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(57) ABSTRACT

A liquid crystal display (LCD) device and method of driving
an LCD device are provided. The LCD device includes: a
panel, including: a plurality of gate lines, and a plurality of
data lines, an image-sticking removal apparatus configured
to, when an interlaced input video is received from an external
system: generate an FRC pattern to be added into the input
video and a polarity pattern used to output the input video to
form one group, and generate at least two or more the groups
formed in parallel to the gate lines during one frame, and a
data driver configured to: convert image data inputted from
the image-sticking removal apparatus into data voltages,
invert a polarity of each of the data voltages on the basis of the
polarity pattern, and output the polarity-inverted data volt-
ages to the respective data lines.

11 Claims, 10 Drawing Sheets
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LIQUID CRYSTAL DISPLAY DEVICE AND
DRIVING METHOD THEREOF

CROSS-REFERENCE TO RELATED
APPLICATION(S)

This application claims the benefit under 35 U.S.C. §119
(a) of Korean Patent Application No. 10-2012-0108482, filed
on Sep. 28, 2012, in the Korean Intellectual Property Office,
the entire disclosure of which is incorporated by reference
herein for all purposes.

BACKGROUND

1. Technical Field

The following description relates to a liquid crystal display
(LCD) device, and more particularly, an LCD device and a
driving method thereof which remove image sticking when a
frame rate control (FRC) mode and an interlaced scan mode
are used.

2. Discussion of the Related Art

With the advancement of various portable electronic
devices, such as mobile phones, personal digital assistants
(PDAs), notebook computers, etc., the demand for Flat Panel
Display (FPD) devices applicable to the portable electronic
devices is increasing. LCD devices, plasma display panels
(PDPs), field emission display (FED) devices, and light emit-
ting display devices are being actively researched as FPD
devices.

In such FPD devices, LCD devices are devices that display
an image using the optical anisotropy of liquid crystal. Since
the LCD devices have a thin thickness, a small size, and low
power consumption and realize a high-quality image, the
LCD devices are widely used.

FIG. 1 illustrates charts for describing a state in which
image sticking is caused by a polarity bias in accumulated
frames, in a related art LCD device using an FRC mode and an
interlaced scan mode in a related art device.

As methods of displaying an image, there are an interlaced
scan mode (hereinafter, referred to as an “interlaced mode™)
and a progressive scan mode (hereinafter, referred to as a
“progressive mode”). The interlaced mode, in which there is
a small amount of data, has been widely used, but, recently,
the progressive mode is also being used more widely.

The FRC mode is a mode that reduces the number of bits of
data to decrease the number of data transfer lines, and com-
pensates for a degradation of an image quality, and is being
applied to most LCD devices.

One Advanced High Performance In-Plane Switching
(AH-IPS) mode is called “a fringe field switching” (FFS)
mode. In the AH-IPS mode, a pixel electrode and a common
electrode are formed to be separated from each other with an
insulating layer therebetween. In LCD devices using the AH-
IPS mode, one electrode is formed in a plate shape, the other
electrode is formed in a finger shape, and an alignment of a
liquid crystal layer is adjusted with a fringe field generated
between the two electrodes.

In LCD devices that receive input video (generated in the
interlaced mode) from an external system to output an image
through a panel in the interlaced mode, image sticking is
caused by the use of the interlaced mode. The image sticking
excessively occurs in LCD devices driven in the AH-IPS
mode. To solve this problem, various methods for removing
the image sticking caused by the use of the interlaced mode
are being researched and developed.

Moreover, even in the LCD devices that output an image by
using the FRC mode, image sticking caused by the FRC mode
occurs. The image sticking excessively occurs in the LCD
devices driven in the AH-IPS mode. To solve this problem,
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various methods for removing the image sticking caused by
the use of the interlaced mode are being researched and devel-
oped.

However, in LCD devices using both the interlaced mode
and the FRC mode, image sticking caused by the interlaced
mode and the FRC mode differs from image sticking occur-
ring in LCD devices to which the interlaced mode and the
FRC mode are applied separately from each other.

Therefore, even though there are a method for solving
image sticking in the interlaced mode and a method for solv-
ing image sticking in the FRC mode, a method which is
implemented by simply combining the two methods cannot
remove image sticking occurring in the LCD devices using
both the interlaced mode and the FRC mode.

The image sticking occurring in the LCD devices using
both the interlaced mode and the FRC mode can occur due to
various causes, and particularly, a polarity bias in accumu-
lated frames is known as a severe cause of image sticking.

The reason that the image sticking is caused by a polarity
bias in the LCD devices using both the interlaced mode and
the FRC mode will now be described with reference to FIG. 1.
In FIG. 1, a first line (X) indicates input images inputted as
first to fourth frames in the interlaced mode, a second line (Y)
indicates FRC patterns which are repeated in units of four
frames, and a third line (7) indicates panel polarities of the
first to fourth frames.

A method of calculating a polarity bias in each of a plural-
ity of pixels of a panel is expressed as the following Equation

%

ey

polarity =

(input image of first framex FRC patternX panel polarity) +
(input image of second framex FRC pattern X panel polarity) +
(input image of third frame X FRC pattern X panel polarity) +
(input image of fourth framex FRC pattern X panel polarity)

A polarity of a first pixel P1 of the panel of FIG. 1 which is

calculated through Equation (1) is expressed as Equation (2):
polarity={1*0*(+1))+{0%0* (- 1) +{1¥1* (+1))+(0%0%* (-
D)=l @

That is, a case in which there is an input image is set to 1,
acase in which there is no input image is set to 0, black in the
FRC pattern is set to O, white in the FRC patternis setto 1, a
case in which a panel polarity is negative (=) is set to -1, and
a case in which a panel polarity is positive (+) is set to +1.

First, in a first pixel of the first frame, an input image is 1,
the FRC pattern is 0, and a panel polarity is +1, whereby a
total polarity value becomes O.

In a first pixel of the second frame, an input image is 0, the
FRC pattern is 0, and a panel polarity is =1, whereby a total
polarity value becomes 0.

In a first pixel of the third frame, an input image is 1, the
FRC pattern is 1, and a panel polarity is +1, whereby a total
polarity value becomes 1.

In a first pixel of the fourth frame, an input image is 0, the
FRC pattern is 0, and a panel polarity is —1, whereby a total
polarity value becomes 0.

Therefore, a polarity of the first pixel P during the four
frames becomes 1 (=0+0+1+0).

A polarity of a second pixel P2 of the panel which is
calculated according to Equation (1) and the above-described
method becomes 0 as expressed in Equation (3).

pOlarity=(1*0*(+1))+(0*0* (= 1))+(1*¥1* (+1))+(0*0* (-
1))=1 (©)

Polarities of all pixels which are checked by the above-
described method are as illustrated in a portion (S) of FIG. 1.
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That is, in the LCD devices using both the interlaced mode
and the FRC mode, a polarity bias of +1 or -1 occurs in units
of four frames. Such a polarity bias continuously occurs
despite a frame being continued.

When the above-described polarity bias occurs, image
sticking can be caused by a deterioration of the panel, and for
this reason, a quality of an LCD device can be degraded.

SUMMARY

Accordingly, embodiments of the present application are
directed to a touch display device and method of manufactur-
ing the same that substantially obviates one or more of prob-
lems due to the limitations and disadvantages of the related
art.

An object of embodiments is to provide a touch display
device where increase in thickness and fabrication cost and
reduction in transmittance are prevented by changing the
structure thereof.

Advantages, objects. and features of the disclosure will be
set forth in part in the description which follows and in part
will become apparent to those having ordinary skill in the art
upon examination of the following or may be learned from
practice ofthe invention. The objectives and other advantages
of the invention may be realized and attained by the structure
particularly pointed out in the written description and claims
hereof as well as the appended drawings.

To achieve these objects and other advantages and in accor-
dance with the purpose according to one aspect of the inven-
tion, there is provided an LCD device, including: a panel,
including: a plurality of gate lines, and a plurality of data
lines, an image-sticking removal apparatus configured to,
when an interlaced input video is received from an external
system: generate an FRC pattern to be added into the input
video and a polarity pattern used to output the input video to
form one group, and generate at least two or more the groups
formed in parallel to the gate lines during one frame, and a
data driver configured to: convert image data inputted from
the image-sticking removal apparatus into data voltages,
invert a polarity of each of the data voltages on the basis of the
polarity pattern, and output the polarity-inverted data volt-
ages to the respective data lines.

In another aspect, there is provided a method of driving an
LCD device, the method including: in response to an inter-
laced input video being received from an external system, by
an image-sticking removal apparatus: generating an FRC pat-
tern to be added into the input video and a polarity pattern
used to output the input video to form one group, and genet-
ating at least two or more groups formed in parallel to gate
lines of a panel during one frame, converting, by the image-
sticking removal apparatus, the input video based on the FRC
pattern to generate the image data, generating, by the image-
sticking removal apparatus, a polarity signal corresponding to
the polarity pattern, transferring, by the image-sticking
removal apparatus, the image data and the polarity signal to a
data driver, converting, by the data driver, the image data into
data voltages, inverting, by the data driver, a polarity of each
of the data voltages according to the polarity signal, and
outputting, by the data driver, the polarity-inverted data volt-
ages to respective data lines of the panel.

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

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are included to pro-
vide a further understanding of the invention and are incor-
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4

porated in and constitute a part of this specification, illustrate
implementations of the invention and together with the
description serve to explain the principles of the invention.

FIG. 1 illustrates charts for describing a state in which
image sticking is caused by a polarity bias in accumulated
frames, in a related art LCD device using an FRC mode and an
interlaced scan mode.

FIG. 2 illustrates flow diagrams for describing a state in
whichan FRC pattern and a polarity pattern are changed by an
LCD device and a driving method thereof according to an
embodiment.

FIGS. 3 to 6 illustrate charts for describing a polarity bias
during accumulated frames in the LCD device according to an
embodiment.

FIG. 7 is a block diagram illustrating an embodiment of an
image-sticking removal apparatus applied to the LCD device.

FIG. 8 is ablock diagram illustrating an embodiment of the
LCD device.

FIG. 9 is a block diagram illustrating an embodiment of a
data driver applied to the LCD device.

FIG. 10 is a flowchart illustrating an embodiment of a
method of driving the LCD device according to an embodi-
ment.

Throughout the drawings and the detailed description,
unless otherwise described, the same drawing reference
numerals should be understood to refer to the same elements,
features, and structures. The relative size and depiction of
these elements may be exaggerated for clarity, illustration,
and convenience.

DETAILED DESCRIPTION OF THE INVENTION

Reference will now be made in detail to embodiments of
the present invention, examples of which are illustrated in the
accompanying drawings. In the following description, whena
detailed description of well-known functions or configura-
tions related to this document is determined to unnecessarily
cloud a gist of the invention, the detailed description thereof
will be omitted. The progression of processing steps and/or
operations described is an example; however, the sequence of
steps and/or operations is not limited to that set forth herein
and may be changed as is known in the art, with the exception
of steps and/or operations necessarily occurring in a certain
order. Like reference numerals designate like elements
throughout. Names of the respective elements used in the
following explanations are selected only for convenience of
writing the specification and may be thus different from those
used in actual products.

In the description of embodiments, when a structure is
described as being positioned “on or above” or “under or
below™ another structure, this description should be con-
strued as including a case in which the structures contact each
other as well as a case in which a third structure is disposed
therebetween.

Hereinafter, embodiments will be described in detail with
reference to the accompanying drawings.

FIG. 2 illustrates flow diagrams for describing a state in
whichan FRC pattern and a polarity pattern are changed by an
LCD device and a driving method thereof according to an
embodiment.

Embodiments relate to an LCD device and a driving
method thereof which remove image sticking occurring when
an interlaced mode and an FRC mode are used, in an AH-IPS
mode.

Among the modes, the interlaced mode is a mode that is
used from a time when an analog mode is used, and, for
example, is a mode that captures about thirty images per
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second, divides each of the captured thirty images into two
images to generate sixty images, and combines the divided
two images to display thirty images. That is, the interlaced
mode captures thirty images per second to generate thirty
frames in capture, but in record, the interlaced mode divides
each of the thirty frames into two frames to record sixty
frames. When a television reproduces the frames, the televi-
sion combines the divided two images to display thirty
images.

The FRC mode is a mode that reduces the number of bits of
data to decrease the number of data transfer lines, and com-
pensates for a degradation of an image quality, and is cur-
rently applied to most LCD devices. The FRC mode reduces
the number of bits of digital image data inputted to a source
driving integrated circuit (IC) of a data driver, and increases
the number of gray scales expressible with an FRC pattern,
thus compensating for a loss.

As described above with respect to the background art,
when both the interlaced mode and the FRC mode are applied
to an LCD device, a polarity bias occurs in each of a plurality
of pixels at certain-frame intervals, for example, at four-frame
intervals. Such a polarity bias degenerates a panel, causing
image sticking. As a result of a test for each mode applicable
to LCD devices, image sticking caused by the polarity bias
much occurs in, especially, the AH-IPS mode.

To solve such problems, as illustrated in FIG. 2, embodi-
ments may jump a polarity pattern (POL PT) at predeter-
mined-frame intervals, and may jump, e.g., skip, an FRC
pattern (FRC PT) at other predetermined-frame intervals,
thus removing image sticking caused by a polarity bias which
may occur when the interlaced mode and the FRC mode are
used. Embodiments may remove image sticking caused by a
polarity bias which may excessively occur in the AH-IPS
mode, but are not limited to the AH-IPS mode. It should be
understood that the terms “jump” and “skip” may be used
interchangeably.

First, as shown in the example of Table 1 below, the
embodiments may jump the FRC pattern (FRC PT) at prede-
termined-frame intervals to output the jumped FRC pattern.

TABLE 1

C-»D—-A—-B—-/D—->A—-B—-C—=/A—B...

For example, when there are four FRC patterns (C, D, A,
and B), as shown in Table 1, the four FRC patterns may be
sequentially changed in the order of C, D, A, and Bup to a
fourth frame, and when the fourth frame is changed to a fifth
frame, the “D” FRC pattern instead of the “C” FRC pattern
may be outputted.

The “C” FRC pattern may be outputted after the “B” FRC
pattern of the fourth frame, but embodiments may jump, e.g.,
skip, the “C” FRC pattern to output the “D” FRC pattern. That
is, in Table 1, the FRC patterns may be jumped at four-frame
intervals and outputted.

Embodiments are not limited to the four-frame interval,
and a frame interval may be variously changed. For example,
when a polarity pattern (POL PT) to be described below is
changed at 2n-frame intervals, the FRC patterns may be
jumped at 2nx2m-frame intervals. Here, n is a natural number
equal to or greater than one, and m is a natural number equal
to or greater than one.

Second, as shown in the Table 2 example, embodiments
may jump the polarity pattern (POL PT) at other predeter-
mined-frame intervals to output the jumped FRC pattern. In
the following description, the polarity pattern (POL PT) may
be a set of polarity signals (POL) for image data which may be
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6

outputted through the panel during one frame. That is, the
polarity pattern may indicate a polarity of a data voltage
(corresponding to each of the image data which may be out-
putted through the panel during one frame) for each pixel.

TABLE 2

a—+a—+/b=b—=/fa—ra—=/b=b—...

For example, when there are two polarity patterns (“a”” and
“b”), as shown in the Table 2 example, one of the two polarity
patterns may be successively outputted in the order of “a” and
“a” up to a second frame, and when the second frame is
changed to a third frame, the “b” polarity pattern instead of
the “a” polarity pattern may be outputted.

Generally, to reduce a deterioration of liquid crystal and
image sticking, LCD devices periodically invert a polarity of
a data voltage of each image signal to be outputted to the
panel. As methods of driving the LCD device, there are: a
frame inversion system, a column inversion system, a line
inversion system, a dot inversion system, etc. A related art
LCD device using the above-described driving method
repeats one inversion system in units of one frame.

However, as described above, embodiments may change
two different polarity patterns at predetermined-frame inter-
vals, and thus may remove image sticking caused by a polar-
ity bias which may occur in LCD devices using both the
interlaced mode and the FRC mode. An inversion system
applied to an embodiment may be one of the above-discussed
inversion systems.

For example, a jumping period of the polarity pattern and a
jumping period of the FRC pattern may be as described
above. That is, when the polarity pattern (POL PT)is changed
at 2n-frame intervals, the FRC pattern may be jumped at
2nx2m-frame intervals. Here, n is a natural number equal to
or greater than one, and m is a natural number equal to or
greater than one.

Third, in some embodiments, a combination of the FRC
pattern and the polarity pattern may be provided in plurality in
parallel to a plurality of gate lines formed in the panel. For
example, as illustrated in F1G. 2, in an embodiment, each of
the FRC pattern and the polarity pattern may be divided into
a first group (Group 1) and a second group (Group 2) in a
vertical direction of the panel (a liquid crystal panel) and
driven.

However, the number of groups is not required to be two,
and may be variously set in consideration of a size of the
panel, the number of gate lines, the number of lengthwise
FRC patterns, etc. Hereinafter, for convenience of descrip-
tion, as illustrated in FIG. 2, an example in which each of the
FRC pattern and the polarity pattern may be set and used as
two groups will be described.

For example, each of the first and second groups may be a
combination of the FRC pattern and the polarity pattern. That
is, in the F1G. 2 example, the first group outputted in an upper
direction of the panel may be composed ofa plurality of FRC
patterns, which may be jumped at four-frame intervals in the
order of C, D, A, B, and D; and a plurality of polarity patterns
which are jumped at two-frame intervals in the order of a, b,
b, a, and a.
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For convenience of description, in FIG. 2, the FRC pattern
and the polarity pattern composing one group are illustrated
separately.

That is, a change of the FRC pattern (FRC PT) in the first
group and a change of the FRC pattern (FRC PT) in the
second group are illustrated in a portion (Y) of the FIG. 2
example, and a change of the polarity pattern (POL PT) in the
first group and a change of the polarity pattern (POL PT) in
the second group are illustrated in a portion (Z) of the FIG. 2
example.

To provide an additional description, during the first frame,
an image based on the first group including the “C” FRC
pattern (FRC PT: C) and the “a” polarity pattern (POL PT: a)
may be outputted through an upper portion of the panel, and
an image based on the second group including the “A” FRC
pattern (FRC PT: A) and the “b” polarity pattern (POL PT: b)
may be outputted through a lower portion of the panel.

During the second frame, an image based on the first group
including the “D” FRC pattern (FRC PT: D) and the “a”
polarity pattern (POL PT: a) may be outputted through the
upper portion of the panel, and an image based on the second
group including the “C” FRC pattern (FRC PT: C) and the “b”
polarity pattern (POL PT: b) may be outputted through the
lower portion of the panel.

During the third frame, an image based on the first group
including the “A” FRC pattern (FRC PT: A) and the “b”
polarity pattern (POL PT: b) may be outputted through the
upper portion of the panel, and an image based on the second
group including the “D” FRC pattern (FRCPT: D) and the “b”
polarity pattern (POL PT: b) may be outputted through the
lower portion of the panel.

During the fourth frame, an image based on the first group
including the “B” FRC pattern (FRC PT: B) and the “b”
polarity pattern (POL PT: b) may be outputted through the
upper portion of the panel, and an image based on the second
group including the “A” FRC pattern (FRC PT: A) and the “a”
polarity pattern (POL PT: a) may be outputted through the
lower portion of the panel.

During the fifth frame, an image based on the first group
including the “D” FRC pattern (FRC PT: D) and the “a”
polarity pattern (POL PT: a) may be outputted through the
upper portion of the panel, and an image based on the second
group including the “B” FRC pattern (FRC PT: B) and the“a”
polarity pattern (POL PT: a) may be outputted through the
lower portion of the panel.

That is, the FRC patterns (FRC Group 1) of the first group
may be sequentially outputted in the order of C, D, A, and B
from the first frame to the fourth frame, and in the fifth frame,
the FRC pattern may be jumped, e.g., the “D” FRC pattern
instead of the “C” FRC pattern may be outputted. Also, the
FRC patterns (FRC Group 2) of the second group may be
sequentially outputted in the order of C, D, A, and B from the
second frame to the fifth frame, and in a sixth frame (not
shown), the FRC pattern may be jumped, e.g., the “D” FRC
pattern instead of the “C” FRC pattern may be outputted. That
is, the FRC pattern of the second group may be outputted with
one frame difference between the first and second groups. To
provide an additional description, FRC patterns outputted
during the same frame in two adjacent groups may differ.

Moreover, the polarity patterns (POL Group 1) of the first
group may be outputted as “a” and “a” in the first frame and
the second frame, and may be outputted as “b” and “b” in the
second frame and the third frame. Also, the polarity patterns
(POL Group 2) of the second group may be outputted as “b”
and “b” in the second frame and the third frame, and may be
outputted as “a” and “a” in the fourth frame and the fifth
frame. That is, the polarity pattern of the second group may be
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outputted with one frame difference between the first and
second groups. To provide an additional description, polarity
patterns outputted during the same frame in two adjacent
groups may differ or may be the same.

TABLE 3

1) panel polarity: 2-frame jumping

N EDITED FE TR
BRE LD oD D D

2) FRC pattern: 4-frame jumping

C—>D—>A—>—>A—>B—>C—>...

An example characteristic of each of the FRC patterns and
the polarity patterns in the first and second groups is shown in
the Table 3 example above.

The number of lengthwise lines of the FRC patterns
included in one group may be four.

A reason that the number of lengthwise lines of the FRC
patterns included in one group is four is because the FRC
pattern may be repeated at four-line intervals in a vertical
direction of the panel. Therefore, as the number of lengthwise
lines of the FRC pattern is changed, the number of lengthwise
lines of one group may be changed. Hereinafter, for conve-
nience of description, an example in which the number of
lengthwise lines of the FRC pattern is four will be described.

In the above-described configuration, a jumping period of
each of the FRC pattern and polarity pattern in the first group
and a jumping period of each of the FRC pattern and polarity
pattern in the second group may be set such as that described
above in the first and second methods, when the polarity
pattern (POL PT) is changed at 2n-frame intervals, the FRC
pattern is jumped at 2nx2m-frame intervals. Here, n is a
natural number equal to or greater than one, and m is a natural
number equal to or greater than one.

As described above, in embodiments, a reason that two or
more groups may be provided at the upper portion and lower
portion of the panel is for reducing flickers of the panel caused
by a periodic change of the polarity pattern.

That is, when an entirety of the panel is composed of one
group and the FRC pattern and the polarity pattern are
changed at certain jumping periods, an entirety of the panel
may be flickered each time the polarity pattern is changed.
However, a plurality of groups may be provided at the upper
portion and lower portion of the panel, and may have different
Jjumping periods, thus reducing flickers of the panel.

For example, in FIG. 2, when a frame is changed from the
first frame to the second frame, the polarity pattern (POL PT)
of the first group may not be changed, and the polarity pattern
(POL PT) of the second group may be changed from “a” to
“b”. Also, when a frame 1s from the second frame to the third
frame, the polarity pattern of the first group may be changed
from “a” to “b”, and the polarity pattern of the second group
may not be changed. Accordingly, a flickering period caused
by the change of the polarity pattern may increase, and thus,
viewers may not recognize flickers.

Hereinafter, an example in which a polarity bias during
accumulated frames is not caused by the LCD device and the
driving method thereofaccording to an embodiment perform-
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ing the above-described function will be described in detail
with reference to FIGS. 3 to 6.

FIGS. 3 to 6 illustrate charts for describing a polarity bias
during accumulated frames in the LCD device according to an
embodiment. FIG. 3 illustrates the first to fourth frames. FIG.
4 illustrates the fifth to eighth frames. FIG. 5 illustrates the
ninth to twelfth frames. FIG. 6 illustrates the thirteenth to
sixteenth frames.

Hereinafter, the FRC pattern and polarity pattern included
in one of the first and second groups will be described as an
example. That is, in FIGS. 3 to 6, although only one group is
illustrated, two or more groups may be provided, as illustrated
in FIG. 2.

Moreover, for convenience of description, the FRC pat-
terns and polarity patterns illustrated in FIGS. 3 to 6 may be
changed and jumped according to the first group shown in
FIG. 2 and Table 3. That is, as shown in the first group (Group
1) of Table 3, the FRC patterns illustrated in FIGS. 3 to 6 may
be changed in the order of C, D, A, B-(jumping)-D, A, B,
C-(jumping)-A, B, C, D-jumping)-B, C, D, A. As shown in
the first group of Table 3, the polarity patterns may also be
changed in the order of a, a-(jumping)-b, b-Gumping)-a,
a-(jumping)-b, b-(jumping)-a, a-(jumping)-b, b-(jumping)-a,
a-(jumping)-b, b.

In FIGS. 3 to 6, a first line (X) indicates input images
inputted as first to sixteenth frames in the interlaced mode, a
second line (Y) indicates FRC patterns which are repeated at
four-frame intervals, and a third line (Z) indicates polarity
patterns of the first to sixteenth frames. A fourth line (S)
indicates first to fourth pixels P1 to P4 among all pixels of the
panel in FIGS. 3 to 6.

A method of calculating a polarity bias in each pixel of the
panel may be expressed as the following Equation (4). Equa-
tion (4) is the same as Equation (1) described above in the
background art. In the following description of example
embodiments, a presence of an input image is indicated as
“17, alack of an input image is indicated as “0”, black in the
FRC pattern is indicated as “0”, white in the FRC pattern is
indicated as “1”, a panel polarity being negative (=) is indi-
cated as “-17, and a panel polarity being positive (+) is
indicated as “+1”. Equation (4) is as follows:

polarity = Q)

(input image of first framex FRC patternX panel polarity) +
(input image of second framex FRC pattern X panel polarity) +
(input image of third frame X FRC pattern X panel polarity) +
(input image of fourth framex FRC pattern X panel polarity)

With reference to the FIG. 3 example, first, in a first pixel
P1 of'the first frame, an input image is “1”, an FRC pattern is
“0”, and a panel polarity is “+1”, and a total polarity value
becomes “0”. In a second pixel P2 of the first frame, an input
image is “0”, an FRC pattern is “0”, and a panel polarity is
“~17, and a total polarity value becomes “0”. In a third pixel
P3 of'the first frame, an input image is “1”, an FRC pattern is
“1”, and a panel polarity is “+1”, and a total polarity value
becomes “+1”. In a fourth pixel P4 of the first frame, an input
image 1s “1”, an FRC pattern 1s “0”, and a panel polarity is
“~17, and a total polarity value becomes “0”.

All polarity values of first to fourth pixels P1 to P4 in the
second frame are “0” by using FIG. 3 with the above-de-
scribed calculation method.

By using FIG. 3 and the above-described calculation
method, in a first pixel P1 of the third frame, an input image
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is “17, an FRC pattern is “1”, and a panel polarity is “~17, and
a total polarity value becomes “0”. In a second pixel P2 of the
third frame, an input image is “1”, an FRC pattern is “0”, and
a panel polarity is “+17, and a total polarity value becomes
“0”. In a third pixel P3 of the third frame, an input image is
“1”, an FRC pattern is “0”, and a panel polarity is “~1”, and
a total polarity value becomes “0”. In a fourth pixel P4 of the
third frame, an input image is “1”, an FRC pattern is “0”, and
a panel polarity is “+1”, and a total polarity value becomes
“0”.

All polarity values of first to fourth pixels P1 to P4 in the
fourth frame are “0” by using FIG. 3 with the above-described
calculation method.

Therefore, when adding the polarity values of the first to
fourth frames, an accumulated polarity value of the first pixel
P11is “~1”, an accumulated polarity value of the second pixel
P2 is “0”, an accumulated polarity value of the third pixel P3
1s “+17, and an accumulated polarity value of the fourth pixel
P4 is “0”. That is, a polarity bias occurs in the first to fourth
frames.

Referring to FIG. 4, accumulated polarity values of respec-
tive pixels from the fifth frame to the eighth frame are 0, -1,
0, and +1. Similarly, a polarity bias also occurs in the fifth to
eighth frames.

As shown in FIG. 5, accumulated polarity values of respec-
tive pixels from the ninth frame to the twelfth frame are +1, 0,
-1, and 0. Similarly, a polarity bias also occurs in the ninth to
twelfth frames.

Also as shown in FIG. 5, accumulated polarity values of
respective pixels from the thirteenth frame to the sixteenth
frame are 0, +1, 0, and -1.

Finally, calculating the accumulated polarity values of the
respective pixels from the first frame to the sixteenth frame is
as follows.

The accumulated value of the first pixel P1 is: 0 (=(-1) (first
frame to fourth frame)+(0) (fifth frame to eighth frame)+(+1)
(ninth frame to twelfth frame)+(0) (thirteenth frame to six-
teenth frame)).

The accumulated value of the second pixel P2 is: 0 (=(0)
(first frame to fourth frame)+(-1) (fifth frame to eighth
frame)+(0) (ninth frame to twelfth frame)+(+1) (thirteenth
frame to sixteenth frame)).

The accumulated value of the third pixel P3 is: 0 (=(+1)
(first frame to fourth frame)+(0) (fifth frame to eighth frame)+
(1) (ninth frame to twelfth frame)+(0) (thirteenth frame to
sixteenth frame)).

The accumulated value of the fourth pixel P4 is: 0 (=(0)
(first frame to fourth frame)+(+1) (fifth frame to eighth
frame)+(0) (ninth frame to twelfth frame)+(-1) (thirteenth
frame to sixteenth frame)).

That is, in an embodiment, each of the pixels may have a
polarity bias at four-frame intervals, but, as a total of accu-
mulated polarity value during the sixteen frames may be “0”,
a polarity bias may not occur.

Therefore, as described above, embodiments may overlap
and use the polarity patterns and the FRC patterns, and may
jump the polarity patterns and the FRC patterns at every
predetermined period, thus setting a total accumulated polar-
ity value during the sixteen frames to “0”. Accordingly, a
polarity bias may not occur in LCD devices using both the
interlaced mode and the FRC mode.

Moreover, as described above, embodiments may provide
two or more groups in a vertical direction, and may differently
set the order of change of the polarity pattern and the order of
change of the FRC pattern in each of the groups, thus pre-
venting flickers of the panel.
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That is, by providing the polarity pattern, the FRC pattern,
and at least two or more groups, embodiments may prevent
image sticking caused by a polarity bias in the LCD devices
using both the interlaced mode and the FRC mode.

The jumping method described above with reference to
FIGS. 3 to 6 is shown in the Table 4 example.

12

410, a selector 420, a general mode driver 430, an image-
sticking removal mode driver 440, and a transferor 450.

The receiver 410 may receive input video data (Input Video
RGB) and one or more timing signals (Timing Signal) from
an external system. The timing signals may include, for
example, a vertical sync signal Vsync, a horizontal sync sig-

TABLE 4
Frame 1 2 3 4 5 6 7 8 9 10 11 12 13 14
Group 1 - FRC pattern cC DA BDAIDBTZ CADBUCDCC
Group 1 - panel polarity a a b b a a b b a a b b a a
Group 2 - FRC pattern A C DA BDADBU CAB C D B
Group 2 - panel polarity b a a b b a a b b a a b b a
15

That is, embodiments shown in FIGS. 3 to 6 and Table 4
may jump the polarity pattern (a panel polarity) at two-frame
intervals, and may jump the FRC pattern at four-frame inter-
vals.

An object of embodiments for preventing image sticking
caused by a polarity bias, as described above, may be
achieved by a holding method shown in the Table 5 example,
in addition to the method of jumping the polarity pattern and
the FRC pattern.

That is, as shown in Table 5, embodiments may hold the
FRC pattern at four-frame intervals, and hold the polarity
pattern (the panel polarity) at two-frame intervals. To provide
an additional description, an embodiment shown in Table 5
may hold the FRC pattern outputtedin a fourth frame, thereby
allowing the FRC pattern to be continuously outputted even
in a fifth frame. In this example, patterns subsequent to the
FRC pattern outputted in the fifth frame may be sequentially
outputted in a sixth frame.

Atthis time, the polarity patterns (the panel polarities) may
be outputted in the same order as that of the jumping method.

Moreover, a method of holding the FRC pattern and the
polarity pattern may also be implemented using at least two
groups.

20

25

30

nal Hsync, a data enable signal DE, and a main clock CLK.
The receiver 410 may sample the input video data according
to a timing of the main clock CLK, and may synchronize the
input video data with the external timing signal.

The selector 420 may determine whether to transfer the
input video and the timing signals to the general mode driver
430 or the image-sticking removal mode driver 440, in
response to a mode selection signal MS inputted from the
outside.

When general input video instead of interlaced input video
is inputted from the external system, the general mode driver
430 may be selected and driven by the selector 420. That is,
when input video that is not based on the interlaced mode is
inputted, the general mode driver 430 may be driven, may
generate a gate control signal GCS for controlling a gate
driver 200 (FIG. 8) and a data control signal DCS for control-
ling a data driver 300 (FIG. 8), and may align the input video
to output aligned image data. That is, the general mode driver
430 is an element which is used for generating a control signal
or aligning data in a general timing controller, and includes a
control signal generator 431 for generating the control signal
and a data aligner 432 that may align the input video to output
aligned image data. Thus, a detailed description on this is not
provided.

TABLE 5
Frame 1 2 3 4 5 6 7 8 9 10 11 12 13 14
Group 1 - FRC pattern C DA B B CDAADBCDD A
Group 1 - panel polarity a a b b a a b b a a b b a a
Group 2 - FRC pattern c ¢ DA BB CDAAIDBCD D
Group 2 - panel polarity b a a b b a a b b a a b b a

That is, embodiments may use the method of applying the
polarity pattern, the method of applying the FRC pattern, the
method of providing at least two or more groups, and the
jumping method or the holding method, thus preventing
image sticking caused by a polarity bias in the LCD devices
using both the interlaced mode and the FRC mode.

Hereinafter, for convenience of description, embodiments
using the jumping method will be described. However, the
following description may be applied to embodiments using
the holding method.

FIG. 7 is a block diagram illustrating an embodiment of an
image-sticking removal apparatus applied to the LCD device.
FIG. 8 is a block diagram illustrating an embodiment of the
LCDdevice. FIG.9 is ablock diagram illustrating an embodi-
ment of a data driver applied to the LCD device. FIG. 101is a
flowchart illustrating an embodiment of a method of driving
the LCD device.

An image-sticking removal apparatus 500 applied to the
LCD device, as illustrated in FIG. 7, may include a receiver

60

65

When input video (interlaced input video) to be outputted
by the interlaced mode is inputted from the external system,
the image-sticking removal driver 440 may be selected and
driven by the selector 420. The image-sticking removal mode
440 may receive information on the accumulated frames
described above with reference to FIGS. 210 6, e.g., informa-
tion on the jumping period of the FRC pattern, information on
the jumping period of the polarity pattern, information on the
FRC patterns, and information on the groups. However, the
information may be inputted from a memory outside the
image-sticking removal apparatus 500, inputted from an
internal memory of the image-sticking removal apparatus
500, or stored in the image-sticking removal mode driver 440.

The image-sticking mode driver 440 may include a counter
441 that may count the number of frames, a image sticking-
removal control signal generator 442 that may generate an
image sticking-removal control signal according to a count
value generated by the counter, and an image sticking-re-
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moval data aligner 443 that may generate image data accord-
ing to the count value generated by the counter.

The counter 441 may count a frame period by using one of
the vertical sync signal Vsync, the horizontal sync signal
Hsyne, and the data enable signal DE.

The image sticking-removal control signal generator 412
may generate the gate control signal GCS for driving a gate
driver 200 (FIG. 8), and may generate the data control signal
DCS for driving a data driver 300 (FIG. 8), according to the
count value. For example, the data control signal DCS may
include a polarity signal POL that may allow the data driver
300 to output image signals corresponding to the polarity
pattern (POL PT) described above with reference to FIGS. 3
to 6.

For example, the image sticking-removal control signal
generator 442 may generate the polarity signal POL that may
allow the data driver 300 to change a polarity of an image
signal outputted to each pixel at two-frame intervals.

The image sticking-removal data aligner 443 may select
the FRC patterns (e.g., FRC PT A to FRC PT D) by using
information on the count value, the FRC pattern jumping
period, and groups, and then may generate and output image
data to be transferred to the data driver 300.

That is, the image sticking-removal data aligner 443 may
generate image data RGB to be outputted during one frame by
using the input images and FRC patterns of FIGS. 3 to 6, and
may transfer the image data RGB to the data driver 300.

The transferor 450 may transfer the various control signals
DCS and GCS, generated by the general mode driver 430 or
the image sticking-removal driver 440, to the gate driver 200,
and may transfer the image data RGB, generated by the
general mode driver 430 or the image sticking-removal driver
440, to the data driver 300.

The image-sticking removal apparatus 500 may be pro-
vided at a main board of the LCD device according to
embodiments separately from a timing controller, but as illus-
trated in FIG. 8, the image-sticking removal apparatus 500
may be built into a timing controller 400 of the LCD device.

The LCD device according to embodiments, as illustrated,
may include a panel 100, the timing controller 400, the data
driver 300, and the gate driver 200. The image-sticking
removal apparatus 500 may be included in the timing con-
troller 400.

First, the panel 100 may include a plurality of pixels that
are respectively formed in a plurality of areas defined by
intersections between the plurality of gate lines GL1 to GLn
and the plurality of data lines DL1 to DLm. Each of the pixels
may include a thin film transistor (TFT) and a pixel electrode.
The pixel may further include a storage capacitor Cst and a
liquid crystal cell Cle, which may be a capacitor.

The TFT may supply an image signal applied through a
corresponding data line to the pixel electrode in response to
the scan signal being applied through a corresponding gate
line. The pixel electrode may drive liquid crystal between the
pixel electrode and a common electrode in response to the
image signal, thereby adjusting a light transmittance.

The panel of embodiments may be applied to all liquid
crystal modes in addition to a twisted nematic (TN) mode, a
vertical alignment (VA) mode, an in-plane switching (IPS)
mode, and a fringe field switching (FFS) mode. Also, the
LCD device according to embodiments may be implemented
as a transmissive LCD device, a semi-transmissive LCD
device, a reflective LCD device, or the like.

The image-sticking removal apparatus 500 may be config-
ured as illustrated in the FIG. 7 example, and may prevent a
polarity bias of the panel 100 by using the principle described
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above with reference to FIG. 6. The image-sticking removal
apparatus 500 may be included in the timing controller 400.

The timing controller 400 may generate the gate control
signal GCS for controlling an operation timing of the gate
driver 200 and the data control signal DCS for controlling an
operation timing of the data driver 300 by using the plurality
of timing signals, for example, the vertical sync signal Vsync,
the horizontal sync signal Hsync, the data enable signal DE,
etc., inputted from the external system. Also, the timing con-
troller 400 may generate image data to be transferred to the
data driver 300. That is, the timing controller 400 may be
provided separately from the image-sticking removal appa-
ratus 500, and may output a control signal and image data
which may be used for a general mode. When the image-
sticking removal apparatus 500 is built into the timing con-
troller 400, the timing controller 400 may perform all func-
tions of the image-sticking removal apparatus 500.

The gate driver 200 may sequentially supply a scan signal
to the gate lines by using the gate control signals GCS gen-
erated by the timing controller 400 or the image-sticking
removal apparatus 500. The gate driver 200 may be config-
ured with at least one or more gate driving ICs. That is, the
gate driver 200 applied to embodiments may use a gate driver
applied to LCD devices of the related art. The gate driver 200
applied to embodiments may be provided independently from
the panel 100, and may be configured in a type capable of
being electrically connected to the panel 100 in various types.
Alternatively, the gate driver 200 may be provided in a gate-
in-panel (GIP) type which may be built into the panel 100.

The data driver 300 may be configured with at least one or
more source driving ICs. The data driver 300 may convert
digital image data transferred from the timing controller 400
into analog image signals, and may supply the image signals
for one horizontal line to the data lines at every one horizontal
period in which the scan signal is supplied to a corresponding
gate line.

That is, the data driver 300 may convert the digital image
data into the analog image signals by using gamma voltages
supplied from a gamma voltage generator (not shown), and
may output the image signals to the respective data lines. As
such, as illustrated in the FIG. 9 example, the data driver 300
may include a shift register 331, a latch 332, a digital-to-
analog converter (DAC) 333, and an output buffer 334.

The shift register 331 may generate a sampling signal by
using the signals received from the image-sticking removal
apparatus 500 or the timing controller 400. The latch 332 may
latch the image data Data sequentially received from the
image-sticking removal apparatus 500 or the timing control-
ler 400, and may simultaneously output the latched image
data to the DAC 330.

The DAC 333 may simultaneously convert the image data,
transferred from the latch 332, into positive or negative data
voltages, and may output the positive or negative data volt-
ages. For example, the DAC 333 may convert the image data
into the positive or negative analog data voltages (image
signals) by using the polarity signal POL transferred from the
image-sticking removal apparatus 500, and may output the
positive or negative data voltages.

For example, the DAC 333 may allow image signals (data
voltages), outputted to the panel 100, to have the “a” polarity
pattern (POL PT: a) of the portion (7) of FIG. 3 in the first and
second frames according to the polarity signal POL, and may
allow the image signals (the data voltages), outputted to the
panel 100, to have the “b” polarity pattern (POL PT: b) of the
portion (Z) of FIG. 3 in the third and fourth frames according
to the polarity signal POL. The output buffer 334 may output
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the positive or negative data voltages, transferred from the
DAC 333, to the respective data lines DL of the panel 100

That is, in the LCD device according to embodiments,
when interlaced input video driven by the interlaced mode is
received from the external system, image data in which the
FRC pattern is added into the input video may be transferred
to the data driver 300, and the polarity signal POL for con-
trolling a polarity of each of image signals to be outputted
from the data driver 300 may be generated and transferred to
the data driver 300.

At this time, image data in which the FRC pattern (FRC
PT) may be added by the method of FIGS. 3 to 6 are genet-
ated, and the polarity signal that allows the polarity pattern
(POL PT) of FIGS. 3 to 6 to be outputted may be generated
and transferred to the data driver 300.

The data driver 300 may receive digital image data RGB
including the FRC pattern from the timing controller 400 or
the image-sticking removal apparatus 500, may convert the
digital image data into analog image signals, and may output
the image signals to the respective data lines of the panel 100.
At this time, the data driver 300 may change a polarity of each
of the image signals according to the polarity signal POL to
output the polarity-changed image signals.

The above-described configuration of the LCD device
according to embodiments will now be summarized.

The LCD device according to embodiments may includes:
the panel 100 in which the gate lines and the data lines may be
formed; the image-sticking removal apparatus 500 that, when
the interlaced input video is received from the external sys-
tem, may generates an FRC pattern to be added into the input
video and a polarity pattern used to output the input video to
form one group, and may generate at least two or more the
groups formed in parallel to the gate lines during one frame;
and the data driver 300 that may convert image data inputted
from the image-sticking removal apparatus 500 into data
voltages, may invert a polarity of each of the data voltages on
the basis of the polarity pattern, and may output the polarity-
inverted data voltages to the respective data lines.

The image-sticking removal apparatus 500 may convert the
input video on the basis of the FRC pattern to generate the
image data, may transfer the image data to the data driver 300,
and may generate the polarity signal POL corresponding to
the polarity pattern to transfer the polarity signal POL to the
data driver.

Moreover, the image-sticking removal apparatus 500 may
jump, e.g., skip, a plurality of the FRC patterns to be added
into the one group at predetermined-frame intervals to gen-
erate the image data, may transfer the image data to the data
driver 300, may generate the polarity signal POL that allows
the plurality of FRC patterns (which will be added into the
one group) to be jumped at other predetermined-frame inter-
vals, and may transfer the polarity signal POL to the data
driver 300.

For example, when the polarity pattern (POL PT) is
jumped at 2n-frame intervals, the FRC pattern may be
changed at 2nx2m-frame intervals. Here, n is a natural num-
ber equal to or greater than one, and m is a natural number
equal to or greater than one.

Moreover, when the number of groups is two or more,
periods at which the FRC pattern and the polarity pattern are
Jumped may be the same for each of the groups, and the FRC
patterns which are outputted through adjacent groups during
one frame may differ.

Moreover, as described above with reference to FIGS. 3 to
6, the number of FRC patterns included in the one group may
be four, and the number of polarity patterns included in the
one group may be two. When the FRC patterns are jumped at
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four-frame intervals and the polarity patterns are jumped at
two-frame intervals, an accumulated polarity value of the
pixels formed at the panel may become “0” at sixteen-frame
intervals.

A method of driving the LCD device according to embodi-
ments will now be described in detail with reference to FIG.
10.

In a first process, when the interlaced input video is
received from the external system, the image-sticking
removal apparatus 500 may generate an FRC pattern to be
added into the input video and a polarity pattern used to
output the input video to form one group, and may generate at
least two or more the groups to be outputted during one frame,
may convert the input video on the basis of the FRC pattern to
generate image data, may generate the polarity signal POL
corresponding to the polarity pattern, and may transfer the
image data and the polarity signal POL to the data driver 300
in operations 902 to 908.

The first process may be subdivided as illustrated in FIG.
10.

First, the image-sticking removal apparatus 500 may deter-
mine whether an interlaced input video is inputted from the
external system in operation 902. Such a function may be
performed according to the selector 420 receiving the mode
selection signal MS. That is, the external system may inform
the LCD device of whether to perform a de-interlace opera-
tion by using the mode selection signal MS. In response to it
being determined in operation 902 that a general input video
instead of the interlaced input video is inputted, the image-
sticking removal apparatus 500 may generate image datain a
general method (912), and may transfer the generated image
data to the data driver 300 (910).

Subsequently, the image-sticking removal apparatus 500
may define an FRC operation, a counter operation for gener-
ating the polarity signal POL, and the maximum value in
operation 904.

That is, the counter 441 may jumps or hold a value which
may be counted at every externally-predetermined period,
and thus, the image sticking-removal control signal generator
442 or the image-sticking removal aligner 443 may select an
FRC pattern and a polarity pattern to be outputted at every
frame.

Subsequently, the image-sticking removal apparatus 500
may count the number of frames and the number of lines for
performing the FRC operation and generating the polarity
signal POL in operation 906. That is, the image-sticking
removal apparatus 500 may count the number of frames for
jumping the FRC pattern or the polarity pattern, and may
count the number of lines for forming a group including a
plurality of the polarity patterns at every line.

Finally, the image-sticking removal apparatus 500 may
generate the FRC pattern and the polarity pattern by using the
frame count value and the line count value (908). The gener-
ated image data may then be transferred to the data driver 300
910).

In a second process, the data driver 300 may receive the
image data from the image-sticking removal apparatus 500,
may convert the received digital image data into analog data
voltages, may invert a polarity of each of the data voltages
according to the polarity signal, and may output the polarity-
inverted data voltages to the respective data lines of the panel
100 in operation 910. The analog image data transferred from
the data driver 300 may be transferred from the image stick-
ing-removal data aligner 443, and may be transferred from the
data aligner 432 of the general mode driver 430.

In the first process, the operation that may generate the
image data and the polarity signal POL and may transfer the
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image data and the polarity signal POL to the data driver 300
may include: an operation in which the image-sticking
removal apparatus 500 may jumps a plurality of the FRC
patterns to be added into the one group at predetermined-
frame intervals to generate the image data, and may transfer
the image data to the data driver 300; an operation in which
the image-sticking removal apparatus 500 may generate the
polarity signal POL that may allow the plurality of FRC
patterns (which will be added into the one group) to be
jumped at other predetermined-frame intervals, and may
transfer the polarity signal POL to the data driver 300.

That is, embodiments may group the polarity pattern and
the FRC pattern, and a plurality of the groups may be grouped
at the same size with respect to a displayed image.

For example, each of the groups may be set to have the
arbitrary number of lines (1 to N) in one frame. That is, the
number of lines of each group may be changed according to a
change of the number of vertical lines in which the FRC
pattern is variable.

As described above, embodiments may jump a polarity
pattern at predetermined-frame intervals, and may jump an
FRC pattern at other predetermined-frame intervals, thus
removing image sticking caused by a polarity bias which may
occur when the interlaced mode and the FRC mode are simul-
taneously applied.

Moreover, embodiments may change the order of change
of each of the polarity pattern and FRC pattern at every certain
period, and thus may prevent a polarity bias of each sub-pixel
during accumulated frames. Therefore, embodiments may
remove image sticking caused by a polarity bias which may
occur when the interlaced mode based on an interlace input
and the FRC mode are applied.

Although embodiments have been described with refer-
ence to a number of illustrative embodiments thereof, it
should be understood that numerous other modifications and
embodiments may be devised by those skilled in the art that
will fall within the spirit and scope of the principles of this
disclosure. More particularly, various variations and modifi-
cations are possible in the component parts and/or arrange-
ments of the subject combination arrangement within the
scope of the disclosure, the drawings and the appended
claims. In addition to variations and modifications in the
component parts and/or arrangements, alternative uses will
also be apparent to those skilled in the art.

What is claimed is:

1. A liquid crystal display (LCD) device, comprising;

a panel, comprising:

a plurality of gate lines; and

a plurality of data lines;

an image-sticking removal apparatus configured to, when

an interlaced input video is received from an external

system:

generate a frame rate control (FRC) pattern to be added
into the input video and a polarity pattern used to
output the input video to form one group; and

generate at least two or more the groups formed in par-
allel to the gate lines during one frame; and

a data driver configured to:

convert image data inputted from the image-sticking
removal apparatus into data voltages;

invert a polarity of each of the data voltages on the basis
of the polarity pattern; and

output the polarity-inverted data voltages to the respec-
tive data lines,

wherein:

the image-sticking removal apparatus is further config-
ured to:
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jump or hold a plurality of the FRC patterns to be
added into the one group at predetermined-frame
intervals to generate the image data, and
transfer the image data to the data driver, and
the image-sticking removal apparatus is further config-
ured to:
generate a polarity signal that allows the plurality of
patterns, which will be added into the one group, to
be jumped or held at other predetermined-frame
intervals, and
transfer the polarity signal to the data driver.
2. The LCD device of claim 1, wherein:
the image-sticking removal apparatus is further configured
to:
convert the input video on the basis of the FRC pattern to
generate the image data; and
transfer the image data to the data driver; and
the image-sticking removal apparatus is further configured
to generate a polarity signal corresponding to the polar-
ity pattern to transfer the polarity signal to the data
driver.

3. The LCD device of claim 1, wherein, in response to the
polarity pattern being jumped or held at 2n-frame intervals,
the FRC pattern is changed at 2nx2m-frame intervals, n being
a natural number equal to or greater than one, m being a
natural number equal to or greater than one.

4. The LCD device of claim 1, wherein, in response to a
number of groups being two or more:

periods at which the FRC pattern and the polarity pattern

are jumped or held are the same for each of the groups;
and

the FRC patterns that are outputted through adjacent

groups during one frame differ.

5. The LCD device of claim 1, wherein a number of lines of
the FRC patterns to be added into the one group is four.

6. The LCD device of claim 1, wherein, in response to the
number of FRC patterns in the one group being four, the
number of polarity patterns in the one group being two, the
FRC patterns being jumped or held at four-frame intervals,
and the polarity patterns being jumped or held at two-frame
intervals, an accumulated polarity value of a plurality of
pixels formed at the panel becomes 0 at sixteen-frame inter-
vals.

7. A method of driving a liquid crystal display (LCD)
device, the method comprising:

in response to an interlaced input video being received

from an external system, by an image-sticking removal

apparatus:

generating a frame rate control (FRC) pattern to be
added into the input video and a polarity pattern used
to output the input video to form one group; and

generating at least two or more groups formed in parallel
to gate lines of a panel during one frame;

converting, by the image-sticking removal apparatus, the

input video based on the FRC pattern to generate the

image data;

generating, by the image-sticking removal apparatus, a

polarity signal corresponding to the polarity pattern;
transferring, by the image-sticking removal apparatus, the
image data and the polarity signal to a data driver;
converting, by the data driver, the image data into data
voltages;
inverting, by the data driver, a polarity of each of the data
voltages according to the polarity signal; and
outputting, by the data driver, the polarity-inverted data
voltages to respective data lines of the panel,
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wherein the generating a polarity signal comprises:

jumping or holding, by the image-sticking removal
apparatus, a plurality of the FRC patterns to be added
into the one group at predetermined-frame intervals to
generate the image data,

transferring, by the image-sticking removal apparatus,
the image data to the data driver,

generating, by the image-sticking removal apparatus, a
polarity signal that allows the plurality of patterns,
which will be added into the one group, to be jumped
or held at other predetermined-frame intervals, and

transferring, by the image-sticking removal apparatus,
the polarity signal to the data driver.

8. The method of claim 7, wherein, in response to the
polarity pattern in each of the groups being jumped or held at
2n-frame intervals, the FRC pattern in each of the groups is
changed at 2nx2m-frame intervals, n being a natural number
equal to or greater than one, m being a natural number equal
to or greater than one.
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9. The method of claim 7, wherein, in response to a number
of groups being two or more:

periods at which the FRC pattern and the polarity pattern

are jumped or held are the same for each of the groups;
and

the FRC patterns that are outputted through adjacent

groups during one frame differ.

10. The method of claim 7, wherein a number of lines of the
FRC patterns to be added into the one group is four.

11. The method of claim 7, wherein, in response to the
number of FRC patterns in the one group being four, the
number of polarity patterns in the one group being two, the
FRC patterns being jumped or held at four-frame intervals,
and the polarity patterns being jumped or held at two-frame
intervals, an accumulated polarity value of a plurality of
pixels formed at the panel becomes 0 at sixteen-frame inter-
vals.
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