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LIQUID CRYSTAL DISPLAY AND DRIVING
METHOD THEREOF

BACKGROUND OF THE INVENTION

[0001]

[0002] The present invention relates to a liquid crystal
display and driving method thereof.

[0003] (b) Description of the Related Art

[0004] Generally, a liquid crystal display (LCD), which
includes two panels with respective polarizers and a liquid
crystal layer with dielectric anisotropy disposed therebe-
tween, is a display device that displays desired images by
applying electric field to the liquid crystal layer to control
the amount of light passing through the panels. The LCD
includes a plurality of pixels arranged in a matrix, a plurality
of gate lines transmitting gate signals to the pixels and
extending in a row direction, and a plurality of data lines
transmitting data signals to the pixels and extending in a
column direction. Each pixel includes a liquid crystal
capacitor and a switching element connected thereto, and the
liquid crystal capacitor has a pixel electrode and a reference
electrode for generating electric field in cooperation and a
liquid crystal layer interposed therebetween. Each switching
element is connected to one gate line and one data line to be
turned on or turned off in response to the gate signal, thereby
transmitting the data signal to the pixel electrode. The
magnitude of the electric field applied to the liquid crystal
layer depends on the difference between the voltage of a
reference signal (hereinafter, referred to as a reference
voltage) applied to the reference electrode and the voltage of
the data signal (hereinafter, referred to as a data voltage).
The reference electrode and the pixel electrode may be
formed on the same panel or different panels.

[0005] When gate-on voltages are sequentially applied to
the gate lines, the switching elements connected thereto are
turned on. At the same time, the data lines connected to the
turned-on switching elements are applied with appropriate
data voltages, which are applied to the respective pixel
electrodes in a pixel row via the turned-on switching ele-
ments. In this manner, the gate-on voltages are applied to all
the gate lines to supply the data voltages to the pixels in all
the rows, and such a cycle is called a frame.

[0006] Since the liquid crystal material is generally dete-
riorated in its nature by continuous application of electric
field in one direction, it is necessary to frequently change the
field direction by inverting polarities of the data voltages
relative to the reference voltage.

[0007] Several methods of inverting the polarities of data
voltages are suggested, for example, dot inversion of invert-
ing the polarities by the pixel unit, line inversion of inverting
the polarities by the row unit, etc. The dot inversion has
problems of severe flickering phenomenon in a screen with
middle gray such as a window end screen in a liquid crystal
display monitor of a computer as well as delay of signal
flowing along the data lines and decrease of charging ratio
in every row due to the opposite polarities of voltages of
neighboring pixel rows. Although the N-line inversion has
less signal delay and less charging ratio reduction compared
with the dot inversion, it still has problems of signal delay
and reduction of the charging ratio in every first row among
the rows with the same polarity.

(2) Field of the Invention
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SUMMARY OF THE INVENTION

[0008] The present invention solves the above problems
and increases the charging ratio of a liquid crystal display
being driven with a line inversion.

[0009] 1In one aspect, an LCD of the present invention
includes a plurality of gate lines transmitting gate-on pulses,
a plurality of data lines transmitting data signals and a
plurality of pixels connected to the gate lines and the data
lines to perform display operation. Each of the pixels
includes a switching element turned on by gate-on pulses
from the associated gate lines to receive the data signals
from the associated data lines. The width of at least one of
gate-on pulses is different from that of other gate-on pulses.

[0010] The polarity of at least one of data signals is
different from that of other data signals, and the width of
gate-on pulse related to the data signals with different
polarity may be larger than that of the previous gate-on
pulse.

[0011] In another aspect, an LCD device according to the
present invention includes a plurality of gate lines sequen-
tially transmitting gate-on pulses, a plurality of data lines
related to the gate-on pulses to sequentially transmit a
plurality of data signals with different polarity, and a plu-
rality of pixels connected to the gate lines and the data lines
to perform display operation, and each of the pixels includes
a switching element turned on by the gate-on pulses from the
gate lines to receive the data signals. In this case, the widths
of the gate-on pulses are varied depending on the polarity
change of the data signals.

[0012] The width of gate-on pulse related to data signal
having polarity different from the previous data signal of the
data signals is larger than that of gate-on pulse related to the
previous the data signal.

[0013] In still another aspect, the present invention pro-
vides an LCD device including a plurality of pixels, and a
plurality of signal lines connected to the pixels to apply
image signals thereto, and duration of application of the
image signals for at least one of the pixels is different from
that of application of image signals for other pixels.

[0014] In this case, the polarity of the image signal for at
least one pixel has polarity different from the image signal
for other pixels, and duration of application of the image
signals for the pixel having different polarity may be longer
than that of application of the image signal for other pixels.

[0015] In yet another aspect, an LCD device according to
the present invention includes a plurality of pixels and a
plurality of signal lines connected to the pixels to sequen-
tially apply image signals with different polarity thereto, and
duration of application of the image signals for the pixels is
varied depending on the polarity change of the image
signals.

[0016] Duration of application of the image signals having
polarity different from a previous image signal of the image
signals for the pixels may be longer than that of application
of the previous image signal for the pixels.

[0017] A driving device of an LCD according to an
embodiment of the present invention includes a plurality of
gate lines applied with gate-on pulses, a plurality of data
lines applied with data signals, and a plurality of pixels
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which have switching elements connected to the gate line
and the data line, disposed on areas defined by the gate lines
and the data lines, and arranged in a matrix. The driving
device includes a timing controller for generating gate
control signals including color signals inputted from an
external device, data control signals and a first control signal
having a pulse period which varies depending on polarity
inversion of the data signals, a gate driver sequentially
applying the gate-on pulses to the gate lines for selectively
turning on the switching elements in synchronization with
the gate control signals, and a data driver sequentially
applying the data signals corresponding to the color signals
to the data lines, while inverting the polarity of the data
signals corresponding to the color signals in synchronization
with the data control signals.

[0018] When the polarity of the data signals is; inverted,
the widths of gate-on pulses become larger.

[0019] The gate control signals may further include a
vertical synchronizing start signal for instructing to begin
outputting the gate-on pulses and a gate selection signal for
controlling output time of the gate-on pulses, and the first
control signal may be a gate-on enable signal for limiting
width of the respective gate-on pulses. In this case, the pulse
period of the gate selection signal is also varied depending
on the pulse period of the gate-on pulse, and the data control
signals may include a second control signal having a pulse
period which varies depending on the polarity inversion of
the data signal.

[0020] The gate control signal may further include the
vertical synchronizing start signal for instructing to begin
outputting the gate-on pulses, and the first control signal
may be a gate selection signal for controlling output time of
the gate-on pulses. The gate control signals may further
include a gate-on enable signal for limiting the widths of the
gate-on pulses and the pulses of the gate-on enable signal
may be generated only on polarity inversion of the data
signals.

[0021] The data control signals may be controlled in order
to adjust the pulse widths of the data signals, and may be
controlled so that the pulse widths of the first data signals
with polarity inversion become larger than those of the other
data signals. In addition, the gate control signals may be
controlled so that the pulse widths of the gate-on pulses
related to the first data signal with polarity inversion become
larger than those of the other data signals. In this case, the
gate control signals may be controlled so that a gate-on pulse
related to the first data signal with polarity inversion exists
within the range of the pulse widths of the first data signal
with polarity inversion. The gate control signals may also be
controlled so that the gate-on pulses related to the data
signals after the first data signal with polarity inversion
overlap previous gate-on pulses.

[0022] A method for driving an LCD device including a
plurality of pixels having switching elements and arranged
in a matrix, a plurality of gate lines transmitting gate-on
pulses to the switching elements, and a plurality of data lines
transmitting data signals having polarity which is inverted
by the unit of at least two data signals to the switching
elements, comprises: receiving color signals and a timing
signal for controlling the color signals, generating a load
signal for determining application time of the data signals on
the basis of the timing signal and gate control signals for
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controlling the gate-on pulses, applying the data signal
corresponding to the color signal to the appropriate data line
in synchronization with the load signal, and sequentially
applying the gate-on pulses to the gate lines in synchroni-
zation with the gate control signal. Here, pulse period of at
least one of the gate control signals is varied depending on
the polarity change of the data signal, and the width of the
gate-on pulse related to the first data signal with polarity
inversion is larger than that of other gate-on pulses.

[0023] The pulse period of the gate signal that varies
depending on the polarity inversion of the data signal may
be either a gate-on enable signal for limiting the pulse width
of the gate-on pulse or a gate selection signal for determin-
ing application time of the gate-on pulse, and these are
varied either separately or altogether.

[0024] When the pulse period of the gate selection signal
is varied depending on polarity inversion of the data signal,
the pulses of the gate-on enable signal may be generated
only prior to the gate-on pulse related to the first data signal
with polarity inversion.

[0025] Duration of application of the data signal for the
data line may be varied depending on the width of the related
gate-on pulse, which may be varied by adjusting the pulse
interval of the load signal.

[0026] A driving method of the LCD according to the
present invention further includes loading color signals in
synchronization with the data enable signal, wherein the
pulse period of the data enable signal may be either kept
uniform or varied depending on the polarity of the data
signal.

[0027] All the neighboring gate-on pulses may not overlap
cach other. Moreover, the gate-on pulse related to the first
data signal with polarity inversion may not overlap the
previous gate-on pulse, but the remaining neighboring gate-
on pulses may be overlapped each other. In the latter case,
the number of the gate-on enable signal may be at least two
and is obtained by subtracting one from the number of the
data signal with the same polarity. The pulse of the gate-on
enable signal may alternately limit the widths of the gate-on
pulses generated in sequence.

BRIEF DESCRIPTION OF THE DRAWINGS

[0028] FIG.1is ablock diagram of aliquid crystal display
according to an embodiment of the present invention.

[0029] FIGS. 2 and 3 show waveforms of gate signals,
gate control signals and data control signals of a two-line
inversion type liquid crystal display according to a first
embodiment and a second embodiment of the present inven-
tion.

[0030] FIG. 4 shows waveforms of gate signals and data
signals a four-line inversion type liquid crystal display
according to a third embodiment of the present invention.

[0031] FIGS. 5 and 6 show waveforms of several signals
required for generating the gate signals and the data signals
shown in FIG. 4.

[0032] FIG. 7 shows waveforms of gate signals and data
signals of a four-line inversion type liquid crystal display
according to a fourth embodiment of the present invention.
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[0033] FIG. 8 shows waveforms of several signals
required for generating the gate signals and the data signals
shown in FIG. 7.

DETAILED DESCRIPTION OF THE
INVENTION

[0034] An exemplary embodiment of the present inven-
tion will be described with reference to the accompanying
drawings for those skilled in the art to exercise the present
invention easily. However, the present invention is imple-
mented in many versatile forms, and is not limited to the
embodiments. The same reference numerals are used to the
parts or components to perform the same function.

[0035] FIG.1is ablock diagram of a liquid crystal display
(LCD) according to an embodiment of the present invention.

[0036] As shown in FIG. 1, the LCD device according to
an embodiment of the present invention includes a liquid
crystal panel 100, a gate driver 200 and a data driver 300
connected to the liquid crystal panel 100, and a timing
controller 400 for controlling the panel 100 and the drivers
200 and 300.

[0037] The liquid crystal panel 100 includes a plurality of
signal lines G1-Gn and D1-Dm and a plurality of pixels
connected thereto. Each pixel includes switching element Q
connected to corresponding ones of the signal lines G1-Gn
and D1-Dm and a liquid crystal capacitor C; connected to
the switching element Q. The signal lines include a plurality
of scanning signal lines or gate lines G1-Gn, which transmit
scanning signals or gate signals and extend in a row direc-
tion. The signal lines further include a plurality of image
signal lines or data lines D1-Dm, which transmit image
signals or data signals and extend in a column direction. The
switching element has three terminals including a control
terminal connected to one of the gate lines G1-Gn. One of
the remaining two terminals is connected to one of the data
lines D1-Dm, and the other terminal is connected to the
corresponding liquid crystal capacitor C;. FIG. 1 shows a
MOS transistor as an example of a switching element, and
this MOS transistor is implemented as a thin film transistor
having a channel layer made of amorphous silicon or
polysilicon in a practical process. The liquid crystal capaci-
tor C; has two terminals, a pixel electrode connected to the
switching element and a reference electrode applied with a
reference voltage. The liquid crystal capacitor C; also
includes a liquid crystal layer as a dielectric disposed
between the pixel electrode and the reference electrode. The
liquid crystal molecules alter their arrangement depending
on the electric field generated by the pixel electrode and the
reference electrode, thereby changing the polarization of
light passing through the liquid crystal layer. This change of
the polarization causes the variation of light transmittance
by a polarizer (not shown) attached to the liquid crystal
panel 100.

[0038] The gate driver 200 and the data driver 300 include
a plurality of gate driving ICs (integrated circuits) and a
plurality of data driving ICs, respectively. The ICs may be
chips, which are separately placed external to the liquid
crystal panel 100 or mounted on the liquid crystal panel 100.
In another example, the ICs may be formed on the liquid
crystal panel 100 by the same process as the signal lines
G1-Gn, and D1-Dn and the thin film transistors Q. The gate
driver 200 and the data driver 300 are respectively con-
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nected to the gate lines G1-Gn and the data lines D1-Dm of
the liquid crystal panel 100 to apply the gate signals and the
data signals thereto. The drivers 200 and 300 are formed on
a printed circuit board (not shown) separated from the liquid
crystal panel 100, and controlled by the timing controller
400 connected thereto. The controlling operation will be
described in detail.

[0039] The timing controller 400 is supplied from an
external graphic controller (not shown) with RGB color
signals R[0:N], G[0:N] and B[0:N] and timing signals
controlling the display thereof, for example, a vertical
synchronizing signal Vsync, a horizontal synchronizing sig-
nal Hsync, a main clock MCLK, a data enable signal DE,
ete. In response to the timing signals, the timing controller
400 sends gate control signals to the gate driver 200, and the
color signals R[0:N], G[0:N] and B[0:N] and data control
signals to the data driver 300.

[0040] The gate control signals include a vertical synchro-
nizing start signal STV for instructing to begin outputting
gate-on pulses (high sections of the gate signals), a gate
selection signal CPV for controlling the output time of the
gate-on pulses and a gate-on enable signal OE for limiting
the widths of the gate-on pulses. The data control signals
include a horizontal synchronizing start signal STH for
instructing to begin outputting the color signals, a load
signal LOAD or TP for instructing to apply the appropriate
data voltages to the data lines, and a data clock signal
HCLK.

[0041] In response to the vertical synchronizing start sig-
nal STV, the gate driver 200 sequentially applies the gate-on
pulses to the gate lines G1-Gn in synchronization with the
gate selection signal CPV, thereby sequentially turning on
the switching elements connected thereto. The width of the
gate-on pulse is determined by the gate-on enable signal OE.
In response to the horizontal synchronizing start signal STH,
the data driver 300 converts the entering color signals
R[0:N], G[0:N] and B[0:N] into analog data signals in
synchronization with the data clock signal HCLK, and store
the converted signals in a shift register (not shown). The
stored analog data signals are applied to the corresponding
data lines in response to the pulse of the load signal LOAD.
Then, the data signals are applied to the corresponding
pixels via the turned-on switching elements connected to the
related data lines.

[0042] The polarity of the data signals is inverted every
two or more rows, and the width of the gate-on pulse for at
least one row is different from that for other rows. In detail,
the width of the gate-on pulse applied to the first pixel row
among the adjacent pixel rows which are applied with the
data signals having the same polarity (hereinafter, referred to
as “first pixel row with polarity inversion”) is larger than that
applied to the other rows. For example, in the four-line
inversion, when the polarity of the (8i+1)-th (i=0, 1,2, . . .
) to the (8i+4)-th rows is positive and the polarity of the
(81+5)-th to the (81+8)-th rows is negative, the widths of the
gate-on pulses for the (8i+1)-th, (8i+5)-th, (8i+9)-th, . . .,
Le., [8i+(4j+1)]-th j=0, 1, 2, . . . ) rows are larger than the
pulse widths for the other rows. The pulse widths for the
other rows may be smaller than a normal width.

[0043] This increases the charging ratio for the first pixel
row with polarity inversion, which has possessed relatively
lower charging ratio. It is noted that since the data signals for
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the adjacent pixels in the column direction are almost the
same when ignoring the polarity, the distortion of the data
signals only for the first pixel row with polarity inversion is
considerable while that for the other rows is negligible.
Accordingly, it is sufficient to modify only for the first row
according to the present invention.

[0044] In the meantime, the gate-on pulse is generated in
synchronization with the gate selection signal CPV, and the
width of the gate-on pulse is determined by the gate-on
enable signal OFE, as described above. For example, the gate
signal is allowed to become high only in an enable section
where the gate enable signal OE is low. Therefore, by
changing the width of the low section or the interval between
the pulses (or high sections) of the gate-on enable signal OE,
the width of the gate-on pulse can be controlled. Such
examples will be described in detail with reference to FIGS.
2 and 3.

[0045] FIGS. 2 and 3 show waveforms of gate control
signals STV, CPV and OE, a data control signal LOAD and
gate signals gl-gn applied to the gate lines G1-Gn, which are
used in two-line inversion where the polarity is inverted
every 2k-th(k=1, 2, . . . ) gate lines.

[0046] In the first embodiment shown in FIG. 2, the
widths of gate-on pulses are adjusted by controlling the
period, the widths and/or the intervals of the pulses (high
sections) of a gate-on enable signal OE (hereinafter, referred
to as “gate-on enable pulses” and indicated by the same
reference numeral as the gate-on enable signal). For
example, a gate-on enable pulse OE generated after begin-
ning the application of the gate-on pulse to the 2k-th gate
line is adjusted to have a pulse width smaller than a normal
width and to be delayed by the width difference. Then, the
interval from the previous gate-on enable pulse OE becomes
larger, and hence the width of the gate-on pulse is increased.
On the contrary, by increasing the width of a gate-on enable
pulse OE (enclosed by circle) generated after beginning the
application of the gate-on pulse to the (2k-1)-th gate line,
relative to the normal width, and by generating the pulse OE
in advance in amount of the width difference, the interval
from the previous gate-on enable pulse OE becomes smaller,
and consequently, the width of the gate-on pulse is
decreased.

[0047] As shown in FIG. 3, the second embodiment
increases or decreases the period, the width and/or the
interval of the pulses (high sections) of a gate selection
signal CPV (hereinafter, referred to as “gate selection
pulses” and indicated by the same reference numeral as the
gate selection signal), and correspondingly, increases or
decreases the width of the associated low sections of a
gate-on enable signal OE, thereby adjusting the widths of
gate-on pulses. For example, the gate selection pulse CPV
corresponding to the gate-on pulse applied to 2k-th gate line
is adjusted to have a period t, larger than a normal period and
to increase the pulse in amount of the period difference, and
consequently, the widths of the related gate-on pulses are
increased. On the contrary, by decreasing the period t_ of the
gate sclection pulse CPV associated with the gate-on pulse
applied to (2k-1)-th gate line relative to a normal period,
and by decreasing the width of the low interval of the
gate-on enable signal OE, accordingly, the widths of the
related gate-on pulses are decreased.

[0048] In this embodiment, since the intervals of the gate
selection pulses CPV are not uniform, the generating time of
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the pulses (high sections) of the load signal LOAD (here-
inafter, referred to as “load pulses” and indicated by the
same reference numeral as the load signal) varies in relation
to the intervals of the gate selection pulses CPV, as shown
in FIG. 3.

[0049] The features of the first and the second embodi-
ments are applicable not only for two-line inversion but also
for multi-line inversion as three-line inversion, four-line
inversion, etc. That is, the widths of enable sections (i.e., low
sections) of the gate-on enable signal OE related to the first
row with the inverted polarity are increased in order to
obtain the sufficient charging time for the first row.

[0050] As can be seen in the foregoing two embodiments,
the high sections of the gate signals are controlled by the
gate-on enable signal OE in the line inversion. The gate
signals become high when the gate-on enable signal OE is
low, and the high section of the gate-on enable signal OE is
interposed between the every neighboring two gate-on
pulses, i.e., the high sections of the gate signals. Then, the
gate-on pulse is applied to the present gate line after the
gate-on pulse applied to the previous gate line is blocked.

[0051] The reason of placing a gap between the gate-on
pulses is that, if not, the gate on pulses applied to the
neighboring two gate lines may be overlapped, and thus
pixels in corresponding rows are simultaneously applied
with the same data signals. Therefore, it is difficult to obtain
desired images.

[0052] However, as described above, since the data signals
supplied for the adjacent pixels in the column direction are
almost the same, the application of any one of the two
signals with the same polarity to the neighboring rows with
the same polarity hardly affects the desired images. How-
ever, when the data signals having nearly the same magni-
tude but opposite polarity are simultaneously applied to a
row at a border where the polarity is inverted, the difference
between the two signals is relatively large, and this causes
serious problems such as distortion of images, etc.

[0053] Therefore, the high section of the gate-on enable
signal OE is interposed between the gate-on pulses for the
two rows with the inverted polarity but not between the
remaining rows, and thus the charging time for the remain-
ing rows can be increased.

[0054] A driving method of an LCD device utilizing this
feature according to a third embodiment of the present
invention will be described with reference to FIGS. 4 to 6.

[0055] FIG. 4 shows waveforms of driving signals of a
four-line inversion type liquid crystal display according to
the third embodiment of the present invention, and illus-
trates gate signals and data signals for 4i-th to ((4i+1)+1)-th
fOWS.

[0056] Assuming that the normal pulse width of a data
signal is a, the sum of the widths of data signals DATA
applied to a bundle of pixel rows, e.g., four pixel rows with
the same polarity becomes 4. In the present embodiment,
while the sum of the widths of the data signals DATA is kept
4q, the width of a data signal DATA for the first row with
polarity inversion is made to be (c+3y), and the width of
each data signal DATA applied to the second row to the
fourth row is made to be (c—y), where y is a correction width.
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[0057] In addition, the width of a high section of a gate
signal g,; ., applied to a gate line of the first pixel row with
polarity inversion is made to be (a+3y-OE,) (where OE; is
the width of the high section of OE), and the width of the
high section of each gate signal g4;,25 84i435 Bagsry for the
second row to the fourth row is made to be (o).

[0058] Furthermore, the high section of the gate-on enable
signal OE is generated on the polarity inversion, that is,
between the high section of the gate-on signal g,; and that of
the gate-on pulse g,;, ;, but not generated for the remaining
periods.

[0059] For a four-line inversion type liquid crystal display
driven by the same manner as the second embodiment, the
charging time for every 4 row is (4a-40Ey), but for this
embodiment the charging time is (40-OEy), which indi-
cates the charging time of the pixels to be longer.

[0060] FIGS. 5 and 6 illustrate several exemplary wave-
forms of signals for generating the gate signals in FIG. 4.

[0061] Asshown in FIGS. 5 and 6, the pulse widths of the
data signals DATA are changed by controlling the generating
points of pulses of a load signal TP applied to the data driver
300 (referring to FIG. 1). For example, the interval of the
load pulse TP between the first row with polarity inversion
and the second row is made to be (c+3y), and the intervals
thereof between the second row and the third row, between
the third row and the fourth row, and between the fourth row
and the next first row are made to be (a-y).

[0062] A gate selection signal CPV is also changed. In the
case of a four-line inversion as this embodiment, the pulse
period of the gate selection signal CPV for the (4i+1)-th row
is made to be longer than a normal pulse period, while those
for the remaining rows are made to be shorter than the
normal pulse period.

[0063] FIGS. 5 and 6 illustrate two examples of such
driving ways.
[0064] In the example shown in FIG. 5, a data enable

signal DE supplied for the timing controller 400 (referring to
FIG. 1) is used without any modification, and thus the
enable sections (i.c., the high sections) and the disable
sections (L.¢., the low sections) thereof are uniform. In this
case, since the width of the data signal for the first row where
polarity is inverted is designed to accommodate only one
enable section of the data enable signal DE, the following
relation is satisfied: a+3y<E+2D (where E and D are widths
of the enable section and the disable section of the DE
signal, respectively). The width E of the enable section of
the data enable signal DE is typically designed to be smaller
than the width a of the data signal (i.¢., E<at). Therefore, the
relation

E+3y<0+3y<E+2D
[0065]
3y<2D.

[0066] For an LCD with SXGA resolution, since the
disable section of the data enable signal DE is usually about
3.5us, the correction width y is determined as the value
satisfying the inequality, 3y<7us.

[0067] In the case of FIG. 6, the timing controller 400
adjusts the widths of the disable sections of a data enable
signal DE supplied therefor and thus changes the generating

is established, and this leads to:
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point of pulses of a horizontal synchronizing start signal
STH. As shown in FIG. 6, the width D, of disable sections
of which one is before and the other is after an enable section
of the data enable signal DE for the first row where the
polarity is inverted is made to be longer while the width D,
of the other disable sections is made to be shorter, depending
on the correction width y. For this reason, it is desired that
the color signals are forced to be shifted by a suitable time
interval using a line memory installed in the timing control-
ler 400.

[0068] Advantage of the example of FIG. 6 is that the
correction width v is not restricted, and thus it is possible to
increase the charging time of the data signals for the first row
where the polarity is inverted as desired.

[0069] As described above, the intervals are interposed
only between the gate-on pulses for the two pixel rows at the
polarity inversion, but not between the remaining pulses in
the third embodiment. According to an embodiment, the
remaining pulses are made to be overlapped. As described
above, because the data signals inputted to the adjacent pixel
in the column direction are nearly the same, the application
of any one of the two signals to the adjacent rows with the
same polarity causes no problems. This will be described
with reference to FIGS. 7 and 8.

[0070] FIG. 7 shows waveforms of driving signals of a
four-line inversion type LCD according to the fourth
embodiment of the present invention, and illustrates gate
signals and data signals for the 4i-th to the ((4i+1)+1)-th
TOWS.

[0071] As in FIG. 7, while maintaining the sum of the
widths of the data signals DATA applied to the four pixel
rows with the same polarity to be 4a, the width of a data
signal DATA for the first row with polarity inversion is made
to be (a+3y), and that for the second row to the fourth row
is made to be (a-Y), respectively.

[0072] Moreover, the width of the high section of a gate
signal g,;., applied to a gate line for the first row of the
polarity being inverted is made to be (a+3y-0Ey), and the
widths of gate signals @45, S4ie3 Sagery 2pplied to the
second gate line to the fourth gate line are made to be
(o+At,), (a+At,) and (a+Aty), respectively. Here, At, to Aty
may have either the same value or different value. In
addition, there is a gap between the high sections of the gate
signals g,; and g,;, , for two rows at the polarity inversion.
On the contrary, the high sections of the remaining gate
signals overlap, that is, a gate signal applied to a gate line
becomes high before a gate signal applied to the previous
gate line becomes low. For this reason, the charging ratio
becomes longer than that of the third embodiment.

[0073] FIG. 8 illustrates various exemplary waveforms
for generating the gate signals of FIG. 7.

[0074] Although not shown in FIG. 8, since data control
signals DE, STH and TP are generated in the same manner
as the third embodiment, the detailed description thereof is
omitted. A process for generating overlapped gate-on pulses
using a vertical synchronizing start signal STV and gate-on
enable signals OE1, OE2 and OE3 will be described.

[0075] First, the pulse of a vertical synchronizing start
signal STV is made to be larger than a normal width, for
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example, to accommodate two gate selection pulses CPV.
Then, two overlapped gate-on pulses are generated.

[0076] Thereafter, since the gate-on pulses overlap three
times in view of four rows as an inversion unit, the gate-on
pulses are controlled by using three gate-on enable signals
OE1, OE2 and OE3. Each of the gate-on enable signals OE1,
OE2 and OE3 is repeated by 12 pixel rows, and the signal
OE2 is made by shifting the signal OE1 by 4 rows, and the
signal OE3 is made by shifting the signal OE2 by 4 rows.
The signal OE(j=1, 2, 3, .. . ) blocks the gate-on pulses of
the (3i+j)-th (i=0, 1, 2, . . . ) gate lines.

[0077] Although the third and the fourth embodiments of
the present invention have been described with reference to
the four-line inversion, it is apparent that they are applicable
to all of the N-line inversions. For example, in the case of the
N-line inversion, the width of gate-on pulses can be con-
trolled by using (N-1) gate-on enable signals.

[0078] As described above, according to the present
invention, the charging ratio becomes higher by enlarging
the width of gate-on pulses applied to the gate lines for the
first row where the polarity is inverted. In addition, by
interposing a gap between gate-on pulses applied to gate
lines for two rows at the polarity inversion, the data signals
for the two rows are made not to overlap.

[0079] Although the present invention has been described
with reference to the preferred embodiments, those skilled in
the art will appreciate that the present invention will be
variously modified and changed in the scope without depart-
ing from spirit and scope of the present invention described
in the following claims.

What is claimed is:
1. A liquid crystal display comprising:

a plurality of gate lines transmitting gate-on pulses;
a plurality of data lines transmitting data signals; and

a plurality of pixels, each pixel connected to one of the
gate lines and one of the data lines to perform display
operation,

wherein each of the pixels comprises a switching element
turned on by the gate-on pulse from the associated gate
line to receive the data signal from the associated data
line, and width of at least one of the gate-on pulses is
different from width of other gate-on pulses.

2. The liquid crystal display of claim 1, wherein at least
one of the data signals has polarity different from other data
signals, and width of the gate-on pulse related to the data
signal with different polarity is larger than width of a
previous gate-on pulse.

3. A liquid crystal display comprising:

a plurality of gate lines sequentially transmitting gate-on
pulses;

a plurality of data lines sequentially transmitting data
signals with different polarity in relation to the gate-on
pulses; and

a plurality of pixels, each pixel connected to one of the
gate lines and one of the data lines to perform display
operation,

wherein each of the pixels comprises a switching element
turned on by the gate-on pulse from the associated gate
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line to receive the data signal from the associated data
line, and width of at least one of the gate-on pulses is
varied depending on polarity change of the data signals.
4. The liquid crystal display of claim 3, wherein width of
the gate-on pulse related to the data signal having polarity
different from a previous data signal among the data signals
is larger than width of the gate-on pulse related to a previous
data signal.
5. A liquid crystal display comprising:

a plurality of pixels; and

a plurality of signal lines connected to the pixels to apply
image signals thereto,

wherein duration of application of the image signal for at
least one of the pixels is different from duration of
application of the image signals for other pixels.

6. The liquid crystal display of claim 5, wherein the image
signal for the at least one of the pixels has polarity different
from polarity of the image signals for the other pixels, and
the duration of application of the image signal for the at least
one of the pixels is longer than the duration of application of
the image signals for the other pixels.

7. A liquid crystal display comprising:

a plurality of pixels; and

a plurality of signal lines connected to the pixels to
sequentially apply image signals with different polari-
ties to the pixels,

wherein duration of application of the image signals for
the pixels is varied depending on polarity change of the
image signals.

8. The liquid crystal display of claim 7, wherein duration
of application of the image signal with polarity different
from polarity of a previous image signal among the image
signals is longer than duration of application of the previous
image signal.

9. A device for driving a liquid crystal display including
a plurality of gate lines provided with gate-on pulses, a
plurality of data lines provided with data signals and a
plurality of pixels which have switching elements connected
to the gate lines and the data lines, disposed on areas defined
by the gate lines and the data lines, and arranged in a matrix,
the device comprising:

a timing controller outputting color signals for image
display, data control signals and gate control signals
including a first control signal having a pulse period
which varies depending on polarity change of the data
signals;

a gate driver sequentially applying to the gate lines the
gate-on pulses for selectively turning on the switching
¢lements based on the gate control signals; and

a data driver sequentially applying the data signals cor-
responding to the color signals to the data lines while
inverting polarity of the data signals based on the data
control signals.

10. The device of claim 9, wherein width of the gate-on
pulses becomes longer on the polarity inversion of the data
signals.

11. The device of claim 9, wherein the gate control signals
further comprise:
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a vertical synchronizing start signal for instructing to
begin outputting the gate-on pulses; and

a gate selection signal for controlling output time of the
gate-on pulses,

wherein the first control signal is a gate-on enable signal

for limiting width of the respective gate-on pulses.

12. The device of claim 11, wherein pulse period of the
gate selection signal is varied depending on pulse period of
the gate-on pulses.

13. The device of claim 12, wherein the data control
signals comprise a second control signal having the pulse
period which varies depending on polarity inversion of the
data signals.

14. The device of claim 9, wherein the gate control signals
further comprise a vertical synchronizing start signal for
instructing to begin outputting the gate-on pulses, and the
first control signal is a gate selection signal for controlling
output time of the gate-on pulses.

15. The device of claim 14, wherein the gate control
signals further comprise a gate-on enable signal for limiting
the width of the gate-on pulses.

16. The device of claim 15, wherein a pulse of the gate-on
enable signal is generated only on polarity inversion of the
data signal.

17. The device of claim 9, wherein the data control signals
are controlled so that pulse width of the data signals is
adjusted.

18. The device of claim 17, wherein the data control
signals are controlled so that pulse width of a first data signal
with polarity inversion is larger than pulse width of the
remaining data signals.

19. The device of claim 18, wherein the data control
signals are controlled so that width of the gate-on pulse
related to the first data signal with polarity inversion is larger
than width of the gate-on pulses related to the remaining data
signals.

20. The device of claim 19, wherein the gate control
signals are controlled so that a gate-on pulse related to the
first data signal with polarity inversion exist within the pulse
width of the first data signal with polarity inversion.

21. The device of claim 20, wherein the gate control
signals are controlled so that the gate-on pulses related to the
data signals after the first data signal with polarity inversion
overlap previous gate-on pulses.

22. A method for driving a liquid crystal display including
a plurality of pixels having switching elements and arranged
in a matrix, a plurality of gate lines transmitting gate-on
pulses to the switching elements, and a plurality of data lines
transmitting data signals with polarity inversion by the unit
of at least two data signals to the switching elements, the
method comprising:

receiving color signals and a timing signal for controlling
the color signals from an external device;

generating a load signal for determining application time
of the data signals on the basis of the timing signal,

supplying the data signals corresponding to the color
signals to the appropriate data lines in synchronization
with the load signal;
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generating gate control signals for controlling the gate-on
pulses on the basis of the timing signal, and

sequentially applying the gate-on pulses to the gate lines
in synchronization with the gate control signals,

wherein pulse period of at least one of the gate control
signals is varied depending on the polarity inversion of
the data signals, and the gate-on pulse related to a first
data signal with polarity inversion is larger than the
other gate-on pulses.

23. The method of claim 22, wherein the gate control
signals comprise a gate-on enable signal for limiting pulse
width of the gate-on pulses, and pulse period of the gate-on
enable signal is varied depending on the polarity inversion
of the data signals.

24. The method of claim 23, wherein the gate control
signals further comprise a gate selection signal for deter-
mining the application time of the gate-on pulses, and pulse
period of the gate selection signal is varied depending on the
polarity inversion of the data signals.

25. The method of claim 22, wherein the gate control
signals comprise a gate selection signal for determining the
application time of the gate-on pulses, and pulse period of
the gate selection signal is varied depending on the polarity
inversion of the data signals.

26. The method of claim 25, wherein the gate control
signals further comprise a gate-on enable signal for limiting
width of the gate-on pulses.

27. The method of claim 26, wherein a pulse of the
gate-on enable signal is generated only prior to the gate-on
pulse related to the first data signal with polarity inversion.

28. The method of claim 27, wherein the neighboring
gate-on pulses do not overlap each other.

29. The method of claim 27, wherein the gate-on pulse
related to the first data signal with polarity inversion does
riot overlap the previous gate-on pulse, and other neighbor-
ing gate-on pulses overlap each other.

30. The method of claim 29, wherein the gate control
signals comprise at least two gate-on enable signals, the
number of which is obtained by subtracting one from the
number of the neighboring data signals with the same
polarity unit.

31. The method of claim 30, wherein pulses of the gate-on
enable signals alternately limit the widths of the gate-on
pulses generated in sequence.

32. The method of claim 25, wherein duration of appli-
cation of the data signals for the data lines is varied
depending on the width of the related gate-on pulse.

33. The method of claim 32, wherein the duration of
application time of the data signals is varied by adjusting
pulse intervals of the load signal.

34. The method of claim 33, further comprising loading
the color signals in synchronization with a data enable signal
having a uniform pulse period.

35. The method of claim 33, further comprising loading
the color signals in synchronization with a data enable signal
having a pulse period which varies depending on the polarity
of the data signals.
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