a silver-containing metal, or a
copper-containing metal, in order to reduce a signal delay or
a voltage drop. The other conductive layer may be made
from materials having excellent physical, chemical, and
electrical contact characteristics with respect to other mate-
rials such as indium tin oxide (ITO) or indium zinc oxide
(IZO). As an example, the other conductive layer may be
made from a molybdenum-containing metal, chromium,
tantalum, or titanium. As an exemplary combination, a
combination of a chromium lower layer and an aluminum
(alloy) upper layer may be used, or a combination of an
aluminum (alloy) lower layer and a molybdenum (alloy)
upper layer may be used. The gate lines 121 and the storage
electrode lines 131 may be made from other metals or
conductors.

[0166] The side surfaces of the gate lines 121 and storage
electrode lines 131 may be inclined with respect to the
surface of the substrate 110. In one embodiment, the angle
may be, for example, about 300 to about 800.

[0167] A gate insulating layer 140 made from silicon
nitride (SiNx) or silicon oxide (SiOx) is formed on the gate
lines 121 and the storage electrode lines 131.

[0168] A plurality of semiconductor stripes 151 made
from hydrogenated amorphous silicon (amorphous silicon is
abbreviated to a-Si) or polysilicon are formed on the gate
insulating layer 140.
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[0169] The semiconductor stripes 151 extend in a vertical
direction, and include a plurality of protruding portions 154
protruded toward the gate electrode 124. The widths of the
serniconductor stripes 151 are enlarged adjacent to the gate
lines 121 and the storage electrode lines 131, and the
semiconductor stripes 151 fully cover the gate lines 121 and
the storage electrode lines 131.

[0170] A plurality of ohmic contact stripes 161 and a
plurality of ohmic contact islands 165 are formed on the
semiconductors 151. The ohmic contacts 161 and 165 may
be made from materials such as, n+ hydrogenated amor-
phous silicon on which an n-type impurity is doped in a high
concentration, or silicide. The ohmic contact stripes 161
include a plurality of protruding portions 163. Pairs com-
posed of the protruding portions 163 and the ohmic contact
islands 165 are disposed on the protruding portions 154 of
the semiconductor stripes 151.

[0171] The side surfaces of the semiconductor stripes 151
and ohmic contacts 161 and 165 may be inclined with
respect to the surface of the substrate 110. In one embodi-
ment, the angle may be, for example, about 30° to about 80°.

[0172] The ohmic contact islands 165, a gate insulating
layer 140, a plurality of data lines 171, and a plurality of
drain electrodes 175 are formed on the ohmic contact stripes
161.

[0173] The data lines 171 transfer data signals and extend
in a vertical direction while intersecting the gate lines 121
and the storage electrode lines 131. Each of the data lines
171 includes a plurality of source electrodes 173 extending
toward a gate electrode 124 and an end portion 179 having
a large area for connecting to another layer or an external
driving circuit. A data driving circuit (not shown) for gen-
erating data signals may be formed on a flexible printed
circuit film (not shown) attached on the substrate 110, may
be directly installed on the substrate 110, or may be inte-
grated with the substrate 110. In the case that the data driving
circuit is integrated with the substrate 110, the data lines 171
may extend and connect to the data driving circuit.

[0174] The drain electrodes 175 are separated from the
data lines 171 and face the source electrodes 173 with the
gate electrode 124 between them. Each drain electrode 175
has one enlarged end portion and one end portion having a
plate shape. The enlarged end portion overlaps with the
enlarged portions 137 of the storage electrode lines 131, and
the plate type end portion is surrounded with the curved
source electrodes 173.

[0175] One gate electrode 124, one source electrode 173,
and one drain electrode 175, along with the protruding
portions 154 of the semiconductors 151, form one thin film
transistor (TFT). The channel of the thin film transistor is
formed on the protruding portions 154 between the source
electrode 173 and the drain electrode 175.

[0176] The data lines 171 and the drain electrodes 175
may be formed from a refractory metal such as molybde-
num, chromium, tantalum, titanium, or an alloy thereof. The
data lines 171 and the drain electrodes 175 may have a
multilayered structure of a refractory metal layer (not
shown) and a low resistance conductive layer (not shown).
Exemplary multilayered structures include a dual layer
having a chromium or molybdenum (alloy) lower layer and
an aluminum (alloy) upper layer, or a triple layer having a
molybdenum (alloy) lower layer, an aluminum (alloy)
middle layer, and a molybdenum (alloy) upper layer. The
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data lines 171 and the drain electrodes 175 may be made
from other metals or conductors.

[0177] The side surfaces of the data lines 171 and drain
electrodes 175 may be inclined with respect to the surface of
the substrate 110. In one embodiment, the angle may be, for
example, about 30° to about 80°.

[0178] The ohmic contacts 161 and 165 are located only
between the semiconductors 151 and the data lines 171 and
drain electrodes 175. The ohmic contacts 161 and 165, and
reduce the contact resistance therebetween. In most loca-
tions, the semiconductor stripes 151 are narrower than the
data lines 171. As described above, the widths of the
semiconductor stripes 151 broaden where they meet the data
lines, and exhibit a smooth surface, thereby preventing short
circuits of the data lines 171. The semiconductors 151 have
exposed portions, for example at the interfaces between the
source electrodes 173 and the drain electrodes 175, or a
portion that is not covered by the data lines 171 and the drain
electrodes 175.

[0179] A passivation layer 180 is formed on the data lines
171, the drain electrodes 175, and the exposed portions of
the semiconductors 151. The passivation layer 180 may be
formed from an inorganic insulating material or an organic
insulating material. The surface of the passivation layer 180
may be smooth. The inorganic insulating material may
include, for example, silicon nitride or silicon oxide. The
organic insulator may have photosensitivity, and the dielec-
tric constant of the organic insulator may be about 4.0 or
less. Alternatively, the passivation layer 180 may have a
dual-layered structure of a lower inorganic layer and an
upper organic layer in order to provide insulation as well as
1o prevent the exposed portions of the semiconductors 151
from being damaged.

[0180] A plurality of contact holes 182 and 185 are formed
on the passivation layer 180, for respectively exposing the
end portions 179 of the data lines 171 and the drain
electrodes 175. A plurality of contact holes 181 for exposing
the end portions 129 of the gate lines 121 are formed on the
passivation layer 180 and the gate insulating layer 140.
[0181] A plurality of pixel electrodes 191 and a plurality
of contact assistants 81 and 82 are formed on the passivation
layer 180. The pixel electrodes 191 and the contact assistants
81 and 82 may be formed from a transparent conductive
material such as ITO and 170, or a reflective material such
as aluminum, silver, chromium, or alloys thereof.

[0182] The pixel electrodes 191 physically and electrically
connect to the drain electrodes 175 through the contact holes
185, and receive data voltages from the drain electrodes 175.
The pixel electrodes 191 to which the data voltages are
applied, along with another display panel (not shown) to
which a common voltage is applied, form an electric field.
The orientation of the liquid crystal molecules of the liquid
crystal layer (not shown) between the two electrodes is
determined by the electric field. The polarization of the light
passing through the liquid crystal layer is changed according
to the orientation of the liquid crystal molecules. A pixel
electrode 191 and the common electrode form a liquid
crystal capacitor and maintain the applied voltage after the
thin film transistor is turned off.

[0183] The storage capacitor is formed by an overlap
between the pixel electrode 191 and a drain electrode 175
that is electrically connected to the pixel electrode 191, and
a storage line 131. The storage capacitor enhances the
voltage storing capacity of the liquid crystal capacitor. The
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enlarged portions 137 of the storage electrode lines 131
increase the overlapped area, and accordingly, increase the
storage capacity of the storage capacitor.

[0184] The contact assistants 81 and 82 connect to the end
portions 129 of the gate lines 121 and the end portions 179
of the data lines 171 through the contact holes 181 and 182,
respectively. The contact assistants 81 and 82 protect and
facilitate the contact between the end portions 129 and 179
of the gate and data lines 121 and 171 and an external
device.

[0185] Referring to FIG. 12 to FIG. 13B, another example
of a thin film transistor array panel according to exemplary
embodiments of the present invention is illustrated in detail.
[0186] FIG. 12 is a layout view of a thin film transistor
array panel of a liquid crystal display according to another
embodiment of the invention, and FIG. 13A and FIG. 13B
are cross-sectional views of the thin film transistor array
panel illustrated in FIG. 12, taken along lines XITA-XIIIA
and XIIIB-XIIIB, respectively.

[0187] Another example of a thin film transistor array
panel according to embodiments of the present invention has
a similar structure to that of the thin film transistor array
panel illustrated in FIG. 10 to FIG. 11B.A plurality of gate
lines 121 having gate electrodes 124 and end portions 129,
and a plurality of storage electrode lines 131 having a
plurality of enlarged portions 137, are formed on a substrate
110. A gate insulating layer 140, a plurality of semiconduc-
tor stripes 151 having protruding portions 154, a plurality of
ohmic contact stripes 161 having protruding portions 163,
and a plurality of ohmic contact islands 165 are sequentially
formed on the gate lines 121 and storage electrode lines 131.
A plurality of data lines 171 having source electrodes 173
and end portions 179 and a plurality of drain electrodes 175
are formed on the ohmic contacts 161 and 165. A passivation
layer 180 is formed on the data lines 171 and the drain
electrodes 175. A plurality of contact holes 181, 182, and
185 are formed on the passivation layer 180 and the gate
insulating layer 140, and a plurality of pixel electrodes 191
and a plurality of contact assistants 81 and 82 are formed on
the contact holes 181 and 182.

[0188] In the thin film transistor array panel according to
the present embodiment, unlike the thin film transistor array
panel illustrated in FIG. 10 to FIG. 11B, the semiconductors
151, except the protruding portions 154 on which a thin film
transistor is disposed, have surfaces substantially the same
as those of the data lines 171, the drain electrodes 175, and
the ohmic contacts 161 and 165 disposed under the data lines
171 and the drain electrodes 175. The semiconductor stripes
151 have unexposed portions disposed under the data lines
171, the drain electrodes 175, and the ochmic contacts 161
and 165, and exposed portions between the source elec-
trodes 173 and the drain electrodes 175 that are not covered
by the source electrodes 173 and the drain electrodes 175.
[0189] According to various embodiments of the inven-
tion, a common voltage is fixed at a predetermined voltage,
and then a storage signal having a voltage that is changed by
a predetermined period is applied to a storage electrode line.
Different storage signals are applied to adjacent storage
electrode lines. As a result, the range of a pixel electrode
voltage and a pixel voltage is increased. Thus, the voltage
range for representing grays is enlarged, and definition is
improved.

[0190] A range ofa pixel voltage generated in the case that
the same range of data voltage is applied is larger than a
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range of a pixel voltage generated in the case that a storage
signal of a predetermined value is applied. Thus, power
consumption may be reduced. The power consumption may
be further reduced because the common voltage is fixed at
a predetermined value.

[0191] Further, a range of a pixel electrode voltage before
a charging of liquid crystal is completed is larger than a
range of a pixel electrode voltage after a charging of liquid
crystal is completed. Thus, a voltage that is greater or lesser
than a target voltage may be applied at a beginning of liquid
crystal driving, and the response speed of the liquid crystal
may be improved.

[0192] While this invention has been described in connec-
tion with what is presently considered to be practical exem-
plary 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 modifications and
equivalent arrangements included within the spirit and scope
of the appended claims.

What is claimed is:

1. A display device configured to display images in a
plurality of frames, the display device comprising:

a plurality of gate lines adapted to transmit a plurality of

gate signals;

a plurality of data lines adapted to transmit a plurality of
data voltages;

a plurality of storage electrode lines adapted to transmit a
plurality of storage signals;

a plurality of pixels arranged in a matrix having a plurality
of rows, wherein each pixel comprises a switching
element connected to one of the gate lines and one of
the data lines, a liquid crystal capacitor connected to the
switching element and a common voltage, and a stor-
age capacitor connected to the switching element and
one of the storage electrode lines; and

a plurality of signal generating circuits connected to the
storage electrode lines, wherein each of the signal
generating circuits is adapted to apply a storage signal
having a first or second voltage to an associated one of
the storage electrode lines in response to a gate signal
immediately after the liquid crystal capacitor and stor-
age capacitors of an associated row of pixels have been
charged by the data voltages, adapted to invert the
voltage of the storage signal in response to a first
control signal, and adapted to maintain the storage
signal for a first predetermined time petiod in response
to a second control signal and a third control signal.

2. The display device of claim 1, wherein the storage
signals applied to adjacent storage electrode lines have
different voltage levels from each other.

3. The display device of claim 1, wherein the first control
signal is adapted to invert the storage signal for every frame.

4. The display device of claim 1, wherein the common
voltage is a fixed voltage.

5. The display device of claim 1, wherein the first control
signal and the third control signal have substantially the
same phase.

6. The display device of claim 5, wherein the second
control signal and the third control signal have substantially
inverted phases.

7. The display device of claim 6, wherein the first, second,
and third control signals have substantially the same period.
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8. The display device of claim 7, wherein the first, second,
and third control signals have a period of about one hori-
zontal period (1H).

9. The display device of claim 7, wherein the first, second,
and third control signals have substantially the same duty
ratio.

10. The display device of claim 9, wherein the first,
second, and third control signals have a duty ratio of about
50%.

11. The display device of claim 1, further comprising an
additional gate line adapted to transmit one of the gate
signals to one of the signal generating circuits.

12. The display device of claim 11, wherein the additional
gate line is connected to a last one of the signal generating
circuits.

13. The display device of claim 1, wherein each gate
signal is configured to provide a gate-on voltage and a
gate-off voltage, wherein the gate-on voltages of two of the
gate signals transmitted by two adjacent gate lines overlap
for a second predetermined time period.

14. The display device of claim 13, wherein the second
predetermined time period corresponds to about one hori-
zontal period (1H).

15. The display device of claim 1, wherein each of the
signal generating circuits is associated with a corresponding
one of the gate lines, wherein each of the signal generating
circuits further comprises a first transistor having a control
terminal connected to the one of the gate lines, an input
terminal adapted to receive the first control signal, and an
output terminal connected to the one of the storage electrode
lines.

16. The display device of claim 15, wherein each of the
signal generating circuits further comprises a second tran-
sistor having a control terminal connected to the one of the
gate lines and an input terminal adapted to receive the
second control signal, and a third transistor having a control
terminal connected to the one of the gate lines and an input
terminal adapted to receive the third control signal.

17. The display device of claim 16, wherein each of the
signal generating circuits further comprises:

a fourth transistor having a control terminal connected to
an output terminal of the third transistor, an input
terminal connected to a first driving voltage, and an
output terminal connected to the one of the storage
electrode lines;

a fifth transistor having a control terminal connected to an
output terminal of the second transistor, an input ter-
minal connected to the one of the storage electrode
lines, and an output terminal connected to a second
driving voltage;

a first capacitor connected between the input terminal and
the control terminal of the fourth transistor; and

a second capacitor connected between the control termi-
nal and the output terminal of the fifth transistor.

18. A display device configured to display images in a

plurality of frames, the display device comprising:

a plurality of gate lines adapted to transmit a plurality of
gate signals;

a plurality of data lines adapted to transmit a plurality of
data voltages;

a plurality of storage electrode lines adapted to transmit a
plurality of storage signals;

a plurality of pixels arranged in a matrix having a plurality
of rows, wherein each pixel comprises a switching
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element connected to one of the gate lines and one of
the data lines, a liquid crystal capacitor connected to the
switching element and a common voltage, and a stor-
age capacitor connected to the switching element and
one of the storage electrode lines; and

a plurality of signal generating circuits connected to the

storage electrode lines, wherein each of the signal
generating circuits is adapted to apply a storage signal
having a first or second voltage to an associated one of
the storage electrode lines in response to a first gate
signal immediately after the liquid crystal capacitor and
storage capacitors of an associated row of pixels have
been charged by the data voltages, wherein the first gate
signal is received over a first gate line associated with
the signal generating circuit, adapted to invert the
voltage of the storage signal in response to a first
control signal or in response to a second gate signal
received over a second gate line associated with the
signal generating circuit, and adapted to maintain the
storage signal for a first predetermined time period in
response to a second control signal and a third control
signal.

19. The display device of claim 18, wherein the storage
signals applied to adjacent storage electrode lines have
different voltage levels from each other.

20. The display device of claim 18, wherein the first
control signal is adapted to invert the storage signal for every
frame.

21. The display device of claim 18, wherein the common
voltage has a fixed voltage.

22. The display device of claim 18, wherein the first
control signal and the third control signal have substantially
the same phase.

23. The display device of claim 22, wherein the second
control signal and the third control signal have substantially
inverted phases.

24. The display device of claim 23, wherein the first,
second, and third control signals have substantially the same
period.

25. The display device of claim 24, wherein the first,
second, and third control signals have a period of about one
horizontal period (1H).

26. The display device of claim 24, wherein the first,
second, and third control signals have substantially the same
duty ratio.

27. The display device of claim 26, wherein the first,
second, and third control signals have a duty ratio of about
50%.

28. The display device of claim 18, further comprising an
additional gate line adapted to transmit one of the gate
signals to one of the signal generating circuits.

29. The display device of claim 28, wherein the additional
gate line is connected to a last one of the signal generating
cireuits.

30. The display device of claim 18, wherein each of the
signal generating circuits further comprises a first transistor
having a control terminal connected to the second gate line,
an input terminal adapted to receive the first control signal,
and an output terminal connected to the one of the storage
electrode lines.

31. The display device of claim 30, wherein each of the
signal generating circuits further comprises a second tran-

13
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sistor having a control terminal connected to the second gate
line, and an input terminal adapted to receive the second
control signal, and a third transistor having a control termi-
nal connected to the second gate line, and an input terminal
adapted to receive the third control signal.

32. The display device of claim 31, wherein each of the
signal generating circuits further comprises:

a fourth transistor having a control terminal connected to
an output terminal of the third transistor, an input
terminal connected to a first driving voltage, and an
output terminal connected to the one of the storage
electrode lines;

a fifth transistor having a control terminal connected to an
output terminal of the second transistor, an input ter-
minal connected to the one of the storage electrode
lines, and an output terminal connected to a second
driving voltage;

a first capacitor connected between the input terminal and
the control terminal of the fourth transistor; and

a second capacitor connected between the control termi-
nal and the output terminal of the fifth transistor.

33. The display device of claim 32, wherein each of the
signal generating circuits further comprises a sixth transistor
having an input terminal adapted to receive the first control
signal, a control terminal connected to the first gate line, and
an output terminal connected to the one of the storage
electrode lines.

34. A method of driving a display device having a
plurality of pixels arranged in a matrix having a plurality of
rows, wherein each pixel comprises a switching element
connected to one of a plurality of gate lines and one of a
plurality of data lines, a liquid crystal capacitor connected to
the switching element and a common voltage, and a storage
capacitor connected to the switching element and one of a
plurality of storage electrode lines, the method comprising:

applying a first set of data voltages to the data lines;

applying a first gate voltage to a first gate line connected
with a first row of pixels;

applying a first storage signal having a first voltage to a
first storage electrode line connected with the first row
of pixels to maintain the first voltage on the storage
capacitors of the first row of pixels;

maintaining the first storage signal for a first predeter-
mined time period;

applying a second set of data voltages to the data lines;

applying a second gate voltage to a second gate line
connected with a second row of pixels;

applying a second storage signal having a second voltage
to a second storage electrode line connected with the
second row of pixels to maintain the second voltage on
the storage capacitors of the second row of pixels; and

maintaining the second storage signal for a second pre-
determined time period.

35. The method of claim 34, wherein the first and second

voltages are approximately equal and opposite in polarity to
each other.

36. The method of claim 34, wherein the first and second
gate signals overlap with each other in time.
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