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DRIVING APPARATUS AND DRIVING
METHOD OF LIQUID CRYSTAL DISPLAY

[0001] This application claims priority to Korean Patent
Application No. 10-2011-0046836, filed on May 18, 2011,
and all the benefits accruing therefrom under 35 U.S.C. §119,
the content of which in its entirety is herein incorporated by
reference.

BACKGROUND OF THE INVENTION

[0002] (a) Field of the Invention

[0003] Exemplary embodiments ofthe invention relate to a
driving apparatus and a driving method of a liquid crystal
display.

[0004] (b) Description of the Related Art

[0005] A liquid crystal display is one of the most widely
used types of a flat panel display, and typically includes two
display panels on which field generating electrodes, such as
pixel electrodes and a common electrode, are provided, and a
liquid crystal layer interposed between the two display pan-
els. A voltage is applied to the field generating electrodes to
generate an electric field in the liquid crystal layer, and the
orientation of liquid crystal molecules of the liquid crystal
layer and the polarization of incident light is controlled by the
generated electric field to display an image.

[0006] Vertical lines due to crosstalk may be recognized in
the liquid crystal display. To effectively prevent display dete-
riorations such as the vertical lines due to crosstalk, the dura-
tion of a gate-on signal may be increased to increase the
charging time of the liquid crystal layer. However, when the
duration of the gate-on signal is consecutively increased, the
gray may overlap, and thus colors may be generated non-
uniformly.

BRIEF SUMMARY OF THE INVENTION

[0007] Exemplary embodiments of the invention provide a
liquid crystal display which prevents display quality deterio-
ration due to crosstalk, and a driving method thereof.

[0008] Inanexemplary embodiment, a driving apparatus of
a liquid crystal display includes a signal modification unit
which modifies a signal based on a data signal input to the
liquid crystal display, where the signal modification unit
determines whether the data signal corresponds to an image
to be displayed with a quality deterioration and outputs at
least one of a first signal and a second signal, where the first
signal is output when the signal modification unit determines
the data signal corresponds to the image to be displayed with
the quality deterioration, and where the second signal is out-
put when the signal modification unit determines the data
signal does not corresponds to the image to be displayed with
the quality deterioration.

[0009] Inanexemplary embodiment, the first signal and the
second signal may be control signals of a gate signal, and a
duration of a gate-on signal corresponding to the first signal
may be greater than a duration ofa gate-on signal correspond-
ing to the second signal.

[0010] In an exemplary embodiment, the signal modifica-
tion unit may include a line memory which stores the data
signal input to a first data line of the liquid crystal display.

Nov. 22,2012

[0011] In an exemplary embodiment, the signal modifica-
tion unit may compare the data signals stored in the line
memory with the data signal input to a second data line of the
liquid crystal display.

[0012] Inan exemplary embodiment, the driving apparatus
may include a frame memory which stores data signals input
during a previous frame, where the signal modification unit
may compare the data signals stored in the frame memory
with data signals input during a current frame.

[0013] In an exemplary embodiment, the signal modifica-
tion unit may include a comparator which compares a com-
mon voltage of the liquid crystal display with a predetermined
reference value.

[0014] Inanexemplary embodiment, a driving method of a
liquid crystal display includes determining whether a data
signal input to the liquid crystal display corresponds to an
image to be displayed with a display quality deterioration
based on an data signal input to the liquid crystal display, and
outputting at least one of a first signal and a second signal
based on the determining whether the data signal corresponds
to the image to be displayed with the display quality deterio-
ration, where the first signal is output when the data signal
corresponds to the image to be displayed with the quality
deterioration, and where the second signal is output when the
data signal does not corresponds to the image to be displayed
with the quality deterioration.

[0015] Inanexemplary embodiment, the first signal and the
second signal may be control signals of a gate signal, and a
duration of a gate-on signal corresponding to the first signal
may be greater than a duration ofa gate-on signal correspond-
ing to the second signal.

[0016] In an exemplary embodiment, the determining
whether the data signal input to the liquid crystal display
corresponds to the image to be displayed with the display
quality deterioration may include comparing a data signal
input to a first data line and stored in a frame memory with a
data signal input to a second data line.

[0017] In an exemplary embodiment, the determining
whether the data signal input to the liquid crystal display
corresponds to the image to be displayed with the display
quality deterioration may include comparing data signals dur-
ing a previous frame and stored in a frame memory with data
signals currently input.

[0018] In an exemplary embodiment, the determining
whether the data signal input to the liquid crystal display
corresponds to the image to be displayed with the display
quality deterioration may include comparing a common volt-
age of the liquid crystal display with a predetermined refer-
ence value.

[0019] In an exemplary embodiment, the duration of the
gate-on signal is controlled based on determining whether the
data signal corresponds to an image to be displayed with the
display quality deterioration, and the display quality deterio-
ration due to crosstalk such as a vertical line and the non-
uniformity due to the overlapping of the data by limiting
increasing of the duration of the gate-on signal are thereby
effectively prevented.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020] The above and other aspects and features of the
invention will become more apparent by describing in further
detail exemplary embodiments thereof with reference to the
accompanying drawings, in which:
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[0021] FIG.1 is a block diagram of an exemplary embodi-
ment of a liquid crystal display according to the invention;
[0022] FIG. 2 is an equivalent circuit diagram showing an
exemplary embodiment of a single pixel of a liquid crystal
display according to the invention.

[0023] FIG. 3 is a block diagram of an exemplary embodi-
ment of a signal modification unit according to the invention;
[0024] FIG. 4 is aflowchart showing an exemplary embodi-
ment of a signal modification method according to the inven-
tion;

[0025] FIG. 5 is a block diagram showing data lines and
pixels of an exemplary embodiment of a liquid crystal display
according to the invention;

[0026] FIG. 6 is a signal timing diagram showing an exem-
plary embodiment of a gate-on signal according to the inven-
tion;

[0027] FIG. 7 is a block diagram of an alternative exem-
plary embodiment of a signal modification unit according the
invention;

[0028] FIG. 8 is a block diagram showing data lines and
pixels of an alternative exemplary embodiment of a liquid
crystal display according to the invention;

[0029] FIG. 9 is a block diagram of another alternative
exemplary embodiment of a signal modification unit accord-
ing to the invention;

[0030] FIG. 10 is a signal timing diagram showing an
exemplary embodiment of a signal modification operation
according to the invention; and

[0031] FIG.11 is a waveform diagram of a signal applied to
an exemplary embodiment of a liquid crystal display accord-
ing to the invention.

DETAILED DESCRIPTION OF THE INVENTION

[0032] The invention will be described more fully herein-
after with reference to the accompanying drawings, in which
exemplary embodiments of the invention are shown. This
invention may, however, be embodied in many different
forms, and should not be construed as limited to the embodi-
ments set forth herein. Rather, these embodiments are pro-
vided so that this disclosure will be thorough and complete,
and will fully convey the scope of the invention to those
skilled in the art. Like reference numerals refer to like ele-
ments throughout.

[0033] It will be understood that when an element is
referred to as being “on” another element, it can be directly on
the other element or intervening elements may be present
therebetween. In contrast, when an element is referred to as
being “directly on” another element, there are no intervening
elements present. As used herein, the term “and/or” includes
any and all combinations of one or more of the associated
listed items.

[0034] It will be understood that, although the terms first,
second, third etc. may be used herein to describe various
elements, components, regions, layers and/or sections, these
elements, components, regions, layers and/or sections should
not be limited by these terms. These terms are only used to
distinguish one element, component, region, layer or section
from another element, component, region, layer or section.
Thus, a first element, component, region, layer or section
discussed below could be termed a second element, compo-
nent, region, layer or section without departing from the
teachings of the invention.

[0035] The terminology used herein is for the purpose of
describing particular embodiments only and is not intended to
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be limiting. As used herein, the singular forms “a,” “an” and
“the” are intended to include the plural forms as well, unless
the context clearly indicates otherwise. It will be further
understood that the terms “comprises” and/or “comprising,”
or “includes” and/or “including” when used in this specifica-
tion, specify the presence of stated features, regions, integers,
steps, operations, elements, and/or components, but do not
preclude the presence or addition of one or more other fea-
tures, regions, integers, steps, operations, elements, compo-
nents, and/or groups thereof.

[0036] Furthermore, relative terms, such as “lower” or
“bottom” and “upper” or “top,” may be used herein to
describe one element’s relationship to another element as
illustrated in the Figures. It will be understood that relative
terms are intended to encompass different orientations of the
device in addition to the orientation depicted in the Figures.
For example, if the device in one of the figures is turned over,
elements described as being on the “lower” side of other
elements would then be oriented on “upper” sides of the other
elements. The exemplary term “lower,” can therefore, encom-
passes both an orientation of “lower” and “upper,” depending
on the particular orientation of the figure. Similarly, if the
device in one of the figures is turned over, elements described
as “below” or “beneath” other elements would then be ori-
ented “above” the other elements. The exemplary terms
“below” or “beneath” can, therefore, encompass both an ori-
entation of above and below.

[0037] Unless otherwise defined, all terms (including tech-
nical and scientific terms) used herein have the same meaning
as commonly understood by one of ordinary skill in the art to
which this invention belongs. It will be further understood
that terms, such as those defined in commonly used dictio-
naries, should be interpreted as having a meaning that is
consistent with their meaning in the context of the relevant art
and the present disclosure, and will not be interpreted in an
idealized or overly formal sense unless expressly so defined
herein.

[0038] Exemplary embodiments are described herein with
reference to cross section illustrations that are schematic
illustrations of idealized embodiments. As such, variations
from the shapes of the illustrations as a result, for example, of
manufacturing techniques and/or tolerances, are to be
expected. Thus, embodiments described herein should not be
construed as limited to the particular shapes of regions as
illustrated herein but are to include deviations in shapes that
result, for example, from manufacturing. For example, a
region illustrated or described as flat may, typically, have
rough and/or nonlinear features. Moreover, sharp angles that
are illustrated may be rounded. Thus, the regions illustrated in
the figures are schematic in nature and their shapes are not
intended to illustrate the precise shape of a region and are not
intended to limit the scope of the present claims.

[0039] All methods described herein can be performed in a
suitable order unless otherwise indicated herein or otherwise
clearly contradicted by context. The use of any and all
examples, or exemplary language (e.g., “such as”), is
intended merely to better illustrate the invention and does not
pose a limitation on the scope of the invention unless other-
wise claimed. No language in the specification should be
construed as indicating any non-claimed element as essential
to the practice of the invention as used herein.

[0040] Hereinafter, exemplary embodiments of the inven-
tion will be described with reference to accompany drawings.
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[0041] Firstly, an exemplary embodiment of aliquid crystal
display according to the invention will be described with
reference to FIGS. 1 and 2.

[0042] FIG. 1 is a block diagram showing an exemplary
embodiment ofaliquid crystal display according to the inven-
tion, and FIG. 2 is an equivalent circuit diagram showing an
exemplary embodiment of a single pixel of a liquid crystal
display according to the invention.

[0043] Referring to FIG. 1, an exemplary embodiment of a
liquid crystal display includes a liquid crystal panel assembly
300, a gate driver 400, a data driver 500, a gray voltage
generator 800 and a signal controller 600. In an exemplary
embodiment, the signal controller 600 includes a signal modi-
fication unit 650 disposed therein. In an alternative exemplary
embodiment, the signal modification unit 650 may be dis-
posed outside the signal controller 600.

[0044] Referring to FIG. 1, the liquid crystal panel assem-
bly 300 includes a plurality of signal lines G1 to Gn and D1 to
Dm, and a plurality of pixels PX arranged substantially in a
matrix form. As shown in FIG. 2, the liquid crystal panel
assembly 300 includes a lower panel 100 and an upper panel
200 disposed opposite to, e.g., facing, each other, and a liquid
crystal layer 3 interposed between the lower panel 100 and the
upper panel 200.

[0045] The signal lines G1 to Gn and D1 to Dm include a
plurality of gate lines G1 to Gn that transmits gate signals
(referred to as “scanning signals™), and a plurality of data
lines D1 to Dm that transmits a data voltage. In an exemplary
embodiment, the gate lines G1 to Gn are arranged substan-
tially in parallel to each other and extend substantially in a
row direction, and the data lines D1 to Dm are arranged
substantially in parallel to each other and extend substantially
in a column direction.

[0046] Each pixel PX, e.g., a pixel PX connected to an i-th
gate line Gi (i=1, 2, . . ., n) and a j-th data line Dj (=1, 2, . .
., m), includes a switching element that is connected to a
corresponding signal lines, e.g., the i-th gate line Gi and the
j-th data line Dj, and a liquid crystal capacitor Clc and a
storage capacitor Cst connected to the corresponding signal
lines. In an alternative exemplary embodiment, the storage
capacitor Cst may be omitted.

[0047] The switching element is a three terminal element,
e.g., a thin film transistor, and is provided to the lower panel
100. In an exemplary embodiment, a control terminal of the
switching element is connected to the gate line Gi of the
corresponding signal lines, an input terminal of the switching
element is connected to the data line Dj of the corresponding
signal lines, and an output terminal of the switching element
is connected to the liquid crystal capacitor Clc and the storage
capacitor Cst.

[0048] The liquid crystal capacitor Clc has two terminals,
which are a pixel electrode PE of the lower panel 100 and a
common electrode 270 of the upper panel 200. The liquid
crystal layer 3 between the pixel and common electrodes 191
and 270 serves as a dielectric material. In an exemplary
embodiment, as shown in FIG. 2, the pixel electrode 191 is
connected to the switching element, and the common elec-
trode 270 is disposed on the whole surface of the upper panel
200 and receives a common voltage Vcom. In an alternative
exemplary embodiment, the common electrode 270 may be
disposed on the lower panel 100, and at least one of the pixel
and common electrodes 191 and 270 may have a linear shape
or a bar shape, differently from the exemplary embodiment
shown in FIG. 2.
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[0049] The storage capacitor Cst that serves as an auxiliary
to the liquid crystal capacitor Clc is defined by a separate
signal line (not shown) provided on the lower panel 100 and
the pixel electrode 191 overlapping the separate signal line
with an insulator interposed therebetween, and a predeter-
mined voltage, e.g., acommon voltage Vcom, is applied to the
separate signal line. However, the storage capacitor Cst may
be formed by the pixel electrode 191 and the overlying pre-
vious gate line Gi-1 that are arranged to overlap each other
via the insulator.

[0050] For color display, each pixel PX uniquely represents
one of primary colors (i.e., spatial division) or each pixel PX
sequentially represents the primary colors in turn (i.e., tem-
poral division), such that a spatial or temporal sum of the
primary colors is recognized as a desired color. In one exem-
plary embodiment, for example, a set of the primary colors
includes red, green and blue colors. As shown in FIG. 2, each
pixel PX includes a color filter 230 representing one of the
primary colors in an area of the lower panel 100 correspond-
ing to the pixel electrode 191. The color filter 230 may include
an organic insulator.

[0051] Atleast one polarizer (not shown) that provides light
polarization is provided in the liquid crystal panel assembly
300.

[0052] Next, an exemplary embodiment of a driving appa-
ratus ofa liquid crystal display according to the invention will
be described.

[0053] Referringagainto FIG. 1, the gray voltage generator
800 generates all gray voltages or a predetermined number of
gray voltages (or reference gray voltages) related to transmit-
tance of the pixels PX. The gray voltages may include a first
set having a positive value with respect to the common volt-
age Vcom, and a second set having a negative value with
respect to the common voltage Vcom.

[0054] The gate driver 400 is connected to the gate lines G1
to Gn of the liquid crystal panel assembly 300, and applies
gate signals obtained by combining a gate-on voltage Von and
a gate-off voltage Voff to the gate lines G1 to Gn.

[0055] The data driver 500 is connected to the data lines D1
to Dm of the liquid crystal panel assembly 300, and selects the
gray voltages from the gray voltage generator 800 to apply the
gray voltages to the data lines D1 to Dm as data voltages. In
an exemplary embodiment, the gray voltage generator 800
supplies only a predetermined number of reference gray volt-
ages, and the data driver 500 divides the reference gray volt-
ages to generate the data voltages.

[0056] The signal controller 600 controls the gate driver
400 and the data driver 500. The signal controller 600
includes the signal modification unit 650.

[0057] Inanexemplary embodiment, each ofthe gate driver
400, the data driver 500, the signal controller 600 and the gray
voltage generator 800 may be directly mounted on the liquid
crystal panel assembly 300 in the form of at least one inte-
grated circuit (“IC”) chip. In an alternative exemplary
embodiment, each of the gate driver 400, the data driver 500,
the signal controller 600 and the gray voltage generator 800
may be mounted on a flexible printed circuit film (not shown)
and then mounted on the liquid crystal panel assembly 300 in
the form of a tape carrier package (“TCP”), or may be
mounted on a separate printed circuit board (not shown). In an
exemplary embodiment, the gate driver 400, the data driver
500, the signal controller 600 and the gray voltage generator
800 may be integrated with the liquid crystal panel assembly
300 together with, for example, the signal lines G1 to Gn and
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D1 to Dm and the thin film transistor switching element. In an
exemplary embodiment, the gate driver 400, the data driver
500, the signal controller 600 and the gray voltage generator
800 may be integrated into a single chip. In an alternative
exemplary embodiment, at least one of the drivers or at least
one circuit forming the drivers may be arranged outside the
single chip.

[0058] Hereinafter, an operation of the liquid crystal dis-
play will be described.

[0059] The signal controller 600 receives input image sig-
nals R, G and B and an input control signal to control the
display of the image signals R, G and B from outside, e.g.,
from a graphics controller (not shown). The input image
signals R, G and B contain luminance information of each
pixel PX. The luminance information corresponds to a pre-
determined number of grays, such as 1024=2'°, 256=25, or
64=2°. In an exemplary embodiment, the input control sig-
nals may include a vertical synchronization signal Vsync, a
horizontal synchronizing signal Hsync, a main clock signal
MCLK and a data enable signal DE, for example.

[0060] The signal controller 600 processes the input image
signals R, G and B based on the operating conditions of the
display panel assembly 300 and the input image signals R, G
and B, and generates a gate control signal CONT1 and a data
control signal CONT2. The signal controller 600 outputs the
gate control signal CONT1 to the gate driver 400, and outputs
the data control signal CONT2 and modification image sig-
nals R', G' and B' to the data driver 500.

[0061] In an exemplary embodiment, the image signal
modification unit 650 of the signal controller 600 modifies the
input image signals R, G and B based on a change in values of
the data signal or the common voltage to prevent deterioration
of display quality due to crosstalk, which will be described
later in greater detail.

[0062] The image scan control signal CONT1 includes an
image scanning start signal STV to command a start of image
scanning, and at least one clock signal to control an output
cycle of the gate-on voltage. The image scan control signal
CONT1 may further include an output enable signal to define
a duration of the gate-on voltage.

[0063] The image data control signal CONT2 includes a
horizontal synchronization start signal to inform a start of
transmission of digital image data for one column of pixels
PX, a load signal to command the analog data voltage to be
applied to the data lines D1 to Dm, and a data clock signal.
The data control signal CONT2 may further include an inver-
sion signal that inverts the voltage polarity of the data voltage
for the common voltage Vcom. Hereinafter, the data signal
polarity denotes the voltage polarity of the data signal with
respect to the common voltage.

[0064] The data driver 500 receives modification image
signals R', G' and B' for a column of pixels, and selects gray
voltages corresponding to the modification image signals R',
G' and B' based on the data control signal CONT2 from the
signal controller 600 to convert the modification image sig-
nals R', G' and B' to analog data signals. Then, the analog data
signals are supplied to corresponding data lines D1 to Dm.
[0065] The gate driver 400 supplies a gate-on voltage Von
to the gate lines G1 to Gn based on a gate control signal
CONT1 from the signal controller 600, and a switching ele-
ment Q connected to the gate lines G1 to Gn is thereby turned
on. The data voltage transmitted to the data lines D1 to Dm is
supplied to a corresponding pixel PX through the turned-on
switching element.
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[0066] A difference between a voltage of the data signal
applied to the pixels PX and the common voltage Vcom is
expressed as a charged voltage of the liquid crystal capacitor
Clc, that is, a pixel voltage. An arrangement of the liquid
crystal molecules varies according to the magnitude of the
pixel voltage to change the polarization of light passing
through the liquid crystal layer 3. The transmittance of the
light is changed by a polarizer according to the change in the
polarization such that the pixel PX displays luminance cor-
responding to the gray of the image signals.

[0067] In units of one horizontal period, which may be
written as “1 H” and is the same as one period of the horizon-
tal synchronization signal Hsync and the data enable signal
DE, the aforementioned operations are repeatedly performed
to sequentially apply the gate-on voltages Von to all the gate
lines G1 to Gn, such that the data signals are applied to all the
pixels PX. As a result, one frame of the image is displayed.

[0068] Inanexemplary embodiment, when one frame ends
and a next frame starts, a state of the reverse signal applied to
the data driver 500 is controlled such that the polarity of the
data signal applied to each of the pixels is opposite to the
polarity of the data signal in a previous frame (frame inver-
sion). In such an embodiment, the polarity of the data signal
flowing through the one data line may be inverted based on
the characteristics of the reverse signals even during the one
frame (row inversion and dot inversion or, the polarities of the
data signals applied to the one pixel row may be different
from each other (column inversion and dot inversion). An
exemplary embodiment of the liquid crystal display that
modifies input signals based on characteristics of the inver-
sion signal for preventing the flicker phenomenon will be
described later in greater detail.

[0069] Next, a structure and an operation of an exemplary
embodiment of the signal modification unit 650 of the signal
controller 600 of the liquid crystal display will be described
with reference to FIG. 3 to FIG. 6.

[0070] FIG. 3 is a block diagram of an exemplary embodi-
ment of a signal modification unit according to the invention,
FIG. 4 is a flowchart showing an exemplary embodiment of a
signal modification method according to the invention, FIG.5
is a block diagram showing data lines and pixels of an exem-
plary embodiment of a liquid crystal display according to the
invention, and FIG. 6 is a signal timing diagram showing an
exemplary embodiment of a gate-on signal according to the
invention.

[0071] Referringto FIG. 3, the signal modification unit 650
includes a memory unit 650a and a modification unit 6505.
The memory unit 650a of the signal modification unit 650
stores a value of a data signal of a previous column line.

[0072] The memory unit 650a may be an electrically eras-
able programmable read-only memory (“EEPROM”), and
the value of the data signal of the previous column line is
stored therein such that the size of the memory unit 650a may
be substantially reduced.

[0073] The modification unit 65056 compares a value of the
data signals input to a current column line (or during a current
frame) with a value of the data signals of the previous column
line (or during a previous frame) stored in the memory unit
6504, and determines whether the data signal input to the
current column line changes the value of the common voltage
Vcom due to crosstalk, and then transmits a result thereof to
a control signal generator 660 to selectively change the con-
trol signal that controls the gate-on signal.
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[0074] In an exemplary embodiment, driving apparatus of
the liquid crystal display, e.g., the gate driver 400, the data
driver 500, the signal controller 600 and the gray voltage
generator 800, are integrated into a single chip, e.g., a single
IC chip, and a timing controller may be integrated in the
single IC chip. In such an embodiment, the signal modifica-
tion unit 650 may also be included in the single IC chip.

[0075] Next, the operation of the signal modification unit
650 will be described with reference to FIG. 4.

[0076] When the data signal of a current column line is
input to an input of the signal modification unit 650 (step
410), it is determined whether predetermined data is repeated
in the data signals, and whether the display quality deterio-
ration due to crosstalk is induced by the data signals based on
the determining whether the predetermined data is repeated
(step 420). This process will now be described in greater
detail with reference to FIG. 5.

[0077] Referring to FIG. 5, when a level of the data signals
input to odd-numbered data lines d0, d2, d4, . . . repeatedly
changes between a maximum gray and a minimum gray, and
a level of the data signals input to even-numbered data lines
d1,ds, ds, ... repeatedly changes between the minimum gray
and the maximum gray, a pixel displaying the maximum gray
and a pixel displaying the minimum gray are alternately dis-
posed along the row direction, and the common voltage Vcom
ofthe upper panel 200 may be thereby different from the input
value due to crosstalk such that the display quality deteriora-
tion such as the vertical line may be generated. In an exem-
plary embodiment, as shown in FIG. 5, three adjacent pixels
PX1, PX2 and PX3 respectively represent one of primary
colors such that a desired color is displayed by the combina-
tion of the three adjacent pixels PX1, PX2 and PX3. In an
alternative exemplary embodiment, however, the connection
relationship of the signal lines and the pixels of the liquid
crystal display a may be different from the exemplary
embodiment of the liquid crystal display shown in FIG. 5, and
the method for determining whether the data signals induce
the display quality deterioration may be different.

[0078] Accordingly, in an exemplary embodiment of the
liquid crystal display, it is determined whether the pixel dis-
playing the maximum gray and the minimum gray are dis-
posed along the pixel column in the step 420 based on the
arrangement of the signal lines and the pixels. Hereinafter, the
data signals for the pixel displaying the maximum gray and
the minimum gray along the pixel column is referred to as a
quality deterioration pattern signal.

[0079] When the quality deterioration pattern signal is
input to an n-th data line, a previous data (a), that is the data
signal input to a previous data line, e.g., an (n-1)-th data line,
stored in the memory and the previous data is compared with
an input data, that is a current data input to the current line,
e.g., the n-th data line (step 430). Through this comparison, if
the quality deterioration pattern signal is not repeated (no),
count=0 is set up (440q), and if the quality deterioration
pattern signal is repeated (yes), count=1 is set up (step 4405).
By repeatedly performing aforementioned step for all data
lines until one frame is finished, a count sum (Count_total) is
calculated and obtained (step 450). Then, if the one frame is
finished (step 460), the count sum (Count_total) value is
compared with a predetermined threshold value (step 470).
Then, a result thereof is transmitted to the controlling signal
generator 660, if the count sum (Count_total) value is not
greater than the threshold value, a first control signal is gen-
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erated (step 480a), and if the count sum (Count_total) value is
greater than the threshold value, a second control signal is
generated (step 4805).

[0080] Next, the first control signal and the second control
signal are described with reference to FIG. 6. FIG. 6 is a signal
timing diagram of an exemplary embodiment of a gate-on
signal according to the invention.

[0081] Referring to FIG. 6, the first control signal is related
to a first gate signal T1, and the second control signal is
related to a second gate signal T2. In an exemplary embodi-
ment, an interval H1 between a gate-on signal CKV1, to
which a first data signal D1 is input, and a gate-on signal
CKV2 ofanextline, to which a second data signal D2 is input,
is relatively long in the first gate signal T1. In such an embodi-
ment, an interval between the gate-on signals is substantially
extended such that the non-uniformity due to overlapping of
the data signals is effectively prevented. In an exemplary
embodiment, an interval H2 between the gate-on signal
CKV1, to which the first data signal D1 is input, and the
gate-on signal CKV2 of the next line, to which the second
data signal D2 is input, is relatively short in the second gate
signal T2. In such an embodiment, an interval between the
gate-on signals is substantially reduced such that a time dura-
tion during which the data signal is input is substantially
extended, and the data signal is thereby substantially charged
to the liquid crystal layer 3 and the crosstalk may be substan-
tially reduced. In such an embodiment, the non-uniformity of
the common voltage Vcom due to the crosstalk is effectively
prevented, and thereby the display quality such as the vertical
line is substantially reduced.

[0082] In an exemplary embodiment of the liquid crystal
display according to the invention, it is determined whether
the data signal input thereto induces the display quality dete-
rioration based on the structure of the signal lines and the
pixels thereof. In such an embodiment, the display quality
deterioration is effectively prevented by differently setting
the duration of the gate-on signal and the non-uniformity due
to the overlapping of the data signals is effectively prevented
by limiting increasing of the duration of the gate-on signal.
[0083] Next, a structure and a driving method of an alter-
native exemplary embodiment of a liquid crystal display
according to the invention will be described with reference to
FIGS. 7 and 8. FIG. 7 is a block diagram of an alternative
exemplary embodiment of a signal modification unit accord-
ing to the invention, and FIG. 8 is a block diagram showing
data lines and pixels of an alternative exemplary embodiment
of a liquid crystal display according to the invention.

[0084] Referring to FIG. 7, the signal modification unit 650
includes a pattern recognizing unit 650c. The pattern recog-
nizing unit 650¢ of the signal modification unit 650 reads a
value of the data signal during a previous frame from a frame
memory 670 disposed outside and compares the data signal of
the previous frame with the data signal of a current frame to
determine whether the data signal induces the display quality
deterioration, the result thereof is transmitted to the control-
ling signal generator 660, and then the controlling signal
generator 660 generates the first control signal or the second
control signal based on the result of the pattern recognizing
unit 650¢, as shown in FIG. 6. In an exemplary embodiment
of'the liquid crystal display including the signal modification
unit 650 shown in FIG. 7, at least a portion of the gate driver
400, the data driver 500, the signal controller 600 and the gray
voltage generator 800 of the liquid crystal display may be
integrated into a single chip, e.g., a single IC chip. In such an
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embodiment, a timing controller of the liquid crystal display
may be disposed outside the single IC chip, and the signal
modification unit 650 may be included in the single IC chip.

[0085] Next, the quality deterioration pattern signal under
the connection relation of the signal lines and the pixels of an
alternative exemplary embodiment of the liquid crystal dis-
play will be described. Referring to FIG. 8, two data lines d0
and d1 of three adjacent data lines d0, d1 and d2 may receive
a signal having a level of the maximum gray, and the remain-
ing data line d2 of the three adjacent data lines d0, d1 and d2
may receive a signal having a level repeatedly changing
between the maximum gray and the minimum gray. Neigh-
boring three adjacent data lines, e.g., next three adjacent data
lines d3, d4 and dS, may receive a data signal of reversed
values with respect to the three adjacent data lines d0, d1 and
d2. In FIG. 8, three adjacent pixels PX1, PX2 and PX3 are
pixels respectively representing one of primary colors, and
display a desired color by the combination of colors displayed
by the three pixels PX1, PX2 and PX3. As described above,
the data signal of the pixel displaying the maximum gray and
the minimum gray is alternately disposed every three adjacent
pixel rows and may be referred to as the quality deterioration
pattern signal. In the exemplary embodiment shown in FIG. 8,
similarly to the signal modification unit 650 of the exemplary
embodiment of the liquid crystal display shown in FIG. 3,
whether the image to be displayed has the display quality
deterioration may not be determined only through the data
signal of one column stored to the line memory such that
whether the image to be displayed has the display quality
deterioration may be determined using the entire data signal
stored to the frame memory.

[0086] Inthe exemplary embodiments of the liquid crystal
display set forth herein, it is determined whether the input
data signal is corresponding to the image to be displayed with
the display quality deterioration under the structure of the
signal line and the pixel of the liquid crystal display, and
accordingly, the duration of the gate-on signal is differently
set up, thereby the display quality deterioration may be pre-
vented, the increasing of the duration of the unnecessary
gate-on signal may be prevented, and resultantly the color
non-uniformity according to the overlapping of the data sig-
nal may be prevented.

[0087] Next, a structure of an alternative exemplary
embodiment of a liquid crystal display and a driving method
will be described with reference to FIGS. 9 and 10. FIG. 9 is
a block diagram of an alternative exemplary embodiment of a
signal modification unit according to the invention, and FIG.
10 is a signal timing diagram showing an alternative exem-
plary embodiment of a signal modification operation accord-
ing to the invention.

[0088] Referring to FIG. 9, an alternative exemplary
embodiment of the signal modification unit 650 includes a
comparator 680. The comparator 680 of the signal modifica-
tion unit 650 compares the common voltage Vcom with a
reference value (V_compare) to determine whether the com-
mon voltage Vcom is changed by the crosstalk based on the
image signal input to the data line, the result thereof is trans-
mitted to the signal generator 660, and thereby the controlling
signal generator 660 generates the first control signal or the
second control signal based on the result of the comparator
680, as shown in FIG. 6. Referring to FIG. 10, it is determined
whether the image to be displayed has the display quality
deterioration when the mismatched timings are counted and
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are more than a predetermined number by comparing the
common voltage Vcom and the reference value (V_compare).
[0089] This comparison operation of the comparator 680 of
the signal modification unit 650 may be executed in a frame
shown in FIG. 11, e.g., during a vertical blank period
(V_Blank) of the frame when a data signal Data is not applied.
The comparison operation of the comparator 680 is executed
during the vertical blank period (V_Blank) without additional
driving timing.

[0090] As described above, in an exemplary embodiment
of the liquid crystal display according to the invention, the
common voltage (V_com) and the predetermined reference
value (V_compare) are compared to simply determine
whether the image to be displayed has the display quality
deterioration, and accordingly, the duration of the gate-on
signal may be set up to be different such that the display
quality deterioration is effectively prevented, and the color
non-uniformity due to the overlapping of the data signal is
effectively prevented by limiting of the duration of the gate-
on signal.

[0091] While this invention has been described in connec-
tion with what is presently considered to be practical exem-
plary embodiments, it is to be understood that the invention is
not limited to the disclosed embodiments, but, on the con-
trary, is intended to cover various modifications and equiva-
lent arrangements included within the spirit and scope of the
appended claims.

What is claimed is:
1. A driving apparatus for a liquid crystal display compris-
ing:

a signal modification unit which modifies a signal based on
a data signal input to the liquid crystal display,

wherein the signal modification unit determines whether
the data signal corresponds to an image to be displayed
with a quality deterioration and outputs at least one of a
first signal and a second signal,

wherein the first signal is output when the signal modifi-
cation unit determines the data signal corresponds to the
image to be displayed with the quality deterioration, and

wherein the second signal is output when the signal modi-
fication unit determines the data signal does not corre-
sponds to the image to be displayed with the quality
deterioration.

2. The driving apparatus of claim 1, wherein

the first signal and the second signal are control signals of
a gate signal, and

a duration of a gate-on signal corresponding to the first
signal is greater than a duration of a gate-on signal
corresponding to the second signal.

3. The driving apparatus of claim 2, wherein

the signal modification unit comprises a line memory
which stores the data signal input to a first data line of the
liquid crystal display.

4. The driving apparatus of claim 3, wherein

the signal modification unit compares the data signal stored
in the line memory with the data signal input to a second
data line of the liquid crystal display.

5. The driving apparatus of claim 2, further comprising

a frame memory which stores data signals input during a
previous frame, and

wherein the signal modification unit compares the data
signal stored in the frame memory with data signals
input during a current frame.
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6. The driving apparatus of claim 2, wherein

the signal modification unit comprises a comparator which
compares a common voltage of the liquid crystal display
and a predetermined reference value.

7. The driving apparatus of claim 1, wherein

the signal modification unit comprises a line memory
which stores the data signal input to a first data line of the
liquid crystal display.

8. The driving apparatus of claim 7, wherein

the signal modification unit compares the data signal stored
in the line memory with the data signal input to a second
data line of the liquid crystal display.

9. The driving apparatus of claim 1, further comprising

a frame memory which stores data signals input during a
previous frame, and

wherein the signal modification unit compares the data
signal stored in the frame memory with the data signal
input during a previous frame.

10. The driving apparatus of claim 1, wherein

the signal modification unit comprises a comparator which
compares a common voltage of the liquid crystal display
and a predetermined reference value.

11. A driving method of a liquid crystal display, the method

comprising:

determining whether a data signal input to the liquid crystal
display corresponds to an image to be displayed with a
display quality deterioration based on an data signal
input to the liquid crystal display; and

outputting at least one of a first signal and a second signal
based on the determining whether the data signal corre-
sponds to the image to be displayed with the display
quality deterioration,

wherein the first signal is output when the data signal
corresponds to the image to be displayed with the quality
deterioration, and

wherein the second signal is output when the data signal
does not corresponds to the image to be displayed with
the quality deterioration.

12. The driving method of claim 11, wherein

the first signal and the second signal are control signals of
a gate signal, and
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a duration of a gate-on signal corresponding to the first
signal is greater than a duration of a gate-on signal
corresponding to the second signal.

13. The driving method of claim 12, wherein

the determining whether the data signal input to the liquid
crystal display corresponds to the image to be displayed
with the display quality deterioration comprises com-
paring a data signal input to a first data line and stored in
a frame memory with a data signal input to a second data
line.

14. The driving method of claim 12, wherein

the determining whether the data signal input to the liquid
crystal display corresponds to the image to be displayed
with the display quality deterioration comprises com-
paring data signals during a previous frame and stored in
a frame memory with data signals currently input.

15. The driving method of claim 12, wherein

the determining whether the data signal input to the liquid
crystal display corresponds to the image to be displayed
with the display quality deterioration comprises com-
paring a common voltage of the liquid crystal display
with a predetermined reference value.

16. The driving method of claim 11, wherein

the determining whether the data signal input to the liquid
crystal display corresponds to the image to be displayed
with the display quality deterioration comprises com-
paring a data signal input to a first data line and stored in
a frame memory with a data signal input to a second data
line.

17. The driving method of claim 11, wherein

the determining whether the data signal input to the liquid
crystal display corresponds to the image to be displayed
with the display quality deterioration comprises com-
paring data signals stored in a frame memory which
stores data signals input during a previous frame with
data signals input during a current frame.

18. The driving method of claim 11, wherein

the determining whether the data signal input to the liquid
crystal display corresponds to the image to be displayed
with the display quality deterioration comprises com-
paring a common voltage of the liquid crystal display
with a predetermined reference value.
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