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(57) ABSTRACT
An apparatus for driving a liquid crystal display device

comprises a display area which includes a plurality of liquid
crystal cells in portions defined by a plurality of gate and
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lapped section of the gate pulses supplied to the adjacent
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APPARATUS AND METHOD FOR DRIVING
LIQUID CRYSTAL DISPLAY DEVICE

[0001] This application claims the benefit of the Korean
Patent Application No. 10-2006-60424, filed on Jun. 30,
2006, which is hereby incorporated by reference in its
entirety.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to a liquid crystal
display (LCD) device, and more particularly, to an apparatus
and method for driving an LCD device. Embodiments of the
present invention are suitable for a wide scope of applica-
tions. In particular, embodiments of the present invention are
suitable for driving the LCD device such that a charging
property of a pixel is improved.

[0004] 2. Discussion of the Related Art

[0005] Generally, a liquid crystal display (LCD) device
uses a thin film transistor (TFT) as a switching element to
display images. The LCD device has been widely used in
such diverse areas as a personal computer, a notebook
computer, and portable devices such as a mobile phone and
a calling device, and a photocopy machine.

[0006] In the LCD device, gates and data lines cross each
other to form pixel regions. A liquid crystal cell is provided
in each pixel region. A desired image is displayed by
applying a corresponding data signal to the liquid crystal
cell. The TFT is formed adjacent to a crossing of the gate and
data lines. The TFT switches the data signal to be applied to
the liquid crystal cell in response to a gate pulse provided
from the gate line.

[0007] The related art LCD device has a slow response
time because the liquid crystal cell is not discharged fast
enough in accordance with the data voltage. Thus, a suffi-
cient video voltage is not supplied to the liquid crystal cell
during a turn-on time of the TFT. A pre-charging method has
been proposed to compensate the slow response time of the
liquid crystal cell. In the pre-charging method, the liquid
crystal cell is pre-charged with a prior data by overlapping
gate pulses supplied to the adjacent gate lines.

[0008] FIG. 1 shows a waveform diagram illustrating a
pre-charging method according to the related art. Referring
to FIG. 1, gate pulses applied to adjacent gate lines GLi and
GLi+1 are overlapped so that a data voltage Vdata is
pre-charged in the pixel. For example, the gate pulses
supplied to the adjacent gate lines GLi and GLi+1 may be
overlapped by a half of a horizontal period.

[0009] However, the related art pre-charging method of
FIG. 1 is not applicable to a dot or line inversion mode
where the polarity of data voltage Vdata changes between
vertically adjacent pixels. If the related pre-charging method
is applied, the pixel is pre-charged with a data voltage of a
first polarity in a pre-charge time, and is then main-charged
with a data voltage of a second polarity in a main-charge
time. Thus, if a modulation width of the data voltage Vdata
increases, the main-charge time increases due to the opposite
polarity of the pre-charged voltage. Hence, it is difficult to
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completely charge the pixel with the correct data voltage.
Accordingly, the picture quality deteriorates.

SUMMARY OF THE INVENTION

[0010] Accordingly, embodiments of the present invention
are directed to an apparatus and a method for driving an
LCD device that substantially obviate one or more problems
due to limitations and disadvantages of the related art.

[0011] An object of the present invention is to provide an
apparatus and method for driving an LCD device to improve
a charging property of a pixel.

[0012] Additional features and advantages of the inven-
tion will be set forth in the description of exemplary embodi-
ments which follows, and in part will be apparent from the
description of the exemplary embodiments, or may be
learned by practice of the exemplary embodiments of the
invention. These and other advantages of the invention will
be realized and attained by the structure particularly pointed
out in the written description of the exemplary embodiments
and claims hereof as well as the appended drawings.

[0013] To achieve these objects and other advantages and
in accordance with the purpose of the invention, as embod-
ied and broadly described herein, an apparatus for driving a
liquid crystal display device comprises a display area which
includes a plurality of liquid crystal cells in portions defined
by a plurality of gate and data lines; a gate driver which
supplies overlapped gate pulses to the adjacent gate lines; a
data driver which supplies a data voltage to the data line in
synchronization with the gate pulse; and a timing controller
which controls an overlapped section of the gate pulses
supplied to the adjacent gate lines.

[0014] In another aspect, an apparatus for driving a liquid
crystal display device comprises a display area which
includes a plurality of liquid crystal cells in portions defined
by a plurality of gate and data lines; a gate driver which
supplies gate pulses overlapped by the half of one horizontal
period or less to the adjacent gate lines; a data driver which
supplies a data voltage to the data line in synchronization
with the gate pulse; and a timing controller which controls
the gate driver and the data driver.

[0015] In another aspect, a method is provided for driving
a liquid crystal display device provided with a display area
having a plurality of liquid crystal cells formed in portions
defined by a plurality of gate and data lines comprises
sequentially supplying gate pulses to the gate lines; and
supplying a data voltage to the data line in synchronization
with the gate pulse, wherein the gate pulses supplied to the
adjacent gate lines are overlapped by the half of one hori-
zontal period or less.

[0016] In another aspect, a method is provided for driving
a liquid crystal display device provided with a display area
having a plurality of liquid crystal cells formed in portions
defined by a plurality of gate and data lines comprises
driving the liquid crystal cells in state of providing a
pre-charging period and a main-charging period by overlap-
ping gate pulses supplied to the adjacent gate lines, wherein
the pre-charging period is shorter than the main-charging
period.

[0017] It is to be understood that both the foregoing
general description and the following detailed description of
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the present invention are exemplary and explanatory and are
intended to provide further explanation of the invention as
claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] The accompanying drawings, which are included
to provide a further understanding of the invention and are
incorporated in and constitute a part of this application,
illustrate embodiment(s) of the invention and together with
the description serve to explain the principle of the inven-
tion. In the drawings:

[0019] FIG. 1 shows a waveform diagram illustrating a
pre-charging method according to the related art;

[0020] FIG. 2 shows a schematic diagram of an exemplary
apparatus for driving an LCD device according to an
embodiment of the present invention;

[0021] FIG. 3 shows a schematic diagram of a first exem-
plary clock signal generator according to an embodiment of
the present invention;

[0022] FIG. 4 shows exemplary waveforms for driving the
clock signal generator of FIG. 3;

[0023] FIG. 5 shows exemplary waveforms illustrating the
charging property of a pixel according to an embodiment of
the present invention;

[0024] FIG. 6 shows a schematic diagram of a second
exemplary clock signal generator according to an embodi-
ment of the present invention; and

[0025] FIG. 7 shows exemplary waveforms for driving the
clock signal generator of FIG. 6.

DETAILED DESCRIPTION OF EXEMPLARY
EMBODIMENTS

[0026] Reference will now be made in detail to the pre-
ferred embodiments of the present invention, examples of
which are illustrated in the accompanying drawings. Wher-
ever possible, the same reference numbers will be used
throughout the drawings to refer to the same or like parts.
[0027] FIG. 2 shows a schematic diagram of an exemplary
apparatus for driving an LCD device according to an
embodiment of the present invention. Referring to FIG. 2, a
display area 2 of an LCD device includes a plurality of gate
lines GL1 to GLn crossing a plurality data lines DL1 to DLm
to define a plurality of pixel regions; a liquid crystal cell in
each of the plurality of pixel regions; a gate driver 4 which
supplies overlapped gate pulses to adjacent gate lines,
respectively; a data driver which supplies data voltages to
the data lines D1 to DLm in synchronization with the gate
pulses, respectively; and a timing controller 8 which con-
trols an overlapped portion of the gate pulses supplied to the
adjacent gate lines.

[0028] The display area 2 includes a TFT in each of the
plurality of the pixel regions. The TFT is connected to the
liquid crystal cell in the corresponding pixel region. Each
TFT supplies a data voltage provided from one of the data
lines DL1 to DLm to the corresponding liquid crystal cell in
response to a gate pulse provided from one of the gate lines
GL1 to GLn. The liquid crystal cell is connected to the TFT
via a common electrode and a pixel electrode. The common
electrode faces the pixel electrode with the liquid crystal cell
therebetween. Thus, the pixel region may be equivalently
represented as a liquid crystal capacitor (Clc). The pixel
region also includes a storage capacitor (Cst) to maintain the
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data voltage charged in the liquid crystal capacitor (Clc)
until the next data signal is charged.

[0029] The data driver 6 converts data (Data) from the
timing controller 8 to a data voltage corresponding to an
analog signal in accordance with a data control signal (DCS)
provided from the timing controller 8. Also, the data driver
6 supplies a data voltage corresponding to one horizontal
line to the data lines (DL) during one horizontal period in
response to the gate pulse from the gate line (GL). Then, the
data driver 6 inverts the polarity of the data voltage supplied
to the data lines (DL) in response to a polarity control signal
(POL) provided from the timing controller 8.

[0030] The timing controller 8 arranges externally pro-
vided input data (RGB) to be appropriate for the driving of
the display area 2, and supplies the arranged data to the data
driver 6. Also, the timing controller 8 generates the data
control signal (DCS) to control the data driver by using
vertically and horizontally synchronized signals (V, H), a
data enable signal (DE), and an externally provided dot
clock signal (DCLK), and simultaneously generates a plu-
rality of gate shift clocks (GSCi) and a gate start signal (Vst)
to control the gate driver 4. The data control signal (DCS)
includes a source output enable (SOE), a source shift clock
(SSC), a source start pulse (SSP), and a polarity control
signal (POL). Moreover, the timing controller 8 includes a
clock signal generator 10 (shown in FIG. 3) to generate the
plurality of gate shift clocks (GSCi).

[0031] FIG. 3 shows a schematic diagram of a first exem-
plary clock signal generator according to an embodiment of
the present invention. Referring to FIG. 3, the clock signal
generator 10 includes a reference clock generator 12, a width
modulation signal generator 14, and a logic operation unit
16. The reference clock generator 12 uses the vertically and
horizontally synchronized signals (V, H), the data enable
signal (DE), and the dot clock signal (DCLK) to generate a
plurality of reference clocks RCLKi sequentially shifted to
be overlapped by a half horizontal period.

[0032] The width modulation signal generator 14 gener-
ates a plurality of width modulation signals (WVS1) corre-
sponding to an initial part (rising time) of one horizontal
period, whereby the overlapped portion of the plurality of
reference clocks (RCLKi) is smaller than a half horizontal
period. The plurality of width modulation signals (WVSi)
may have a fixed pulse width. Altematively, the width
modulation signals (WVSi) may have a user-defined pulse
width.

[0033] The logic operation unit 16 generates the plurality
of gate shift clocks (GSCi) by performing a logic operation
on each reference clock (RCLKi) generated from the refer-
ence clock generator 12 and each width modulation signal
(WVSi) generated from the width modulation signal gen-
erator 14. The logic operation unit 16 may include a plurality
of exclusive-OR (XOR) for performing the logic operation.
Thus, the logic operation unit 16 generates the plurality of
gate shift clocks (GSCi) by the exclusive-OR operation of
each reference clock (RCLKi) with each width modulation
signal (WVSi). Accordingly, the plurality of gate shift clocks
(GSCi) are sequentially shifted to be overlapped by a half
horizontal period or less.

[0034] FIG. 4 shows exemplary waveforms for driving the
clock signal generator of FIG. 3. Referring to FIG. 4, the
clock signal generator 10 generates, for example, four gate
shift clocks GSC1 to GSC4. First, the reference clock
generator 12 generates first to fourth reference clocks
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RCLK1 to RCLK4 sequentially shifted with respect to each
other to be overlapped by a period W2, for example a half
horizontal period or less. Concurrently, the width modula-
tion signal generator 14 generates first to fourth width
modulation signals WVS1 to WVS4 sequentially shifted
with respect to each other, a rising edge of each of which
occurring substantially simultaneously with each of which
an initial portion of a corresponding one of the first to fourth
reference clocks RCLK1 to RCLK4. For example, the first
width modulation signal WVS1 occurs substantially simul-
taneously with the initial portion of the first reference clock
RCLK1; the second width modulation signal WVS2 occurs
substantially simultaneously with the initial portion of the
second reference clock RCLK2; and so on. The generated
first to fourth width modulation signals WVS1 to WVS4 are
provided to the logic operation unit 16.

[0035] The logic operation unit 16 generates the first to
fourth gate shift clocks GSC1 to GSC4 by the exclusive-OR
(XOR) operation of each of the reference clocks RCLK1 to
RCLK4 with the corresponding one of the width modulation
signals WVS1 to WVS4, and supplies the generated first to
fourth gate shift clocks GSC1 to GSC4 to the gate driver 4.
Accordingly, the overlapped portion W1 of the first to fourth
gate shift clocks GSC1 to GSC4 with respect to each other
is smaller than W2, which is a half horizontal period or less,
for example. Also, the overlapped portion W1 of the first to
fourth gate shift clocks GSC1 to GSC4 corresponds to the
section obtained by subtracting the pulse width of the width
modulation signal WVS1 to WVS4 from the period W2.
Based on the pulse width of the width modulation signal
WVS1 to WVS4, the overlapped portion W1 of the first to
fourth gate shift clocks GSC1 to GSC4 is controlled to be
less than W2.

[0036] Referring back to FIG. 2, the gate driver 4 includes
a shift register which is driven by the gate start signal Vst
from the timing controller 8, and sequentially generates the
gate pulses according to the plurality of gate shift clocks
GSCi. The gate driver 4 sequentially supplies the gate pulses
overlapped by the a half horizontal period or less to the
adjacent gate lines from GL1 to GLn to turn on the TFT
connected with the gate lines GL1 to GLn. Meanwhile, the
gate driver 4 is formed at one side of the display area 2 when
forming the TFT in the display area 2.

[0037] FIG. 5 shows exemplary waveforms illustrating the
charging property of a pixel according to an embodiment of
the present invention. Referring to FIG. 5, the gate pulses
supplied to the adjacent i-numbered and (i+1)-numbered
gate lines GLi and GLi+1 are overlapped by W2), for
example a half horizontal period or less, to enhance the
charging property (VPi+1) of pixel. The gate pulse supplied
to the pixel connected to the (i+1)-numbered gate line GLi+1
is overlapped with the gate pulse supplied to the pixel
connected to the i-numbered gate line GLi by W2. Accord-
ingly, part of the positive (+) data voltage is pre-charged, and
then the negative (=) data voltage is main-charged. Accord-
ingly, it is possible to decrease the modulation width
between the data voltages on the polarity inversion by
decreasing the time for the pre-charging of pixel to enhance
the charging property of pixel. In an embodiment, the
pre-charging period is smaller than the main-charging
period.
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[0038] Thus, according to an embodiment of the present
invention, the pre-charging method may be applied to a dot
inversion mode or a line inversion mode as well as a column
inversion mode.

[0039] FIG. 6 shows a schematic diagram of a second
exemplary clock signal generator according to an embodi-
ment of the present invention. Referring to FIG. 6 in
association with FIG. 2, the clock signal generator includes
a reference clock generator 112, a width modulation signal
generator 114, a logic operation unit 116, and a gate shift
clock generator 118. The reference clock generator 112
generates a reference clock RCLK corresponding to one
horizontal period by using the vertically and horizontally
synchronized signals V and H, the data enable signal DE,
and the dot clock signal DCLK.

[0040] The width modulation signal generator 114 gener-
ates a width modulation signal WVS corresponding to an
initial portion, for example, a rising time of a horizontal
period. The width modulation signal WVS may have a fixed
pulse width. Alternatively, the pulse width may be user-
adjustable.

[0041] The logic operation unit 116 generates a reference
gate shift clock RGSC by an XOR operation of the reference
clock RCLK and the width modulation signal WVS. Accord-
ingly, the reference gate shift clock RGSC has a pulse width
obtained by subtracting a pulse width of the width modu-
lation signal WVS from the half horizontal period W2.
[0042] The gate shift clock generator 118 generates first to
fourth gate shift clocks GSC1 to GSC4 overlapped by a half
horizontal period or less by sequentially shifting the refer-
ence gate shift clock RGSC according to a clock signal
CLK. The gate shift clock generator 118 includes first to
fourth flip-flops 119a, 1195, 119¢, 1194 for performing the
sequential shifting operation.

[0043] The first flip-flop 119a outputs the reference gate
shift clock RGSC provided from the logic operation unit 116
as the first gate shift clock GSC1 in accordance with the
clock signal CLK. The second flip-flop 1195 outputs the first
gate shift clock GSC1 provided from the first flip-flop 1192
as the second gate shift clock GSC2 in accordance with the
clock signal CLK. The third flip-flop 119¢ outputs the
second gate shift clock GSC2 provided from the second
flip-flop 1195 as the third gate shift clock (GSC3) in accor-
dance with the clock signal CLK. The fourth flip-flop 1194
outputs the third gate shift clock GSC3 provided from the
third flip-flop 119¢ as the fourth gate shift clock GSC4 in
accordance with the clock signal CLK.

[0044] FIG. 7 shows exemplary waveforms for driving the
clock signal generator of FIG. 6. Referring to FIG. 7, the
clock signal generator 10 generates the reference gate shift
clock RGSC having a width W1 which corresponds to W2,
a half horizontal period or less, by the XOR operation of the
reference clock RCLK having the width of one horizontal
period and the modulation signal WVS. Also, the clock
signal generator 10 generates the first to fourth gate shift
clocks GSC1 to GSC4 overlapped by a half horizontal
period or less by sequentially shifting the reference gate shift
clock RGSC according to the clock signal CLK.

[0045] Accordingly, the overlapped portion W1 of the first
to fourth gate shift clocks GSC1 to GSC4 is less than the half
(W2) of one horizontal period. Also, the overlapped portion
W1 of the first to fourth gate shift clocks GSC1 to GSC4
corresponds to the portion obtained by subtracting the pulse
width of the width modulation signal WVS from W2, a half
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horizontal period. Based on the pulse width of the width
modulation signal WVS, the overlapped portion W1 of the
first to fourth gate shift clocks GSC1 to GSC4 is controlled
to be less than the half horizontal period.

[0046] In an embodiment of the present invention, the
clock signal generator 10 may have more than four flip-
flops.

[0047] In accordance with an embodiment of the present
invention, the gate pulse supplied to the adjacent gate lines
of an LCD device is shifted to be overlapped by the half
horizontal period to decrease the pre-charging time of a
pixel, thereby enhancing the charging property thereof.
Accordingly, the pre-charging time of the pixel by is shorter
than the main-charging time thereof, so that it is possible to
enhance the charging property of pixel in the dot inversion
or line inversion mode.

[0048] It will be apparent to those skilled in the art that
various modifications and variations can be made in the
exemplary embodiments of the present invention. Thus, it is
intended that embodiments of the present invention cover
the modifications and variations of the embodiments
described herein provided they come within the scope of the
appended claims and their equivalents.

What is claimed is:

1. An apparatus for driving a liquid crystal display device
comptising:

a display area which includes a plurality of liquid crystal
cells in portions defined by a plurality of gate and data
lines;

a gate driver which supplies overlapped gate pulses to the
adjacent gate lines;

a data driver which supplies a data voltage to the data line
in synchronization with the gate pulse; and

a timing controller which controls an overlapped section
of the gate pulses supplied to the adjacent gate lines.

2. The apparatus of claim 1, wherein the timing controller
includes a clock signal generator which generates a plurality
of gate shift clocks shifted in sequence and overlapped by
the half of one horizontal period or less.

3. The apparatus of claim 2, wherein the clock signal
generator includes:

a reference clock generator which generates a plurality of
reference clocks shifted in sequence and overlapped by
the half of one horizontal period;

a width modulation signal generator which generates a
plurality of width modulation signals to control the
overlapped section of the gate pulses; and

alogic operation unit which generates the plurality of gate
shift clocks by a logic operation of the reference clock
and the width modulation signal.

4. The apparatus of claim 3, wherein the logic operation

corresponds to an exclusive-OR.

5. The apparatus of claim 3, wherein the width modulation
signal is generated in correspondence with an initial section
of one horizontal period.

6. The apparatus of claim 3, wherein a pulse width of the
width modulation signal is modulated in the initial section of
one horizontal period based on the setting of a user.

7. The apparatus of claim 2, wherein the clock signal
generator includes:

a reference clock generator which generates a reference

clock corresponding to one horizontal period;
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a width modulation signal generator which generates a
width modulation signal to control the overlapped
section of the gate pulses;

a logic operation unit which generates a reference gate
shift clock by a logic operation of the reference clock
and the width modulation signal; and

a gate shift clock generator which generates a plurality of
gate shift clocks by shifting the reference gate shift
clock.

8. The apparatus of claim 7, wherein the logic operation

corresponds to an exclusive-OR.

9. The apparatus of claim 7, wherein the gate shift clock
generator includes a plurality of flip-flops which shift the
reference gate shift clock in accordance with a clock signal.

10. An apparatus for driving a liquid crystal display
device comprising:

a display area which includes a plurality of liquid crystal
cells in portions defined by a plurality of gate and data
lines;

a gate driver which supplies gate pulses overlapped by the
half of one horizontal period or less to the adjacent gate
lines;

a data driver which supplies a data voltage to the data line
in synchronization with the gate pulse; and

a timing controller which controls the gate driver and the
data driver.

11. The apparatus of claim 10, wherein the timing con-
troller includes a clock signal generator which generates a
plurality of gate shift clocks shifted in sequence and over-
lapped by the half of one horizontal period or less.

12. The apparatus of claim 11, wherein the clock signal
generator includes:

a reference clock generator which generates a plurality of
reference clocks shifted in sequence and overlapped by
the half of one horizontal period,

a width modulation signal generator which generates a
plurality of width modulation signals to control the
overlapped section of the gate pulses; and

alogic operation unit which generates the plurality of gate
shift clocks by a logic operation of the reference clock
and the width modulation signal.

13. The apparatus of claim 12, wherein the logic operation

corresponds to an exclusive-OR.

14. The apparatus of claim 12, wherein the width modu-
lation signal is generated in correspondence with an initial
section of one horizontal period.

15. The apparatus of claim 11, wherein the clock signal
generator includes:

a reference clock generator which generates a reference

clock corresponding to one horizontal period,

a width modulation signal generator which generates a
width modulation signal to control the overlapped
section of the gate pulses;

a logic operation unit which generates a reference gate
shift clock by a logic operation of the reference clock
and the width modulation signal; and

a gate shift clock generator which generates a plurality of
gate shift clocks by shifting the reference gate shift
clock.

16. The apparatus of claim 15, wherein the logic operation

corresponds to an exclusive-OR.

17. The apparatus of claim 15, wherein the width modu-
lation signal is generated in correspondence with an initial
section of one horizontal period.
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18. The apparatus of claim 15, wherein the gate shift clock
generator includes a plurality of flip-flops which shift the
reference gate shift clock in accordance with a clock signal.

19. A method for driving an LCD device provided with a
display area having a plurality of liquid crystal cells formed
in portions defined by a plurality of gate and data lines
comprising:

sequentially supplying gate pulses to the gate lines; and

supplving a data voltage to the data line in synchroniza-

tion with the gate pulse,

wherein the gate pulses supplied to the adjacent gate lines

are overlapped by the half of one horizontal period or
less.

20. The method of claim 19, wherein the process of
sequentially supplying the gate pulses to the gate lines
includes:

generating a plurality of reference clocks shifted in

sequence and overlapped by the half of one horizontal
period or less;
generating a plurality of width modulation signals to
control the overlapped section of the gate pulses;

generating a plurality of gate shift clocks by a logic
operation of the reference clock and the width modu-
lation signal; and

generating the gate pulses according to the plurality of

gate shift clocks, and sequentially supplying the gen-
erated gate pulses to the gate lines.

21. The method of claim 20, wherein the logic operation
corresponds to an exclusive-OR.

22. The method of claim 20, wherein the width modula-
tion signal is generated in correspondence with an initial
section of one horizontal period.
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23. The method of claim 19, wherein the process of
sequentially supplying the gate pulses to the gate lines
includes:

generating a reference clock corresponding to one hori-

zontal period;

generating a width modulation signal to control the over-

lapped section of the gate pulses;

generating a reference gate shift clock by a logic opera-

tion of the reference clock and the width modulation
signal,

generating a plurality of gate shift clocks by shifting the

reference gate shift clock; and

generating the gate pulses according to the plurality of

gate shift clocks, and sequentially supplying the gate
pulses to the gate lines.

24. The method of claim 23, wherein the logic operation
corresponds to an exclusive-OR.

25. The method of claim 23, wherein the process of
generating the plurality of gate shift clocks uses a plurality
of flip-flops to generate the gate shift clocks by shifting the
reference gate shift clock according to the clock signal.

26. A method for driving a liquid crystal display device
provided with a display area having a plurality of liquid
crystal cells formed in portions defined by a plurality of gate
and data lines comprising driving the liquid crystal cells in
state of providing a pre-charging period and a main-charging
period by overlapping gate pulses supplied to the adjacent
gate lines, wherein the pre-charging period is shorter than
the main-charging period.

27. The method of claim 26, wherein the pre-charging
period is less than the half of one horizontal period.
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