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METHOD OF DRIVING LIQUID CRYSTAL
DISPLAY DEVICE

[0001] This application claims the benefit of Korean
Patent Application No. 2005-0056496, filed on Jun. 28,
2005, which is hereby incorporated by reference for all
purposes as if set forth herein.

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 a method of
driving a LCD device.

[0004] 2. Discussion of the Related Art

[0005] Flat panel display (FPD) devices having portability
and low power consumption have been subject of recent
researches in the coming of the information age. Among the
various types of FPD devices, liquid crystal display (LCD)
devices are widely used as monitors for notebook computers
and desktop computers because of their high resolution,
ability to display colors and superiority in displaying mov-
ing images.

[0006] In general, a LCD device includes a first substrate,
a second substrate and a liquid crystal layer between the first
and second substrates. The LCD device uses the optical
anisotropy and polarization properties of liquid crystal mol-
ecules to produce an image. Due to the optical anisotropy of
the liquid crystal molecules, refraction of light incident onto
the liquid crystal molecules depends upon the alignment
direction of the liquid crystal molecules. The liquid crystal
molecules have long thin shapes that can be aligned along
specific directions. The alignment direction of the liquid
crystal molecules can be controlled by applying an electric
field. Accordingly, the alignment of the liquid crystal mol-
ecules changes in accordance with the direction of the
applied electric field. Thus, by properly controlling the
electric field applied to a group of liquid crystal molecules
within respective pixel regions, a desired image can be
produced by appropriately modulating transmittance of the
incident light.

[0007] FIG.1 is a schematic view showing a liquid crystal
display device according to the related art. In FIG. 1,a LCD
device includes a liquid crystal panel 100, a gate driver 120,
a data driver 110, and a timing controller 130. A plurality of
gate lines “GL1” to “GLn” and a plurality of data lines
“DL1” to “DLm” are formed in the liquid crystal panel 100.
The plurality of gate lines “GL1” to “GLn” and the plurality
of data lines “DL1” to “DLm” cross each other to define a
plurality of pixel regions “P.” A thin film transistor “T” is
connected to the gate line and the data line, and a liquid
crystal capacitor “L.C” connected to the transistor “T” is
formed in each pixel region. The charging of the liquid
crystal capacitor is controlled by the ON/OFF state of the
transistor “T,” thereby modulating transmittance of incident
light.

[0008] When a gate signal is applied to a selected one of
the plurality of gate lines “GL1” to “GLn,” the transistor “T”
connected to the selected gate line is turned ON and a data
signal applied to the plurality of data lines “DL1” to “DLm”
is supplied to the liquid crystal capacitor “LC.” When a gate
signal is not applied, the transistor is turned OFF and the
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liquid crystal capacitor “LC” keeps the charged data signal
until the next frame. Even though not shown in FIG. 1, the
liquid crystal capacitor “LC” may be defined by a pixel
electrode on a first substrate, a common electrode on a
second substrate and a liquid crystal layer between the pixel
electrode and the common electrode. Furthermore, a storage
capacitor (not shown) may be connected to the transistor to
keep the charged data signal stable. Accordingly, an align-
ment state of liquid crystal molecules in the liquid crystal
layer is controlled according to the charged data signal in the
liquid crystal capacitor “LC,” thereby modulating the trans-
mittance of incident light and displaying images.

[0009] The gate driver 120 receives control signals from
the timing controller 130, and sequentially applies the gate
signal to the plurality of gate lines “GL1” to “GLn” to turn
ON transistor “T.” The data driver 110 receives control
signals and an image signal from the timing controller 130,
and supplies the data signal corresponding to one horizontal
line to the plurality of data lines “DL1” to “DLm” in sync
with the gate signal. The timing controller 130 receives the
control signals and the image signal from an exterior circuit
(not shown), and supplies the control signals and the image
signal to the gate driver 120 and the data driver 110.

[0010] FIG. 2 is a schematic block diagram showing a
gate driver of a liquid crystal display device according to the
related art. In FIG. 2, a gate driver includes a shift register
unit 210, a level shifter unit 220 and an output buffer unit
230. The shift register unit 210 receives a horizontal sync
signal and a vertical sync signal and sequentially generates
a scan pulse. The level shifter unit 220 receives the scan
pulse and converts the scan pulse to a voltage level capable
of driving transistor “T” (of FIG. 1). The output buffer unit
230 stabilizes the converted scan pulse and supplies the
stabilized scan pulse to the plurality of gate lines “GL1” to
“GLn” as a gate signal.

[0011] FIG. 3 is a schematic timing chart showing gate
signals for a liquid crystal display device according to the
related art. In FIG. 3, a sequential scan method is used for
driving a plurality of gate lines. In a sequential scan method,
a gate signal is applied to a selected gate line for a single
horizontal time period “T;” and a plurality of gate signals
are sequentially applied to the plurality of gate lines for a
single horizontal time period.

[0012] As a LCD device increases in size, the number of
gate lines and a resistance and a load capacitance of data
lines increase. These increases reduce the time to charge a
liquid crystal capacitor with image signals is reduced. As a
result, a display quality of a LCD device is deteriorated due
to a reduction in charge ratio.

SUMMARY OF THE INVENTION

[0013] The present invention is directed to a method of
driving a liquid crystal display. A method is provided to
drive a liquid crystal display device where a charge property
of a LCD image is improved. Additionally, a method is
provided to drive a liquid crystal display device where gate
signals are applied to two adjacent gate lines for different
time periods.

[0014] A method is disclosed for driving a liquid crystal
display device having a plurality of gate lines, a plurality of
data lines and a plurality of pixel electrodes. The method
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includes applying sequentially a gate signal to the plurality
of gate lines. The gate signal is applied to odd gates lines of
the plurality of gate lines for a first pulse time period. The
gate signal is applied to even gate lines of the plurality of
gate lines for a second pulse time period shorter than the first
pulse time period. A data signal is supplied to the plurality
of data lines.

[0015] Tt is to be understood that both the foregoing
general description and the following detailed description
are exemplary and explanatory and are intended to provide
further explanation of the invention as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] The accompanying drawings, which are included
to provide a further understanding of the invention and are
incorporated in and constitute a part of this specification,
illustrate embodiments of the invention and together with
the description serve to explain the principles of the inven-
tion.

[0017] FIG.1 is a schematic view showing a liquid crystal
display device according to the related art;

[0018] FIG. 2 is a schematic block diagram showing a
gate driver of a liquid crystal display device according to the
related art;

[0019] FIG. 3 is a schematic timing chart showing gate
signals for a liquid crystal display device according to the
related art;

[0020] FIG. 4A is a schematic timing chart of a gate signal
for driving a liquid crystal display device;

[0021] FIG. 4B is a schematic view showing polarities of
an odd frame in a liquid crystal display device;

[0022] FIG. 4C is a schematic view showing polarities of
an even frame in a liquid crystal display device according to
an embodiment of the present invention;

[0023] FIGS. 5A and 5B are schematic timing charts
showing gate signals for a method of driving a liquid crystal
display device according to another embodiment of the
present invention;

[0024] FIGS. 5C to 5F are schematic views showing
polarities of sequential four frames in a liquid crystal display
device according to another embodiment of the present
invention; and

[0025] FIG. 6 is a schematic timing chart showing gate
signals and data signals for a method of driving a liquid
crystal display device according to another embodiment of
the present invention.

DETAILED DESCRIPTION OF THE
ILLUSTRATED EMBODIMENTS

[0026] Reference will now be made in detail to embodi-
ments of the present invention, examples of which are
illustrated in the accompanying drawings. Wherever pos-
sible, similar reference numbers will be used to refer to the
same or similar parts.

[0027] A LCD device comprises a plurality of gate lines
and a plurality of data lines. In a present frame, a data signal
having polarity is supplied to one or more data lines while
the gate signal is applied to a pair of adjacent odd and even
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gate lines connected to the one or more data lines. Subse-
quently, a data signal having the opposite polarity is sequen-
tially supplied to one or more data lines while the gate signal
is applied to the next pair of adjacent odd and even gate lines
connected to the one or more data lines. For example, in a
present frame, a data signal having a positive polarity is
applied to one or more data lines (e.g., DL1, DL3, . . .,
DL, ;) while the gate signal is applied to a pair of adjacent
gate lines, such as the first and second gate lines “GL.1” and
“GL2.” Subsequently, a data signal having a negative polar-
ity is applied to one or more data lines (e.g., DL1, DL3, ..

, DL, ;) while the gate signal is applied to the third and
fourth gate lines “GL3” and “GL4.” In the next frame, the
polarities of the data signals are inverted with respect to the
present frame. Accordingly, a LCD device is driven by a
two-line-frame-inversion method where a polarity of a data
signal is inverted every two lines and every frame.

[0028] FIG. 4A shows a timing chart of a gate signal for
driving a LCD. A gate signal is applied to odd gate lines
“GL1” and “GL3” for a first pulse time period “T1.” and
applied to even gate lines “GL2” and “GL4” for a second
pulse time period “T2,” different from the first pulse time
period “T1.” For example, the first pulse time period “T1”
may be determined as a sum of a single horizontal time
period “T;” and an extended time period “TEXT” (e.g.,
T1=T; +Tgx7). The second pulse time period “T2” may be
determined as a difference between the single horizontal
time period “T;”” and the extended time period “Try” (e.g.,
T2=T; ~Tgx7). Accordingly, a time period for which the gate
signal is applied to the odd gate lines is longer than a time
period for which the gate signal is applied to the even gate
lines. The single horizontal time period “T;” may be
obtained by dividing a time period for a single frame into the
number of gate lines. The extended time period “Tgy” may
vary as a property of a LCD device. Since the gate signal is
sequentially applied without cessation to a pair of adjacent
odd and even gate lines (e.g., GL1 and GL2) for two
horizontal time periods, “2T;.,” a sum of the first and second
pulse time period “T1” and “T2” does not vary even when
the extended time period varies.

[0029] FIG. 4B is a schematic view of polarities of an odd
frame in a LCD. During an odd frame, the polarity of a data
signal is inverted every two horizontal lines and in every
pixel region “P” along the horizontal line. FIG. 4C is a
schematic view of polarities of an even frame in a LCD. The
polarity of a data signal is inverted in all of the pixel regions
“P” with respect to an odd frame. Accordingly, the polarity
of the data signal is inverted every frame.

[0030] In a LCD receiving the signals of FIG. 4A and
generating the polarities of FIGS. 4B and 4C, a data signal
having the same polarity is supplied to one or more data
lines while the gate signal is sequentially applied to a pair of
adjacent odd and even gate lines connected to the one or
more data lines. In other words, two adjacent odd and even
gate lines constitute a gate line pair, and a polarity of a data
signal corresponding to the odd gate line of the gate line pair
is substantially equal to a polarity of a data signal corre-
sponding to the even gate line of the gate line pair.

[0031] The gate signal is applied to a first gate line of a
pair of adjacent odd and even gate lines for the first pulse
time period “T1” longer than the single horizontal time
period “T;” (e.g., T1=T; +Tgxt), and applied to a second
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gate line of the pair of adjacent odd and even gate lines for
the second pulse time period “T2” shorter than the single
horizontal time period “T;” (e.g., T2=T; =Tgx7). Since a
data signal having equal polarity is supplied to the data line
for the first pulse time period “T1” longer than the single
horizontal time period “T;,” the pixel region “P” corre-
sponding to the first gate line is sufficiently charged by the
data signal. Furthermore, since a data signal for the first gate
line has the same polarity as the data signal for the second
gate line, the data lines connected to the second gate line are
already partially charged. Accordingly, the pixel region “P”
corresponding to the second gate line is also sufficiently
charged by the data signal even for the second pulse time
period “T2” shorter than the single horizontal time period
6£TL.9’

[0032] In a first method of driving a LCD device, a gate
signal is applied sequentially to a pair of adjacent odd and
even gate lines for two horizontal time periods while a data
signal having equal polarities is supplied to one or more data
lines. The data signals are supplied to the one or more data
lines and charge a pixel region corresponding to a first gate
line for a first pulse time period longer than the single
horizontal time period, and charge a pixel region corre-
sponding to a second gate line for a second pulse time period
shorter than the single horizontal time period. Since the pixel
region corresponding to the first gate line is charged for the
longer first time and the data line is pre-charged with a data
signal having equal polarity, the pixel regions corresponding
to the first and second gate lines are sufficiently charged.
Accordingly, a charge property of a LCD image is improved.

[0033] However, since the data signals are inverted every
frame, the pixel region corresponding to the second gate line
may not be sufficiently charged for the shorter time period
in the next frame. Since the polarity of the data signal in an
odd frame is opposite to the polarity of the data signal in an
even frame, an effect of a charge property improvement may
be reduced. To improve the above drawbacks, an alternate
driving method of a LCD device may be used.

[0034] FIGS. 5A and 5B are schematic timing charts
showing gate signals for a method of driving a liquid crystal
display device according to another embodiment of the
present invention, and FIGS. 5C to 5F are schematic views
showing polarities of sequential four frames in a liquid
crystal display device according to another embodiment of
the present invention.

[0035] In an odd frame, a data signal having polarity is
supplied to one or more data lines while the gate signal is
applied to a pair of adjacent odd and even gate lines. A data
signal having opposite polarity is sequentially supplied to
one or more data lines while the gate signal is applied to the
next pair of adjacent odd and even gate lines. In an even
frame, a data signal having polarities opposite to each other
is supplied to one or more data lines while the gate signal is
applied to a pair of adjacent odd and even gate lines. A data
signal having polarities opposite to each other is sequentially
supplied to one or more data lines while the gate signal is
applied to the next pair of adjacent odd and even gate lines.
For example, in an odd frame, a data signal having a positive
polarity may be supplied to one or more data lines while the
gate signal is applied to a pair of adjacent odd and even gate
lines, such as the first and second gate lines “GL1” and
“GL2.” While still within the odd frame, a data signal having
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a negative polarity is sequentially supplied to one or more
data lines while the gate signal is applied to the next pair of
adjacent odd and even gate lines, such as the third and fourth
gate lines “GL3” and “GL4.” In an even frame, a data signal
having positive and negative polarities may be supplied to
one or more data lines while the gate signal is applied a pair
of adjacent odd and even gate lines, such as the first and
second gate lines “GL1” and “GL2.” While still within the
even frame, a data signal having negative and positive
polarities may be supplied to one or more data lines while
the gate signal is applied to the next pair of adjacent odd and
even gate lines, such as the third and fourth gate lines “GL3”
and “GL4.” Accordingly, a LCD device is driven by a
two-line-two-frame-inversion method where polarity of a
data signal is inverted every two lines and every two frames.

[0036] In FIG. 5A, for an odd frame, a gate signal is
applied to odd gate lines “GL1" and “GL3” for a first pulse
time period “T1,” and is applied to even gate lines “GL2”
and “GL4” for a second pulse time period “T2,” different
from the first pulse time period “T1.” For example, the first
pulse time period “T1” may be determined as a sum of a
single horizontal time period “T;” and an extended time
period “Tpxr” (e.g., T1=T; +Tgyr), and the second pulse
time period “T2” may be determined as a difference between
the single horizontal time period “T; ” and the extended time
period “Tpyt” (e.g., T2=T; -Tgxy) Accordingly, a time
period for which the gate signal is applied to the odd gate
lines is longer than a time period for which the gate signal
is applied to the even gate lines in an odd frame. Further-
more, in an odd frame, a data signal having equal polarities
is supplied to one or more data lines for the first and second
pulse time periods “T1” and “T2.” During the next frame,
odd frame, the equal polarities of the data signal are
inverted.

[0037] In FIG. 5B, for an even frame, a gate signal is
applied 1o odd gate lines “GL1” and “GL3” for a third time
period “T3,” and is applied to even gate lines “GL2” and
“GL4” for a fourth time period “T4,” different from the third
time period “T3.” For example, the third time period “T3”
may be determined as a difference between a single hori-
zontal time period “T; ” and an extended time period “Try 1~
(e.g., T3=T, =Txxr), and the fourth time period “T4” may be
determined as a sum of the single horizontal time period
“T,” and the extended time period “Tpy;" (e.g., T4=T +
Tgxr)- Accordingly, a time period for which the gate signal
is applied to the odd gate lines is shorter than a time period
for which the gate signal is applied to the even gate lines in
an even frame. Furthermore, in an even frame, a data signal
having opposite polarities is supplied to one or more data
lines for the third and fourth time periods “T3” and “T4.”
During the next even frame, the opposite polarities of the
data signal are inverted.

[0038] The single horizontal time period “T;” may be
obtained by dividing a time period for a single frame into the
number of gate lines. The extended time period “Try” may
vary as a property of a LCD device. Since the gate signal is
sequentially applied without cessation to a pair of adjacent
odd and even gate lines (e.g., GL1 and GL2) for two
horizontal time periods, “27T;,” a sum of the first and second
pulse time periods “T1” and “T2,” and a sum of the third and
fourth time period “T3” and “T4” do not vary even when the
extended time period varies.
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[0039] In FIG. 5C, for a first frame, a data signal having
equal first polarities are supplied to through one or more data
lines to the pixel regions “P” corresponding to a pair of
adjacent odd and even gate lines. Furthermore, the data
signal having equal second polarities opposite to the first
polarities is supplied through one or more data lines to the
pixel regions “P” corresponding to the next pair of adjacent
odd and even gate lines. For example, a data signal having
positive polarities may be supplied to the pixel regions “P”
corresponding to a pair of adjacent odd and even data lines,
such as the first and second gate lines “GL1” and “GL2,” and
a data signal having negative polarities may be supplied to
the pixel regions corresponding to the next pair of adjacent
odd and even data lines, such as the third and fourth gate
lines “GL3” and “GL4.” As a result, the polarities of the data
signal supplied to the pixel regions corresponding to the first
gate line “GL1” is equal to the polarities of the data signal
supplied to the pixel regions corresponding to the second
gate line “GL2,” and the polarities of the data signal
supplied to the pixel regions corresponding to the third gate
line “GL3” is equal to the polarities of the data signal
supplied to the pixel regions corresponding to the fourth gate
line “GL4.” As shown in FIG. 5A, the first pulse time period
for the odd gate lines, for example, the first and third gate
lines “GL1” and “GL3,” is longer than the second pulse time
period for the even gate lines, for example, the second and
fourth gate lines “GL2” and “GL4.” Since the data line is
already charged with the data signal having the equal
polarities, a pixel electrode (not shown) of the pixel region
corresponding to the even gate lines is sufficiently charged
even for the shorter second pulse time period. Furthermore,
in FIG. 5C, the data signal supplied to the horizontally
adjacent pixel regions corresponding to the selected gate line
has opposite polarities.

[0040] In FIG. 5D for a second frame, the polarities of
data signals supplied to the pixel regions “P,” through one or
more data lines, corresponding to the even gate lines are
inverted with respect to the first frame. For example, polari-
ties of a data signal supplied to the pixel regions “P,” through
one or more data lines, corresponding to the second and
fourth gate lines “GL2” and “GL4” may be inverted, while
polarities of a data signal supplied to the pixel regions “P,”
through one or more data lines, corresponding to the first and
third gate lines “GL1” and “GL3” may not be inverted. As
a result, a data signal supplied to the pixel regions corre-
sponding to a pair of adjacent even and odd gate lines has
equal polarities. For example, the polarities of a data signal
supplied to the pixel regions corresponding to the second
gate line “GL2” may be equal to the polarities of the data
signal supplied to the pixel regions corresponding to the
third gate line “GL3.”

[0041] As shown in FIG. 5B, the third time period for the
odd gate lines such as the first and third gate lines “GL1” and
“GL3” is shorter than the fourth time period for the even
gate lines such as the second and fourth gate lines “GL2”
and “GL4.” Since one or more data lines is already charged
with the data signal having equal polarities, a pixel electrode
(not shown) of the pixel region corresponding to the odd
gate lines is sufficiently charged even for the shorter third
time period. For example, since one or more data lines is
already charged with a data signal supplied to the pixel
regions corresponding to the second gate line “GL2,” the
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pixel electrode of the pixel regions corresponding to the
third gate line “GL3” can be sufficiently charged even for the
shorter third time period.

[0042] Furthermore, since the pixel electrodes of the pixel
regions corresponding to the odd gate lines are charged with
a data signal having equal polarities in the previous frame,
the pixel electrodes of the pixel region corresponding to the
odd gate lines are sufficiently charged even for the shorter
third time period in the present frame. For example, since the
pixel electrode of the pixel regions corresponding to the
third gate line “GL3” is already charged with a data signal
having negative polarity in the first frame, the pixel elec-
trode of the pixel regions corresponding to the third gate line
“GL3” may be sufficiently charged with a data signal having
negative polarity in the second frame even for the shorter
third time period.

[0043] In FIG. 5E for a third frame, the polarities of data
signals supplied to the pixel regions “P” corresponding to
the odd gate lines are inverted with respect to the second
frame. For example, polarities of a data signal supplied to
the pixel regions “P,” through one or more data lines,
corresponding to the first and third gate lines “GL1” and
“GL3” may be inverted, while polarities of a data signal
supplied to the pixel regions “P,” through one or more data
lines, corresponding to the second and fourth gate lines
“GL2” and “GL4” may not be inverted. As a result, a data
signal supplied to the pixel regions corresponding to a pair
of adjacent odd and even gate lines has equal polarities as in
the first frame. For example, the polarities of a data signal
supplied to the pixel regions corresponding to the first gate
line “GL1” may be equal to the polarities of the data signal
supplied to the pixel regions corresponding to the second
gate line “GL2.”

[0044] As shown in FIG. 5A, the first pulse time period
for the odd gate lines such as the first and third gate lines
“GL1” and “GL3” is longer than the second pulse time
period for the even gate lines such as the second and fourth
gate lines “GL2” and “GL4.” Since one or more data lines
is already charged with a data signal having equal polarities,
pixel electrodes (not shown) of the pixel regions correspond-
ing to the even gate lines are sufficiently charged even for the
shorter second pulse time period. For example, since one or
more data lines is already charged with a data signal
supplied to the pixel regions corresponding to the first gate
line “GL1,” the pixel electrodes of the pixel regions corre-
sponding to the second gate line “GL2” can be sufficiently
charged even for the shorter second pulse time period.
Furthermore, since the pixel electrodes of the pixel regions
corresponding to the even gate lines are charged with a data
signal having equal polarities in the previous frame, the
pixel electrodes of the pixel region corresponding to the
even gate lines are sufficiently charged even for the shorter
second pulse time period in the present frame. For example,
since the pixel electrode of the pixel regions corresponding
to the second gate line “GL2” is already charged with a data
signal having negative polarity in the second frame, the pixel
electrode of the pixel regions corresponding to the second
gate line “GL2” may be sufliciently charged with a data
signal having negative polarity in the third frame even for
the shorter second pulse time period.

[0045] In FIG. 5F for a fourth frame, polarities of data
signals supplied to the pixel regions “P,” through one or
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more data lines, corresponding to the even gate lines are
inverted with respect to the third frame. For example,
polarities of a data signal supplied to the pixel regions “P,”
through one or more data lines, corresponding to the second
and fourth gate lines “GL2” and “GL4” may be inverted,
while polarities of a data signal supplied to the pixel regions
“P,” through one or more data lines, corresponding to the
first and third gate lines “GL1” and “GL3” may not be
inverted. As a result, a data signal supplied to the pixel
regions corresponding to a pair of adjacent even and odd
gate lines (e.g., GL2 and GL3) has equal polarities. For
example, the polarities of a data signal supplied to the pixel
regions corresponding to the second gate line “GL2” may be
equal to the polarities of the data signal supplied to the pixel
regions corresponding to the third gate line “GL3.”

[0046] As shown in FIG. 5B, the third time period for the
odd gate lines such as the first and third gate lines “GL.1” and
“GL3” is shorter than the fourth time period for the even
gate lines such as the second and fourth gate lines “GL2”
and “GL4.” Since one or more data lines is already charged
with the data signal having equal polarities, a pixel electrode
(not shown) of the pixel region corresponding to the odd
gate lines is sufficiently charged even for the shorter third
time period. For example, a data signal supplied to the pixel
regions corresponding to the second gate line “GL2” may
have the same polarities as the data signal supplied to the
pixel regions corresponding to the third gate line “GL3.”
Accordingly, the data line is already charged with a data
signal supplied to the pixel regions corresponding to the
second gate line “GL2” and the pixel electrode of the pixel
regions corresponding to the third gate line “GL3” can be
sufficiently charged even for the shorter third time period.

[0047] Furthermore, since the pixel electrodes of the pixel
regions corresponding to the odd gate lines are charged with
the data signal having equal polarities in the previous frame,
the pixel electrodes of the pixel region corresponding to the
odd gate lines are sufficiently charged even for the shorter
third time period in the present frame. For example, since the
pixel electrode of the pixel regions corresponding to the
third gate line “GL3” is already charged with a data signal
having negative polarity in the third frame, the pixel elec-
trode of the pixel regions corresponding to the third gate line
“GL3” may be sufficiently charged with a data signal having
negative polarity in the fourth frame even for the shorter
third time period.

[0048] In a method of driving a LCD device that receives
the signals of FIGS. 5A and 5B and generates the polarities
of FIGS. 5C to 5F, a data signal having equal polarities is
sequentially supplied to the pixel regions corresponding to a
pair of adjacent first and second gate lines through one or
more data lines. The first pulse time period for which a data
signal is supplied to the pixel region corresponding to the
first gate line is longer than the second pulse time period for
which a data signal is supplied to the pixel region corre-
sponding to the second gate line. Since a data signal is
supplied to the pixel region corresponding to the first gate
line for the longer first pulse time period, the pixel region
corresponding to the first gate line is sufficiently charged
with a data signal. Furthermore, since one or more data lines
is already charged with a data signal having equal polarities
before a data signal is supplied to the pixel region corre-
sponding to the second gate line, the pixel region corre-
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sponding to the second gate line is also sufficiently charged
with a data signal even for the shorter second pulse time
period.

[0049] Moreover, between two adjacent frames, the
polarities of a data signal supplied to the pixel region
corresponding to one of the odd gate lines and the even gate
lines are inverted, and the polarities of a data signal supplied
to the pixel region corresponding to the other one of the odd
gate lines and the even gate lines are not inverted. A data
signal is supplied to the pixel region corresponding to the
other one of the odd gate lines and the even gate lines where
polarities are not inverted for the shorter third time period
and a data signal is supplied to the pixel region correspond-
ing to the one of the odd gate lines and the even gate lines
where polarities are inverted for the longer fourth time
period. Since the pixel electrodes of the pixel regions
corresponding to the other one of the odd gate lines and the
even gate lines are charged with a data signal having equal
polarities in the previous frame, the pixel electrodes of the
pixel region corresponding to the other one of the odd gate
lines and the even gate lines are sufficiently charged even for
the shorter third time period in the present frame. Therefore,
the pixel electrode is sufficiently charged even for a shorter
time period by pre-charging a data line between gate lines or
the pixel electrode between frames.

[0050] FIG. 6 is a schematic timing chart showing gate
signals and data signals for a method of driving a liquid
crystal display device according to another embodiment of
the present invention. A LCD device receiving the signals of
FIG. 6 includes a plurality of gate lines and a plurality of
data lines. In a present frame, a data signal having polarity
is supplied to one or more data lines while the gate signal is
applied to a pair of adjacent odd and even gate lines. A data
signal having opposite polarity is supplied sequentially to
one or more data lines while the gate signal is applied to the
next pair of adjacent odd and even gate lines as in FIGS. 4B
and 4C. For example, a data signal having a positive
polarity may be applied to one or more data lines while the
gate signal is applied to the first and second gate lines “GL1”
and “GIL.2,” and a data signal having a negative polarity may
be applied to one or more data lines while the gate signal is
applied to the third and fourth gate lines “GL3” and “G1.4.”
In the next frame, the polarities of a data signal are inverted
with respect to the present frame. Accordingly, a LCD
device is driven by a two-line-frame-inversion method
where a polarity of a data signal is inverted every two lines
and every frame.

[0051] A gatesignal is applied to odd gate lines “GL1” and
“GL3” for a first pulse time period “T1,” and applied to even
gate lines “GL2” and “GL4” for a second pulse time period
“T2,” different from the first pulse time period “T1.” For
example, the first pulse time period “T1” may be determined
as a sum of a single horizontal time period “T;” and an
extended time period “Tpy” (e.g., T1=T; +Txx 1), and the
second pulse time period “T2” may be determined as a
difference between the single horizontal time period “T;”
and the extended time period “Tgy” (e.g., T2=T; ~Tgxp).
Accordingly, a time period for which the gate signal is
applied to the odd gate lines is longer than a time period for
which the gate signal is applied to the even gate lines. The
single horizontal time period “T;” may be obtained by
dividing a time period for a single frame into the number of
the gate lines. The extended time period “Tyy” may vary
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as a property of a LCD device. Since the gate signal is
sequentially applied without cessation to a pair of adjacent
odd and even gate lines (e.g., GL1 and GL2) for wo
horizontal time periods, “2T; ,” a sum of the first and second
pulse time period “T1” and “T2” does not vary even when
the extended time period varies.

[0052] The polarity of a data signal is inverted every two
horizontal lines and in every pixel region “P” along the
horizontal line. Furthermore, the polarity of a data signal is
inverted in all of the pixel regions “P.” Accordingly, the
polarity of the data signal is inverted every frame.

[0053] A data signal having an equal polarity is supplied
to one or more data lines while the gate signal is sequentially
applied to a pair of adjacent odd and even gate lines. The
gate signal is applied to a first gate line of the pair of adjacent
odd and even gate lines for the first pulse time period “T1”
longer than the single horizontal time period “T;” (e.g.,
T1=T; +Tx7) and applied to a second gate line of the pair
of adjacent odd and even gate lines for the second pulse time
period “T2” shorter than the single horizontal time period
“Ty” (e.g., T2=T; ~Tyx). Since a data signal having the
equal polarity is supplied to one or more data lines for the
first pulse time period “T1” longer than the single horizontal
time period “T;,” the pixel region “P” corresponding to the
first gate line is sufficiently charged by a data signal.
Furthermore, since a data signal for the first gate line has the
same polarity as a data signal for the second gate line, the
data lines connected to the second gate line are already
partially charged. Accordingly, the pixel region “P” corre-
sponding to the second gate line is also sufficiently charged
by a data signal even for the second pulse time period “T2”
shorter than the single horizontal time period “T;.”

[0054] Moreover, a pre-data signal is supplied to one or
more data lines when a data signal for the fourth previous
gate line is supplied. Accordingly, the gate signal has first
and second pulse groups “GP1” and “GP2” having substan-
tially equal durations to each other. For example, the gate
signal for an N gate line may have a first pulse correspond-
ing to the second pulse of the gate signal for an (N-4)™ gate
line and a second pulse corresponding to the first pulse for
an (N+4)™ gate line. A data signal for the (N-4)™* gate line
functions as the pre-data signal for the N gate line. Since
a data signal for the (N-4)™ gate line has the same polarity
as a data signal for the N™ gate line, the pixel electrode
corresponding to the N™ gate line is pre-charged with the
pre-data signal for the N™ gate line, i.e., the data signal for
the (N-4) gate line. As a result, every pixel electrode is
pre-charged with a data signal for the fourth previous gate
line and charged with a data signal for the present gate line.
Therefore, the charge property of image of a LCD is further
improved.

[0055] In a method of driving a LCD device using the
schematic timing chart of FIG. 6, a gate signal is sequen-
tially applied to a pair of adjacent odd and even gate lines for
two horizontal time periods, while a data signal having equal
polarities is supplied to one or more data lines. A data signal
is supplied to one or more data lines and a pixel region
corresponding to a first gate line for a first pulse time period
longer than the single horizontal time period, and is supplied
to one or more data lines and a pixel region corresponding
to a second gate line for a second pulse time period shorter
than the single horizontal time period. Since the pixel region
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corresponding to the first gate line is charged for the longer
first time and one or more data lines are pre-charged with a
data signal having equal polarity, the pixel regions corre-
sponding to the first and second gate lines are sufficiently
charged. Accordingly, a charge property of a LCD image
improved. Moreover, since every pixel electrode is pre-
charged with a data signal from the fourth previous gate line
and then charged with a data signal from the present gate
line, the charge property of a LCD image is further
improved.

[0056] Even though polarities of a data signal are inverted
in every horizontal pixel region in the previous embodi-
ments, the polarities of the data signal may be inverted every
several horizontal pixel regions in another embodiment.

[0057] For example, when a polarity of a data signal is
inverted every frame, the gate signals applied to first and
second gate lines may further include pre-gate signals,
respectively. At this time, the pre-gate signals are applied to
first and second gate lines prior to two-signal horizontal time
period (2T;) with respect to the gate signals.

[0058] Alternatively, when a polarity of a data signal is
inverted every two frames, the gate signals applied to first
and second gate lines further includes pre-gate signals,
respectively. At this time, the pre-gate signals may be
applied to first and second gate lines prior to four-single
horizontal time period (4T; ) with respect to the gate signals.
In this case, each of the gate signals applied to each of the
plurality of gate lines has a first pulse and a second pulse,
and the first and second pulses applied to the same gate line
have an equal duration.

[0059] In a method of driving a liquid crystal display
device, a data signal having equal polarities is supplied to
one or more data lines corresponding to a first gate line and
a second gate line, and a time for which a gate signal is
applied to the first gate line is longer than a time for which
a gate signal is applied to the second gate line. Accordingly,
one or more data lines are pre-charged when a data signal is
supplied and a charge property of a LCD image is improved.
Furthermore, since pixel electrodes of the pixel region
corresponding to a data signal having a non-inverted polarity
are sufficiently charged even for shorter time period in the
present frame, the charge property of a LCD image is further
improved. Moreover, since every pixel electrode is pre-
charged with a data signal from the fourth previous gate line
and charged with a data signal from the present gate line, the
charge property of a LCD image is further improved.

[0060] Tt will be apparent to those skilled in the art that
various modifications and variations can be made in the
present invention without departing from the spirit or scope
of the invention. Thus, it is intended that the present inven-
tion 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 method of driving a liquid crystal display device
having a plurality of gate lines, a plurality of data lines and
a plurality of pixel electrodes, comprising:

applying sequentially a respective gate signal to the
plurality of gate lines, the respective gate signal being
applied to odd gates lines of the plurality of gate lines
for a first pulse time period and being applied to even
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gate lines of the plurality of gate lines for a second
pulse time period different from the first pulse time
period; and

supplying a respective data signal to the plurality of data

lines.

2. The method according to claim 1, wherein each gate
line and each data line cross each other to define a pixel
region, and a thin film transistor is connected to each gate
line and each data line.

3. The method according to claim 2, wherein each pixel
electrode is disposed in the pixel region and is connected to
the thin film transistor.

4. The method according to claim 1, wherein the respec-
tive data signal is applied to the plurality of pixel electrodes
corresponding to one gate line of the plurality of gate lines
while the gate signal is applied to the one gate line.

5. The method according to claim 3, wherein the respec-
tive data signal is applied to the plurality of pixel electrodes
corresponding to one gate line of the plurality of gate lines
while the gate signal is applied to the one gate line.

6. The method according to claim 1, wherein the first
pulse time period is longer than a single horizontal time
period obtained by dividing a time period for a single frame
into a number of the plurality of gate lines, and the second
pulse time period is shorter than the single horizontal time
period.

7. The method according to claim 1, wherein the first
pulse time period is shorter than a single horizontal time
period obtained by dividing a time period for a single frame
into a number of the plurality of gate lines, and the second
pulse time period is longer than the single horizontal time
period.

8. The method according to claim 6, wherein the first time
period is substantially equal to a sum of the single horizontal
time period and an extended time period, and the second
pulse time period is substantially equal to a difference
between the single horizontal time period and the extended
time period.

9. The method according to claim 7, wherein the first time
period is substantially equal to a sum of the single horizontal
time period and an extended time period, and the second
pulse time period is substantially equal to a difference
between the single horizontal time period and the extended
time period.

10. The method according to claim 1, wherein an adjacent
odd gate line and even gate line constitute a gate line pair,
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and a polarity of the respective data signal corresponding to
the odd gate line of the gate line pair is substantially equal
to a polarity of the respective data signal corresponding to
the even gate line of the gate line pair.

11. The method according to claim 10, wherein a polarity
of the respective data signal corresponding to the gate line
pair is substantially opposite to a polarity of the respective
data signal corresponding to an adjacent gate line pair.

12. The method according to claim 11, wherein a polarity
of the respective data signal is inverted every frame.

13. The method according to claim 11, wherein a polarity
of the respective data signal is inverted every two frames.

14. The method according to claim 13, wherein a polarity
of the respective data signal corresponding to only one of the
gate line pair is inverted between two continuous frames.

15. The method according to claim 12, wherein the
respective gate signals applied to a first gate line and a
second gate line of the gate line pair further includes
pre-gate signals, and wherein the pre-gate signals are applied
to the first gate line and the second gate line prior to
two-signal horizontal time periods.

16. The method according to claim 13, wherein the
respective gate signals applied to a first gate line and a
second gate line of the gate line pair further includes
pre-gate signals, and wherein the pre-gate signals are applied
to the first gate line and the second gate line prior to
four-single horizontal time periods.

17. The method according to claim 16, wherein the
respective gate signal applied to the plurality of gate lines
has a first pulse and a second pulse, and wherein the first
pulse and the second pulse applied to the same gate line have
an equal duration.

18. The method according to claim 1, wherein the respec-
tive gate signal applied to the plurality of gate lines has a first
pulse group and a second pulse group, and wherein the first
pulse group and the second pulse group have substantially
equal durations.

19. The method according to claim 18, wherein the first
pulse of the respective gate signal applied to one of the
plurality of gate lines coincides with the second pulse of the
gate signal applied to a fourth previous one of the plurality
of gate lines, and the second pulse of the gate signal applied
to one of the plurality of gate lines coincides with the first
pulse of the gate signal applied to a fourth next one of the
plurality of gate lines.
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