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LIQUID CRYSTAL DISPLAY AND DRIVING
METHOD THEREOF

This application claims the benefit of the Korean Patent
Application No. P2007-0062238 filed on Jun. 25, 2007,
which is hereby incorporated by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a liquid crystal display, and
more particularly to a liquid crystal display and a driving
method thereof that is adapted to improve display quality by
preventing flickers and DC image sticking.

2. Discussion of the Related Art

A liquid crystal display controls the light transmittance of
liquid crystal cells in accordance with video signals, thereby
displaying a picture. An active matrix type liquid crystal
display actively controls data by switching data voltages sup-
plied to liquid crystal cells using thin film transistors
(“TFTs”) that are formed at each liquid crystal cell Clc, as
shown in FIG. 1, thereby increasing the display quality of
motion pictures. As shown in FIG. 1, reference label “Cst”
represents a storage capacitor for keeping data voltages
charged in the liquid crystal cell “Clc,” “DL” represents a data
line to which the data voltages are supplied, and “GL” repre-
sents a gate line to which scan voltages are supplied.

The liquid crystal display is driven by an inversion method
where polarities are inverted between adjacent liquid crystal
cells and by a unit of a frame period in order to reduce the
deterioration of liquid crystals and to decrease DC offset
components. If any one polarity out of two polarities of the
data voltage is dominantly supplied for a long time, a residual
image is generated. Such a residual image is called “DC
image sticking” because the residual image is generated by a
voltage of the same polarity repeatedly charged in the liquid
crystal cell. One such example occurs when data voltages of
an interlace method are supplied to the liquid crystal display.
In the interlace method, data voltages to be displayed on the
liquid crystal cells (hereinafter, referred to as “interlace
data”) exist only in odd-numbered horizontal lines during
odd-numbered frame periods and only in even-numbered
horizontal line in even-numbered frame periods.

FIG. 2 illustrates a waveform diagram representing an
example of a data voltage of an interlace method supplied to
a liquid crystal cell Clc. For purposes of example, the data
voltage of FIG. 2 is supplied is any one of the liquid crystal
cells disposed on an odd-numbered horizontal line. As shown
in FIG. 2, the liquid crystal cell Clc is supplied only with
positive voltages for an odd-numbered frame period and only
with negative voltages for an even-numbered frame period. In
the interlace method, high positive data voltages are supplied
only for the odd-numbered frame periods to the liquid crystal
cells Clc disposed on the odd-numbered horizontal lines.
Thus the positive data voltage, like the waveform shown
within the box in FIG. 2, becomes more dominant than the
negative data voltage over four frame periods, thereby caus-
ing DC image sticking to occur.

FIG. 3 illustrates an image showing an experimental result
of DC image sticking generated due to interlace data. If an
original image, like the image shown on the left in FIG. 3, is
supplied to a liquid crystal display panel using the interlace
method for a fixed time, the data voltage of which the polarity
is changed by the unit of a frame period has its amplitude
changed in the odd-numbered frame and in the even-num-
bered frame. As a result, if a data voltage of an intermediate
gray level, e.g., the gray level of 127, is supplied to all of the
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liquid crystal cells Clc of the liquid crystal display panel after
the original image (i.e., the left image), DC image sticking
occurs showing a dim pattern of the original image, like the
image shown on the right in FIG. 3.

As another example of DC image sticking, if an unchang-
ing picture is moved or scrolled at a fixed speed, DC image
sticking may be generated because the voltage of the same
polarity is repeatedly accumulated in the liquid crystal cell
Clc depending on the scroll speed (or moving speed) and the
size of the scrolling picture (i.e., moving picture). Such an
example is shown in FIG. 4. FIG. 4 illustrates an image
showing an experimental result of DC image sticking that
occurs when moving an oblique line or character pattern at a
fixed speed.

In the liquid crystal display, the display quality of motion
pictures is not only reduced by DC image sticking, but also by
a flicker phenomenon generated by a brightness difference
that is visually perceived. Accordingly, in order to increase
the display quality of the liquid crystal display, the flicker
phenomenon the DC image sticking need to be prevented.

SUMMARY OF THE INVENTION

Accordingly, the present invention is directed to a liquid
crystal display and a driving method thereof that substantially
obviates one or more problems due to limitations and disad-
vantages of the related art.

An object of the present invention is to provide a liquid
crystal display and a driving method thereof that is adapted to
improve display quality by preventing flickers and DC image
sticking.

Additional features and advantages of the invention will be
set forth in the description which follows, and in part will be
apparent from the description, or may be learned by practice
of the invention. The objectives and other advantages of the
invention will be realized and attained by the structure par-
ticularly pointed out in the written description and claims
hereof as well as the appended drawings.

To achieve these and other advantages and in accordance
with the purpose of the present invention, as embodied and
broadly described, a liquid crystal display includes a liquid
crystal display panel including a plurality of data lines, a
plurality of gate lines crossing the plurality of data lines, and
a plurality of liquid crystal cells defined as a first and second
liquid crystal cell groups, a data driving circuit to supply a
data voltage to the data lines in response to a polarity control
signal, a gate driving circuit to supply a scanning pulse that
swings between a gate high voltage and a gate low voltage to
the gate lines, a first logic circuit to generate the polarity
control signal differently for each frame period to maintain a
polarity of the data voltage charged in the first liquid crystal
cell group, and to invert one time a polarity of the data voltage
charged in the second liquid crystal cell group for two frame
periods, and a second logic circuit to control the gate driving
circuit to decrease the gate high voltage of the scanning pulse
to amodulated voltage between the gate high voltage and the
gate low voltage for a predetermined modulation time.

In another aspect, a method of driving a liquid crystal
display including a liquid crystal display panel that has a
plurality of data lines, a plurality of gate lines crossing the
plurality of data lines, and plurality of liquid crystal cells
defined as a first and second liquid crystal cell groups,
includes the steps of supplying a data voltage to the data lines
in response to a polarity control signal, supplying a scanning
pulse, which is swung between a gate high voltage and a gate
low voltage, to the gate lines, generating the polarity control
signal differently for each frame period to maintain a polarity
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of the data voltage in the first liquid crystal cell group, and to
invert one time a polarity of the data voltage charged in the
second liquid crystal cell group for two frame periods, and
decreasing the gate high voltage of the scanning pulse to a
modulated voltage between the gate high voltage and the gate
low voltage for a predetermined modulation time.

It is to be understood that both the foregoing general
description and the following detailed description are exem-
plary and explanatory and are intended to provide further
explanation of the invention as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are included to pro-
vide a further understanding of the invention and are incor-
porated in and constitute a part of this specification, illustrate
embodiments of the invention and together with the descrip-
tion serve to explain the principles of the invention. In the
drawings:

FIG. 1 is a circuit diagram illustrating a liquid crystal cell
of a liquid crystal display;

FIG. 2 is a waveform diagram illustrating an example of
interlace data;

FIG. 3 is an experimental result screen illustrating DC
image sticking caused by the interlace data;

FIG. 4 is an experimental result screen illlusrating DC
image sticking caused by scroll data;

FIG. 5 is a diagram illustrating an exemplary method of
driving a liquid crystal display according to a first embodi-
ment of the present invention;

FIG. 6 is an exemplary waveform diagram illustrating the
principle of preventing DC image sticking by a first liquid
crystal cell group shown in FIG. 5;

FIG. 7 is a diagram illustrating a first exemplary polarity
pattern a data voltage charged in first and second liquid crys-
tal cell groups;

FIG. 8is a diagram illustrating a second exemplary polarity
pattern of a data voltage charged in first and second liquid
crystal cell groups;

FIG.9is an exemplary waveform diagram illustrating a DC
offset value and an AC value of a data voltage measured in a
liquid crystal display panel supplied with the data voltages of
FIG. 7 and FIG. 8;

FIG. 10 is a diagram illustrating a shimmering noise effect;

FIG. 11 is a block diagram illustrating an exemplary liquid
crystal display according to the first embodiment of the
present invention;

FIG. 12 is an exemplary circuit diagram illustrating the
data driving circuit shown in FIG. 11;

FIG. 13 is an exemplary circuit diagram illustrating the
digital/analog converter shown in FIG. 12;

FIG. 14 is an exemplary circuit diagram illustrating the
POL logic circuit in FIG. 11;

FIG. 15 is an exemplary circuit diagram illustrating the
POL generating circuit in FIG. 12;

FIG. 16 is an exemplary circuit diagram illustrating the
modulation circuit within the gate driving circuit shown in
FIG. 11; and

FIG. 17 is an exemplary waveform diagram illustrating a
control signal for modulating a scanning pulse which is out-
putted from the FLK logic circuit in FIG. 11.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

Reference will now be made in detail to the embodiments
of the present invention, examples of which are illustrated in
the accompanying drawings.
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FIG. 5 illustrates a method of driving a liquid crystal dis-
play according to an exemplary embodiment of the present
invention. As shown in FIG. 5, the method of driving a liquid
crystal display according to the exemplary embodiment of the
present invention includes driving a first liquid crystal cell
group with a drive frequency that is different from a drive
frequency of a second liquid crystal cell group for two frame
periods. For purposes of example, the first liquid crystal cell
group is adjacent to the second liquid crystal cell group.

Polarities of data voltages, which are charged in liquid
crystal cells of the first liquid crystal cell group and liquid
crystal cells of the second liquid crystal cell group, are
inverted for each two frame periods. The method of driving
the liquid crystal display according to the exemplary embodi-
ment of the present invention controls a polarity inversion
cycle of the first liquid crystal cell group, and a polarity
inversion period cycle of the second liquid crystal cell group,
to be shifted from each other. As a result, a polarity of the data
voltage, which is charged in the liquid crystal cells of the first
liquid crystal cell group, is equally maintained for the two
frame periods while a polarity of the data voltage, which is
charged in the liquid crystal cells of the second liquid crystal
cell group, is inverted one time. In addition, the location of the
first liquid crystal cell group and the location of the second
liquid crystal cell group are swapped with each other for each
frame. A polarity pattern of the data voltage, which is charged
in the first liquid crystal cell group and the second liquid
crystal cell group, is repeated for each four frames, for
example.

The first liquid crystal cell group is charged with a data
voltage having the same polarity for two frame periods to
prevent DC image sticking, and a polarity of the second liquid
crystal cell group is inverted each time for the two frame
periods to increase a spatial frequency, thereby preventing a
flicker phenomenon. The principle of preventing DC image
sticking by driving the first liquid crystal cell group in accor-
dance with the present invention is explained as follows in
conjunction with FIG. 6.

As shown in FIG. 6, an arbitrary liquid crystal cell Clc in
the first liquid crystal cell group is supplied with a high data
voltage for an odd-numbered frame period and with a rela-
tively low data voltage for an even-numbered frame period,
and the polarities of the data voltages are changed for each
two frame periods. Accordingly, positive data voltages sup-
plied to the liquid crystal cell Clc of the first liquid crystal cell
group for first and second frame periods and negative data
voltages supplied to the same liquid crystal cell Clc of the first
liquid crystal cell group for third and fourth frame periods
cancel each other, thereby preventing a voltage of a biased
polarity from accumulating in the liquid crystal cell Clc.
Accordingly, inthe liquid crystal display of the present inven-
tion, no DC image sticking is generated by the first liquid
crystal cell group even if the data voltage is a high voltage and
the polarity is dominant (i.e., in a data voltage of an interlaced
picture in any one of an odd-numbered frame and an even-
numbered frame) as shown in FIG. 6.

The first liquid crystal cell group may prevent DC image
sticking from occurring, but the data voltages of the same
polarity are supplied to the liquid crystal cell Clc for each two
frame periods. Consequently, flicker may appear. To this end,
the liquid crystal cells Clc of the second liquid crystal cell
group are charged with a data voltage of which the polarity is
inverted each time for the two frame periods when the second
liquid crystal cell is maintained as the same polarity in order
to increase the spatial frequency, thereby minimizing a flicker
phenomenon. This is because the perceived drive frequency
of the screen is based on the high drive frequency of the
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second liquid crystal cell group when the first and second
liquid crystal cell groups co-exist since human eyes are more
sensitive to changes.

FIG. 7 and FIG. 8 are diagrams illustrating exemplary
polarity patterns of data voltages supplied to the first and
second liquid crystal cell groups. As shown in FIGS. 7 and 8,
the method of driving the liquid crystal display according to
the exemplary embodiment of the present invention repeats
the polarity pattern of the data voltages for each four frame
periods and moves locations of the first and second liquid
crystal cell groups for each frame.

As shown in FIG. 7, for the (4i+1)th frame period (where i
is a positive integer), the first liquid crystal cell group includes
liquid crystal cells Clc of even-numbered horizontal lines and
the second liquid crystal cell group includes liquid crystal
cells Cls of odd-numbered horizontal lines. For the (4i+1)th
frame period, polarities of the data voltages charged in the
liquid crystal cells Clc of the first liquid crystal cell group
which are adjacent in a vertical direction with the liquid
crystal cells Clc of the second liquid crystal cell group inter-
posed therebetween are opposite to each other. In addition,
the polarities of the data voltages charged in the liquid crystal
cells Clc of the first liquid crystal cell group adjacent in a
horizontal direction are opposite to each other. In the same
manner, for the (4i+1)th frame period, the polarities of the
data voltages charged in the liquid crystal cells Clc of the
second liquid crystal cell group which are adjacent in the
vertical direction with the liquid crystal cells Clc of the first
liquid crystal cell group interposed therebetween are opposite
to each other. In addition, the polarities of the data voltages
charged in the liquid crystal cells Clc of the second liquid
crystal cell group adjacent in the horizontal direction are
opposite to each other.

For the (4i+2)th frame period, data voltages having a polar-
ity pattern, which is inverted on a polarity pattern of a data
voltage of the (4i+1)th frame period, are supplied to the first
and second liquid crystal cell groups. The first liquid crystal
cell group of the (4i+1)th frame period is changed to be the
second liquid crystal cell group in the (4i+2)th frame period,
and the second liquid crystal cell group of the (4i+1)th frame
period is changed to be the first liquid crystal cell group in the
(41+2)th frame period. Accordingly, the first liquid crystal cell
group includes the liquid crystal cells Clc of the odd-num-
bered horizontal lines and the second liquid crystal cell group
includes the liquid crystal cells Cls of the even-numbered
horizontal lines in the (4i+2)th frame period. For the (4i+2)th
frame period, the polarities of the data voltages charged in the
liquid crystal cells Clc of the first liquid crystal cell group
which are adjacent in the vertical direction with the liquid
crystal cells Clc of the second liquid crystal cell group inter-
posed therebetween are opposite to each other. In addition,
the polarities of the data voltages charged in the liquid crystal
cells Cle of the first liquid crystal cell group adjacent in the
horizontal direction are opposite to each other. In the same
manner, for the (4i+2)th frame period, the polarities of the
data voltages charged in the liquid crystal cells Clc of the
second liquid crystal cell group which are adjacent in the
vertical direction with the liquid crystal cells Clc of the first
liquid crystal cell group interposed therebetween are opposite
to each other. In addition, the polarities of the data voltages
charged in the liquid crystal cells Clc of the second liquid
crystal cell group adjacent in the horizontal direction are
opposite to each other.

For the (4i+3)th frame period, data voltages having a polar-
ity pattern, which is inverted on a polarity pattern of a data
voltage of the (4i+2)th frame period, are supplied to the first
and second liquid crystal cell groups. The first liquid crystal
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cell group of the (4i+2)th frame period is changed to be the
second liquid crystal cell group in the (4i+3)th frame period,
and the second liquid crystal cell group of the (4i+2)th frame
period is changed to be the first liquid crystal cell group in the
(4i+3)th frame period. Accordingly, the first liquid crystal cell
group includes the liquid crystal cells Clc of the even-num-
bered horizontal lines and the second liquid crystal cell group
includes the liquid crystal cells Cls of the odd-numbered
horizontal lines in the (4i+3)th frame period. For the (4i+3)th
frame period, the polarities of the data voltages charged in the
liquid crystal cells Clc of the first liquid crystal cell group
which are adjacent in the vertical direction with the liquid
crystal cells Clc of the second liquid crystal cell group inter-
posed therebetween are opposite to each other. In addition,
the polarities of the data voltages charged in the liquid crystal
cells Cle of the first liquid crystal cell group adjacent in the
horizontal direction are opposite to each other. In the same
manner, for the (4i+3)th frame period, the polarities of the
data voltages charged in the liquid crystal cells Clc of the
second liquid crystal cell group which are adjacent in the
vertical direction with the liquid crystal cells Clc of the first
liquid crystal cell group interposed therebetween are opposite
to each other. In addition, the polarities of the data voltages
charged in the liquid crystal cells Clc of the second liquid
crystal cell group adjacent in the horizontal direction are
opposite to each other. As can be seen in the comparison of the
polarity pattern of the data voltages of the (4i+3)th frame
period and the polarity pattern of the data voltages of the
(4i+1)th frame period, locations of the first and second liquid
crystal cell groups are the same in the (4i+1)th frame period
and the (4i+3)th frame period, but the polarities of the data
voltages are different from each other.

For the (4i+4)th frame period, data voltages having a polar-
ity pattern, which is inverted on a polarity pattern of a data
voltage of the (4i+3)th frame period, are supplied to the first
and second liquid crystal cell groups. The first liquid crystal
cell group of the (4i+3)th frame period is changed to be the
second liquid crystal cell group in the (4i+4)th frame period,
and the second liquid crystal cell group of the (4i+3)th frame
period is changed to be the first liquid crystal cell group in the
(4i+4)th frame period. Accordingly, the first liquid crystal cell
group includes the liquid crystal cells Clc of the odd-num-
bered horizontal lines and the second liquid crystal cell group
includes the liquid crystal cells Cls of the even-numbered
horizontal lines in the (4i+4)th frame period. For the (4i+4)th
frame period, the polarities of the data voltages charged in the
liquid crystal cells Clc of the first liquid crystal cell group
which are adjacent in the vertical direction with the liquid
crystal cells Clc of the second liquid crystal cell group inter-
posed therebetween are opposite to each other. In addition,
the polarities of the data voltages charged in the liquid crystal
cells Clc of the first liquid crystal cell group adjacent in the
horizontal direction are opposite to each other. In the same
manner, for the (4i+4)th frame period, the polarities of the
data voltages charged in the liquid crystal cells Clc of the
second liquid crystal cell group which are adjacent in the
vertical direction with the liquid crystal cells Clc of the first
liquid crystal cell group interposed therebetween are opposite
to each other. In addition, the polarities of the data voltages
charged in the liquid crystal cells Clc of the second liquid
crystal cell group adjacent in the horizontal direction are
opposite to each other. As can be seen in the comparison of the
polarity pattern of the data voltages of the (4i+4)th frame
period and the polarity pattern of the data voltages of the
(41+2)th frame period, locations of the first and second liquid
crystal cell groups are the same in the (4i+2)th frame period
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and the (4i+4)th frame period, but the polarities of the data
voltages are different from each other.

A first polarity control signal POLa generated in the (4i+
Dth frame period has a phase that is opposite of a third
polarity control signal POLc generated in the (4i+3)th frame
period. A second polarity control signal POLb generated in
the (4i+2)th frame period has a phase that is opposite with a
fourth polarity control signal POLd generated in the (4i+4)th
frame period. The first polarity control signal POLa and the
second polarity control signal POLb has a phase difference of
about one horizontal period, and the third polarity control
signal POLc and the fourth polarity control signal POLd also
has a phase difference of about one horizontal period.

As shown in FIG. 8, for the (4i+1)th frame period, the first
liquid crystal cell group includes liquid crystal cells Clc of
odd-numbered horizontal lines and the second liquid crystal
cell group includes liquid crystal cells Cls of even-numbered
horizontal lines. For the (4i+1)th frame period, polarities of
the data voltages charged in the liquid crystal cells Clc of the
first liquid crystal cell group which are adjacent in a vertical
direction with the liquid crystal cells Clc of the second liquid
crystal cell group interposed therebetween are opposite to
each other. In addition, the polarities of the data voltages
charged in the liquid crystal cells Clc of the first liquid crystal
cell group adjacent in a horizontal direction are opposite to
each other. In the same manner, for the (4i+1)th frame period,
the polarities of the data voltages charged in the liquid crystal
cells Clc of the second liquid crystal cell group which are
adjacent in the vertical direction with the liquid crystal cells
Clc of the first liquid crystal cell group interposed therebe-
tween are opposite to each other. In addition, the polarities of
the data voltages charged in the liquid crystal cells Clc of the
second liquid crystal cell group adjacent in the horizontal
direction are contrary to each other.

For the (4i+2)th frame period, data voltages having a polar-
ity pattern, which is inverted on a polarity pattern of a data
voltage of the (4i+1)th frame period, are supplied to the first
and second liquid crystal cell groups. The first liquid crystal
cell group of the (4i+1)th frame period is changed to be the
second liquid crystal cell group in the (4i+2)th frame period,
and the second liquid crystal cell group of the (4i+1)th frame
period is changed to be the first liquid crystal cell group in the
(41+2)th frame period. Accordingly, the first liquid crystal cell
group includes the liquid crystal cells Clc of the even-num-
bered horizontal lines and the second liquid crystal cell group
includes the liquid crystal cells Cls of the odd-numbered
horizontal lines in the (4i+2)th frame period. For the (4i+2)th
frame period, the polarities of the data voltages charged in the
liquid crystal cells Clec of the first liquid crystal cell group
which are adjacent in the vertical direction with the liquid
crystal cells Clc of the second liquid crystal cell group inter-
posed therebetween are opposite to each other. In addition,
the polarities of the data voltages charged in the liquid crystal
cells Clc of the first liquid crystal cell group adjacent in the
horizontal direction are opposite to each other. In the same
manner, for the (4i+2)th frame period, the polarities of the
data voltages charged in the liquid crystal cells Clc of the
second liquid crystal cell group which are adjacent in the
vertical direction with the liquid crystal cells Clc of the first
liquid crystal cell group interposed therebetween are opposite
to each other. In addition, the polarities of the data voltages
charged in the liquid crystal cells Clc of the second liquid
crystal cell group adjacent in the horizontal direction are
contrary to each other.

For the (4i+3)th frame period, data voltages having a polar-
ity pattern, which is inverted on a polarity pattern of a data
voltage of the (4i+2)th frame period, are supplied to the first
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and second liquid crystal cell groups. The first liquid crystal
cell group of the (4i+2)th frame period is changed to be the
second liquid crystal cell group in the (4i+3)th frame period,
and the second liquid crystal cell group of the (4i+2)th frame
period is changed to be the first liquid crystal cell group in the
(41+3)th frame period. Accordingly, the first liquid crystal cell
group includes the liquid crystal cells Clc of the odd-num-
bered horizontal lines and the second liquid crystal cell group
includes the liquid crystal cells Cls of the even-numbered
horizontal lines in the (4i+3)th frame period. For the (4i+3)th
frame period, the polarities of the data voltages charged in the
liquid crystal cells Clc of the first liquid crystal cell group
which are adjacent in the vertical direction with the liquid
crystal cells Clc of the second liquid crystal cell group inter-
posed therebetween are opposite to each other. In addition,
the polarities of the data voltages charged in the liquid crystal
cells Clc of the first liquid crystal cell group adjacent in the
horizontal direction are opposite to each other. In the same
manner, for the (4i+3)th frame period, the polarities of the
data voltages charged in the liquid crystal cells Clc of the
second liquid crystal cell group which are adjacent in the
vertical direction with the liquid crystal cells Clc of the first
liquid crystal cell group interposed therebetween are opposite
to each other. In addition, the polarities of the data voltages
charged in the liquid crystal cells Clc of the second liquid
crystal cell group adjacent in the horizontal direction are
opposite to each other. Locations of the first and second liquid
crystal cell groups are the same in the (4i+1)th frame period
and the (4i+3)th frame period, but the polarities of the data
voltages are different from each other.

For the (4i+4)th frame period, data voltages having a polar-
ity pattern, which is inverted on a polarity pattern of a data
voltage of the (4i+3)th frame period, are supplied to the first
and second liquid crystal cell groups. The first liquid crystal
cell group of the (4i+3)th frame period is changed to be the
second liquid crystal cell group in the (4i+4)th frame period,
and the second liquid crystal cell group of the (4i+3)th frame
period is changed to be the first liquid crystal cell group in the
(4i+4)th frame period. Accordingly, the first liquid crystal cell
group includes the liquid crystal cells Clc of the even-num-
bered horizontal lines and the second liquid crystal cell group
includes the liquid crystal cells Cls of the odd-numbered
horizontal lines in the (4i+4)th frame period. For the (4i+4)th
frame period, the polarities of the data voltages charged in the
liquid crystal cells Clc of the first liquid crystal cell group
which are adjacent in the vertical direction with the liquid
crystal cells Clc of the second liquid crystal cell group inter-
posed therebetween are opposite to each other. In addition,
the polarities of the data voltages charged in the liquid crystal
cells Cle of the first liquid crystal cell group adjacent in the
horizontal direction are opposite to each other. In the same
manner, for the (4i+4)th frame period, the polarities of the
data voltages charged in the liquid crystal cells Clc of the
second liquid crystal cell group-which are adjacent in the
vertical direction with the liquid crystal cells Clc of the first
liquid crystal cell group interposed therebetween are opposite
to each other. In addition, the polarities of the data voltages
charged in the liquid crystal cells Clc of the second liquid
crystal cell group adjacent in the horizontal direction are
opposite to each other. Locations ofthe first and second liquid
crystal cell groups are the same in the (4i+2)th frame period
and the (4i+4)th frame period, but the polarities of the data
voltages are different from each other.

The second and fourth polarity control signals POLDb,
POLd among the polarity control signals POLa to POLd for
controlling the polarity pattern of the data voltages of FIG. 8
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have phases that are opposite of the second and fourth polarity
control signals POLb and POLd of FIG. 7.

The liquid crystal cells Clc of the first liquid crystal cell
group have a relatively long polarity change cycle. Thus, it is
possible that flickers may occur if the liquid crystal cells are
spatially arranged in a concentrated manner. Accordingly, in
the method of driving the liquid crystal display according to
the exemplary embodiment of the present invention, the lig-
uid crystal cells Clc of the first liquid crystal cell group
control the polarity of the data voltages for not less than two
horizontal lines to be continuous in each frame period, as
shown in FIG. 7 and FIG. 8. Further, if the location of the first
liquid crystal cell group is the same for not less than three
frame periods, a brightness difference with another horizontal
line may occur, thereby generating a rippling noise effect.
Accordingly, the exemplary method of driving the liquid
crystal display according to the present invention controls the
first liquid crystal cell group to alternate with the second
liquid crystal cell group for each frame period, as shown in
FIG. 7 and FIG. 8.

FIG. 9 shows a result of an experiment when data voltages
0f'127 gray levels are supplied to a liquid crystal display panel
with a polarity pattern shown in FIG. 7 and FIG. 8 and a
voltage waveform of the liquid crystal display panel is mea-
sured. In this experiment, the second liquid crystal cell group
of the liquid crystal display panel is supplied with the data
voltage of which the polarity is changed at a frequency of 60
Hz within two frame period, and the first liquid crystal cell
group is supplied with the data voltage of which the polarity
is changed at a frequency of 30 Hz. However, because the
faster frequency of 60 Hz is perceived to be more dominant,
the frequency of the data voltage measured in the liquid
crystal display panel is measured to be 60 Hz. For this experi-
ment, an AC voltage value, i.e., an amplitude, of the data
voltage is 30.35 mV, and a DC offset value between the center
of the AC voltage and a ground voltage GND is measured to
be 1.389 V. Further, measuring a light waveform by installing
an optical sensor on a sample liquid crystal display panel
revealed that the light waveform of the liquid crystal display
panel was also measured to be 60 Hz due to the dominant
frequency of the second liquid crystal cell group. This is
because the light waveform measured in the liquid crystal
display panel was determined by a light change cycle of the
second liquid crystal cell group, which had a frequency that
was faster than that of the first liquid crystal cell group.

In some instances, even if the data polarity period of the
first liquid crystal cell group is extended to two frame periods
and data having the same gray scale level are applied to the
liquid crystal cell, the charge amount of the positive data
voltage and the charge amount of the negative data voltage in
the liquid crystal cell may not be the same. Thus, the location
of'the first liquid crystal cell group is changed for each frame,
so that the brightness of the liquid crystal cells of the first
liquid crystal cell group may be increased.

To alleviate this phenomenon, a method of adjusting a
common voltage Vcom supplied to common electrodes of all
liquid crystal cells has been developed. However, since the
common electrodes are commonly connected to all liquid
crystal cells, a voltage drop of the common voltage may vary
depending on the location of the screen due to surface resis-
tance or linear resistance of the common electrode. Further-
more, a voltage of the scanning pulse applied to the gate line
may vary due to resistance of the gate line depending on the
location of the screen. Thus, if the common voltage Vcom is
optimized in reference to the center (B) of the screen as shown
in FIG. 10, a shimmering noise effect of bright waving points
may be generated along the side portions (A) and (C) of the
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screen. On the other hand, if the common voltage Vcom is
optimized in reference to both of the side portions (A) and (C)
of the screen, the shimmering noise effect is generated at the
center (B) of the screen. This is because a voltage drop of the
scanning pulse SP increases at location (C) due to resistances
of'the gate lines since these liquid crystal cells are the farthest
from the gate driving circuit.

To reduce the shimmering noise effect, the method of driv-
ing the liquid crystal display in accordance with the exem-
plary embodiment of the present invention supplying a data
voltage having a polarity pattern shown in FIG. 7 and FIG. 8
to the data lines to drive the liquid crystal display panel with
the first and second liquid crystal cell groups was repeated in
order to adjust (i.e., fine tune) the common voltage and a
voltage of the scanning pulse. Based on the result, amethod of
modulating a scanning pulse in accordance with an exem-
plary embodiment of the present invention was developed to
modulate down the voltage of the scanning pulse in the vicin-
ity of the falling edge of the scanning pulse and optimize the
timing of when the modulated voltage is applied. As a result,
experiments confirm that DC image sticking and the shim-
mering noise effect are removed for the entire screen. A
detailed description on the exemplary method of modulating
the scanning pulse is described further below.

FIG. 11 to FIG. 16 illustrate an exemplary liquid crystal
display according to an embodiment of the present invention.
As shown in FIG. 11, the exemplary liquid crystal display
according to the embodiment of the present invention
includes a liquid crystal display panel 100, a timing controller
101, a POL logic circuit 102, a FLK logic circuit 107, a data
driving circuit 103, and a gate driving circuit 104. In the liquid
crystal display panel 100, liquid crystal molecules are
injected between two glass substrates. The liquid crystal dis-
play panel 100 includes mxn number of liquid crystal cells
Clc arranged in a matrix pattern where m number of data lines
D1 to Dm and n number of gate lines G1 to Gn cross each
other. The liquid crystal cells Clc includes first and second
liquid crystal cell groups that are driven at different data
voltage frequencies as described above. On the first glass
substrate of the liquid crystal display panel 100, there are
formed data lines D1 to Dm, gate lines G1 to Gn, TFTs, pixel
electrodes 1 of the liquid crystal cells Clc connected to the
TFTs, storage capacitors Cst, and other components. On the
second glass substrate of the liquid crystal display panel 100,
there are formed a black matrix, color filters, and a common
electrode 2. It is to be understood that the common electrode
2 may formed on the second glass substrate in a vertical
electric field driving method such as a TN (Twisted Nematic)
mode and a VA (Vertical Alignment) mode or formed together
with the pixel electrode 1 on the first glass substrate in a
horizontal electric field driving method, such as an IPS (In-
Plane Switching) mode and an FFS (Fringe Field Switching)
mode. Polarizers With optical axes crossing perpendicularly
with each other are attached to the first and second glass
substrates of the liquid crystal display panel 100, and align-
ment films for setting the pre-tilt angle of liquid crystals are
formed on the internal surfaces thereof that face the liquid
crystals.

The timing controller 101 receives timing signals, such as
vertical/horizontal synchronization signals Vsync, Hsync,
data enables, clock signals, and other signals to generate
control signals for controlling the operation timing of the
POL logic circuit 102, the gate driving circuit 104, and the
data driving circuit 103. The control signals include a gate
start pulse GSP, a gate shift clock signal GSC, a gate output
enable signal GOE, a source start pulse SSP, a source sam-
pling clock SSC, a source output enable signal SOE, and a
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reference polarity control signal POL. The gate start pulse
GSP indicates a start horizontal line from which a scan starts
among a first vertical period when a screen is displayed. The
gate shift clock signal GSC is input to a shift register within
the gate driving circuit and is generated to have a pulse width
corresponding to the on-period of the TFT as a timing control
signal for sequentially shifting the gate start pulse GSP. The
gate output enable signal GOE indicates the output of the gate
driving circuit 104. The source start pulse SSP indicates a
start pixel in a first horizontal line where data are to be
displayed. The source sampling clock SSC indicates a latch
operation of the data within the data driving circuit 103 on the
basis of a rising or falling edge. The source output enable
signal SOE indicates the output of the data driving circuit 103.
The reference polarity control signal POL indicates the polar-
ity of the data voltages which are to be supplied to the liquid
crystal cells Clc, of the liquid crystal display panel 100. The
reference polarity control signal POL may be generated in
any one of one-dot inversion polarity control signal where the
logic is inverted for each horizontal period and tw-dot inver-
sion polarity control signal where the logic is inverted every
two horizontal periods.

The POL logic circuit 102 receives the gate start pulse GSP,
the source output enable signal SOE, and the reference polar-
ity control signal POL and sequentially outputs the polarity
control signals POLa to POLd of the (4i+1)th to the (4i+4)th
frame periods to prevent the residual images and flickers, or
selectively outputs the same reference polarity control signal
POL for each frame. The FLK logic circuit 107 receives the
gate shift clock GSC to generate a control signal FLK for
modulating a scanning pulse which is synchronized with a
rising edge of the gate shift clock GSC and has a pulse width
wider than the gate shift clock GSC. The POL logic circuit
102 and the FLK logic circuit 107 may be embedded within
the timing controller 101.

The data driving circuit 103 latches digital video data RGB
under control of the timing controller 101. In addition, the
data driving circuit 103 converts the digital video data RGB
into analog positive/negative gamma compensation voltage
in response to the polarity control signal POL/POLa-POLd
from the timing controller 101 to generate a positive/negative
analog data voltage, thereby supplying the data voltage to the
data lines D1 to Dm.

The gate driving circuit 104 includes a plurality of gate
drive integrated circuits (“ICs”), each including a shift regis-
ter, a level shifter for converting the swing width of the output
signal of the shift register into a swing width that is suitable
for driving the TFT of the liquid crystal cell, and an output
buffer connected between the level shifter and the gate line
G1 to Gn. The gate driving circuit 104 sequentially outputs
scan pulses which have pulse widths of about one horizontal
period. The scanning pulse is swung between a gate high
voltage Vgh higher than a threshold voltage of a TFT of a
pixel array and a gate low voltage Vgl lower than the threshold
voltage of the TFT. In accordance with the exemplary
embodiment of the present invention, the gate driving circuit
104 decreases the gate high voltage Vgh near the falling edge
ofthe scanning pulse to the falling edge using the modulation
circuit as shown in FIG. 16 to prevent the shimmering noise
effect.

The liquid crystal display according to the embodiment of
the present invention further includes a video source 105 that
supplies the digital video data RGB and the timing signals
Vsync, Hsyne, DE, and CLK to the timing controller 101. The
video source 105 includes a broadcasting signal, an external
device interface circuit, a graphic processing circuit, a line
memory 106, and other components. The video source 105
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extracts the video data from an image source input from the
external device or the broadcasting signal and converts the
video data into the digital data to supply to the timing con-
troller 101. Interlaced broadcasting signal received in the
video source 105 is stored at the line memory 106 and then the
stored signal is output. The video data of the interlaced broad-
casting signal exist only in the odd-numbered lines for the
odd-numbered frame period and only in the even-numbered
lines for the even-numbered frame period. Accordingly, if the
interlaced broadcasting signal is received, the video source
105 generates black data value or the average value of the
effective data stored at the line memory 106 as the even-
numbered line data of the odd-numbered frame period and the
odd-numbered line data of the even-numbered frame. The
video source 105 supplies power and the timing signals
Vsync, Hsyne, DE, and CLK together with the digital video
data to the timing controller 101.

FIG. 12 and FIG. 13 illustrate exemplary circuit diagrams
of'the data driving circuit 103. As shown in FIGS. 12 and 13,
the data driving circuit 103 includes a plurality of integrated
circuits (hereinafter, referred to as “IC”) each of which drives
k number of data lines D1 to Dk (where k is an integer less
than m). Each IC includes a shift register 111, a data register
112, a first latch 113, a second latch 114, a digital/analog
converter (hereinafter, referred to as “DAC”) 115, a charge
share circuit 116, and an output circuit 117.

The shift register 111 shifts the source start pulse SSP from
the timing controller 101 in accordance with the source sam-
pling clock SSC to generate a sampling signal. Further, the
shift register 111 shifts the source start pulse SSP to transmit
a carry signal CAR to the shift register 111 of the next stage
IC. The data register 112 temporarily stores an odd-numbered
digital video data RGBodd and an even-numbered digital
video data RGBeven divided by the timing controller 101 and
supplies the stored data RGBodd, RGBeven to the first latch
113. The first latch 113 samples the digital video data
RGBodd, RGBeven from the data register 112 in response to
the sampling signal sequentially input from the shift register
111, latches the data RGBodd, RGBeven, and outputs the data
at the same time. The second latch 114 outputs the digital
video data latched at the same time as the second latch 114 of
other ICs during a low logic period of the source output
enable signal SOE after latching the data input from the first
latch 113.

As shown in FIG. 13, the DAC 115 includes a P-decoder
PDEC 121 supplied with a positive gamma reference voltage
GH, an N-decoder NDEC 122 supplied with a negative
gamma reference voltage GL, and a multiplexer which selects
between the output of the P-decoder 121 and the output of the
N-decoder 122 in response to the polarity control signals
POL/POLa-POLd. The P-decoder 121 decodes the digital
video data input from the second latch 114 to output a positive
gamma compensation voltage corresponding to a gray level
value of the data, and the N-decoder 122 decodes the digital
video data input from the second latch 114 to output a nega-
tive gamma compensation voltage corresponding to a gray
level value of the data. The multiplexer 123 alternately selects
between the positive gamma compensation voltage and the
negative gamma compensation voltage in response to the
polarity control signal POL/POLa-POLd and outputs the
selected positive/negative gamma compensation voltage as
the analog data voltage.

As shown in FIG. 12, the charge share circuit 116 shorts
adjacent data output channels for a high logic period of the
source output enable signal SOE to output an average value of
the adjacent data voltages or supplies a common voltage
Vcom to the data output channels during the high logic period
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of the source output enable signal SOE to reduce a rapid
change of the positive and negative data voltages. The output
circuit 117 includes a buffer and minimizes a signal attenua-
tion of the analog data voltage supplied to the data line D1 to
Dk.

FIGS. 14 and 15 illustrate exemplary circuit diagrams of
the POL logic circuit 102. As shown in FIG. 13 and FIG. 14,
the POL logic circuit 102 includes a frame counter 131, a line
counter 132, a POL generation circuit 133, and a multiplexer
134. The frame counter 131 outputs a frame count informa-
tion Fent indicating the number of frames of a picture that is
to be displayed in the liquid crystal display panel 100 in
response to the gate start pulse GSP generated once for one
frame period at the same time as a start of the frame period.
The frame count information Fent is generated as a 2-bit
information, for example, so as to be able to identify each of
four frame periods in conjunction with the polarity patterns of
the data voltages are generated as shown in FIG. 7 and FIG. 8.
However, different number of bits may be used without
departing from the scope of the present invention.

The line counter 132 outputs a line count information Lent
indicating a horizontal line that is to be displayed in the liquid
crystal display panel 100 in response to the source output
enable signal SOE which indicates a time when the data
voltage is supplied to each horizontal line. The line count
information Lent is generated as a 2-bit information, for
example, because the polarity of the data voltage displayed in
the liquid crystal display panel 100 is inverted for each one
horizontal line or every two horizontal lines, as in the polarity
patterns of the data voltages shown in FIG. 7 and FIG. 8.
However, different number of bits may be used without
departing from the scope of the present invention.

For the timing signal to be supplied to the frame counter
131 and the line counter 132, a clock generated from an
internal oscillator of the timing controller 101 may be used.
However, the clock may increase an electromagnetic interfer-
ence (EMI) between the timing controller 101 and the POL
logic circuit 102 because of the high frequency of the clock.
Inaccordance with the present invention, the increase of EMI
between the timing controller 101 and the POL logic circuit
102 may be reduced by using the source output enable signal
SOE and the gate start pulse GSP, the frequency of which is
lower than that of the clock generated in the internal oscillator
ofthe timing controller 101, as operation timing signals of the
frame counter 131 and the line counter 132.

A shown in FIG. 15, the POL generation circuit 133
includes a first POL generation circuit 141, a second POL
generation circuit 142, first and second inverters 143, 144,
and a multiplexer 145. The first POL generation circuit 141
generates a first polarity control signal POLa, the polarity of
which is inverted every two horizontal periods based on the
line count information Lent. The first inverter 143 inverts the
first polarity control signal POLa to generate a third polarity
control signal POLc. The second POL generation circuit 142
generates a second polarity control signal POLb, the polarity
of which is inverted every two horizontal periods and has a
phase difference of about one horizontal period in compari-
son with the first polarity control signal POLa based on the
line count information Lent. The second inverter 144 inverts
the second polarity control signal POLb to generate a fourth
polarity control signal POLd. Each of the first and second
POL generation circuits 141, 142 inverts the polarities of the
polarity control signals POLb, POLc for each frame period in
response to the frame count information Fent. The multi-
plexer 145 outputs the first polarity control signal POLa for
the (4i+1)th frame period in response to the frame count
information Fent of 2 bits, for example, then outputs the
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second polarity control signal POLb for the (4i+2)th frame
period, then outputs the third polarity control signal POLc for
the (4i+3)th frame period, and then outputs the fourth polarity
control signal POLd for the (4i+4)th frame period.

As shown in FIG. 14, the multiplexer 134 selects the polar-
ity control signals POLa to POL1d from the POL generation
circuit 133 corresponding to each frame period, as shown in
FIG. 7 and FIG. 8, in accordance with a logic value of a
control terminal connected to an option pin. The option pin is
connected to the control terminal of the multiplexer 134 and
may be selectively connected to a ground voltage GND or the
power supply voltage Vce by a manufacturer or user. For
example, if the option pin is connected to the ground voltage
GND and the control terminal of the multiplexer 134, the
multiplexer 134 has a selection control signal SEL of “0”
supplied to its own control terminal, thereby outputting the
reference polarity control signal POL. If the option pin is
connected to the power supply voltage and the control termi-
nal of the multiplexer 134, the multiplexer 134 has a selection
control signal SEL of“‘1” supplied to its own control terminal,
thereby outputting the polarity control signals POL1a to
POLd from the POL generation circuit 133. The selection
control signal SEL of the multiplexer 134 may be replaced
with a user selection signal, which is input through a user
interface, or a selection control signal, which is automatically
generated from the timing controller 101 or the video source
105 in accordance with an analysis result of data.

FIG. 16 illustrates an exemplary gate voltage modulating
circuit within the gate driving circuit shown in FIG. 11. As
shown in FIG. 16, an exemplary gate voltage modulating
circuit includes a transistor Q1, and a first and second resis-
tors R1 and R2. The transistor Q1 is turned on in response to
a low logic voltage of the control signal for modulating the
scanning pulse FLK, which is supplied to the base terminal, to
form a current path between an emitter and a collector. In this
case, the first and second resistors R1 and R1 act as a voltage
division resistor. Accordingly, a voltage output via an output
terminal OUT is changed to a gate modulating voltage Vgm
between the gate high voltage Vgh and the gate low voltage
Vgl. On the other hand, if the control signal for modulating
the scanning pulse FLK is a high logic voltage, the transistor
Q1 is turned off. In this case, the gate high voltage Vgh is
output via the output terminal OUT.

The gate high voltage Vgh or the gate modulating voltage
Vgm, which is output via the output terminal OUT, is sup-
plied to a gate high voltage input terminal of a level shifter
within the gate driving circuit. The level shifter converts a
high logic voltage from the shift register into the gate high
voltage Vgh or the gate modulating voltage Vgm to supply it
to the gate lines G1 to Gn. Also, the level shifter converts a low
logic voltage from the shift register into the gate low voltage
Vgl to be supplied to the gate lines G1 to Gn.

FIG. 17 is an exemplary waveform diagram illustrating
gate timing control signals output from the timing controller
101 and the FLK logic circuit 107. As shown in FIG. 16, a
rising edge of a control signal FLK for modulating a scanning
pulse generated from the FLK logic circuit 107 is synchro-
nized with a rising edge of the gate shift clock GSC and is
wider than a pulse width of the gate shift clock GSC. The gate
driving circuit 107 shifts the gate start pulse GSP and outputs
the scanning pulse SP between pulses of the gate output
enable signal GOE in response to the gate shift clock GSC.
Furthermore, the gate driving circuit 107 is synchronized
with a falling edge of the control signal FLK for modulating
the scanning pulse to decrease the gate high voltage Vgh of
the scanning pulse SP.
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In the exemplary embodiment, the gate high voltage Vgh of
the scanning pulse SP is about 20V, and the gate low voltage
Vgl of the scanning pulse SP is about -5V. Further, a gate
modulated voltage Vgm, which is decreased from the gate
high voltage Vgh in accordance with the control signal FLK
for modulating the scanning pulse in the scanning pulse SP, is
about 15V. In the exemplary embodiment of the present
invention, a modulation time t1 when the gate modulated
voltage Vgm decreased from the gate high voltage Vgh is
applied to the gate lines G1-G3 between the gate high voltage
Vgh and the gate low voltage Vgl is about 4.5 s to about 6.5
us. This timing interval has been determined by optimizing
the common voltage Vcom based on the center of the screen
(B) or both side portions of the screen (A) and (C) and adjust-
ing an applying time of the modulated voltage Vgm of the
scanning pulse until shimmering noise effect does not occur
across the entire screen. It has been found that if the modu-
lation time t1 when the gate modulated voltage Vgm is
applied is not more than 4.0 ps, the shimmering noise effect
occurs at the center of the screen (B) or both side portions of
the screen (A) and (C) due to non-uniformity of the charge
amount of the liquid crystal cell in the center of the screen (B)
and both side portions of the screen (A) and (C). In addition,
it has been found that if the modulation time t1 when the gate
modulated voltage Vgm is applied is not less than 7.0 s, the
shimmering noise effect occurs at the center of the screen (B)
or both side portions of the screen (A) and (C) due to insta-
bility of the charge amount of the liquid crystal cell in the
center of the screen (B) and both side portions of the screen
(A) and (C).

The exemplary method of driving the liquid crystal display
as described above may also be applied in conjunction with
any first and second liquid crystal cell groups and driving
method thereof as disclosed in, for example, co-pending
Korean Patent Application Nos. P2007-004246 filed Jan. 15,
2007,P2007-052679 filed May 30, 2007, P2007-047787 filed
May 16, 2007, and P2007-053959 filed Jun. 1, 2007.

As described above, the liquid crystal display and the driv-
ing method thereof according to the exemplary embodiments
of the present invention control to lower the drive frequency
of a data voltage supplied to the first liquid crystal cell group
of'the liquid crystal display panel to prevent DC image stick-
ing and control to raise the drive frequency of a data voltage
supplied to the second liquid crystal cell group of the liquid
crystal display panel to prevent flicker, thereby improving the
display quality. In addition, the liquid crystal display and the
driving method thereof according to the exemplary embodi-
ments of the present invention optimize the modulation time
of the scanning pulse to compensate for non-uniformity and
the instability of the charge amount of the liquid crystal cells
atthe center of the screen and both side portions of the screen,
thereby preventing the shimmering noise effect.

Although the present invention has been explained by the
embodiments shown in the drawings described above, it will
be apparent to those skilled in the art that various modifica-
tions and variations can be made in the liquid crystal display
and driving method thereof in accordance with the present
invention without departing from the spirit or scope of the
invention. Thus, it is intended that the present invention cover
the modifications and variations of this invention provided
they come within the scope of the appended claims and their
equivalents.

What is claimed is:

1. A liquid crystal display, comprising:

a liquid crystal display panel including a plurality of data
lines, a plurality of gate lines crossing the plurality of
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data lines, and a plurality of liquid crystal cells defined
as first and second liquid crystal cell groups;
a data driving circuit to supply a data voltage to the data
lines in response to a polarity control signal;
a gate driving circuit to supply a scanning pulse that swings
between a gate high voltage and a gate low voltage to the
gate lines;
a first logic circuit to generate the polarity control signal
differently for each frame period to maintain a polarity
of the data voltage charged in the first liquid crystal cell
group for two frame periods, and to invert one time a
polarity of the data voltage charged in the second liquid
crystal cell group for two frame periods; and
a second logic circuit configured to:
control the gate driving circuit to decrease the gate high
voltage of the scanning pulse to a modulated voltage
between the gate high voltage and the gate low voltage
for a predetermined modulation time; and

supply a control signal for modulating the scanning
pulse to the gate driving circuit to control the modu-
lation time, a falling edge of the control signal for
modulating the scanning pulse being synchronized
with the beginning of the predetermined modulation
time, arising edge of the control signal for modulating
the scanning pulse being unsynchronized with the end
of the predetermined modulation time,

wherein the gate high voltage is about 20V, the gate low
voltage is about -5V, and the modulated voltage is about
15V, and

wherein the modulation time is more than 4.5 ps and equal
or less than 5.5 ps.

2. The liquid crystal display according to claim 1, wherein
the modulation time ranges from a start time of modulation
between a rising edge of the scanning pulse and a falling edge
of'the scanning pulse to the falling edge of the scanning pulse.

3. The liquid crystal display according to claim 1, wherein:

the gate high voltage is supplied to the gate lines from the
rising edge of the scanning pulse to a start time of modu-
lation; and

the modulated voltage is supplied to the gate lines for the
modulation time, and then the gate low voltage is sup-
plied to the gate lines for all other times.

4. The liquid crystal display according to claim 1, wherein
the control signal is synchronized with a gate shift clock that
shifts the scanning pulse.

5. The liquid crystal display according to claim 4, wherein:

a rising edge of the control signal for modulating the scan-
ning pulse is synchronized with a rising edge of the gate
shift clock; and

a pulse width of the control signal for modulating the
scanning pulse is wider than a pulse width of the gate
shift clock.

6. A method of driving a liquid crystal display including a
liquid crystal display panel that has a plurality of data lines, a
plurality of gate lines crossing the plurality of data lines, and
plurality of liquid crystal cells defined as first and second
liquid crystal cell groups, the method comprising:

supplying a data voltage to the data lines in response to a
polarity control signal;

supplying a scanning pulse, which is swung between a gate
high voltage and a gate low voltage, to the gate lines;

generating the polarity control signal differently for each
frame period to maintain a polarity of the data voltage in
the first liquid crystal cell group for two frame periods,
and to invert one time a polarity of the data voltage
charged in the second liquid crystal cell group for two
frame periods;
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decreasing the gate high voltage of the scanning pulse to a
modulated voltage between the gate high voltage and the
gate low voltage for a predetermined modulation time;

controlling the modulation time by generating a control
signal for modulating the scanning pulse;

supplying the control signal for modulating the scanning
pulse to a gate driving circuit, a falling edge of the
control signal for modulating the scanning pulse being
synchronized with the beginning of the predetermined
modulation time, a rising edge of the control signal for
modulating the scanning pulse being unsynchronized
with the end of the predetermined modulation time,

wherein the gate high voltage is about 20V, the gate low
voltage is about -5V, and the modulated voltage is about
15V, and

wherein the modulation time is more than 4.5 ps and equal
or less than 5.5 ps.

7. The method according to claim 6, wherein the modula-
tion time ranges from a start time of modulation between a

10
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rising edge of the scanning pulse and a falling edge of the
scanning pulse to the falling edge of the scanning pulse.

8. The method according to claim 6, wherein:

the gate high voltage is supplied to the gate lines from the
rising edge of the scanning pulse to a start time of modu-
lation; and

the modulated voltage is supplied to the gate lines for the
modulation time, and then the gate low voltage is sup-
plied to the gate lines for all other times.

9. The method according to claim 6, wherein the control
signal is synchronized with a gate shift clock that shifts the
scanning pulse.

10. The method according to claim 9, wherein:

a rising edge of the control signal for modulating the scan-
ning pulse is synchronized with a rising edge of the gate
shift clock; and

a pulse width of the control signal for modulating the
scanning pulse is wider than a pulse width of the gate
shift clock.
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