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(57) ABSTRACT

A liquid crystal display (LCD) device and a driving method
where the LCD device includes a data controller for interleav-
ing one of black gray scale data and intermediate gray scale
data into input digital video data to input digital video data in
a specific period preceding a second one of two successive
frame periods in which data voltages having the same polarity
are successively supplied to liquid crystal cells. A timing
signal controller generates a data timing signal and a gate
timing signal, based onan input timing signal, and accelerates
a frequency of the data timing signal and a frequency of the
gate timing signal in the specific period. A data driving circuit
is included for converting the interleaved digital video data
into an analog voltage in response to the data timing signal,
and supplying the analog voltage to data lines in the specific
period.
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LIQUID CRYSTAL DISPLAY DEVICE AND
DRIVING METHOD THEREOF

[0001] This application claims the benefit of the Korean
Patent Application No. 10-2007-0052001, filed on May 29,
2007 which is hereby incorporated by reference for all pur-
poses as if fully set forth herein.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to display devices, and
more particularly to a liquid crystal display (LCD) device,
and a driving method thereof.

[0004] 2. Discussion of the Related Art

[0005] Liquid crystal display (LCD) devices display an
image by controlling the light transmittance of liquid crystal
cells in accordance with a video signal. In an active matrix
type LCD device as illustrated in FIG. 1, data voltages to be
supplied to liquid crystal cells Cle are switched by thin film
transistors (TFTs) formed in the respective liquid crystal cells
Cle, for active control of data. Switching using active control
provides an enhancement in the display quality when display-
ing a moving image. In FIG. 1, the reference character “Cst”
designates a storage capacitor to maintain the data voltage
charged in the associated liquid crystal cell Cle, the reference
character “DL” designates a data line supplied with the data
voltage, and the reference character “GL” designates a gate
line supplied with a scan voltage.

[0006] The LCD display device having the above-men-
tioned configuration can be driven in accordance with an
inversion scheme in which polarity inversion not only occurs
between neighboring liquid crystal cells, but also occurs at
intervals of one frame to reduce DC offset components and to
reduce degradation in the liquid crystals. However, when any
one of data voltages having opposite polarities is dominantly
supplied for a prolonged period of time, image sticking may
occur. Such image sticking is called “DC image sticking”
because it occurs as each liquid crystal cell is repeatedly
charged with voltages having the same polarity. An example
of such repeated charging with voltages of the same polarity
is the case in which data voltages are supplied to the LCD
device in accordance with an interlace scheme. In accordance
with the interlace scheme, data voltages are supplied to liquid
crystal cells on odd horizontal lines in odd frame periods,
while being supplied to liquid crystal cells on even horizontal
lines in even frame periods.

[0007] FIG.2is a waveform diagram depicting an example
in which data voltages are supplied to each liquid crystal cell
Cle in accordance with the interlace scheme. In this example,
it is assumed that the liquid crystal cell Clc supplied with the
data voltages depicted in FIG. 2 is one of the liquid crystal
cells arranged on one odd horizontal line.

[0008] Referring to FIG. 2, a positive voltage is supplied to
the liquid crystal cell Clc in odd frame periods, and a negative
voltage is supplied to the liquid crystal cell Clc in even frame
periods. Since a data voltage having a high positive polarity
level is supplied to liquid crystal cells Cle arranged on odd
horizontal lines, only inodd frame periods in accordance with
the interlace scheme, the positive data voltage becomes domi-
nant during 4 frame periods, as compared to the negative
voltage, as shown by the waveform in the box of FIG. 2. FIG.
3 is an image showing the experimental results of DC image
sticking occurring due to interlace data. When an original
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image corresponding to the left image in FIG. 3 is supplied to
an LCD panel for a certain period of time in accordance with
the interlace scheme, the data voltage that is charged in each
liquid crystal cell Cle exhibits a considerable level difference
between the odd frame and the even frame, as shown in FIG.
2. As aresult, when a data voltage having an intermediate gray
scale value, for example, a gray scale value of 127, is supplied
to all liquid crystal cells Cle of the LCD panel, after the
display of an original image such as the left image in FIG. 3,
the pattern of the original image is dimly displayed, as shown
by the right image in FIG. 3. That is, DC image sticking
occurs.

[0009] Another example of DC image sticking may be the
case in which an image is moved or scrolled at a certain speed.
When an image is moved or scrolled at a certain speed,
voltages of the same polarity may be repeatedly accumulated
in each liquid crystal cell Clc in accordance with the correla-
tion between the size of the scrolled figure and the scroll
speed (moving speed). This example is illustrated in FIG. 4.
FIG. 4 is an image showing the experimental results of DC
image sticking occurring when an oblique line pattern or a
character pattern is moved at a certain speed.

[0010] The moving image display quality of the LCD
device may be degraded not only due to DC image sticking,
but also due to flicker, namely, a periodic brightness differ-
ence that is visible to the naked eye of a viewer. Therefore, it
is desirable to prevent the occurrence of DC image sticking
and flicker to enhance the display quality of the LCD device.

SUMMARY OF THE INVENTION

[0011] Accordingly, the present invention is directed to a
liquid crystal display device and a driving method thereof that
substantially obviate one or more problems due to limitations
and disadvantages of the related art.

[0012] An advantage of the present invention is to provide
a liquid crystal display device and a driving method thereof,
which are capable of preventing direct current (DC) image
sticking, thereby achieving an enhancement in display qual-
ity.

[0013] Additional advantages and features of the invention
will be set forth in part in the description which follows and in
part will become apparent to those having ordinary skill inthe
art upon examination of the following or may be learned from
practice of the invention. These and other advantages of the
invention may be realized and attained by the structure par-
ticularly pointed out in the written description and claims
hereof as well as the appended drawings.

[0014] To achieve these and other advantages and in accor-
dance with the purpose of the invention, as embodied and
broadly described herein, a liquid crystal display device com-
prises: aliquid crystal display panel formed with a plurality of
data lines and a plurality of gate lines, the liquid crystal
display panel having a plurality of liquid crystal cells; a data
controller for interleaving one of black gray scale data and
intermediate gray scale data into input digital video data to
input digital video data in a specific period preceding a second
one of two successive frame periods, in which data voltages
having the same polarity are successively supplied to the
liquid crystal cells; a timing signal controller for generating a
data timing signal and a gate timing signal, based on an input
timing signal, and accelerating a frequency of the data timing
signal and a frequency of the gate timing signal in the specific
period; a data driving circuit for converting the digital video
data interleaved with the black or intermediate gray scale data
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into an analog voltage in response to the data timing signal,
and supplying the analog voltage to the data lines in the
specific period; and a gate driving circuit for supplying a scan
pulse to the gate lines, using a plurality of gate integrated
circuits operating in response to the gate timing signal,
wherein the gate timing signal comprises a plurality of gate
output enable signals respectively supplied to the gate inte-
grated circuits in an independent manner, to control respec-
tive outputs from the gate integrated circuits.

[0015] The liquid crystal display panel may be driven in a
divided manner for a plurality blocks, to which scan pulses
are supplied by the gate integrated circuits in an independent
manner in the specific period, respectively;

[0016] The liquid crystal cells included in one of the plu-
rality of blocks may be charged with the video data voltage
supplied from the data driving circuit in the specific period,
and are subsequently charged with a voltage corresponding to
one of the black gray scale data and the intermediate gray
scale data and having a polarity opposite to a polarity of the
video data voltage.

[0017] The liquid crystal cells included in the remaining
blocks may be charged with the voltage corresponding to one
of the black gray scale data and the intermediate gray scale
data in the specific period, and are subsequently charged with
the video data voltage.

[0018] The frequency of the gate timing signal and the
frequency of the data timing signal may be multiplied by a
multiple of (i+1)/i (“i” is an integer of 2 or more) in the
specific period, as compared to periods other than the specific
period.

[0019] The gate timing signal may further comprise a gate
start pulse indicating output start points of the gate integrated
circuits, the gate start pulse being generated to have a narrow
pulse width and a wide pulse width of duration longer than the
narrow pulse width in the specific period.

[0020] The gate output enable signals may be generated to
periodically have a narrow pulse width and a wide pulse
width, and are supplied to the gate integrated circuits after
being sequentially shifted in phase, respectively.

[0021] Each ofthe gate output enable signals may comprise
i-pulse groups each adapted to sequentially select, from an
associated one of the blocks of the liquid crystal panel, i rows
to be supplied to the video data voltage, and a pause period
present between successive ones of the i-pulse groups while
being maintained at a low logic voltage for one horizontal
period or more.

[0022] Each of the scan pulses to be supplied to the gate
lines of the associated block may be generated to have a
narrow pulse width without being overlapped with the
remaining scan pulses, based on the narrow width of the gate
start pulse.

[0023] Each of the scan pulses to be supplied to the gate
lines of another block, to which the black or intermediate gray
scale voltage is supplied in the pause period, may be gener-
ated to have a wide pulse width, based on the wide pulse width
of the gate start pulse. i scan pulses sequentially supplied to i
gate lines corresponding to the 1 rows may be overlapped in a
predetermined period.

[0024] The data driving circuit may supply the voltage cor-
responding to one of the black gray scale data and the inter-
mediate gray scale data to the data lines in synchronism with
the overlapping period of the 1 scan pulses.

[0025] Inanother aspect of the present invention, a method
for driving a liquid crystal display device including a liquid
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crystal display panel formed with a plurality of data lines and
aplurality of gate lines, the liquid crystal display panel having
a plurality of liquid crystal cells, comprises: interleaving one
of black gray scale data and intermediate gray scale data into
input digital video data to input digital video data in a specific
period preceding a second one of two successive frame peri-
ods, in which data voltages having the same polarity are
successively supplied to the liquid crystal cells; generating a
data timing signal and a gate timing signal, based on an input
timing signal, and accelerating a frequency of the data timing
signal and a frequency of the gate timing signal in the specific
period; converting the digital video data interleaved with the
black or intermediate gray scale data into an analog voltage in
response to the data timing signal, and supplying the analog
voltage to the data lines in the specific period; and supplying
a scan pulse to the gate lines, using a plurality of gate inte-
grated circuits operating in response to the gate timing signal,
wherein the gate timing signal comprises a plurality of gate
output enable signals respectively supplied to the gate inte-
grated circuits in an independent manner, to control respec-
tive outputs from the gate integrated circuits.

[0026] Itisto beunderstood that both the foregoing general
description and the following detailed description of the
present invention are exemplary and explanatory and are
intended to provide further explanation of the invention as
claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0027] The accompanying drawings, which are included to
provide a further understanding of the invention and are
incorporated in and constitute a part of this application, illus-
trate embodiment(s) of the invention and along with the
description serve to explain the principle of the invention.
[0028] In the drawings:

[0029] FIG. 1 is an equivalent circuit diagram illustrating
one liquid crystal cell of a liquid crystal display (LCD)
device;

[0030] FIG. 2 is a waveform diagram of an example of
interlace data;
[0031] FIG. 3 is an image displayed on a screen, showing

the experimental results of DC image sticking occurring due
to interlace data;

[0032] FIG. 4 is an image displayed on a screen, showing
the experimental results of DC image sticking occurring due
to scroll data;

[0033] FIG. 5 is a view illustrating scan operations to
charge a video data voltage and a black gray scale voltage (or
an intermediate gray scale voltage) in a method for driving an
LCD device in accordance with an exemplary embodiment of
the present invention;

[0034] FIG. 6 is a flow chart illustrating an LCD device
driving method according to the embodiment of the present
invention;

[0035] FIG. 7 is a view illustrating the principle for pre-
venting the occurrence of DC image sticking in association
with scroll data in accordance with the LCD device driving
method according to the embodiment of the present inven-
tion;

[0036] FIG. 8 is a light waveform diagram showing the
experimental results showing an abrupt increase in light
amount in a second one of two successive frame periods, in
which data voltages charged in all liquid crystal cells have the
same polarity;
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[0037] FIG. 9 is a light waveform diagram showing the
experimental results obtained in the LCD device according to
the illustrated embodiment of the present invention for a
plurality of frame periods;

[0038] FIG. 10 is a view for explaining the principle of
preventing DC image sticking and flicker from occurring in
association with interlace data in the LCD device driving
method according to the illustrated embodiment of the
present invention;

[0039] FIG. 11 is a block diagram illustrating an LCD
device according to a first embodiment of the present inven-
tion;

[0040] FIG. 12 is a waveform diagram depicting gate tim-
ing signals to control a gate driving circuit included in the
LCD device shown in FIG. 11 in a specific period;

[0041] FIG. 13 is a waveform diagram depicting gate tim-
ing signals to supply a video data voltage to a first block in a
specific period;

[0042] FIG. 14 is a waveform diagram depicting gate tim-
ing signals to supply an opposite-polarity black or interme-
diate gray scale voltage to a second block in a specific period,
and

[0043] FIG. 15 is a circuit diagram illustrating detailed
configurations of a data controller and a timing signal con-
troller included in a timing controller.

DETAILED DESCRIPTION OF THE
ILLUSTRATED EMBODIMENTS

[0044] Reference will now be made in detail to embodi-
ments of the present invention, examples of which are illus-
trated in the accompanying drawings. Wherever possible, the
same reference numbers will be used throughout the draw-
ings to refer to the same or like parts.

[0045] Hereinafter, embodiments of the present invention
will be described with reference to FIGS. 5 to 15.

[0046] Referring to FIGS. 5 and 6, in accordance with the
LCD device driving method according to the illustrated
embodiment of the present invention, a timing signal is
counted to determine a current frame period. When the cur-
rent frame period is an Nth (where “N” may be a multiple of
8 or more) frame period, the polarities of video data voltages
to be supplied to liquid crystal cells are controlled to be the
same as the polarities of video data voltages supplied in an
(N+D)th frame period. Also, the display screen is virtually
divided into a plurality of blocks. Under this condition, a
normal video data voltage is sequentially supplied to the
liquid crystal cells, starting from one block, and a black or
intermediate gray scale voltage having a polarity opposite to
the normal video data voltage is supplied to the liquid crystal
cells of the remaining blocks (S61, S62, and S64).

[0047] Assuming for purposes of illustration that the dis-
play screen is virtually divided into 3 blocks, as shown in FIG.
5, in the LCD device according to the illustrated embodiment
of the present invention, independent gate output enable sig-
nals GOE are supplied to three gate integrated circuits (here-
inafter, referred to as “G-1Cs”) corresponding to the number
of the blocks, respectively to independently control respec-
tive outputs of the G-ICs. In the Nth frame period, the video
data voltage is sequentially supplied to the liquid crystal cells
of a first block BL1, for every i rows (“1” is an integer of 2 or
more). After the supply of the data voltage to the first block
BL1 for every i rows, a black or intermediate gray scale
voltage having an opposite polarity is simultaneously sup-
plied to i rows of a second block BL2. After the supply of the
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video data voltage to all liquid crystal cells of the first block
BL1 is completed, and the supply of the black or intermediate
gray scale voltage to all liquid crystal cells of the second
block BL2 is completed, the video data voltage is sequentially
supplied to the liquid crystal cells of the second block BL2,
for every rows. After the supply of the data voltage to the
second block BL2 for every i rows, the opposite-polarity
black or intermediate gray scale voltage is simultaneously
supplied to i rows of a third block BL3. After the supply of the
video data voltage to all liquid crystal cells of the second
block BL2 is completed, and the supply of the black or inter-
mediate gray scale voltage to all liquid crystal cells of the
third block BL3 is completed, the video data voltage is
sequentially supplied to the liquid crystal cells of the third
block BL3, for every i rows. After the supply of the data
voltage to the third block BL2 for every i rows, the opposite-
polarity black or intermediate gray scale voltage is simulta-
neously supplied to 1 rows of the first block BL1.

[0048] In the LCD device according to the illustrated
embodiment of the present invention, when the current frame
period is not the Nth frame period, the polarity of the data
voltage to be supplied to the liquid crystal cells is inverted not
only at intervals of one or two rows, but also at intervals of one
frame period. In this case, the normal video data voltage is
sequentially supplied to all blocks BL1 to BL3 (S61 and S63).
[0049] FIGS. 7 to 10 are views for illustrating the effects of
preventing DC image sticking and flicker from occurring
when scroll data is supplied to the LCD device, in accordance
with embodiments of the present invention.

[0050] In accordance with the present invention, for scroll
data to move a symbol or character at a certain rate, a polarity
control signal POL, which has the same polarity pattern in
two successive frame periods at intervals of N frame periods,
is generated so that the polarity of the data voltage to be
supplied to the same liquid crystal cell in two successive
frame periods is controlled to be varied in the order of “(-)++
7= (4)=="—"“(=)++"—="(+)-=". Thus, in accordance with
the present invention, for scroll data to move a symbol or
character at a certain rate, the polarity of the voltage, which is
charged in each liquid crystal cell Cle, is periodically
inverted, thereby preventing DC image sticking occurting
due to an accumulation of voltages having the same polarity.
The sign in “( )” means the polarity of the black or interme-
diate gray scale voltage. In accordance with the polarity ofthe
black or intermediate gray scale voltage, the charge amount of
each liquid crystal cell is reduced, so that it is possible to
prevent an overcharging phenomenon of data voltages having
the same polarity in each liquid crystal cell in two successive
frame periods. If the opposite-polarity voltage “( ) is not
supplied in the Nth frame period, each liquid crystal cell is
overcharged in the (N+1)th frame period, as shown in FIG. 8.
As a result, an increase in brightness over a desired level
occurs, so that flicker may occur at intervals of N frame
periods. Inaccordance with the present invention, the black or
intermediate gray scale voltage having a polarity opposite to
the normal video data voltage is charged in each liquid crystal
cell at intervals of N frame periods, to prevent flicker from
occurring in the (N+1)th frame period, as shown in FIG. 9.
[0051] FIG.10isaview for explaining effects of preventing
DC image sticking and flicker from occurring when interlace
data is supplied to the LCD device, in accordance with the
above-described embodiments of the present invention.
[0052] Referring to FIG. 10, when interlace datais supplied
to the liquid crystal cell Cle, high data voltages are supplied to
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the liquid crystal cell Clc only in the Nth frame period and
(N+2)th frame period, respectively, whereas a black voltage
or a mean voltage, which is lower than the high data voltages,
is supplied to the liquid crystal cell Clc in the (N+1)th frame
period and (N+3)th frame period. As a result, the positive data
voltage supplied in the Nth frame period and the negative data
voltage supplied in the (N+2)th frame period are neutralized,
so that there is no polarity-biased voltage accumulated in the
liquid crystal cell Cle. Accordingly, no DC image sticking or
flicker occurs in the LCD device when interlace data is sup-
plied, in accordance with the embodiment of the present
invention.

[0053] FIG. 11 illustrates an LCD device according to a
first embodiment of the present invention that has a circuit
configuration for driving a display screen in a divided manner
for 3 blocks. FIG. 12 illustrates waveforms of output signals
from a timing controller shown in FIG. 11.

[0054] Referring to FIGS. 11 and 12, the LCD device
according to the first embodiment of the present invention
includes an LCD panel 100, a timing controller 101, a data
driving circuit 103, and a gate driving circuit 104.

[0055] The LCD panel 100 includes two glass substrates,
between which liquid crystal molecules are sealed. The LCD
panel 100 also includes mxn liquid crystal cells Cle arranged
in a matrix form defined by a crossings of m data lines D1 to
Dm with n gate lines G1 to Gn.

[0056] Formed on alower one of the glass substrates of the
LCD panel 100 are the data lines D1 to Dm, the gate lines G1
to Gn, thin film transistors (TFTs), pixel electrodes 1 of
respective liquid crystal cells Cle coupled to the TFTs, and
storage capacitors Cst. A black matrix, color filters, and com-
mon electrodes 2 are formed on the upper glass substrate. In
a vertical electric field driving system such as a twisted nem-
atic (TN) mode or a vertical alignment (VA) mode, the com-
mon electrodes 2 are formed on the upper glass substrate, as
described above. On the other hand, in a horizontal electric
field driving system such as an in-plane switching (IPS) mode
or a fringe field switching (FFS) mode, the common elec-
trodes 2 are formed on the lower glass substrate, together with
the pixel electrodes 1. Polarizing plates having optical axes
orthogonal to each other are attached to the upper and lower
glass substrates, respectively. An alignment film is formed at
an interface between each polarizing plate and the liquid
crystals, to set a pre-tilt angle of the liquid crystals.

[0057] Thetiming controller 101 receives reference timing
signals Vsync, Hsync, DE, and CLK, and generates timing
control signals to control the operation timings of the data
driving circuit 103 and gate driving circuit 104, based on the
received timing signals. The timing control signals include
gate timing control signals such as a gate start pulse GSP, a
gate shift clock signal GSC, and a gate output enable signal
GOE. The timing control signals also include data timing
control signals such as a source start pulse SSP, a source
sampling clock SSC. a source output enable signal SOE, and
a polarity control signal POL.

[0058] The gate start pulse GSP is a timing control signal
indicating a first scan pulse to be supplied to a start horizontal
line, from which a scanning operation starts in one vertical
period for displaying one frame, namely, a first gate line. The
gate start pulse GSP includes a first gate start pulse GSP1
having a wide pulse width to sequentially select i rows, to
which a video data voltage will be supplied, and a second gate
start pulse GSP2 having a narrow pulse width to select “i+1”
rows, to which a black or intermediate gray scale voltage
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having a polarity opposite to the video data voltage will be
supplied. The gate shift clock signal GSC is a timing control
signal, which is input to shift registers included in the gate
driving circuit 104, to sequentially shift the gate start pulse
GSP. The gate output enable signal GOE is a timing signal
enabling an output from the associated G-IC of the gate
driving circuit 104. Between successive pulses of the gate
output enable signal GOE, a scan pulse is output through an
output channel of the associated G-IC. No scan pulse is output
from the G-IC in a pulse period of the gate output enable
signal GOE. The gate output enable signal GOE is supplied to
each G-IC, in order to independently control the supply of
scan pulses for individual blocks BL1 to BL3. Accordingly,
where the display screen is driven in a divided manner for
driving three blocks BL1 to BL3, the gate output enable signal
GOE includes a first gate output enable signal GOE1 for
controlling an output from a first G-IC G-1C1 to supply a scan
signal to the first block BL1, a second gate output enable
signal GOE2 for controlling an output from a second G-IC
G-IC2 to supply a scan signal to the second block BL.2, and a
third gate output enable signal GOE3 for controlling an out-
put from a third G-IC G-IC3 to supply a scan signal to the
third block BL3.

[0059] The source start pulse SSP indicates a start pixel on
one horizontal line to display data. The source sampling clock
SSC enables a data latch operation of the data driving circuit
103 based on a rising or falling edge. The source output
enable signal SOE enables an output from the data driving
circuit 103. The polarity control signal POL indicates the
polarities of the video data voltage, black voltage, and inter-
mediate gray scale voltage to be supplied to the liquid crystal
cells Clc of the LCD panel 100.

[0060] In the Nth frame period, the above-described gate/
data timing signals should have a frequency enabling the
sequential supply of the video data voltage to i rows in “i+1”
horizontal periods, while enabling the simultaneous supply of
the opposite-polarity black or intermediate gray scale voltage
to 1 rows. On the other hand, in frame periods other than the
Nth frame period, the gate/data timing signals should have a
lower frequency that does not provide for the supply of the
opposite-polarity black or intermediate gray scale voltage.
Therefore, when it is assumed that the frequency of the timing
signals generated in frame periods other than the Nth frame
period is “17, the timing signals generated in the Nth frame
period should have a frequency multiplied by a multiple of
(i+1)/1. For example, when it is desired to sequentially select
4 rows from a specific block, for the supply of the video data
voltage, and to simultaneously select 4 rows from another
block, for the supply of the opposite-polarity black or inter-
mediate gray scale voltage, the frequency of the timing sig-
nals in the Nth frame period should be faster than the fre-
quency of normal timing signals generated in other frame
periods other than the Nth frame period, by 5/4-fold. In order
to sequentially select 2 rows from a specific block, for the
supply of the video data voltage, and to simultaneously select
2 rows from another block, for the supply of the opposite-
polarity black or intermediate gray scale voltage, the fre-
quency of the timing signals in the Nth frame period should be
faster than the frequency of normal timing signals generated
in other frame periods other than the Nth frame period, by
3/2-fold.

[0061] The timing controller 101 separates input digital
video data RGB into odd pixel data RGBodd and even pixel
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data RGBeven, thereby reducing the transfer frequency for
the data to be supplied to the data driving circuit 103 to 5.
[0062] The data driving circuit 103 operates faster in
response to fast-frequency data timing control signals in the
Nth frame period, in synchronism with a scan pulse, as com-
pared to frame periods other than the Nth frame period. The
data driving circuit 103 latches the digital video data RGBodd
and RGBeven input from the logic circuit 102 under the
control of the timing controller 101. The data driving circuit
103 also converts the latched digital video data RGBodd and
RGBeven into positive/negative analog gamma compensat-
ing voltages in accordance with the polarity control signal
POL, and thus generates positive/negative analog data volt-
ages. The data voltages from the data driving circuit 103 are
supplied to the data lines D1 to Dm.

[0063] The gate driving circuit 104 includes a plurality of
G-ICs each including a shift register, a level shifter for con-
verting an output signal of the shift register into a signal
having a swing width suitable for the driving of the TFTs of
the associated liquid crystal cells, and an output buffer
coupled between the level shifter and an associated one of the
gate lines G1 to Gn. Where the display screen is driven in a
divided manner for three blocks BL1 to BL3, the gate driving
circuit 104 includes three G-ICs G-C1 to G-IC3. The gate
driving circuit 104 supplies a scan pulse to the gate lines G1
to Gn in response to the gate timing control signals.

[0064] The LCD device according to the illustrated
embodiment of the present invention further includes a sys-
tem 105 for supplying the digital video data RGB and timing
signals Vsync, Hsync, DE, and CLK to the timing controller
101.

[0065] Thesystem 105 includes a broadcast signal receiver,
an external appliance interface circuit, a graphic processing
circuit, a line memory 106, etc. The system 105 extracts video
data from a broadcast signal received by the broadcast signal
receiver or an image source input from an external appliance
through the external appliance interface circuit, converts the
extracted video data into digital video data, and supplies the
digital video data to the timing controller 101. An interlaced
broadcast signal, which is received by the system 105, is
stored in the line memory 106. The video data of the inter-
laced broadcast signal exists only on odd lines in odd frame
periods, and exists only on even lines in even frame periods.
Accordingly, when the system 105 receives an interlaced
broadcast signal, it generates even line data for odd frame
periods and odd line data for even frame periods, using a
mean value of effective data stored in the line memory 106 or
a black data value. The system 105 supplies reference timing
signals Vsync, Hsync, DE, and CLK to the timing controller
101, together with the digital video data. The reference timing
signals include a vertical synchronizing signal Vsync indicat-
ing one frame period, a horizontal synchronizing signal
Hsync indicating one horizontal period corresponding to one
row, a data enable signal DE indicating a period in which
effective data of all rows included in the vertical resolution of
the display screen is present, and a clock signal CLK. The
system 105 also supplies electric power to a DC-DC converter
functioning to generate drive voltages for the timing control-
ler 101, data driving circuit 103, gate driving circuit 104, and
LCD display panel 100. The system 105 also supplies electric
power to an inverter for turning on a light source included in
a backlight unit.

[0066] FIG. 13 illustrates gate timing signals for supplying
a video data voltage to the first block BL1 in the Nth frame
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period. The gate timing signals correspond to an example in
which, after a sequential generation of 4 scan pulses, no scan
pulse is output for one horizontal period in which the oppo-
site-polarity black or intermediate gray scale voltage is sup-
plied to 4 rows of another block.

[0067] Referring to FIG. 13, in response to the first gate
start pulse GSP1, which has a pulse width of about one
horizontal period 1H, the first G-IC G-IC1 shifts the first gate
start pulse GSP1 in synchronism with a rising edge of the gate
shift clock GSC, which is generated at intervals of one hori-
zontal period, and outputs the shifted pulse. Thus, the first
G-IC G-IC1 sequentially supplies to the gate lines of the first
block BL1, scan pulses G-OUT1(BL1) to G-OUT4(BL1)
each having a pulse width of about one horizontal period. 4
gate shift clocks GSC are generated in 4 horizontal periods,
and no gate shift clock GSC is generated in a subsequent
horizontal period in which the opposite-polarity black or
intermediate gray scale voltage is supplied to another block.
The pulses of the first gate output enable signal GOE1 are
generated in synchronism with the rising edges of the 4 gate
shift clocks GSC, respectively, and then the first gate output
enable signal GOE1 is maintained at a high logic level for
about one horizontal period, to cut off an output from the first
G-IC G-IC1. Accordingly, 4 rows of the first block BL1 are
sequentially selected by the scan pulses G-OUT1(BL1) to
G-OUT4(BL1), to enable the video data voltage to be sup-
plied to the 4 rows. Thereafter, the first block BL1 is main-
tained at the level of the charged data voltage during a period
corresponding to a fifth row because there is no output from
the first G-IC G-IC1 for this period.

[0068] FIG. 14 illustrates gate timing signals for supplying
the opposite-polarity black or intermediate gray scale voltage
to the second block BL2 in the Nth frame period. The gate
timing signals correspond to an example in which scan pulses
are overlapped to enable the simultaneous supply of the oppo-
site-polarity black or intermediate gray scale voltage to 4
rows in one horizontal period.

[0069] Referring to FIG. 14, in response to the second gate
start pulse GSP2, which has a pulse width of about 4 horizon-
tal periods 4H, the second G-IC G-IC2 shifts the second gate
start pulse GSP2 in synchronism with a rising edge of the gate
shift clock GSC that is generated at intervals of one horizontal
period, and outputs the shifted pulse. Thus, the second G-IC
G-IC2 sequentially supplies, to the gate lines of the second
block BL2, scan pulses G-OUT1(BL2) to G-OUT4(BL2).
Four gate shift clocks GSC are generated in 4 horizontal
periods, and no gate shift clock GSC is generated in a subse-
quent horizontal period in which the supply of data to other
blocks is cut off. For the 4 horizontal periods, in which 4 gate
shift clocks GSC are generated, the second gate output enable
signal GOE2 is maintained at a high logic value, thereby
cutting off an output from the second G-IC GIC2. In the
subsequent one horizontal period, in which the supply of data
to other blocks is cut off, the second gate output enable signal
GOE?2 has a low logic value, thereby enabling an output from
the second G-IC G-IC2. Scan pulses G-OUT1(BL2) to
G-OUT5(BL2) are output from the second G-IC G-1C2 in
accordance with the pulse width of the second gate start pulse
GSP2 and the gate shift clock GSC, such that each of the scan
pulses G-OUT1(BL2) to G-OUT5(BL2) has a pulse width of
5 horizontal periods. Accordingly, 4 rows of the second block
BL2 are simultaneously selected in one horizontal period in
which the gate shift clock GSC is not generated. In this
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period, the data driving circuit 103 supplies the opposite-
polarity black or intermediate gray scale voltage to the data
lines.

[0070] Thus, as can be seen from FIGS. 5, 12, and 13, the
LCD device according to the illustrated embodiment of the
present invention accelerates the frequency of the timing
signals in the Nth frame period, to sequentially supply the
video data voltage to i rows of a specific block for 1 horizontal
periods, and then to supply the black or intermediate gray
scale voltage to 1 rows of another block for one horizontal
period.

[0071] FIG. 15 is a circuit diagram illustrating details of a
data controller and a timing signal controller included in the
timing controller 101.

[0072] Referring to FIG. 15, the timing controller 101
includes a frame counter 156, a data controller 150, and a
timing signal controller 154.

[0073] The frame counter 156 counts a desired one of the
reference timing signal or the gate start pulse, to determine
the number of frames. The frame counter 156 supplies a select
signal SEL indicating an Nth frame period to output control
terminals of the data controller 150 and timing signal control-
ler 154, to control outputs from the data controller 150 and
timing signal controller 154.

[0074] In each Nth frame period, the data controller 150
periodically interleaves digital black gray scale data or inter-
mediate gray scale data into input digital video data RGB,
separates the digital video data into odd data and even data,
and supplies the separated data to the data driving circuit 103.
In frame periods other than the Nth frame period, the data
controller 150 separates the input digital video data RGB into
odd data and even data without interleaving of other data (that
is without the interleaving of the digital black or intermediate
gray scale data), and supplies the separated data to the data
driving circuit 103. For performing these functions, the data
controller 150 includes a frame memory 152, a black/inter-
mediate gray scale interleaver 151, and a multiplexer 153.
The frame memory 152 stores the input digital video data
RGB. The black/intermediate gray scale interleaver 151 reads
out the input digital video data RGB from the frame memory
152, and periodically interleaves digital black gray scale data
or intermediate gray scale data into the read-out digital video
data RGB. The multiplexer 153 outputs data received from
the black/intermediate gray scale interleaver 151, in response
to the select signal SEL supplied from the frame counter 156
in the Nth frame period. In frame periods other than the Nth
frame period, the multiplexer 153 outputs the input digital
video data RGB, into which separate black or intermediate
gray scale data has not been interleaved. The data output from
the multiplexer 153 is transferred to the data driving circuit
via 6 data transfer buses after being separated into odd data
and even data.

[0075] The timing signal controller 154 generates timing
signals to control the operation timings of the data driving
circuit 103 and gate driving circuit 104. The timing signal
controller 154 also accelerates the frequencies of the timing
signals in the Nth frame period. For performing these func-
tions, the timing signal controller 154 includes a timing signal
generator 155, a frequency multiplier 157, and a multiplexer
158. The timing signal generator 155 generates gate timing
signals and data timing signals such that each of the timing
signals has a normal driving frequency, using input reference
timing signals. The frequency multiplier 157 multiplies the
frequency of each timing signal output from the timing signal
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generator 155 by a multiple of (i+1)/i with reference to an
internal clock having a fast frequency. In response to the
select signal SEL from the frame counter 156, the multiplexer
158 supplies the frequency-accelerated timing signals from
the frequency multiplier 157 to the data driving circuit 103
and gate driving circuit 104 in the Nth frame period. On the
other hand, in frame periods other than the Nth frame period,
the multiplexer 158 supplies the normal-frequency timing
signals from the timing signal generator 155 to the data driv-
ing circuit 103 and gate driving circuit 104.

[0076] As apparent from the above description, in the LCD
device and driving method thereof according to any one of the
above-described embodiments of the present invention, the
polarity of the data voltage supplied to liquid crystal cells is
inverted at intervals of one frame period, and is periodically
controlled such that the data voltages respectively supplied in
two successive frame periods have the same polarity. Accord-
ingly, it is possible to prevent DC image sticking. Also, an
opposite-polarity black or intermediate gray scale voltage is
temporarily charged in each liquid crystal cell prior to a
second one of the two successive frame periods, to prevent
overcharging of the liquid crystal cell. Accordingly, it is pos-
sible to prevent flicker. Thus, in the LCD device and driving
method thereof according to any one of the above-described
embodiments of the present invention, it is possible to display
a high-quality image without DC image sticking and flicker,
even when data having a possibility to cause DC image stick-
ing is input.

[0077] It will be apparent to those skilled in the art that
various modifications and variation can be made in the
present invention without departing from the spiritor scope of
the invention. Thus, it is intended that the present invention
cover the modifications and variations of this invention pro-
vided they come within the scope of the appended claims and
their equivalents.

What is claimed is:

1. A liquid crystal display device comprising:

aliquid crystal display panel formed with a plurality of data
lines and a plurality of gate lines, the liquid crystal
display panel having a plurality of liquid crystal cells;

a data controller for interleaving one of black gray scale
data and intermediate gray scale data into digital video
data to input digital video data in a specific period pre-
ceding a second one of two successive frame periods, in
which data voltages having the same polarity are suc-
cessively supplied to the liquid crystal cells;

a timing signal controller for generating a data timing
signal and a gate timing signal, based on an input timing
signal, and accelerating a frequency of the data timing
signal and a frequency of the gate timing signal in the
specific period;

a data driving circuit for converting the digital video data
interleaved with the black or intermediate gray scale
data into an analog voltage in response to the data timing
signal, and supplying the analog voltage to the data lines
in the specific period; and

a gate driving circuit for supplying a scan pulse to the gate
lines, using a plurality of gate integrated circuits oper-
ating in response to the gate timing signal,

wherein the gate timing signal comprises a plurality of gate
output enable signals respectively supplied to the gate
integrated circuits in an independent manner, to control
respective outputs from the gate integrated circuits.
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2. The liquid crystal display device according to claim 1,
wherein:

the liquid crystal display panel is driven in a divided man-

ner for a plurality blocks, to which scan pulses are sup-
plied by the gate integrated circuits in an independent
manner in the specific period, respectively;

the liquid crystal cells included in one of the plurality of

blocks are charged with the video data voltage supplied
from the data driving circuit in the specific period, and
are subsequently charged with a voltage corresponding
to one of the black gray scale data and the intermediate
gray scale data and having a polarity opposite to a polar-
ity of the video data voltage; and

the liquid crystal cells included in the remaining blocks are

charged with the voltage corresponding to one of the
black gray scale data and the intermediate gray scale
data in the specific period, and are subsequently charged
with the video data voltage.

3. The liquid crystal display device according to claim 2,
wherein the frequency of the gate timing signal and the fre-
quency of the data timing signal are multiplied by a multiple
of (i+1)/i, where “1” is an integer of 2 or more, in the specific
period, as compared to periods other than the specific period.

4. The liquid crystal display device according to claim 3,
wherein the gate timing signal further comprises a gate start
pulse indicating output start points of the gate integrated
circuits, the gate start pulse being generated to have a narrow
pulse width and a wide pulse width in the specific period.

5. The liquid crystal display device according to claim 4,
wherein the gate output enable signals are generated to peri-
odically have a narrow pulse width and a wide pulse width,
and are supplied to the gate integrated circuits after being
sequentially shifted in phase, respectively.

6. The liquid crystal display device according to claim 4,
wherein each of the gate output enable signals comprises:

i-pulse groups each adapted to sequentially select, from an

associated one of the blocks of the liquid crystal panel, i
rows 1o be supplied to the video data voltage; and

a pause period present between successive ones of the

i-pulse groups that maintains a low logic voltage for one
horizontal period or more.

7. The liquid crystal display device according to claim 6,
wherein:

each of the scan pulses to be supplied to the gate lines of the

associated block is generated to have a narrow pulse
width without being overlapped with the remaining scan
pulses, based on the narrow width of the gate start pulse;
and

each of the scan pulses to be supplied to the gate lines of

another block, to which the black or intermediate gray
scale voltage is supplied in the pause period, is generated
to have a wide pulse width, based on the wide pulse
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width of the gate start pulse, and i scan pulses sequen-
tially supplied to 1 gate lines corresponding to the i rows
are overlapped in a predetermined period.

8. The liquid crystal display device according to claim 7,
wherein the data driving circuit supplies the voltage corre-
sponding to one of the black gray scale data and the interme-
diate gray scale data to the data lines in synchronizing with
the overlapping period of the 1 scan pulses.

9. A method for driving a liquid crystal display device
including a liquid crystal display panel formed with a plural-
ity of data lines and a plurality of gate lines, the liquid crystal
display panel having a plurality of liquid crystal cells, the
method comprising:

interleaving one of black gray scale data and intermediate

gray scale data into input digital video data to input
digital video data in a specific period preceding a second
one of two successive frame periods, in which data volt-
ages having the same polarity are successively supplied
to the liquid crystal cells;

generating a data timing signal and a gate timing signal,

based on an input timing signal, and accelerating a fre-
quency of the data timing signal and a frequency of the
gate timing signal in the specific period,
converting the digital video data interleaved with the black
or intermediate gray scale data into an analog voltage in
response to the data timing signal, and supplying the
analog voltage to the data lines in the specific period; and

supplying a scan pulse to the gate lines, using a plurality of
gate integrated circuits operating in response to the gate
timing signal,

wherein the gate timing signal comprises a plurality of gate

output enable signals respectively supplied to the gate
integrated circuits in an independent manner, to control
respective outputs from the gate integrated circuits.

10. The method according to claim 9, wherein:

the liquid crystal display panel is driven in a divided man-

ner for a plurality blocks, to which scan pulses are sup-
plied by the gate integrated circuits in an independent
manner in the specific period, respectively;

the liquid crystal cells included in one of the plurality of

blocks are charged with the video data voltage supplied
from the data driving circuit in the specific period, and
are subsequently charged with a voltage corresponding
to one of the black gray scale data and the intermediate
gray scale data and having a polarity opposite to a polar-
ity of the video data voltage; and

the liquid crystal cells included in the remaining blocks are

charged with the voltage corresponding to one of the
black gray scale data and the intermediate gray scale
data in the specific period, and are subsequently charged
with the video data voltage.
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