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LIQUID CRYSTAL DISPLAY AND METHOD
FOR DRIVING THE SAME

[0001] This application claims the benefit of Korea Patent
Application No. 10-2007-0141118 filed on Dec. 29, 2007,
which is hereby incorporated by reference for all purposes as
if fully set forth herein.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] Exemplary embodiments of the invention relate to a
liquid crystal display and a method for driving the same.
Although the exemplary embodiments of the invention are
suitable for a wide scope of applications, they are particularly
suitable for preventing direct current (DC) image sticking,
flicker, and stains so as to increase the display quality.
[0004] 2. Discussion of the Related Art

[0005] Active matrix type liquid crystal displays display a
moving picture using a thin film transistor (TFT) as a switch-
ing element. The active matrix type liquid crystal displays
have been implemented televisions as well as display devices
in portable devices, such as office equipment and computers,
because of the thin profile of the active matrix type liquid
crystal displays. Accordingly, cathode ray tubes (CRT) are
being rapidly replaced by the active matrix type liquid crystal
displays.

[0006] Because a liquid crystal display shown in FIG. 1
switches a data voltage supplied to liquid crystal cells Cle
using a thin film transistor TFT formed in each liquid crystal
cell Clc to actively control data, the quality of a moving
picture can increase. In FIG. 1, Cst indicates a storage capaci-
tor for holding the data voltage charged to the liquid crystal
cell Cle. DL indicates a data line to which the data voltage is
supplied. GL indicates a scan line to which a scan voltage is
supplied.

[0007] The liquid crystal display is driven in an inversion
manner in which a polarity of the liquid crystal cells Clc is
inverted between the neighboring liquid crystal cells Clc and
the polarity is inverted every one frame period, so as to reduce
direct current (DC) offset components and to reduce the deg-
radation of a liquid crystal. If the data voltage with a prede-
termined polarity is dominantly supplied to the liquid crystal
cell Cle for a long time, image sticking may occur. The image
sticking is called direct current (DC) image sticking because
the liquid crystal cells Clc are repeatedly charged to a voltage
with the same polarity. For instance, in case the data voltage
is supplied to the liquid crystal display in an interlaced man-
ner, the DC image sticking occurs. In the interlaced manner,
the data voltage is supplied to the liquid crystal cells of
odd-numbered horizontal lines during odd-numbered frame
periods, and the data voltage is supplied to the liquid crystal
cells of even-numbered horizontal lines during even-num-
bered frame periods.

[0008] FIG. 2 is a waveform diagram showing an example
of the data voltage supplied to the liquid crystal cell Clc in the
interlaced manner. In FIG. 2, it is assumed that the liquid
crystal cells Cle to which the data voltage is supplied are
positioned on odd-numbered horizontal lines.

[0009] As shown in FIG. 2, a positive polarity data voltage
is supplied to the liquid crystal cells Clc during odd-num-
bered frame periods, and a negative polarity data voltage is
supplied to the liquid crystal cells Clc during even-numbered
frame periods. In the interlaced manner, a high data voltage of
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a positive polarity is supplied to the liquid crystal cells Clc of
the odd-numbered horizontal lines during only the odd-num-
bered frame periods. Therefore, as can be seen from a wave-
form in a box area of FIG. 2, the positive polarity data voltage
is supplied more dominantly than the negative polarity data
voltage in 4 frame periods, and thus the DC image sticking
appears.

[0010] FIG. 3 shows a screen of an experimental result of
the DC image sticking appearing by interlaced data. If an
original image shown in a left side of FIG. 3 is supplied to the
liquid crystal display for a certain time in the interlaced man-
ner, the data voltage, whose a polarity changes in each frame
period, noticeably changes depending on the odd-numbered
frame periods and the even-numbered frame periods as
shown in FIG. 2. As a result, if after the supply of the original
image, a data voltage with a middle gray level, for example,
127 gray levels is supplied to all the liquid crystal cells Clc of
a liquid crystal display panel, the original image is blurrily
displayed on the screen as in an image shown in a right side of
FIG. 3. The image shown in the right side of FIG. 3 is the DC
image sticking.

[0011] As another example of the DC image sticking, ifthe
same image is moved or scrolled at a constant speed, voltages
of the same polarity are repeatedly accumulated on the liquid
crystal cell Cle depending on a relationship between the size
of a scrolled picture and a scrolling speed (moving speed).
Hence, the DC image sticking may appear. Another example
of the DC image sticking is shown in FIG. 4. FIG. 4 shows a
screen of an experimental result of the DC image sticking
appearing when an oblique line pattern and a character pat-
tern are moved at a certain speed.

[0012] The display quality of the liquid crystal display is
reduced by a flicker phenomenon as well as the DC image
sticking. The flicker phenomenon means a luminances differ-
ence that can be periodically observed with the naked eye.
Accordingly, the DC image sticking and the flicker phenom-
enon have to be simultaneously prevented so as to improve the
display quality of the liquid crystal display.

[0013] Stains may appear onthe display screen of the liquid
crystal display. If a DC voltage of the same polarity is applied
to a liquid crystal layer for a long time, impurity ions in the
liquid crystal layer are separated depending on a polarity of
the liquid crystal. Further, ions with different polarities are
respectively accumulated on a pixel electrode and a common
electrode inside the liquid crystal cells. If a DC voltage is
applied to the liquid crystal layer for a long time, the amount
of accumulated ions increases. Hence, an alignment layer is
degraded and alignment characteristics of the liquid crystal
are degraded. In other words, the application of the DC volt-
age to the liquid crystal display for the long time may cause
stains on the display screen. The development of a liquid
crystal material with a low dielectric constant or a method for
improving an alignment material or an alignment method
have been attempted so as to solve the stain problem. How-
ever, it takes a long time and a heavy expense to develop a
material used in the method. The use of the liquid crystal
material with the low permittivity may reduce the drive char-
acteristics of the liquid crystal. According to the experimental
findings, as the amount of impurities ionized inside the liquid
crystal layer increases and an acceleration factor becomes
large, a time when the stains are revealed becomes rapider.
The acceleration factor may include a temperature, time, DC
drive of the liquid crystal, and the like. Accordingly, the stains
may worsen at a high temperature or when the DC voltage of
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the same polarity is applied to the liquid crystal layer for the
long time. Because the stains non-uniformly appear between
panels manufactured through the same manufacture line, the
stain problem cannot be solved only the development of new
material oran improvement method of process. A method for
suppressing the DC drive of the liquid crystal is effective in
solving the stain problem.

SUMMARY OF THE INVENTION

[0014] Accordingly, exemplary embodiments of the inven-
tion provide a liquid crystal display and a method for driving
the same capable of preventing DC image sticking, flicker,
and stains so as to increase the display quality.

[0015] Additional features and advantages of the exem-
plary embodiments of the invention will be set forth in the
description which follows, and in part will be apparent from
the description, or may be learned by practice of the exem-
plary embodiments of the invention. The objectives and other
advantages of the exemplary embodiments of the invention
will be realized and attained by the structure particularly
pointed out in the written description and claims hereof as
well as the appended drawings.

[0016] In one aspect, a liquid crystal display comprises a
liquid crystal display panel including a plurality of data lines,
aplurality of gate lines crossing the data lines, and a plurality
of liquid crystal cells, a data drive circuit that inverts a polarity
of a data voltage supplied to the data lines in response to a
polarity control signal, a gate drive circuit that supplies a gate
pulse to the gate lines, and a timing controller that generates
the polarity control signal and controls the data drive circuit
and the gate drive circuit, wherein a logic inverting period of
the polarity control signal during frame periods ranging from
an Nth frame period among M frame periods to 2 to 4 frame
periods following the Nth frame period is longer than a logic
inverting period of the polarity control signal in the other
frame periods, where N is an integer equal to or larger than 4
and M is larger than N.

[0017] The liquid crystal cells in one frame period of the M
frame periods is charged to the data voltage whose a polarity
is opposite to a polarity of the data voltage in a previous frame
period of one frame period, and the liquid crystal cells are
time-divided into a plurality of liquid crystal cell groups
during the frame periods ranging from the Nth frame period to
2 to 4 frame periods following the Nth frame period, and the
liquid crystal cells belonging to each of the plurality of liquid
crystal cell groups are charged to the data voltage with the
same polarity during the two neighboring frame periods
among the frame periods ranging from the Nth frame period
to 2 to 4 frame periods following the Nth frame period.

[0018] Inanother aspect, a method of driving a liquid crys-
tal display including a liquid crystal display panel including a
plurality of data lines, a plurality of gate lines crossing the
data lines, and a plurality of liquid crystal cells, a data drive
circuit that inverts a polarity of a data voltage supplied to the
data lines in response to a polarity control signal, a gate drive
circuit that supplies a gate pulse to the gate lines, and a timing
controller that generates the polarity control signal and con-
trols the data drive circuit and the gate drive circuit, the
method comprises allowing a logic inverting period of the
polarity control signal during frame periods ranging from an
Nth frame period among M frame periods to 2 to 4 frame
periods following the Nth frame period to be longer than a
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logic inverting period of the polarity control signal in the
other frame periods, where N is an integer equal to or larger
than 4 and M is larger than N.

[0019] Itisto be understood that both the foregoing general
description and the following detailed description are exem-
plary and explanatory and are intended to provide further
explanation of embodiments of the invention as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020] 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 invention. In
the drawings.

[0021] FIG. 1 is an equivalent circuit diagram showing a
liquid crystal cell of a liquid crystal display;

[0022] FIG. 2is a waveform diagram showing an example
of data supplied in an interlaced manner;

[0023] FIG. 3 shows a screen of an experimental result of
DC image sticking appearing by interlaced data;

[0024] FIG. 4 shows a screen of an experimental result of
DC image sticking appearing by scrolling data;

[0025] FIG. 5 is a diagram for explaining a principal in
which DC image sticking does not appear in scrolling data
when a method for driving a liquid crystal display according
to an exemplary embodiment of the invention is applied;
[0026] FIG. 6 shows an experimental result of a flicker
phenomenon appearing in an Nth frame period;

[0027] FIG. 7 is a block diagram of the liquid crystal dis-
play according to the exemplary embodiment of the inven-
tion;

[0028] FIG. 8 is a diagram showing a polarity of a data
voltage charged to liquid crystal cells in a first implementa-
tion of the method for driving the liquid crystal display;
[0029] FIG. 9 is a waveform diagram showing a polarity
control signal for controlling the polarity of the data voltage
of FIG. 8;

[0030] FIG. 10 is a diagram showing a polarity of a data
voltage charged to the liquid crystal cells in a second imple-
mentation of the method for driving the liquid crystal display;
[0031] FIG. 11 is a waveform diagram showing a polarity
control signal for controlling the polarity of the data voltage
of FIG. 10,

[0032] FIG. 12 is a diagram showing a polarity of a data
voltage charged to the liquid crystal cells in a third implemen-
tation of the method for driving the liquid crystal display;
[0033] FIG. 13 is a waveform diagram showing a polarity
control signal for controlling the polarity of the data voltage
of FIG. 12;

[0034] FIG. 14 is a diagram showing a polarity of a data
voltage charged to the liquid crystal cells in a fourth imple-
mentation of the method for driving the liquid crystal display;
[0035] FIG. 15 is a waveform diagram showing a polarity
control signal for controlling the polarity of the data voltage
of FIG. 14,

[0036] FIG. 16 is a diagram showing a polarity of a data
voltage charged to the liquid crystal cells in a fifth implemen-
tation of the method for driving the liquid crystal display; and
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[0037] FIG. 17 is a waveform diagram showing a polarity
control signal for controlling the polarity of the data voltage
of FIG. 16.

DETAILED DESCRIPTION OF THE
ILLUSTRATED EMBODIMENTS

[0038] Hereinafter, an exemplary embodiment will be
described in detail with reference to FIGS. 5 to 17.

[0039] FIGS. 5 to 8 are diagrams for explaining a principal
in which direct current (DC) image sticking 1s suppressed in
a liquid crystal display according to an exemplary embodi-
ment of the invention.

[0040] The exemplary embodiment of the invention inverts
a polarity of a data voltage in each frame period in scrolling
data moving symbols or characters at 8-pixel speed in each
frame period using a polarity control signal POL for control-
ling a polarity of a data voltage output from a data drive
circuit, and controls the polarity of the data voltage in an N-th
(where N is an integer equal to or larger than 4) frame period
every M (where M is larger than N) frame periods to be the
same as the polarity of the data voltage in a previous frame
period of the N-th frame period. For instance, as shown in
FIG. 5, liquid crystal cells are charged to data voltages of
symbol or character in frame periods indicated by oblique
lines in FIG. 5. Polarities of the data voltages changes to “++”,
“—=7,“++” and “--""1n octuple-numbered frame periods and
previous frame periods. Accordingly, the exemplary embodi-
ment of the invention periodically inverts a polarity of a
voltage charged to the liquid crystal cells in scrolling data
moving symbols or characters at a certain speed to suppress
DC image sticking appearing by the accumulation of the data
voltages with the same polarity and DC drive of a liquid
crystal, thereby preventing the appearance of stains.

[0041] As can be seen from a light waveform of FIG. 6
which is an output waveform diagram of a photosensor on a
liquid crystal display panel, because the liquid crystal cells
are repeatedly charged to the data voltage having the same
polarity as the data voltage in the previous frame period of the
N-th frame period during the N-th frame period, the DC
image sticking can be prevented. However, the amount of
light may increase by the excessive accumulation of the data
voltages charged to the liquid crystal cells during the N-th
frame period. An observer may see a flicker phenomenon, in
which a luminance increases every N frame periods, by the
accumulation of the data voltages with the same polarity.
Accordingly, the liquid crystal display and the driving
method thereof according to the exemplary embodiment of
the invention control a phase of the polarity control signal
POL and timely disperse the liquid crystal cells successively
charged to the data voltage with the same polarity during two
frame periods as shown in FIGS. 8 to 17. In other words, the
liquid erystal display and the driving method thereof accord-
ing to the exemplary embodiment of the invention disperse
the liquid crystal cells charged to the data voltage of the same
polarity during two frame periods among 2 to 4 frame periods
following the N-th frame period using only the polarity con-
trol signal POL to prevent the flicker phenomenon in the N-th
frame period and the DC drive of the liquid crystal. Hence, the
stains can be prevented.

[0042] FIG. 7 is a block diagram of the liquid crystal dis-
play according to the exemplary embodiment of the inven-
tion.

[0043] As shown in FIG. 7, the liquid crystal display
according to the exemplary embodiment of the invention
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includes a liquid crystal display panel 70, a timing controller
71, a data drive circuit 72, and a gate drive circuit 73.

[0044] The liquid crystal display panel 70 includes an
upper glass substrate, a lower glass substrate, and a liquid
crystal layer between the upper and lower glass substrates.
The lower glass substrate of the liquid crystal display panel 70
includes m data lines D1 to Dm and n gate lines G1 to Gn
crossing each other. The liquid crystal display panel 70
includes mxn liquid crystal cells Cle arranged in a matrix
array at each crossing of the m data lines D1 to Dm and the n
gate lines G1 to Gn. The liquid crystal cells Cle include a first
liquid crystal cell group and a second liquid crystal cell group.
The lower glass substrate further includes a thin film transis-
tor TFT, a pixel electrode 1 of the liquid crystal cell Clc
connected to the thin film transistor TFT, and a storage
capacitor Cst, and the like.

[0045] The upper glass substrate of the liquid crystal dis-
play panel 70 includes a black matrix, a color filter, and a
commor electrode 2. The common electrode 2 is formed on
the upper glass substrate in a vertical electric drive manner,
such as a twisted nematic (TN) mode and a vertical alignment
(VA) mode. The common electrode 2 and the pixel electrode
1 are formed on the lower glass substrate in a horizontal
electric drive manner, such as an in-plane switching (IPS)
mode and a fringe field switching (FFS) mode. Polarizers
having optical axes that cross at a right angle are attached
respectively to the upper and lower glass substrates. Align-
ment layers for setting a pre-tilt angle of the liquid crystal in
an interface contacting the liquid crystal are respectively
formed on the upper and lower glass substrates.

[0046] The timing controller 71 divides digital video data
RGB into odd-numbered pixel data RGBodd and even-num-
bered pixel data RGBeven so as to lower a transmission
frequency of the digital video data RGB, and then supplies the
data RGBodd and RGBeven to the data drive circuit 72
through 6 data buses. The timing controller 71 receives timing
signals, such as vertical and horizontal sync signals Vsync
and Hsync, a data enable signal DE, a clock signal CLK, and
produces timing control signals for controlling operation tim-
ing of the data drive circuit 72 and the gate drive circuit 73.
The timing control signals include a gate start pulse GSP, a
gate shift clock signal GSC, a gate output enable signal GOE,
a source start pulse SSP, a source sampling clock signal SSC,
a source output enable signal SOE, and a polarity control
signal POL. The gate start pulse GSP indicates a scan start
line of a scan operation in 1 vertical period in which one
screen is displayed. The gate shift clock signal GSC is a
timing control signal that is input to a shift resistor installed in
the gate drive circuit 73 to sequentially shift the gate start
pulse GSP, and has a pulse width corresponding to a turned-
on period of the thin film transistor TFT. The gate output
enable signal GOE directs an output of the gate drive circuit
73. The source start pulse SSP indicates a start pixel in 1
horizontal line to which data will be displayed. The source
sampling clock signal SSC directs adata latch operation to the
data drive circuit 72 based on a rising or falling edge. The
source output enable signal SOE directs an output of the data
drive circuit 72. The polarity control signal POL indicates a
polarity of the data voltage that will be supplied to the liquid
crystal cells Clc of the liquid crystal display panel 70. A logic
state of the polarity control signal POL is inverted every n
horizontal periods (where, nis a positive integer), and a phase
of the polarity control signal POL is inverted every one frame
period. However, a logic inverting period of the polarity con-
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trol signal POL during frame periods ranging from the N-th
frame period to 2 or more frame periods following the N-th
frame period is longer than a logic inverting period of the
polarity control signal in the other frame periods.

[0047] The data drive circuit 72 latches the digital video
data RGBodd and RGBeven under the control of the timing
controller 71. Then, the data drive circuit 72 converts the
digital video data RGBodd and RGBeven into analog positive
and negative gamma compensation voltages to supply the
positive and negative gamma compensation voltages to the
data lines D1 to Dm. The data drive circuit 72 inverts the
polarity of the data voltage in response to the polarity control
signal POL. While the data drive circuit 72 outputs the nega-
tive polarity data voltage when the polarity control signal
POL is inalow logic state, the data drive circuit 72 outputs the
positive polarity data voltage when the polarity control signal
POL is in a high logic state.

[0048] The gate drive circuit 73 includes a shift resistor, a
level shifter for shifting an output signal of the shift resistor to
a swing width suitable for a TFT drive of the liquid crystal
cells Clc, and an output buffer. The gate drive circuit 73
includes a plurality of gate drive integrated circuits (ICs) and
sequentially outputs gate pulses (or scan pulses) each having
a width of about 1 horizontal period.

[0049] FIGS. 8 and 9 are diagrams showing a first imple-
mentation of the method for driving the liquid crystal display
according to the exemplary embodiment of the invention.
[0050] In FIG. 8, “+” indicates the liquid crystal cells
charged to the positive polarity data voltage, and “~” indi-
cates the liquid crystal cells charged to the negative polarity
data voltage. As an example of the liquid crystal cells, four
liquid crystal cells aligned in a direction of the data line are
shown in FIG. 12. A transverse axis indicates a frame period,
namely, time, and a longitudinal axis indicates lines, namely,
the display surface. The hatched liquid crystal cells are the
liquid crystal cells charged to the data voltage with the same
polarity during two frame periods every N frame periods.
[0051] As shown in FIGS. 8 and 9, the timing controller 71
generates the polarity control signal POL, whose a logic state
is inverted every one horizontal period in order of high, low,
high, and low logic states, in odd-numbered frame periods of
first to (N-1)th frame periods. The timing controller 71 gen-
erates the polarity control signal POL, whose a logic state is
inverted every one horizontal period in order of low, high,
low, and high logic states, in even-numbered frame periods of
the first to (N-1)th frame periods. Hence, a phase of the
polarity control signal POL can be inverted in each of the first
to (N-1)th frame periods. In other words, a polarity of the
data voltage charged to all the liquid crystal cells during one
frame period of the first to (N-1)th frame periods is different
from a polarity of the data voltage charged to all the liquid
crystal cells during a next frame period.

[0052] The timing controller 71 fixes the polarity control
signal POL in a low logic state during an Nth frame period.
Accordingly, the liquid crystal cells of odd-numbered lines
Line#l, Line#3, Line#5, . . . in the Nth frame period are
charged to a negative polarity data voltage equal to the polar-
ity of the data voltage charged to the liquid crystal cells of
odd-numbered lines Line#1, Line#3, Line#5, . . . in the (N=1)
th frame period.

[0053] After the timing controller 71 generates the polarity
control signal POL, whose a logic state is inverted every one
horizontal period in order of high, low, high, and low logic
states, in an (N+1)th frame period, a phase of the polarity
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control signal POL is inverted in each of the (N+1)th to
(2N-1)th frame periods. As a result, the liquid crystal cells of
even-numbered lines Line#2, Line#4, Line#6, . . . in the
(N+1)th frame period are charged to a negative polarity data
voltage equal to the polarity ofthe data voltage charged to the
liquid crystal cells of even-numbered lines Line#2, Line#4,
Line#6, . . . in the Nth frame period. Further, a polarity of the
data voltage charged to all the liquid crystal cells in a frame
period of the (N+2)th to (2N-1)th frame periods is opposite to
a polarity of the data voltage charged to all the liquid crystal
cells in a next frame period.

[0054] The timing controller 71 fixes the polarity control
signal POL in a high logic state during a 2Nth frame period.
Accordingly, the liquid crystal cells of odd-numbered lines
Line#l, Line#3, Line#5, . . . in the 2Nth frame period are
charged to a positive polarity data voltage equal to the polarity
of the data voltage charged to the liquid crystal cells of odd-
numbered lines Line#1, Line#3, Line#5, . . . inthe (2N-1)th
frame period.

[0055]  After the timing controller 71 generates the polarity
control signal POL, whose a logic state is inverted every one
horizontal period in order of low, high, low, and high logic
states, in a (2N+1)th frame period, a phase of the polarity
control signal POL is inverted in each of the 2N+1)th to
(3N-1)th frame periods. As a result, the liquid crystal cells of
even-numbered lines Line#2, Line#4, Line#6, . . . in the
(2N+1)th frame period are charged to a positive polarity data
voltage equal to the polarity ofthe data voltage charged to the
liquid crystal cells of even-numbered lines Line#2, Line#4,
Line#6, . . .in the 2Nth frame period. Further, a polarity of the
data voltage charged to all the liquid crystal cells in a frame
period of the (2N+2)th to (3N-1)th frame periods is opposite
to apolarity of the data voltage charged to all theliquid crystal
cells in a next frame period.

[0056] Theliquid crystal display and the method for driving
the same according to the first implementation time-divide
the liquid crystal cells into the odd-numbered liquid crystal
cells and the even-numbered liquid crystal cells during two
frame periods, and charge the liquid crystal cells in the Nth
frame period to the data voltage whose a polarity is equal to a
polarity of the data voltage charged to the liquid crystal cells
in a previous frame period of the Nth frame period every N
frame periods. Hence, the flicker appearing every N frame
periods can be reduced. Further, the liquid crystal display and
the method for driving the same according to the first imple-
mentation changes a polarity of the data voltage charged to
the liquid crystal cells every N frame periods from “++” into
“~=" or from “~-" into “++”, thereby suppressing the DC
drive of the liquid crystal cells. Hence, the stains can be
reduced.

[0057] FIGS.10and 11 are diagrams showing a first imple-
mentation of the method for driving the liquid crystal display
according to the exemplary embodiment of the invention.

[0058] In FIG. 10, “+” indicates the liquid crystal cells
charged to the positive polarity data voltage, and “~” indi-
cates the liquid crystal cells charged to the negative polarity
data voltage. As an example of the liquid crystal cells, four
liquid crystal cells aligned in a direction of the data line are
shown in FIG. 12. A transverse axis indicates a frame period,
namely, time, and a longitudinal axis indicates lines, namely,
the display surface. The hatched liquid crystal cells are the
liquid crystal cells charged to the data voltage with the same
polarity during two frame periods every N frame periods.
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[0059] As shown in FIGS. 10 and 11, the timing controller
71 generates the polarity control signal POL, whose a logic
state is inverted every one horizontal period in order of high,
low, high, and low logic states, in odd-numbered frame peri-
ods of first to (N=-1)th frame periods. The timing controller 71
generates the polarity control signal POL, whose a logic state
is inverted every one horizontal period in order of low, high,
low, and high logic states, in even-numbered frame periods of
the first to (N-1)th frame periods Hence, a phase of the
polarity control signal POL can be inverted in each of the first
to (N-1)th frame periods. In other words, a polarity of the
data voltage charged to all the liquid crystal cells during one
frame period of the first to (N-1)th frame periods is different
from a polarity of the data voltage charged to all the liquid
crystal cells during a next frame period.

[0060] The timing controller 71 allows the polarity control
signal POL to sequentially go through low, high, high, and
low logic states in an Nth frame period. In other words, after
initial 1 horizontal period elapses, the logic state of the polar-
ity control signal POL is inverted, and then the logic state of
the polarity control signal POL is inverted every 2 horizontal
periods. Accordingly, the liquid crystal cells of (4k+1)th lines
Line#l, Line#5, . . . in the Nth frame period are charged to a
negative polarity data voltage equal to the polarity of the data
voltage charged to the liquid crystal cells of (4k+1)th lines
Line#l, Line#5, . . . in the (N-1)th frame period, where k is an
integer equal to or larger than Q. Further, the liquid crystal
cells of (4k+2)th lines Line#2, Line#6, . . . in the Nth frame
period are charged to a positive polarity data voltage equal to
the polarity of the data voltage charged to the liquid crystal
cells of (4k+2)th lines Line#2, Line#6, . . . in the (N-1)th
frame period.

[0061] After the timing controller 71 generates the polarity
control signal POL, whose a logic state is inverted every one
horizontal period in order of high, low, high, and low logic
states, in an (N+1)th frame period, a phase of the polarity
control signal POL is inverted in each of the (N+1)th to
(2N-1)th frame periods. As a result, the liquid crystal cells of
(4k+3)th lines Line#3, Line#7, . . . in the (N+1)th frame
period are charged to a positive polarity data voltage equal to
the polarity of the data voltage charged to the liquid crystal
cells of (4k+3)th lines Line#3, Line#7, . . . in the Nth frame
period. The liquid crystal cells of (4k+4)th lines Line#d,
Line#8, . . . in the (N+1)th frame period are charged to a
negative polarity data voltage equal to the polarity of the data
voltage charged to the liquid crystal cells of (4k+4)th lines
Line#d, Line#8, . . . in the Nth frame period. Further, a
polarity of the data voltage charged to all the liquid crystal
cells during one frame period of the (N+2)th to (2N-1)th
frame periods is different from a polarity of the data voltage
charged to all the liquid crystal cells during a next frame
period.

[0062] The timing controller 71 generates the polarity con-
trol signal POL, whose a phase is opposite to a phase of the
polarity control signal POL in the Nth frame period, in a 2Nth
frame period. A logic state of the polarity control signal POL
is inverted in order of high, low, low, and high logic states in
the 2Nth frame period. In other words, after initial 1 horizon-
tal period elapses, the logic state of the polarity control signal
POL is inverted, and then the logic state of the polarity control
signal POL is inverted every 2 horizontal periods. Accord-
ingly, the liquid crystal cells of (4k+1)th lines Line#l,
Line#5, . . . in the 2Nth frame period are charged to a positive
polarity data voltage equal to the polarity of the data voltage
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charged to the liquid crystal cells of (4k+1)th lines Line#1,
Line#5, . . . in the (2N-1)th frame period. Further, the liquid
crystal cells of (4dk+2)th lines Line#2, Line#6, . . . in the 2Nth
frame period are charged to a negative data voltage equal to
the polarity of the data voltage charged to the liquid crystal
cells of (4k+2)th lines Line#2, Line#6, . . . in the (2N-1)th
frame period.

[0063] After the timing controller 71 generates the polarity
control signal POL, whose a logic state is inverted every one
horizontal period in order of low, high, low, and high logic
states, in a (2N+1)th frame period, a phase of the polarity
control signal POL is inverted in each of the (2N+1)th to
(3N-1)th frame periods. As a result, the liquid crystal cells of
(4k+3)th lines Line#3, Line#7, . . . in the (2N+1)th frame
period are charged to a negative polarity data voltage equal to
the polarity of the data voltage charged to the liquid crystal
cells of (4k+3)th lines Line#3, Line#7, . . . in the 2Nth frame
period. The liquid crystal cells of (4k+4)th lines Line#d,
Line#8, . . . in the (2N+1)th frame period are charged to a
positive polarity data voltage equal to the polarity of the data
voltage charged to the liquid crystal cells of (4k+4)th lines
Line#d, Line#8, . . . in the 2Nth frame period. Further, a
polarity of the data voltage charged to all the liquid crystal
cells during one frame period of the (2N+2)th to (3N-1)th
frame periods is different from a polarity of the data voltage
charged to all the liquid crystal cells during a next frame
period.

[0064] Theliquid crystal display and the method for driving
the same according to the second implementation time-divide
the liquid crystal cells into the liquid crystal cells of the
(4k+1)th lines and the (4k+2)th lines and the liquid crystal
cells of the (4k+3)th lines and the (4k+4)th lines during two
frame periods, and charge the liquid crystal cells in the Nth
frame period to the data voltage whose a polarity is equal to a
polarity of the data voltage charged to the liquid crystal cells
in a previous frame period of the Nth frame period every N
frame periods. Hence, the flicker appearing every N frame
periods can be reduced. Further, the liquid crystal display and
the method for driving the same according to the second
implementation changes a polarity of the data voltage
charged to the liquid crystal cells every N frame periods from
“++” into “—=" or from “-="into “++”, thereby suppressing
the DC drive of the liquid crystal cells. Hence, the stains can
be reduced.

[0065] FIGS. 12 and 13 are diagrams showing a third
implementation of the method for driving the liquid crystal
display according to the exemplary embodiment of the inven-
tion.

[0066] In FIG. 12, “+” indicates the liquid crystal cells
charged to the positive polarity data voltage, and “~” indi-
cates the liquid crystal cells charged to the negative polarity
data voltage. As an example of the liquid crystal cells, four
liquid crystal cells aligned in a direction of the data line are
shown in FIG. 12. A transverse axis indicates a frame period,
namely, time, and a longitudinal axis indicates lines, namely,
the display surface. The hatched liquid crystal cells are the
liquid crystal cells charged to the data voltage with the same
polarity during two frame periods every N frame periods.
[0067] As shown in FIGS. 12 and 13, the timing controller
71 generates the polarity control signal POL, whose a logic
state is inverted every one horizontal period in order of high,
low, high, and low logic states, in odd-numbered frame peri-
ods of first to (N-1)th frame periods. The timing controller 71
generates the polarity control signal POL, whose a logic state
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is inverted every one horizontal period in order of low, high,
low, and high logic states, in even-numbered frame periods of
the first to (N=1)th frame periods. Hence, a phase of the
polarity control signal POL can be inverted in each of the first
to (N-1)th frame periods. In other words, a polarity of the
data voltage charged to all the liquid crystal cells during one
frame period of the first to (N=-1)th frame periods is different
from a polarity of the data voltage charged to all the liquid
crystal cells during a next frame period.

[0068] The timing controller 71 allows the polarity control
signal POL to sequentially go through low, low, high, and
high logic states in an Nth frame period. The logic state of the
polarity control signal POL is inverted every 2 horizontal
periods. Accordingly, the liquid crystal cells of (4k+1)th lines
Line#l, Line#5, . . . in the Nth frame period are charged to a
negative polarity data voltage equal to the polarity of the data
voltage charged to the liquid crystal cells of (4k+1)th lines
Line#l, Line#5, . . . in the (N-1)th frame period. Further, the
liquid crystal cells of (4k+4)th lines Line#4, Line#8, . . . in the
Nth frame period are charged to a positive polarity data volt-
age equal to the polarity of the data voltage charged to the
liquid crystal cells of (4k+4)th lines Line#4, Line#8, . . . in the
(N=-1)th frame period.

[0069] After the timing controller 71 generates the polarity
control signal POL, whose a logic state is inverted every one
horizontal period in order of high, low, high, and low logic
states, in an (N+1)th frame period, a phase of the polarity
control signal POL is inverted in each of the (N+1)th to
(2N-1D)th frame periods. As a result, the liquid crystal cells of
(4k+2)th lines Line#2, Line#6, . . . in the (N+1)th frame
period are charged to a negative polarity data voltage equal to
the polarity of the data voltage charged to the liquid crystal
cells of (4k+2)th lines Line#2, Line#6, . . . in the Nth frame
period. The liquid crystal cells of (4k+3)th lines Line#3,
Line#7, . . . in the (N+1)th frame period are charged to a
positive polarity data voltage equal to the polarity of the data
voltage charged to the liquid crystal cells of (4k+3)th lines
Line#3, Line#7, . . . in the Nth frame period. Further, a
polarity of the data voltage charged to all the liquid crystal
cells during one frame period of the (N+2)th to (2N-1)th
frame periods is different from a polarity of the data voltage
charged to all the liquid crystal cells during a next frame
period.

[0070] The timing controller 71 generates the polarity con-
trol signal POL, whose a phase is opposite to a phase of the
polarity control signal POL in the Nth frame period, in a 2Nth
frame period. A logic state of the polarity control signal POL
is inverted in order of high, high, low, and low logic states in
the 2Nth frame period, and the logic state of the polarity
control signal POL is inverted every 2 horizontal periods.
Accordingly, the liquid crystal cells of (4k+1)th lines Line#l,
Line#5, . . . in the 2Nth frame period are charged to a positive
polarity data voltage equal to the polarity of the data voltage
charged to the liquid crystal cells of (4k+1)th lines Line#1,
Line#5, . . . in the (2N-1)th frame period. Further, the liquid
crystal cells of (4k+4)th lines Line#4, Line#8, . . . in the 2Nth
frame period are charged to a negative data voltage equal to
the polarity of the data voltage charged to the liquid crystal
cells of (4k+4)th lines Line#d, Line#8, . . . in the (2N-1)th
frame period.

[0071] After the timing controller 71 generates the polarity
control signal POL, whose a logic state is inverted every one
horizontal period in order of low, high, low, and high logic
states, in a (2N+1)th frame period, a phase of the polarity
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control signal POL is inverted in each of the 2N+1)th to
(3N-1)th frame periods. As a result, the liquid crystal cells of
(4k+2)th lines Line#2, Line#6, . . . in the (2N+1)th frame
period are charged to a positive polarity data voltage equal to
the polarity of the data voltage charged to the liquid crystal
cells of (4k+2)th lines Line#2, Line#6, . . . in the 2Nth frame
period. The liquid crystal cells of (4k+3)th lines Line#3,
Line#7, . . . in the (2N+1)th frame period are charged to a
negative polarity data voltage equal to the polarity of the data
voltage charged to the liquid crystal cells of (4k+3)th lines
Line#3, Line#7, . . . in the 2Nth frame period. Further, a
polarity of the data voltage charged to all the liquid crystal
cells during one frame period of the (2N+2)th to (3N-1)th
frame periods is different from a polarity of the data voltage
charged to all the liquid crystal cells during a next frame
period.

[0072] Theliquid crystal display and the method for driving
the same according to the third implementation time-divide
the liquid crystal cells into the liquid crystal cells of the
(4k+1)th lines and the (4k+4)th lines and the liquid crystal
cells of the (4k+2)th lines and the (4k+3)th lines during two
frame periods, and charge the liquid crystal cells in the Nth
frame period to the data voltage whose a polarity is equal to a
polarity of the data voltage charged to the liquid crystal cells
in a previous frame period of the Nth frame period every N
frame periods. Hence, the flicker appearing every N frame
periods can be reduced. Further, the liquid crystal display and
the method for driving the same according to the third imple-
mentation changes a polarity of the data voltage charged to
the liquid crystal cells every N frame periods from “++”, into
“~=" or from “~-" into “++”, thereby suppressing the DC
drive of the liquid crystal cells. Hence, the stains can be
reduced.

[0073] FIGS. 14 and 15 are diagrams showing a fourth
implementation of the method for driving the liquid crystal
display according to the exemplary embodiment of the inven-
tion.

[0074] 1In FIG. 14, “+” indicates the liquid crystal cells
charged to the positive polarity data voltage, and “~” indi-
cates the liquid crystal cells charged to the negative polarity
data voltage. As an example of the liquid crystal cells, four
liquid crystal cells aligned in a direction of the data line are
shown in FIG. 12. A transverse axis indicates a frame period,
namely, time, and a longitudinal axis indicates lines, namely,
the display surface. The hatched liquid crystal cells are the
liquid crystal cells charged to the data voltage with the same
polarity during two frame periods every N frame periods.
[0075] As shown in FIGS. 14 and 15, the timing controller
71 generates the polarity control signal POL, whose a logic
state is inverted every one horizontal period in order of high,
low, high, and low logic states, in odd-numbered frame peri-
ods of first to (N-1)th frame periods. The timing controller 71
generates the polarity control signal POL, whose a logic state
is inverted every one horizontal period in order of low, high,
low, and high logic states, in even-numbered frame periods of
the first to (N-1)th frame periods. Hence, a phase of the
polarity control signal POL can be inverted in each of the first
to (N-1)th frame periods. In other words, a polarity of the
data voltage charged to all the liquid crystal cells during one
frame period of the first to (N-1)th frame periods is different
from a polarity of the data voltage charged to all the liquid
crystal cells during a next frame period.

[0076] The timing controller 71 allows the polarity control
signal POL to sequentially go through low, low, high, high,
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high and low logic states in an Nth frame period. In other
words, after initial 2 horizontal periods elapse, the logic state
of the polarity control signal POL is inverted, and then the
logic state of the polarity control signal POL is inverted every
3 horizontal periods. Accordingly, the liquid crystal cells of
(6k+1)thlines Line#1, Line#7, . . . in the Nth frame period are
charged to a negative polarity data voltage equal to the polar-
ity of the data voltage charged to the liquid crystal cells of
(6k+1)th lines Line#1, Line#7, . . . in the (N=1)th frame
period. Further, the liquid crystal cells of (6k+4)th lines
Line#d, Line#10, . . . in the Nth frame period are charged to a
positive polarity data voltage equal to the polarity of the data
voltage charged to the liquid crystal cells of (6k+4)th lines
Line#4, Line# 10, . . . in the (N-1)th frame period.

[0077] Thetiming controller 71 generates the polarity con-
trol signal POL, whose a logic state is inverted in order of
high, low, low, low, high, and high logic states during 6
horizontal periods, in an (N+1)th frame period. In other
words, after initial 1 horizontal period elapses, the logic state
of the polarity control signal POL is inverted, and then the
logic state of the polarity control signal POL is inverted every
3 horizontal periods. Accordingly, the liquid crystal cells of
(6k+2)th lines Line#2, Line#8, . . . in the (N+1)th frame
period are charged to a negative polarity data voltage equal to
the polarity of the data voltage charged to the liquid crystal
cells of (6k+2)th lines Line#2, Line#8, . . . in the Nth frame
period. Further, the liquid crystal cells of (6k+5)th lines
Line#5, Line#11, .. . in the (N+1)th frame period are charged
to a positive polarity data voltage equal to the polarity of the
data voltage charged to the liquid crystal cells of (6k+5)th
lines Line#5, Line#1, . . . in the Nth frame period.

[0078] After the timing controller 71 generates the polarity
control signal POL, whose a logic state is inverted every one
horizontal period in order of low, high, low, and high logic
states, in an (N+2)th frame period, a phase of the polarity
control signal POL is inverted in each of the (N+2)th to
(2N-1)th frame periods. As a result, the liquid crystal cells of
(6k+3)th lines Line#3, Line#9, . . . in the (N+2)th frame
period are charged to a negative polarity data voltage equal to
the polarity of the data voltage charged to the liquid crystal
cells of (6k+3)th lines Line#3, Line#9, . . . in the (N+1)th
frame period. The liquid crystal cells of (6k+6)th lines
Line#6, Line#12, .. . in the (N+2)th frame period are charged
to a positive polarity data voltage equal to the polarity of the
data voltage charged to the liquid crystal cells of (6k+6)th
lines Line#6, Line#12, . . . in the (N+1)th frame period.
Further, a polarity of the data voltage charged to all the liquid
crystal cells during one frame period of the (N+3)th to (2N-
1)th frame periods is different from a polarity of the data
voltage charged to all the liquid crystal cells during a next
frame period.

[0079] The timing controller 71 generates the polarity con-
trol signal POL, whose a phase is inverse to a phase of the
polarity control signal POL in the Nth frame period, in a 2Nth
frame period. The polarity control signal POL sequentially
goes through high, high, low, low, low, and high logic states
during 6 horizontal periods in the 2Nth frame period. After
initial 2 horizontal periods elapse, the logic state of the polar-
ity control signal POL is inverted, and then the logic state of
the polarity control signal POL is inverted every 3 horizontal
periods. Accordingly, the liquid crystal cells of (6k+1)th lines
Line#l, Line#7, . . . in the 2Nth frame period are charged to a
positive polarity data voltage equal to the polarity of the data
voltage charged to the liquid crystal cells of (6k+1)th lines
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Line#l, Line#7, . .. in the (2N-1)th frame period. Further, the
liquid crystal cells of (6k+4)th lines Line#4, Line#10, . . . in
the 2Nth frame period are charged to a negative data voltage
equal to the polarity of the data voltage charged to the liquid
crystal cells of (6k+4)th lines Line#d, Line#10, . . . in the
(2N-1)th frame period.

[0080] The timing controller 71 generates the polarity con-
trol signal POL, whose a phase is inverse to a phase of the
polarity control signal POL in the (N+1)th frame period, ina
(2N+Dth frame period. In other words, after initial 1 hori-
zontal period elapses, the logic state of the polarity control
signal POL is inverted, and then the logic state of the polarity
control signal POL is inverted every 3 horizontal periods.
Accordingly, the liquid crystal cells of (6k+2)th lines Line#2,
Line#8, . . . in the (ZN+1)th frame period are charged to a
positive polarity data voltage equal to the polarity of the data
voltage charged to the liquid crystal cells of (6k+2)th lines
Line#2, Line#8, . . . in the 2Nth frame period. Further, the
liquid crystal cells of (6k+5)th lines Line#5, Line#11, . . . in
the (2N+1)th frame period are charged to a negative polarity
data voltage equal to the polarity of the data voltage charged
to the liquid crystal cells of (6k+5)th lines Line#5, Line#11, .
.. in the 2Nth frame period.

[0081] After the timing controller 71 generates the polarity
control signal POL, whose a logic state is inverted every one
horizontal period in order of high, low, high, and low logic
states, in a (2N+2)th frame period, a phase of the polarity
control signal POL is inverted in each of the 2N+2)th to
(3N-1)th frame periods. As a result, the liquid crystal cells of
(6k+3)th lines Line#3, Line#9, . . . in the (2N+2)th frame
period are charged to a positive polarity data voltage equal to
the polarity of the data voltage charged to the liquid crystal
cells of (6k+3)th lines Line#3, Line#9, . . . in the (2N+1)th
frame period. The liquid crystal cells of (6k+6)th lines
Line#6, Line#12, . . . in the (2N+2)th frame period are
charged to a negative polarity data voltage equal to the polar-
ity of the data voltage charged to the liquid crystal cells of
(6k+6)th lines Line#6, Line#12, . . . in the (2N+1)th frame
period. Further, a polarity of the data voltage charged to all the
liquid crystal cells during one frame period of the (2N+3)th to
(3N-1)th frame periods is different from a polarity of the data
voltage charged to all the liquid crystal cells during a next
frame period.

[0082] Theliquid crystal display and the method for driving
the same according to the fourth implementation time-divide
the liquid crystal cells into the liquid crystal cells of the
(6k+1)th lines and the (6k+4)th lines, the liquid crystal cells
of the (6k+2)th lines and the (6k+5)th lines, and the liquid
crystal cells of the (6k+3)th lines and the (6k+6)th lines, and
charge the liquid crystal cells to the data voltage with the same
polarity during the two neighboring frame periods throughout
three frame periods every N frame periods. Hence, the flicker
appearing every N frame periods can be reduced. Further, the
liquid crystal display and the method for driving the same
according to the fourth implementation changes a polarity of
the data voltage charged to the liquid crystal cells every N
frame periods from “++” into “~=" or from “~=""into “++”,
thereby suppressing the DC drive of the liquid crystal cells.
Hence, the stains can be reduced.

[0083] FIGS.16and 17 are diagrams showing a fifth imple-
mentation of the method for driving the liquid crystal display
according to the exemplary embodiment of the invention.
[0084] In FIG. 16, “+” indicates the liquid crystal cells
charged to the positive polarity data voltage, and “~” indi-
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cates the liquid crystal cells charged to the negative polarity
data voltage. As an example of the liquid crystal cells, four
liquid crystal cells aligned in a direction of the data line are
shown in FIG. 12. A transverse axis indicates a frame period,
namely, time, and a longitudinal axis indicates lines, namely,
the display surface. The hatched liquid crystal cells are the
liquid crystal cells charged to the data voltage with the same
polarity during two frame periods every N frame periods.
[0085] As shown in FIGS. 16 and 17, the timing controller
71 generates the polarity control signal POL, whose a logic
state is inverted every one horizontal period in order of high,
low, high, and low logic states, in odd-numbered frame peri-
ods of first to (N-1)th frame periods. The timing controller 71
generates the polarity control signal POL, whose a logic state
is inverted every one horizontal period in order of low, high,
low, and high logic states, in even-numbered frame periods of
the first to (N-1)th frame periods. Hence, a phase of the
polarity control signal POL can be inverted in each of the first
to (N-1)th frame periods. In other words, a polarity of the
data voltage charged to all the liquid crystal cells during one
frame period of the first to (N-1)th frame periods is different
from a polarity of the data voltage charged to all the liquid
crystal cells during a next frame period.

[0086] The timing controller 71 allows the polarity control
signal POL to sequentially go through low, low, high, and low
logic states during 4 horizontal periods in an Nth frame
period. After initial 2 horizontal periods elapse, the polarity
control signal POL changes from the low logic state to the
high logic state. Then, after 1 horizontal period elapses, the
polarity control signal POL changes from the high logic state
to the low logic state. Then, the polarity control signal POL is
in the low logic state during 3 horizontal periods. Accord-
ingly, the liquid crystal cells of (4k+1)th lines Line#l,
Line#5, . . . in the Nth frame period are charged to a negative
polarity data voltage equal to the polarity of the data voltage
charged to the liquid crystal cells of (4k+1)th lines Line#1,
Line#5, . .. in the (N-1)th frame period.

[0087] The timing controller 71 generates the polarity con-
trol signal POL, whose a logic state is inverted every one
horizontal period in order of high, low, low, and high logic
states during 4 horizontal periods, in an (N+1)th frame period.
After initial 1 horizontal period elapses, the polarity control
signal POL changes from the high logic state to the low logic
state. Then, after 2 horizontal periods elapse, the polarity
control signal POL changes from the low logic state to the
high logic state. Then, the polarity control signal POL is in the
high logic state during 2 horizontal periods. Accordingly, the
liquid crystal cells of (4k+2)th lines Line#2, Line#®, . . . in the
(N+1)th frame period are charged to a negative polarity data
voltage equal to the polarity of the data voltage charged to the
liquid crystal cells of (4k+2)th lines Line#2, Line#, . . . in the
Nth frame period.

[0088] The timing controller 71 generates the polarity con-
trol signal POL, whose a logic state is inverted every one
horizontal period in order of low, high, low, and low logic
states during 4 horizontal periods, in an (N+2)th frame period.
After initial 1 horizontal period elapses, the polarity control
signal POL changes from the low logic state to the high logic
state. Then, after 1 horizontal period elapses, the polarity
control signal POL changes from the high logic state to the
low logic state. Then, the polarity control signal POL is in the
low logic state during 3 horizontal periods. Accordingly, the
liquid crystal cells of (4k+3)th lines Line#3, Line#7, . . . in the
(N+2)th frame period are charged to a negative polarity data

Jul. 2, 2009

voltage equal to the polarity ofthe data voltage charged to the
liquid crystal cells of (4k+3)th lines Line#3, Line#7, . . . inthe
(N+1)th frame period.

[0089] After the timing controller 71 generates the polarity
control signal POL, whose a logic state is inverted every one
horizontal period in order of high, low, high, and low logic
states, in an (N+3)th frame period, a phase of the polarity
control signal POL is inverted in each of (N+3)th to (2N-1)th
frame periods. As a result, the liquid crystal cells of (4k+4)th
lines Line#d, Line#8, . . . in the (N+3)th frame period are
charged to a negative polarity data voltage equal to the polar-
ity of the data voltage charged to the liquid crystal cells of
(4k+4)th lines Line#4, Line#8, . . . in the (N+2)th frame
period. Further, a polarity of the data voltage charged to all the
liquid crystal cells during one frame period of the (N+4)th to
(2N-1)th frame periods is different from a polarity of the data
voltage charged to all the liquid crystal cells during a next
frame period.

[0090] The timing controller 71 generates the polarity con-
trol signal POL, whose a phase is inverse to a phase of the
polarity control signal POL in the Nth frame period, in a 2Nth
frame period. The polarity control signal POL sequentially
goes through high, high, low, and high logic states during 4
horizontal periods in the 2Nth frame period. Accordingly, the
liquid crystal cells of (4k+1)th lines Line#1, Line#5, . . . in the
2Nth frame period are charged to a positive polarity data
voltage equal to the polarity ofthe data voltage charged to the
liquid crystal cells of (4k+1)th lines Line#1, Line#5, . . . inthe
(2N-1)th frame period.

[0091] The timing controller 71 generates the polarity con-
trol signal POL, whose a phase is inverse to a phase of the
polarity control signal POL in the (N+1)th frame period, ina
(2N+Dth frame period. The polarity control signal POL
sequentially goes through low, high, high, and low logic states
during 4 horizontal periods in the (2N+1)th frame period.
Accordingly, the liquid crystal cells of (4k+2)th lines Line#2,
Line#6, . . . in the (2N+1)th frame period are charged to a
positive polarity data voltage equal to the polarity of the data
voltage charged to the liquid crystal cells of (4k+2)th lines
Line#2, Line#6, . . . in the 2Nth frame period.

[0092] The timing controller 71 generates the polarity con-
trol signal POL, whose a phase is inverse to a phase of the
polarity control signal POL in the (N+2)th frame period, in a
(2N+2)th frame period. The polarity control signal POL
sequentially goes through high, low, high, and high logic
states during 4 horizontal periods in the (2N+2)th frame
period. Accordingly, the liquid crystal cells of (4k+3)th lines
Line#3, Line#7, . .. in the (2N+2)th frame period are charged
to a positive polarity data voltage equal to the polarity of the
data voltage charged to the liquid crystal cells of (4k+3)th
lines Line#3, Line#7, . . . in the (2N+1)th frame period.
[0093] The timing controller 71 generates the polarity con-
trol signal POL, whose a phase is inverse to a phase of the
polarity control signal POL in the (N+3)th frame period, in a
(ZN+3)th frame period. The polarity control signal POL
sequentially goes through low, high, low, and high logic states
during 4 horizontal periods in the (2N+3)th frame period.
Accordingly, the liquid crystal cells of (4k+4 )th lines Line#4,
Line#8, . . . in the (ZN+3)th frame period are charged to a
positive polarity data voltage equal to the polarity of the data
voltage charged to the liquid crystal cells of (4k+4)th lines
Line#d, Line#8, . . . in the (2N+2)th frame period. Further, a
polarity of the data voltage charged to all the liquid crystal
cells during one frame period of the (2N+4)th to (3N-1)th
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frame periods is different from a polarity of the data voltage
charged to all the liquid crystal cells during a next frame
period.

[0094] Theliquid crystal display and the method for driving
the same according to the fifth implementation time-divide
the liquid crystal cells into the liquid crystal cells of the
(4k+1)th lines, the liquid crystal cells of the (4k+2)th lines,
the liquid crystal cells of the (4k+3)th lines, and the liquid
crystal cells of the (4k+4)th lines, and charge the liquid crystal
cells to the data voltage with the same polarity during the two
neighboring frame periods throughout four frame periods
every N frame periods. Hence, the flicker appearing every N
frame periods can be reduced. Further, the liquid crystal dis-
play and the method for driving the same according to the
third implementation changes a polarity of the data voltage
charged to the liquid crystal cells every N frame periods from
“+4” into “—=""or from “~=" into “++”, thereby suppressing
the DC drive of the liquid crystal cells. Hence, the stains can
be reduced.

[0095] It will be apparent to those skilled in the art that
various modifications and variations can be made in the
embodiments of the invention without departing from the
spirit or scope of the invention. Thus, it is intended that
embodiments of the invention cover the modifications and
variations of this invention provided they come within the
scope of the appended claims and their equivalents.

What is claimed is:

1. A liquid crystal display comprising:

a liquid crystal display panel including a plurality of data
lines, a plurality of gate lines crossing the data lines, and
a plurality of liquid crystal cells;

a data drive circuit that inverts a polarity of a data voltage
supplied to the data lines in response to a polarity control
signal;

a gate drive circuit that supplies a gate pulse to the gate
lines; and

atiming controller that generates the polarity control signal
and controls the data drive circuit and the gate drive
circuit,

wherein a logic inverting period of the polarity control
signal during frame periods ranging from an Nth frame
period among M frame periods to 2 to 4 frame periods
following the Nth frame period is longer than a logic
inverting period of the polarity control signal in the other
frame periods, where N is an integer equal to or larger
than 4 and M is larger than N,

2. The liquid crystal display of claim 1, wherein the liquid
crystal cells in one frame period of the M frame periods are
charged to the data voltage whose a polarity is opposite to a
polarity of the data voltage in a previous frame period of one
frame period, and

the liquid crystal cells are time-divided into a plurality of
liquid crystal cell groups during the frame periods rang-
ing from the Nth frame period to 2 to 4 frame periods
following the Nth frame period, and the liquid crystal
cells belonging to each of the plurality of liquid crystal
cell groups are charged to the data voltage with the same
polarity during the two neighboring frame periods
among the frame periods ranging from the Nth frame
period to 2 to 4 frame periods following the Nth frame
period.

3. The liquid crystal display of claim 2, wherein a logic

state of the polarity control signal is inverted every one hori-
zontal period in order of high, low, high, and low logic states
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in odd-numbered frame periods of first to (N=1)th frame
periods, and a logic state of the polarity control signal is
inverse in each horizontal period in order of low, high, low,
and high logic states in even-numbered frame periods of the
first to (N-1)th frame periods, and

apolarity of the data voltage charged to all the liquid crystal
cells during one frame period of the first to (N=1)th
frame periods is different from a polarity of the data
voltage charged to all the liquid crystal cells during a
next frame period.

4. The liquid crystal display of claim 3, wherein the polar-
ity control signal is in a low logic state during the Nth frame
period, and

the liquid crystal cells include first to fourth liquid crystal

cells aligned in a direction of the data line, and the first to
third liquid crystal cells in the Nth frame period are
charged to a negative polarity data voltage equal to a
polarity of the data voltage in the (N-1)th frame period.

5. The liquid crystal display of claim 4, wherein a logic
state of the polarity control signal is inverted every one hori-
zontal period in order of high, low, high, and low logic states
in an (N+1)th frame period, a phase of the polarity control
signal is inverted in each of the (N+1)th to (2N-1)th frame
periods, and the polarity control signal is in a high logic state
during a 2Nth frame period,

the second and fourth liquid crystal cells in the (N+1)th
frame period are charged to a negative polarity data
voltage equal to a polarity of the data voltage in the Nth
frame period, and a polarity of the data voltage charged
to all the liquid crystal cells during one frame period of
the (N+2)th to (2N-1)th frame periods is inverse to a
polarity of the data voltage charged to all the liquid
crystal cells during a next frame period, and

the first and third liquid crystal cells in the 2Nth frame
period are charged to a positive polarity data voltage
equal to a polarity of the data voltage in the (2N-1)th
frame period.

6. The liquid crystal display of claim 3, wherein a logic
state of the polarity control signal is inverted in order of low,
high, high, and low logic states in the Nth frame period,

the liquid crystal cells include first to fourth liquid crystal
cells aligned in a direction of the data line, and

the first liquid crystal cell in the Nth frame period is
charged to a negative polarity data voltage equal to a
polarity of the data voltage in the (N-1)th frame period,
and the second liquid crystal cell in the Nth frame period
is charged to a positive polarity data voltage equal to a
polarity of the data voltage in the (N-1)th frame period.

7. The liquid crystal display of claim 6, wherein after a
logic state of the polarity control signal is inverted every one
horizontal period in order of high, low, high, and low logic
states in an (N+1)th frame period, a phase of the polarity
control signal is inverted in each of the (N+1)th to (2N-1)th
frame periods,

the third liquid crystal cell in the (N+1)th frame period is

charged to a positive polarity data voltage equal to a
polarity of the data voltage in the Nth frame period, and
the fourth liquid crystal cell in the (N+1)th frame period
is charged to a negative polarity data voltage equal to a
polarity of the data voltage in the Nth frame period, and

apolarity of the data voltage charged to all the liquid crystal
cells during one frame period of the (N+2)th to (2N-1)th
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frame periods is inverse to a polarity of the data voltage
charged to all the liquid crystal cells during a next frame
period.

8. The liquid crystal display of claim 3, wherein a logic
state of the polarity control signal is inverted every 2 horizon-
tal periods in order of low, low, high, and high logic states in
the Nth frame period,

the liquid crystal cells include first to fourth liquid crystal

cells aligned in a direction of the data line, and

the first liquid crystal cell in the Nth frame period is

charged to a negative polarity data voltage equal to a
polarity of the data voltage in the (N-1)th frame period,
and the fourth liquid crystal cell in the Nth frame period
is charged to a positive polarity data voltage equal to a
polarity of the data voltage in the (N-1)th frame period.
9. The liquid crystal display of claim 8, wherein after a
logic state of the polarity control signal is inverted every one
horizontal period in order of high, low, high, and low logic
states in an (N+1)th frame period, a phase of the polarity
control signal is inverted in each of the (N+1)th to (2N-1)th
frame periods,
the second liquid crystal cell in the (N+1)th frame period is
charged to a negative polarity data voltage equal to a
polarity of the data voltage in the Nth frame period, and
the third liquid crystal cell in the (N+1)th frame period is
charged to a positive polarity data voltage equal to a
polarity of the data voltage in the Nth frame period, and

apolarity of the data voltage charged to all the liquid crystal
cells during one frame period of the (N+2)th to (2N-1)th
flame periods is inverse to a polarity of the data voltage
charged to all the liquid crystal cells during a next frame
period.

10. The liquid crystal display of claim 3, wherein a logic
state of the polarity control signal is inverted in order of low,
low, high, high, high, and low logic states during 6 horizontal
periods in the Nth frame period,

the liquid crystal cells include first to sixth liquid crystal

cells aligned in a direction of the data line, and

the first liquid crystal cell in the Nth frame period is

charged to a negative polarity data voltage equal to a
polarity of the data voltage in the (N-1)th frame period,
and the fourth liquid crystal cell in the Nth frame period
is charged to a positive polarity data voltage equal to a
polarity of the data voltage in the (N-1)th frame period.

11. The liquid crystal display of claim 10, wherein a logic
state of the polarity control signal is inverted in order of high,
low, low, low, high, and high logic states during 6 horizontal
periods in an (N+1)th frame period, and

the second liquid crystal cell in the (N+1)th frame period is

charged to a negative polarity data voltage equal to a
polarity of the data voltage in the Nth frame period, and
the fifth liquid crystal cell in the (N+1)th frame period is
charged to a positive polarity data voltage equal to a
polarity of the data voltage in the Nth frame period.

12. The liquid crystal display of claim 11, wherein after a
logic state of the polarity control signal is inverted every one
horizontal period in order of low, high, low, and low logic
states in an (N+2)th frame period, a phase of the polarity
control signal is inverted in each of the (N+2)th to (2N-1)th
frame periods,

the third liquid crystal cell in the (N+2)th frame period is

charged to a negative polarity data voltage equal to a
polarity of the data voltage in the (N+1)th frame period,
and the sixth liquid crystal cell in the (N+2)th frame
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period is charged to a positive polarity data voltage equal
to a polarity of the data voltage in the (N+1)th frame
period

apolarity of the data voltage charged to all the liquid crystal

cells during one frame period of the (N+3)th to (2N-1)th
frame periods is inverse to a polarity of the data voltage
charged to all the liquid crystal cells during a next frame
period.

13. The liquid crystal display of claim 3, wherein a logic
state of the polarity control signal is inverted in order of low,
low, high, and low logic states during 4 horizontal periods in
the Nth frame period,

the liquid crystal cells include first to fourth liquid crystal

cells aligned in a direction of the data line, and

the first liquid crystal cell in the Nth frame period is

charged to a negative polarity data voltage equal to a
polarity of the data voltage in the (N-1)th frame period.

14. The liquid crystal display of claim 13, wherein a logic
state of the polarity control signal is inverted in order of high,
low, low, and high logic states during 4 horizontal periods in
an (N+1)th frame period, and

the second liquid crystal cell in the (N+1)th frame period is

charged to a negative polarity data voltage equal to a
polarity of the data voltage in the Nth frame period.

15. The liquid crystal display of claim 14, wherein a logic
state of the polarity control signal is inverted in order of low,
high, low, and low logic states during 4 horizontal periods in
an (N+2)th frame period, and

the third liquid crystal cell in the (N+2)th frame period is

charged to a negative polarity data voltage equal to a
polarity of the data voltage in the (N+1)th frame period,

16. The liquid crystal display of claim 15, wherein after a
logic state of the polarity control signal is inverted every one
horizontal period in order of high, low, high, and low logic
states in an (N+3)th frame period, a phase of the polarity
control signal is inverted in each of the (N+3)th to (2N-1)th
frame periods,

the fourth liquid crystal cell in the (N+3)th frame period is

charged to a negative polarity data voltage equal to a
polarity of the data voltage in the (N+2)th frame period,
and a polarity of the data voltage charged to all the liquid
crystal cells during one frame period of the (N+4)th to
(2N-1)th frame periods is inverse to a polarity of the
data voltage charged to all the liquid crystal cells during
a next frame period.

17. A method of driving a liquid crystal display including a
liquid crystal display panel including a plurality of data lines,
aplurality of gate lines crossing the data lines, and a plurality
of liquid crystal cells, a data drive circuit that inverts a polarity
of a data voltage supplied to the data lines in response to a
polarity control signal, a gate drive circuit that supplies a gate
pulse to the gate lines, and a timing controller that generates
the polarity control signal and controls the data drive circuit
and the gate drive circuit, the method comprising:

allowing a logic inverting period of the polarity control

signal during frame periods ranging from an Nth frame
period among M frame periods to 2 to 4 frame periods
following the Nth frame period to be longer than a logic
inverting period of the polarity control signal in the other
frame periods, where N is an integer equal to or larger
than 4 and M is larger than N.

18. The method of claim 17, wherein the liquid crystal cells
in one frame period of the M frame periods are charged to the
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11
data voltage whose a polarity is opposite to a polarity of the liquid crystal cell groups are charged to the data voltage
data voltage in a previous frame period of one frame period, with the same polarity during the two neighboring frame
wherein the liquid crystal cells are time-divided into a periods among the frame periods ranging from the Nth
plurality of liquid crystal cell groups during the frame frame period to 2 to 4 frame periods following the Nth
periods ranging from the Nth frame period to 2 to 4 frame period.

frame periods following the Nth frame period, and the
liquid crystal cells belonging to each of the plurality of ok ok k%
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