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LIQUID CRYSTAL DISPLAY

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority to and the benefit of
Korean Patent Application No. 10-2014-0013096, filed on
Feb. 5, 2014, in the Korean Intellectual Property Office, the
entire disclosure of which is hereby incorporated by refer-
ence.

BACKGROUND

[0002] 1.Field

[0003] Aspects of example embodiments of the present
invention relate to a liquid crystal display.

[0004] 2. Description of the Related Art

[0005] A liquid crystal display (LCD) includes a first dis-
play substrate having a pixel electrode, a second display
substrate having a common electrode, liquid crystals having
dielectric anisotropy and injected between the first display
substrate and the second display substrate, a gate driver driv-
ing a plurality of gate lines, a data driver outputting data
signals, and a timing controller controlling the above ele-
ments.

[0006] LCDs display animage by appropriately processing
an image signal received from an external source using the
timing controller, the gate driver, and the data driver and
providing the processed image signal to a liquid crystal dis-
play panel. Here, the timing controller may dither the original
image signal in order to express various gray levels.

[0007] LCD panels use a thin-film transistor (TFT) as a
switching device, and parasitic capacitance created between a
gate electrode and a drain electrode of the TFT may generate
akickback voltage, which may distort a voltage applied to the
pixel electrode. For example, the kickback voltage may dis-
tort the voltage applied to the pixel electrode in a way that
lowers the voltage ofthe pixel electrode regardless of polarity,
and the magnitude of the kickback voltage, that is, the degree
of voltage distortion may be different at different gray levels.
[0008] Therefore, the kickback voltage may cause a posi-
tive effective voltage and a negative effective voltage of the
pixel electrode to become asymmetrical to each other, which
may further cause an afterimage, a flicker, crosstalk, etc. onan
image displayed on the LCD panel, thereby degrading the
display quality of the LCD panel.

SUMMARY

[0009] Aspects of embodiments of the present invention
include a liquid crystal display (LLCD) having relatively
improved display quality.

[0010] Aspects of embodiments of the present invention
include an LCD, which may compensate for a kickback volt-
age.

[0011] However, embodiments of the present invention are
not restricted to those set forth herein. The above and other
aspects of the present invention will become more apparent to
one of ordinary skill in the art to which the present invention
pertains by referencing the detailed description of example
embodiments of the present invention given below.

[0012] According to embodiments of the present invention,
aliquid crystal display (LCD) includes: a liquid crystal panel
including a plurality of pixel areas, each of the pixel areas
having a plurality of pixels; and a signal controller configured
to receive an original image signal and to generate a target
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image signal corresponding to the original image signal by
using a kickback voltage at each gray level in the original
image signal, wherein the signal controller comprises a dith-
ering unit configured to generate a corrected image signal
based on dithering patterns corresponding to the target image
signal.

[0013] The signal controller may include: a storage unit
configured to store the kickback voltage at each gray level and
the dithering patterns; a gray determination unit configured to
determine a gray level of the target image signal by analyzing
agray level of the original image signal; and the dithering unit
configured to generate a corrected image signal by correcting
a target image signal corresponding to each pixel area.
[0014] The storage unit may include: a first storage unit
configured to store the kickback voltage at each gray level;
and a second storage unit configured to store a target image
signal, an expanded target image signal, a plurality of eigen-
values, and dithering patterns corresponding to the eigenval-
ues, wherein the kickback voltage at each gray level com-
prises a positive kickback voltage at each gray level and a
negative kickback voltage at each gray level.

[0015] The gray determination unit may include: a selector
configured to select a gray level of each pixel area; and a
compensator configured to generate the target image signal
by compensating the original image signal corresponding to
the selected gray level using the kickback voltage at each gray
level received from the first storage unit.

[0016] The dithering unit may include: an expander con-
figured to expand data of the target image signal to generate
an expanded target image signal; a dithering pattern selector
configured to select a dithering pattern corresponding to each
pixel area; and a dithering processor configured to apply the
selected dithering pattern to each pixel area.

[0017] The expander may be further configured to output
an expanded target image signal by expanding the data of the
target image signal by k bits.

[0018] The second storage unit may include a lookup table
(LUT) mapped to data of the expanded target image signal
which corresponds to the target image signal.

[0019] The dithering pattern selector may include: a desig-
nated value generator configured to generate a designated
value corresponding to the target image signal for each polar-
ity provided by the gray determination unit; and a dithering
pattern determiner configured to select a plurality of eigen-
values corresponding to the designated value for each polarity
and to apply a dithering pattern corresponding to each of the
selected eigenvalues to the pixel area.

[0020] The designated value generator may include: a
frame counter configured to count each frame; a first counter
configured to count a movement of a target pixel area in a first
direction; and a second counter configured to count the move-
ment of the target pixel area in a second direction, wherein the
designated value generator is configured to generate the des-
ignated value using the frame counter, the first counter, and
the second counter.

[0021] The first direction may be a row direction of the
pixel areas, and the second direction is a column direction of
the pixel areas.

[0022] Whenasecond frame begins after a first frame ends,
a dithering pattern corresponding to a reference pixel area of
the second frame may be different from a dithering pattern
corresponding to a reference pixel area of the first frame.
[0023] The dithering processor may include: a reducing
unit configured to generate a corrected image signal by reduc-
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ing the data of the expanded target image signal by k bits; and
a driving unit configured to transmit the corrected image
signal to a data driver.

[0024] The corrected image signal may include a positive
corrected image signal and a negative corrected image signal,
wherein the driving unit may be configured to alternately
transmit the positive corrected image signal and the negative
corrected image signal to the liquid crystal panel in each
frame.

[0025] The driving unit may be configured to alternately
transmit data corresponding to the positive corrected image
signal and data corresponding to the negative corrected image
signal in every two frames.

[0026] According to embodiments of the present invention,
an LCD includes: a liquid crystal panel including a plurality
of pixel areas, each of the pixel areas having a plurality of
pixels; and a signal controller configured to receive an origi-
nal image signal and to generate a target image signal corre-
sponding to the original image signal by using a kickback
voltage at each gray level in the original image signal,
wherein the signal controller is configured to transmit a cor-
rected image signal, whose polarity is inverted every frame, to
the liquid crystal panel.

[0027] The signal controller may include: a storage unit
configured to store the kickback voltage at each gray level and
dithering patterns; a gray determination unit configured to
determine a gray level of the target image signal by analyzing
a gray level of the original image signal; and a dithering unit
configured to generate a corrected image signal by correcting
a target image signal corresponding to each pixel area.
[0028] The dithering unit may include: a designated value
generator configured to generate a designated value corre-
sponding to the target image signal for each polarity provided
by the gray determination unit; and a dithering pattern deter-
miner configured to select a plurality of eigenvalues corre-
sponding to the designated value for each polarity and to
apply a dithering pattern corresponding to each of the
selected eigenvalues to the pixel area.

[0029] If the designated value for each polarity is equal,
when a second frame begins after a first frame ends, a dith-
ering pattern corresponding to a reference pixel area of the
second frame may be different from a dithering pattern cor-
responding to a reference pixel area of the first frame.
[0030] According to embodiments of the present invention,
an LCD includes: a liquid crystal panel comprising a plurality
of pixel areas, each of the pixel areas having a plurality of
pixels; and a signal controller configured to receive an origi-
nal image signal and to generate a target image signal corre-
sponding to the original image signal by using a kickback
voltage at each gray level in the original image signal,
wherein the signal controller is configured to transmit a cor-
rected image signal to the liquid crystal panel, wherein a
polarity of the corrected image signal is inverted every two
successive frames.

[0031] The signal controller may include: a storage unit
configured to store the kickback voltage at each gray level and
dithering patterns; a gray determination unit configured to
determine a gray level of the target image signal by analyzing
a gray level of the original image signal; and a dithering unit
configured to generate a corrected image signal by correcting
a target image signal corresponding to each pixel area,
wherein the dithering unit may include: a designated value
generator configured to generate a designated value corre-
sponding to the target image signal for each polarity provided
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by the gray determination unit; and a dithering pattern deter-
miner configured to select a plurality of eigenvalues corre-
sponding to the designated value for each polarity and to
apply a dithering pattern corresponding to each of the
selected eigenvalues to the pixel area.

BRIEF DESCRIPTION OF THE DRAWINGS

[0032] Theaboveand other aspects and features of embodi-
ments of the present invention will become more apparent by
describing in some detail example embodiments thereof with
reference to the attached drawings, in which:

[0033] FIG. 1 is an equivalent circuit diagram of a pixel
included in a liquid crystal display panel;

[0034] FIG. 2illustrates a waveform when the pixel of FIG.
1 is driven;
[0035] FIG. 3 is a block diagram of a liquid crystal display

(LCD) according to an embodiment of the present invention;
[0036] FIG. 4is an equivalent circuit diagram of one pixel
included in the LCD of FIG. 3;

[0037] FIG. 5 is a graph illustrating the relationship
between a voltage actually charged in a pixel and an optimum
common voltage;

[0038] FIG. 6 is a conceptual diagram illustrating the cor-
responding relationship between the liquid crystal panel and
the dithering pattern array in the LCD of FIG. 3;

[0039] FIG. 7 is a block diagram of the signal controller
included in the LCD of FIG. 3;

[0040] FIG. 8 is a block diagram of the gray determination
unit of FIG. 7,
[0041] FIG. 9is a flowchart illustrating the operation of the

gray determination unit included in the LCD of FIG. 3;

[0042] FIG. 10 is a block diagram of the dithering unit of
FIG. 7;
[0043] FIG. 11 is a flowchart illustrating the operation of

the dithering unit included in the LCD of FIG. 3;

[0044] FIG. 12 is a block diagram of a dithering pattern
selector of FIG, 10;

[0045] FIGS. 13 and 14 are diagrams illustrating dithering
patterns applied to the liquid crystal panel of the LCD of FIG.
3;
[0046] FIG. 15 is a diagram illustrating frame rate control

(FRC);
[0047] FIG. 16 is adiagram illustrating a dithering method;
[0048] FIG. 17 is a diagram illustrating FRC using dither-
ing patterns;

[0049] FIG. 18 is a conceptual diagram illustrating the

operation of a dithering pattern determiner of the LCD of
FIG. 3 according to an embodiment of the present invention;
[0050] FIG. 19 is a diagram illustrating the operation of a
dithering pattern determiner of an LCD according to another
embodiment of the present invention;

[0051] FIG. 20 is a conceptual diagram illustrating the
operation of the LCD of FIG. 3 when dithering patterns
corresponding to the same designated value and the same
eigenvalue are applied,

[0052] FIG. 21 is a conceptual diagram illustrating an
image displayed on the LCD of FIG. 3 when the dithering
patterns corresponding to the same designated value and the
same eigenvalue are applied;

[0053] FIG. 22 is a conceptual diagram illustrating the
operation of the LCD of FIG. 3 when dithering patterns start
to be applied from a different dithering pattern for each polar-

ity;



US 2015/0221248 Al

[0054] FIG. 23 is a conceptual diagram illustrating an
image displayed on the LCD of FIG. 3 when the dithering
patterns start to be applied from a different dithering pattern
for each polarity; and

[0055] FIG.24isaflowchartillustrating a method of apply-
ing a dithering pattern whose polarity is inverted every frame
according to an embodiment of the present invention.

DETAILED DESCRIPTION

[0056] Embodiments of the present invention will now be
described more fully with reference to the accompanying
drawings, in which example embodiments of the invention
are shown. The invention may, however, be embodied in
many different forms and should not be construed as being
limited to the embodiments set forth herein. Rather, these
embodiments are provided so that this disclosure will be
thorough and complete, and will more fully convey the con-
cept of the invention to those skilled in the art.

[0057] It will be understood that when an element is
referred to as being “connected” or “coupled” to another
element, it can be directly connected or coupled to the other
element or intervening elements may be present. In contrast,
when an element is referred to as being “directly connected”
or “directly coupled” to another element, there are no inter-
vening elements present. Like numbers refer to like elements
throughout. As used herein, the term “and/or” includes any
and all combinations of one or more of the associated listed
items.

[0058] It will be understood that, although the terms first,
second, 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 distin-
guish one element, component, region, layer, and/or section
from another element, component, region, layer, and/or sec-
tion. Thus, a first element, component, region, layer, and/or
section discussed below could be termed a second element,
component, region, layer, and/or section without departing
from the teachings of the present invention.

[0059] The terminology used herein is for the purpose of
describing particularembodiments only and is not intended to
be limiting of the invention. 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.
Tt will be further understood that the terms “comprises” and/
or “comprising,” when used in this specification, specify the
presence of stated features, integers, steps, operations, ele-
ments, and/or components, but do not preclude the presence
or addition of one or more other features, integers, steps,
operations, elements, components, and/or groups thereof.
[0060] 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 will not be interpreted in an idealized or overly formal
sense unless expressly so defined herein.

[0061] Furthermore, relative terms such as “below,’
“beneath,” “lower,” “above,” and “upper” may be used herein
to describe one element’s relationship to another element as
shown in the accompanying drawings. It will be understood
that relative terms are intended to encompass different orien-
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tations of the device in addition to the orientation depicted in
the accompanying drawings. For example, if the device in the
accompanying drawings 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. Similarly, if
the device in one of the figures is turned over, elements
described as “below” or “beneath” other elements would then
be oriented “above” the other elements. Therefore, the
exampleterms “below” and “beneath” can, therefore, encom-
pass both an orientation of above and below.

[0062] Hereinafter, embodiments of the present invention
will be described with reference to the attached drawings.
[0063] FIG. 1 is an equivalent circuit diagram of a pixel
included in a liquid crystal display panel. FIG. 2 illustrates a
waveform when the pixel of FIG. 1 is driven.

[0064] Referring to FIGS. 1 and 2, the liquid crystal display
panel includes a gate line GL, a dataline DL which crosses the
gate line GL, and a thin-film transistor (“TFT”), which is
formed at an intersection of the gate line GL and the data line
DL to drive a liquid crystal cell Clc. The liquid crystal display
panel further includes a storage capacitor Cst for maintaining
a voltage of the liquid crystal cell Clc. The liquid crystal cell
Cle blocks light or adjusts the amount of light that is trans-
mitted therethrough as the arrangement of liquid crystal mol-
ecules is changed by an electric field applied to aliquid crystal
layer when a data voltage is applied to a pixel electrode and a
common voltage Veom is applied to a common electrode. The
data voltage is provided as a gamma voltage preset according
to driving voltage characteristics of the liquid crystal cell Cle.
[0065] FIG. 2illustrates a waveform when the pixel of FIG.
1 is driven. For example, FIG. 2 illustrates a gate signal
transmitted to the gate line GL and a voltage Vic charged in
the liquid crystal cell Clc.

[0066] Referring to FIG. 2, a gate signal swings between a
gate high voltage set to a voltage for turning on the TFT and
a gate low voltage set to a voltage for turning off the TFT.
[0067] Inascanning period during which the gate signal is
maintained as the gate high voltage, the liquid crystal cell Clc
is charged with a data signal Vdata provided as a gamma
voltage and maintains the charged voltage for a certain period
of time using a voltage charged in the storage capacitor Cst.
[0068] If voltages of the same polarity are continuously
applied to the liquid crystal cell Cle, liquid crystals and a
displayed image may be degraded. Therefore, a liquid crystal
display (LCD) may drive the liquid crystal cell Clc using an
alternating current (AC) data signal-Vdata whose polarity is
inverted periodically.

[0069] Such inversion driving may be achieved by frame
inversion, line inversion, dot inversion, etc. In the case of
frame inversion, for example, the polarity of the data signal
Vdata is inverted every frame, as illustrated in the drawing.
[0070] Here, the common voltage Vcom may be provided
as a direct current (DC) voltage at the same level, but the
polarity of the common voltage Vcom may be inverted to be
opposite to the polarity of the data signal Vdata, as illustrated
in the drawing.

[0071] In this case, however, a kickback voltage Vkb gen-
erated by the parasitic capacitance of the TFT serves as a
major factor that may degrade the image quality of the LCD.
[0072] Here, Cgd indicates parasitic capacitance formed
between a gate electrode and a drain electrode of the TFT
coupled to the gate line GL as illustrated in FIG. 1. In addi-
tion, Clc indicates liquid crystal capacitance, and Cst indi-
cates storage capacitance.
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[0073] The kickback voltage Vkb changes the data voltage
Vdata applied to the pixel electrode of the liquid crystal cell
Clc, thereby creating a flicker and an afterimage on a dis-
played image. For example, if the polarity of the data signal
Vdata is inverted at 60 Hz, a luminance difference occurs
between an odd-numbered frame and an even-numbered
frame due to the kickback voltage Vkb. Accordingly, a flicker
of 30 Hz appears on the displayed image. If the LCD operates
for a long time in this state, a DC offset is applied to the liquid
crystal cell Cle, thus shifting voltage-to-transmittance char-
acteristics of the liquid crystal cell Clc and causing image
sticking.

[0074] FIG.3isablockdiagram of an LCDaccording to an
embodiment of the present invention. FIG. 4 is an equivalent
circuit diagram of one pixel included in the LCD of FIG. 3.

[0075] Referring to FIGS. 3 and 4, the LCD according to
the current embodiment includes a liquid crystal panel 300, a
gate driver 400 coupled to the liquid crystal panel 300, a data
driver 500, and a signal controller 600 controlling the above
elements.

[0076] When viewed in an equivalent circuit, the liquid
crystal panel 300 includes a plurality of display signal lines
(G1 through Gn, D1 through Dm) and a plurality of pixels PX,
which are coupled to the display signal lines (G1 through Gn,
D1 through Dm) and are arranged in a matrix. The pixels PX
are included in a plurality of pixel areas PA. In other words,
the liquid crystal panel 300 is divided into a plurality of pixel
areas PA, and a plurality of pixels PX are included in each of
the pixel areas PA. In addition, a dithering pattern dith corre-
sponding to each of the pixel areas PA (described in more
detail below) is provided and used to correct an original
image signal OS for displaying an image on each of the pixel
area PA. This will be described in detail later.

[0077] The display signal lines (G1 through Gn, D1
through Dm) include a plurality of gate lines G1 through Gn,
which deliver gate signals and a plurality of data lines D1
through Dm, which deliver data signals. The gate lines G1
through Gn extend along a first direction and are parallel or
substantially parallel to each other. The data lines D1 through
Dm extend along a second direction and are parallel or sub-
stantially parallel to each other. The first direction may be a
row direction, and the second direction may be a column
direction.

[0078] The gate driver 400 outputs a gate-on voltage Von or
a gate-off voltage Voff sequentially to the gate lines G1
through Gn in response to a gate control signal CONT1
received from the signal controller 600.

[0079] The data driver 500 receives a data control signal
CONT?2 and image data DAT from the signal controller 600,
selects gray voltages corresponding to the image data DAT,
and provides the selected gray voltages to the data lines D1
through Dm.

[0080] The gate control signal CONT1 is used to control
the operation of the gate driver 400 and includes a vertical
start signal STV for starting the operation of the gate driver
400, a gate clock signal CPV for determining the output
timing of the gate-on voltage Von, and an output enable signal
OE for determining a pulse width of the gate-on voltage Von.
The data control signal CONT2 is used to control the opera-
tion of the data driver 500 and includes a horizontal start
signal STH for starting the operation of the data driver 500
and an output instruction signal for instructing the output of
data voltages.
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[0081] The signal controller 600 may receive, from an
external graphic controller, red, green, and blue signals R, G,
and B and external clock signals for controlling the display of
the red, green, and blue signals R, G, and B. The external
clock signals include a data enable signal DE, a vertical
synchronization signal Vsyn, a horizontal synchronization
signal Hsyn, and a main clock signal Mclk. The data enable
signal DE remains high while the red, green and blue signals
R, G and B are input, thereby indicating that signals provided
by the external graphic controller (not shown) are the red,
green and blue signals R, G and B. The vertical synchroniza-
tion signal Vsync indicates the start of a frame, the horizontal
synchronization signal Hsync distinguishes gate lines, and
the main clock signal Mclk is a clock signal with which all
signals required for the operation of the LCD are synchro-
nized.

[0082] The signal controller 600 receives an original image
signal R.G.B (i.e., the red, green and blue signals R, G and B)
needed to display an image on the liquid crystal panel 300,
generates image data DAT corresponding to the original
image signal R.G.B, and provides the image data DAT to the
data driver 500. The signal controller 600 generates internal
clock signals (i.e., the gate control signal CONT1 and the data
control signal CONT2) based on the input external clock
signals Vsync, Hsync, Mclk, and DE.

[0083] As shown, for example, in FIG. 7, the signal con-
troller 600 may include a gray determination unit 610, a
dithering unit 620, and a storage unit 630. The gray determi-
nation unit 610 analyzes a gray level of the original image
signal DAT and transmits gray information of each pixel area
PA together with the image signal DAT. The dithering unit
620 selects a dithering pattern dith corresponding to the gray
information of each pixel area PA and corrects the image
signal DAT based on the selected dithering pattern dith. The
storage unit 630 stores dithering patterns dith.

[0084] Referring to FIG. 4, one pixel PX of the liquid
crystal panel 300 includes a liquid crystal capacitor Clc and
may include a storage capacitor Cst. The liquid crystal
capacitor Clc may include a pixel electrode PE formed on a
first display substrate 100, a common electrode CE formed on
a second display substrate 200, and a liquid crystal layer 150
interposed between the pixel electrode PE and the common
electrode CE. A color filter CF may be formed on a region of
the second display substrate 200. A switching device Q may
be coupled to ani” gate line Gi (i=1 to n) and a j* data line Dj
(7=1 to m) so as to provide a data voltage to the liquid crystal
capacitor Cle.

[0085] A common voltage Veom is applied to the common
electrode CE, and a data voltage Vdata provided by the data
driver 500 is applied to the pixel electrode PE via one of the
data lines D1 through Dm. The liquid crystal capacitor Clc is
charged with a difference between the common voltage Vcom
and the data voltage Vdata to display an image.

[0086] FIG. 5 is a graph illustrating the relationship
between a voltage actually charged in a pixel and an optimum
common voltage Vcom.

[0087] Referring to FIG. 5, the dotted graphs (e.g., the
dotted lines or curves) represent the relationship between a
pixel voltage applied to each pixel and a gray level expected
for the applied voltage. In addition, solid graphs represent a
voltage applied to each pixel at each gray level under the
effect of a kickback voltage Vkb. Even if a positive data
voltage and a negative data voltage expressing the same gray
level are applied to each pixel, an absolute value of the posi-
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tive pixel voltage and an absolute value of the negative pixel
voltage are different due to the kickback voltage Vkb. For
example, the absolute value of the negative pixel voltage may
be greater than that of the positive pixel voltage. In this case,
the absolute values of the pixel voltages of the two polarities
may be made to be equal at a certain gray level by adjusting a
level of the common voltage Vcom, for example, by lowering
the common voltage Veom such that the positive pixel voltage
and the negative pixel voltage are symmetrical to each other
with respect to the common voltage Vcom.

[0088] However, because the kickback voltage Vkb has a
different effect at each gray level, even if the pixel voltages
are made to be symmetrical to each other with respect to the
common voltage Vcom at any one gray level, the pixel volt-
ages may not be symmetrical with respect to the common
voltage Vecom at other gray levels. Therefore, according to
embodiments of the present invention, the level of the com-
mon voltage Vcom is not adjusted. Instead, the pixel voltages
of the two polarities are made by the signal controller 600 to
be symmetrical to each other with respect to the common
voltage Vcom over the entire gray scale (e.g.. an entire range
of gray levels from 0 to 255) as represented by the solid
graphs of FIG. 5.

[0089] FIG. 6 is a conceptual diagram illustrating the cor-
responding relationship between the liquid crystal panel 300
and a dithering pattern array 800 in the LCD of FIG. 3.
[0090] Referring to FIG. 6, the corresponding relationship
between the liquid crystal panel 300 and the dithering pattern
array 800 is as follows.

[0091] A plurality of pixel areas 310 and 320 may be
arranged in a matrix of a rowsxb columns, where a and b are
natural numbers. Each of the pixel areas 310 and 320 may be
a unit to which a dithering pattern 810 or 820 is applied.
Further, if each dithering pattern 810 includes a plurality of
dithering pixels 811 arranged in a 4x4 matrix, each pixel area
310 may also include a plurality of pixels 311 arranged in a
4%4 matrix. In addition, the pixels 311 of each pixel area 310
may respectively correspond to the dithering pixels 8§11 of
each dithering pattern 810.

[0092] Of'the pixel areas 310 and 320, a first pixel area 310
contacts at least a surface of each of a plurality of second pixel
areas 320. The first pixel area 310 and the second pixel areas
320 may correspond to different dithering patterns 810 and
820. For example, the liquid crystal panel 300 may include
the first pixel area 310 and four second pixel areas 320 which
contact upper, lower, left and right surfaces of the first pixel
area 310. Here, a first dithering pattern 810 corresponding to
the first pixel area 310 and four second dithering patterns 820
corresponding to the second pixel areas 320 are different.
When a pixel area 310 or 320 contacts a surface of another
pixel area 310 or 320, it means that pixels 311 or 312 located
at an outermost part of the former pixel area 310 or 320 are
adjacent to pixels 311 or 312 located at an uppermost, low-
ermost, rightmost, or leftmost part of the latter pixel area 310
or 320.

[0093] Further, at least two of the four second dithering
patterns 820 may be different. That is, in the case of the first
dithering pattern 810 corresponding to the first pixel area 310
and the four second dithering patterns 820 corresponding to
the second pixel areas 320, a second dithering pattern 820
located on an upper surface of the first dithering pattern 810
may be the same as any one of second dithering patterns 820
located on left and right surfaces of the first dithering pattern
810, and a second dithering pattern 820 located on a lower
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surface of the first dithering pattern 810 may be the same as
the other one of the second dithering patterns 820 located on
the left and right surfaces of the first dithering pattern 810.

[0094] FIG. 7is ablock diagram of the signal controller 600
included in the LCD of FIG. 3.

[0095] Referring to FIG. 7, the signal controller 600 may
include the gray determination unit 610, the dithering unit
620, and the storage unit 630. As described above, the liquid
crystal panel 300 is divided into a plurality of pixel areas 310
and 320, each including a plurality of pixels 311 or 312. The
timing controller 600 corrects an original image signal R.G.B
using a dithering pattern 810 or 820 that corresponds to each
pixel area 310 or 320 for displaying an image on the liquid
crystal panel 300.

[0096] The gray determination unit 610 may analyze a gray
level of the input original image signal R.G.B and provide
gray level information of the image signal R.G.B to the dith-
ering unit 620 and the storage unit 630, together with the
image signal R.G.B. The dithering unit 620 may correct the
image signal R.G.B using dithering patterns dith correspond-
ing to the gray level information received from the gray
determination unit 610. In addition, the storage unit 630 may
store a kickback voltage at each gray level when each of a
positive voltage and a negative voltage is applied, a plurality
of eigenvalues EV, and dithering patterns dith corresponding
to the eigenvalues EV. Thus, a dithering pattern dith can be
retrieved from the storage unit 630 using a designated value
DV generated by the dithering unit 620.

[0097] Thestorage unit 630 may include a first storage unit
632 and a second storage unit 634. The first storage unit 632
exchanges data with the gray determination unit 610. The
second storage unit 634 receives data from the gray determi-
nation unit 610 and exchanges data with the dithering unit
620. The first storage unit 632 may store a kickback voltage
Vkb at each gray level when each of a positive voltage and a
negative voltage is applied as well as target image data
DAT_C that reflects the kickback voltage Vkb. Corrected
image data DAT' may be generated using the target image data
DAT_C and a color correction lookup table (LUT). The color
correction LUT is an accurate color control (ACC) related
LUT that accurately expresses red, green and blue colors
according to characteristics of a liquid crystal panel. The
second storage unit 634 may store a plurality of dithering
patterns dith and the target image data DAT_C provided by
the gray determination unit 610. The dithering patterns dith
may be stored as an LUT. For example, if the dithering pat-
terns dith are stored as an LUT in the form of an 8x8 matrix,
rows of the LUT may store compensation values (e.g., 1/8,
2/8,3/8, 4/8, 5/8, 6/8, 7/8, and 8/8) that are to be applied to a
gray value of each pixel area by using dithering, and columns
of the LUT may store a plurality of, that is, eight dithering
patterns designed to apply each correction value. In other
words, a plurality of dithering patterns may be provided for
each correction value thatis to beapplied to each display area,
n bits may be designated for each correction value, and m
dithering patterns may be applied to each correction value. In
this case, 2"xm dithering patterns may be stored in the storage
unit 630. Here, each dithering pattern dith may include an
eigenvalue EV, which will be described in detail later. The
storage unit 630 may also store the dithering patterns dith in
various ways other than the above method.
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[0098] FIG. 8is a block diagram of the gray determination
unit 610 of FIG. 7. FIG. 9 is a flowchart illustrating the
operation of the gray determination unit 610 included in the
LCD of FIG. 3.

[0099] Referring to FIGS. 8 and 9, the gray determination
unit 610 may include a gray selector 612 and a gray compen-
sator 614.

[0100] The gray selector 612 may receive an original image
signal R.G.B and select a gray value (or gray level) that
should be applied to each pixel. The original image signal
DAT may be provided as an 8-bit signal, and a gray value of
each pixel may be selected from 256 gray values (e.g., a gray
level ranging from 0 to 255). In the case of a signal having
more than 8 bits, the gray value of each pixel may be selected
from more than 256 gray values.

[0101] The gray compensator 614 may generate corrected
data by combining data of the kickback voltage Vkb at each
gray level stored in the first storage unit 632 and gray data
selected by the gray selector 612. For example, the gray
compensator 614 may receive gray information selected by
the gray selector 612, obtain a positive kickback voltage and
a negative kickback voltage corresponding to the selected
gray information from the kickback voltage Vkb at each gray
level stored in the first storage unit 632, and generate data
corresponding to each of'a positive target image signal DAT_
Cp and a negative target image signal DAT_Cn by performing
an arithmetic operation on a voltage of the original image
signal DAT and each of the positive kickback voltage and the
negative kickback voltage. The data corresponding to each of
the positive target image signal DAT_Cp and the negative
target image signal DAT_Cnmay be provided to the dithering
unit 620 and stored in the second storage unit 634.

[0102] Accordingly, referring to FIG. 9, in block S11, the
gray determination unit 610 selects a gray value of a pixel
area. In block S12, the gray determination unit 610 obtains a
kickback voltage of each polarity corresponding to the
selected gray value. In block S13, the gray determination unit
610 subtracts the positive kickback voltage from the voltage
of the original image signal, and also adds the negative kick-
back voltage to the voltage of the original image signal to
generate positive target image data and negative target image
data, respectively. In block S14, the gray determination unit
610 stores the target image data of each polarity in a second
storage unit.

[0103] FIG.101is a block diagram of the dithering unit 620
of F1G. 7. FIG. 11 is a flowchart illustrating the operation of
the dithering unit 620 included in the LCD of FIG. 3. FIG. 12
is a block diagram of a dithering pattern selector 624 of FIG.
10.

[0104] Referring to FIGS. 10 through 12, the dithering unit
620 may include an expander 622, the dithering pattern selec-
tor 624, and a dithering processor 628.

[0105] The dithering unit 620 receives a positive target
image signal DAT_Cp and a negative target image signal
DAT_Chn from the gray determination unit 610, expands each
of the positive target image signal DAT_Cp and the negative
target image signal DAT Cn to (n+k) bits by using the
expander 622, and outputs a positive expanded target image
signal DAT_Cp' and a negative expanded target image signal
DAT_Cn'. The dithering pattern selector 624 selects a plural-
ity of dithering patterns dith corresponding to the positive
expanded target image signal DAT_Cp' and the negative
expanded target image signal DAT_Cn' and determines the
order of the dithering patterns dith to be applied to the liquid
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crystal panel 300. The dithering processor 628 transmits the
corrected image signal DAT' corresponding to the selected
dithering patterns dith to the data driver 500. Accordingly, an
image having improved image quality may be displayed.
[0106] The expander 622 may include an LUT, and the
LUT may be mapped to color compensation data used to
compensate for colors according to input data. The color
compensation data is a result of expanding bits of the input
data by k bits. For example, when 8-bit data of an n” frame is
input, the expander 622 outputs (n+k)-bit expanded data of
the n” frame by using the LUT. The (n+k)-bit expanded data
of the n” frame may be divided into an integer part of upper n
bits and a decimal part of lower k bits. The upper n bits may
be data of a grayscale image, and the lower k bits may be a
designated value DV which will be described later.

[0107] The dithering pattern selector 624 (shown, for
example, in FIG. 12) may include a designated value genera-
tor 625, which includes a frame counter 6254, a first counter
6250 and a second counter 625¢, and a dithering pattern
determiner 626 which determines a dithering pattern dith
corresponding to an eigenvalue EV that corresponds to a
generated designated value DV.

[0108] The designated value generator 625 may generate a
designated value DV of each pixel area PA. The designated
value DV of each pixel area PA may be generated by com-
bining respective values of the frame counter 625a, the first
counter 6255, and the second counter 625¢. The dithering
pattern determiner 626 may find an eigenvalue EV corre-
sponding to each designated value DV, find a dithering pattern
dith corresponding to each eigenvalue EV from among dith-
ering patterns dith stored in the second storage unit 634, and
determine the found dithering pattern dith to be a dithering
pattern dith of each pixel area PA.

[0109] For example, the frame counter 6254 counts each
frame, the first counter 6255 counts the movement of a target
pixel area PA, whose dithering pattern dith is to be selected, in
a first direction, and the second counter 625¢ counts the
movement of the target pixel area PA in a second direction.
Here, the first direction and the second direction may be a row
direction and a column direction, respectively.

[0110] For example, each of the frame counter 6254, the
first counter 62556, and the second counter 625¢ may be 3-bit
counters. In this case, ‘000* may be recorded in all of the
frame counter 6254, the first counter 6255, and the second
counter 625¢ before the target pixel area PA is dithered. The
value of ‘000’ may be set as a designated value DV of a pixel
area PA located at a first row and a first column of a first frame,
and the pixel area PA in the first row and the first column of the
first frame may be designated as a reference pixel arca PAs.
[0111] After the reference pixel area PAs is dithered, the
target pixel area PA is moved in the row direction, for
example, to the right. Here, the first counter 6255 counts the
movement of the target pixel area PA in the first direction.
Thus, ‘001" is recorded in the first counter 6255. When the
target pixel area PA moves to the right a number of times, for
example, eight times, ‘111’ is recorded in the first counter
625b. Then, when the target pixel area PA moves again to the
right, ‘000’ is recorded in the first counter 6255. Accordingly,
the same pattern as a dithering pattern dith corresponding to
the pixel area PA in the first row and the first column is applied
to the current pixel area PA.

[0112] After all pixel areas PA in the current row are dith-
ered, the target pixel area PA moves to a first pixel area PA in
a next row (that is, the first pixel area PA in the next row
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becomes the target pixel area PA). Here, the second counter
625¢ counts the movement of the target pixel area PA in the
second direction, for example, in the column direction. Thus,
001 is recorded in the second counter 625¢. Again, as the
target pixel area PA moves to the right, the above process is
repeated.

[0113] After all pixel areas PA of each column are dithered,
the target pixel area PA moves to a next frame. Accordingly,
001" is recorded in the frame counter 625a. Thus, a dithering
pattern dith different from the dithering pattern dith applied to
the reference pixel area PAs of the previous frame may cor-
respond to a pixel area PA in a first column and a first row of
a new frame. For example, a dithering pattern dith corre-
sponding to a pixel area PA on a right surface or a lower
surface of the dithering pattern dith applied to the reference
pixel area PAs of the previous frame may be applied to the
pixel area PA in the first column and the first row of the new
frame. Again, the pixel area PA in the first column and the first
row of the new frame becomes the reference pixel area PAs of
the new frame, and the same process as the process in the
previous frame is repeated. Consequently, different dithering
patterns dith correspond to the reference pixel areas PAs of
the previous and new frames.

[0114] In summary, the designated value generator 625
generates a designated value DV of each pixel area PA by
using the frame counter 625a, the first counter 6255, and the
second counter 625¢, and the dithering pattern determiner
626 determines a dithering pattern dith corresponding to the
generated designated value DV. The determined dithering
pattern dith is applied to each pixel area PA by the dithering
processor 628.

[0115] The dithering processor 628 includes a reducing
unit and a driving unit. The reducing unit generates an n-bit
corrected image signal DAT' by reducing data of a target
image signal expanded to (n+k) bits by k bits. The driving unit
transmits the n-bit corrected image signal DAT" to the data
driver 500.

[0116] The n-bit corrected image signal DAT" includes a
positive corrected image signal DAT_p' and a negative cor-
rected image signal DAT _n'. The driving unit may alternately
provide the positive corrected image signal DAT p' and the
negative corrected image signal DAT _n' every frame.

[0117] Hereinafter, a method of driving the LCD of FIG. 3
will be described.

[0118] When anoriginal image signal R.G.B fordisplaying
an image on a plurality of pixel areas 310 and 320 is input, the
gray determination unit 610 analyzes a gray level of the input
original image signal R.G.B and transmits a target image
signal DAT_C, which reflects a kickback voltage Vkb at each
gray level, to the dithering unit 620.

[0119] The dithering unit 620 receives the target image
signal DAT_C reflecting the kickback voltage Vkb at each
gray level and generates a designated value DV correspond-
ing to each pixel area 310 or 320. The designated value DV
may be generated by combining the value of the frame
counter 625a which counts each frame, the value of the first
counter 6256 which counts the movement of a target pixel
area PA, whose dithering pattern is to be selected, in the first
direction, and the value of the second counter 625¢ which
counts the movement of the target pixel area PA in the second
direction. Because the generation of the designated value DV
has been described above in detail, some repeated description
thereof will be omitted.
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[0120] An eigenvalue EV corresponding to the designated
value DV of each pixel area PA is obtained, a dithering pattern
dith having the eigenvalue EV is found in the second storage
unit 634, and the found dithering pattern dith is determined to
be a dithering pattern dith corresponding to each pixel area
PA. Then, the image signal R.G.B is corrected by applying the
determined dithering pattern dith to each pixel area PA.
[0121] Referringto FIG. 11, in block S21, the dithering unit
620 divides the target image data of each polarity into an
integer part and a decimal part. In block S22, the dithering
unit 620 selects a gray value corresponding to the integer data.
Inblock S23, the dithering unit 620 determines whether or not
the decimal data is equal to 1/4n. If the decimal data is not
equal to 1/4n, then in block S24, the dithering unit 620
expands the target image data of each polarity by three bits to
generate a designated value. If the decimal data is equal to
1/4n, then, in block S25, the dithering unit 620 expands the
target image data of each polarity by two bits to generate a
designated value. In block S27, the dithering unit 620 com-
bines the gray value corresponding to the integer data and the
designated value. In block S27, the dithering unit 620 deter-
mines a plurality of dithering patterns by finding eigenvalues
corresponding to the designated value.

[0122] FIGS. 13 and 14 are diagrams illustrating dithering
patterns applied to the liquid crystal panel of the LCD of FIG.
3.

[0123] FIG. 15 is a diagram illustrating frame rate control
(FRC). FIG. 16 is a diagram illustrating a dithering method.
FIG. 17 is a diagram illustrating FRC using dithering pat-
terns.

[0124] Referring to FIGS. 15 through 17, luminance can be
finely adjusted by a gray value (or gray level) of a decimal less
than one using a dithering method and an FRC method.
[0125] In the FRC method, a gray level perceived by the
human eye may be changed according to the number of
frames to which a compensation value is applied. For
example, referring to (a) of FIG. 15, if a compensation value
of ‘1’ 1s added to image data during one of four frame periods,
a gray value of each pixel becomes “gray value of image
data+1/4” In addition, referring to (b) of FIG. 15, if the
compensation value of *1” is added to image data during two
of the four frame periods, the gray value of each pixel
becomes “gray value of image data+1/2.”” Referring to (c) of
FIG. 15, if the compensation value of ‘1 is added to image
data during three of the four frame periods, the gray value of
each pixel becomes “gray value of image data+3/4.”

[0126] In the dithering method, to finely adjust luminance
by a gray value of a decimal less than one, a compensation
value is spatially dispersed by varying the number of pixels,
to which the compensation value is added, in a dithering
pattern that includes a plurality of pixels. For example, refer-
ring to (a) of FIG. 16, a dithering pattern may include a
plurality of pixels arranged in a 2x2 matrix. In this case, ifa
compensation value of ‘1’ is added to image data that is to be
supplied to one of the pixels in the dithering pattern, a gray
value of the dithering pattern is increased by a gray value of
1/4. Referring to (b) of FIG. 16, if the compensation value of
‘1’ is added to image data that is to be supplied to two of the
pixels in the dithering pattern, the gray value of the dithering
pattern is increased by a gray value of 1/2. Referring to (¢) of
FIG. 16, if the compensation value of “1° is added to image
data thatis to be supplied to three of the pixels in the dithering
pattern, the gray value of the dithering pattern is increased by
a gray value of 3/4.
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[0127] In FRC using dithering patterns, to finely adjust
luminance by a gray value of a decimal less than one, a
compensation value is temporally dispersed as well as spa-
tially dispersed by varying the number of pixels, to which the
compensation value is added, in a dithering pattern that
includes a plurality of pixels. For example, referring to (a) of
FIG. 17, a dithering pattern may include a plurality of pixels
arranged in a 2x2 matrix. In this case, if 1/4 dithering patterns
which add a compensation value of ‘1’ to one of the four
pixels are applied during four frame periods, a gray value of
the dithering pattern is increased by a gray value of 1/4 during
the four frame periods. Referring to (b) of FIG. 17, if 1/2
dithering patterns which add the compensation value of *1” to
two of the four pixels are applied during four frame periods,
the gray value of the dithering pattern is increased by a gray
value of 1/2 during the four frame periods. Referring to (c) of
FIG. 17,1 3/4 dithering patterns which add the compensation
value of ‘1’ to three of the four pixels are applied during four
frame periods, the gray value of the dithering pattern is
increased by a gray value of 3/4 during the four frame periods.
[0128] The dithering method or the FRC method can be
used to compensate for gray levels more precisely.

[0129] FIG. 18 is a conceptual diagram illustrating the
operation of the dithering pattern determiner 626 of the LCD
of FIG. 3 according to an embodiment of the present inven-
tion.

[0130] Each dithering pattern dith illustrated in FIG. 18 is
data expanded by 3 bits or 4 bits, and a dithering method will
now be described using the dithering patterns dith. The liquid
crystal panel 300 may include a plurality of pixel areas PA,
each having 4x4 pixels. Each of the pixel areas PA may have
a different dithering pattern dith, and the dithering pattern
selector 624 may select a dithering pattern dith corresponding
to adesignated value DV and an eigenvalue EV. The dithering
pattern selector 624 may determine the number of pixels that
are to be weighted based on a set designated value DV and
generate a dithering pattern dith based on an eigenvalue EV.
[0131] In FIG. 18, n” through (n+3)” frames Fn through
Fn+3 are illustrated. Sixteen frames form one set, and a posi-
tive dithering pattern and a negative dithering pattern are
alternately applied to each frame. That is, the n* frame Fn is
a positive dithering pattern, the (n+1)* frame Fn+1 is a nega-
tive dithering pattern, the (n+2)” frame Fn+2 is a positive
dithering pattern, and the (n+3)” frame Fn+3 is a negative
dithering pattern.

[0132] The dithering pattern of the n” frame Fn corre-
sponds to a 3-bit binary designated value of ‘010’ and an
eigenvalue of ‘dith10.” The 3-bit binary designated value is
determined by a ratio of the number of pixels, to which a
weight of ‘17 is given, to the total number of pixels in a pixel
area PA. Because the 3-bit binary designated value of ‘010’
corresponds to ‘2” among eight natural numbers that can be
expressed by a 3-bit binary number, a gray level increased by
aratio of +2/8, that is, a gray value of 1/4 can be expressed. In
addition, because four out of sixteen pixels in the pixel area
PA are weighted pixels, the dithering pattern dith10 of the n™
frame Fn can express a gray level increased by a gray value of
1/4. Bach designated value of 000, 001, 010, 011, .. ., 111
may include a plurality of eigenvalues of dith10, dithll,
dith12, dith23, ... andaweight may or may not be given only
to a specific position in a dithering pattern corresponding to
each eigenvalue.

[0133] Thedithering pattern of the (n+1)” frame Fn+1 cor-
responds to a 3-bit binary designated value of ‘110’ and an
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eigenvalue of ‘dith10.” Because the 3-bit binary designated
value of ‘110’ corresponds to ‘6” among eight natural num-
bers that can be expressed by a 3-bit binary number, a gray
level increased by a ratio of +6/8, that is, a gray value of 3/4
can be expressed. In addition, because twelve out of the
sixteen) pixels in the pixel area PA are weighted pixels, the
dithering pattern dith10 of the (n+1)™ frame Fn+1 can express
a gray level increased by a gray value of 3/4.

[0134] Frames may have the same dithering pattern but
may correspond to different designated values. For example,
the n” frame Fn and the (n+1)” frame Fn+1 may have the
same dithering pattern ‘dith10’ but may correspond to differ-
ent designated values. Therefore, different patterns may be
applied to the liquid crystal panel 300.

[0135] The dithering pattern ofthe (n+2)” frame Fn+2 cor-
responds to a 3-bit binary designated value of ‘010” and an
eigenvalue of ‘dith11.” Because the 3-bit binary designated
value of ‘010’ corresponds to ‘2’ among eight natural num-
bers that can be expressed by a 3-bit binary number, a gray
level increased by a ratio of +2/8, that is, a gray value of 1/4
can be expressed.

[0136] The dithering pattern of the (n+3)” frame Fn+3 cor-
responds to a 3-bit binary designated value of ‘110” and an
eigenvalue of ‘dith11.” Because the 3-bit binary designated
value of ‘110’ corresponds to ‘6’ among eight natural num-
bers that can be expressed by a 3-bit binary number, a gray
level increased by a ratio of +6/8, that is, a gray value of 3/4
can be expressed.

[0137] FIG. 19 is a diagram illustrating the operation of a
dithering pattern determiner 626 of an LCD according to
another embodiment of the present invention.

[0138] The operation of the dithering pattern determiner
626 of FIG. 19 is similar to the operation of the dithering
pattern determiner 626 of FIG. 18, and thus a redundant
description thereof will be omitted. In FIG. 19, n™ through
(n+3)” frames are illustrated. Sixteen frames form one set,
and a positive dithering pattern and a negative dithering pat-
tern are alternately applied to every two frames. That is,
dithering patterns corresponding to a 3-bit binary designated
value of ‘010’ and eigenvalues of “dith10’ and “dith1 1’ may be
applied, and then dithering patterns corresponding to a 3-bit
binary designated value of 110" and eigenvalues of ‘dith10’
and ‘dith11’ may be applied. Even if the dithering patterns of
FIG. 19 are applied, a desired gray value can be obtained, and
degradation caused by the application of voltages of the same
polarity can be prevented or substantially prevented.

[0139] FIG. 20 is a conceptual diagram illustrating the
operation of the LCD of FIG. 3 when dithering patterns
corresponding to the same designated value and the same
eigenvalue are applied. FIG. 21 is a conceptual diagram illus-
trating an image displayed on the LCD of FIG. 3 when the
dithering patterns corresponding to the same designated
value and the same eigenvalue are applied.

[0140] Referring to FIGS. 20 and 21, dithering patterns
corresponding to the same designated value DV and the same
eigenvalue EV but having different polarities are alternately
applied to each frame. Data of a positive target image signal
DAT_Cp and data of a negative target image signal DAT _Cn
do not need to have different designated values DV which are
setinorderto express a certain gray level. However, if the data
ofthe positive target image signal DAT_Cp and the dataofthe
negative target image signal DAY_Cn have the same desig-
nated value DV, the same dithering pattern may be repeated
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for two frame periods as illustrated in FIG. 21, and this
dithering pattern may be seen as stains.

[0141] For this reason, when target image data of different
polarities have the same designated value DV, dithering pat-
terns of the positive target image signal DAT_Cp and dither-
ing patterns of the negative target image signal DAT_Cn may
start to be applied from different dithering patterns.

[0142] FIG. 22 is a conceptual diagram illustrating the
operation of the LCD of FIG. 3 when dithering patterns start
to be applied from a different dithering pattern for each polar-
ity. FIG. 23 is a conceptual diagram illustrating an image
displayed on the LCD of FIG. 3 when the dithering patterns
start to be applied from a different dithering pattern for each
polarity

[0143] In FIGS. 22 and 23, n” through (n+5)” frames Fn
through Fn+3 are illustrated. A positive dithering pattern and
anegative dithering pattern may be alternately applied to each
frame. That is, the nth frame Fn is a positive dithering pattern,
and the (n+1)th frame Fn+1 is a negative dithering pattern. In
this way, polarity may be inverted every frame.

[0144] The dithering pattern of the nth frame Fn corre-
sponds to a 3-bit binary designated value of ‘010’ and an
eigenvalue of ‘dith10.” The dithering pattern of the (n+1)th
frame Fn+1 corresponds to a 3-bit binary designated value of
‘010’ and an eigenvalue of “dith12.” The dithering pattern of
the (n+2)th frame Fn+2 corresponds to a 3-bit binary desig-
nated value of ‘010’ and an eigenvalue of ‘dith11.” The dith-
ering pattern of the (n+3)th frame Fn+3 corresponds to a 3-bit
binary designated value of ‘010’ and an eigenvalue of
‘dith13.” The dithering pattern of the (n+4)th frame Fn+4
corresponds to a 3-bit binary designated value of ‘010’ and an
eigenvalue of ‘dith12.” The dithering pattern of the (n+5)th
frame Fn+5 corresponds to a 3-bit binary designated value of
010’ and an eigenvalue of ‘dith10.” That is, assuming that
dithering patterns are applied in the order of the eigenvalues
“dith10°, “dith12” and “dith13’, positive dithering patterns
may start to be applied from dith10, and negative dithering
patterns may start to be applied from dith12. In this way, the
positive and negative dithering patterns may be alternately
applied to each frame.

[0145] When frames correspond to the same designated
value DV, if dithering patterns start to be applied from a
different dithering pattern (which corresponds to a different
eigenvalue EV) for each polarity as described above, stains
created by the repeated application of the same dithering
pattern can be prevented or substantially prevented. The
application order of the dithering patterns is not limited to the
order in FIG. 23.

[0146] FIG.24isaflowchartillustrating a method of apply-
ing a dithering pattern whose polarity is inverted every frame
according to an embodiment of the present invention.
[0147] Referring to FIG. 24, the dithering unit 620 obtains
a designated value DVp of a positive target image signal
DAT_Cp and a designated value DVn of a negative target
image signal DAT_Cn from the gray determination unit 610.
The dithering pattern determiner 626 determines whether the
designated value DVp of the positive target image signal
DAT_Cp is equal to the designated value DVn of the negative
target image signal DAT_Chn. If the designated values DVp
and DVn are equal, the dithering pattern determiner 626
obtains a plurality of eigenvalues (dith10, dith11, dith12, . ..
) corresponding to the designated value DV from the second
storage unit 634 and selects dithering patterns dith corre-
sponding to the obtained eigenvalues EV. The dithering pat-
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tern determiner 626 determines the application order of the
dithering patterns dith. The dithering patterns dith can be
applied in the same order regardless of polarity. However, if
the dithering patterns dith are applied in the same order
regardless of polarity, they may start to be applied from dif-
ferent dithering patterns for different polarities. On the other
hand, if the dithering patterns dith are applied in a different
order for each polarity, they may start to be applied from the
same dithering pattern regardless of polarity.
[0148] Thus, referring to FIG. 24, in block S31, the dither-
ing unit 620 obtains a designated value of positive target
image data and a designated value of negative target image
data. In block S32, the dithering unit 620 determines whether
or not the designated value of the positive target image data is
equal to the designated value of the negative target image
data. If the designated value of the positive target image data
is not equal to the designated value of the negative target
image data, in block S33, the dithering unit 620 maintains the
order ofthe negative dithering patterns, and proceeds to block
S35. If, however, the designated value of the positive target
image data is equal to the designated value of the negative
target image data, in block S34, the dithering unit 620
changes the order of the negative dithering patterns before
proceeding to block S35. In block S35, the dithering unit 620
alternates the positive and negative dithering patterns for
every frame.
[0149] Embodiments of the present invention may include
at least one of the following characteristics.
[0150] That is, display quality may be improved by com-
pensating for the effect of a kickback voltage at all gray levels
by using dithering. For example, it may be possible to reduce
the creation of an afterimage, a flicker, stains, etc. on the
screen and reduce crosstalk occurring when a 3D image is
formed using a shutter glass method.
[0151] However, the effects of the present invention are not
restricted to thoseset forth herein. The above and other effects
of the present invention will become more apparent to one of
daily skill in the art to which the present invention pertains by
referencing the claims.
[0152] While the present invention has been particularly
shown and described with reference to example embodiments
thereof, it will be understood by those of ordinary skill in the
art that various changes in form and details may be made
therein without departing from the spirit and scope of the
present invention as defined by the following claims. It is
therefore desired that the present embodiments be considered
in all respects as illustrative and not restrictive, reference
being made to the appended claims and their equivalents,
rather than the foregoing description, to indicate the scope of
the invention.
What is claimed is:
1. A liquid crystal display (LCD) comprising:
a liquid crystal panel comprising a plurality of pixel areas,
each of the pixel areas having a plurality of pixels; and
a signal controller configured to receive an original image
signal and to generate a target image signal correspond-
ing to the original image signal by using a kickback
voltage at each gray level in the original image signal,
wherein the signal controller comprises a dithering unit
configured to generate a corrected image signal based on
dithering patterns corresponding to the target image sig-
nal.
2. The LCD of claim 1, wherein the signal controller com-
prises:
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a storage unit configured to store the kickback voltage at
each gray level and the dithering patterns;

a gray determination unit configured to determine a gray
level of the target image signal by analyzing a gray level
of the original image signal; and

the dithering unit configured to generate a corrected image
signal by correcting a target image signal corresponding
to each pixel area.

3. The LCD of claim 2, wherein the storage unit comprises:

a first storage unit configured to store the kickback voltage
at each gray level; and

a second storage unit configured to store a target image
signal, an expanded target image signal, a plurality of
eigenvalues, and dithering patterns corresponding to the
eigenvalues,

wherein the kickback voltage at each gray level comprises
a positive kickback voltage at each gray level and a
negative kickback voltage at each gray level.

4. The LCD of claim 3, wherein the gray determination unit

comprises:

a selector configured to select a gray level of each pixel
area; and

a compensator configured to generate the target image
signal by compensating the original image signal corre-
sponding to the selected gray level using the kickback
voltage at each gray level received from the first storage
unit.

5. The LCD of claim 3, wherein the dithering unit com-

prises:

an expander configured to expand data of the target image
signal to generate an expanded target image signal,

a dithering pattern selector configured to select a dithering
pattern corresponding to each pixel area; and

adithering processor configured to apply the selected dith-
ering pattern to each pixel area.

6. The LCD of claim 5, wherein the expander is further
configured to output an expanded target image signal by
expanding the data of the target image signal by k bits.

7. The LCD of claim 6, wherein the second storage unit
comprises a lookup table (LUT) mapped to data of the
expanded target image signal which corresponds to the target
image signal.

8. The LCD of claim 5, wherein the dithering pattern selec-
tor comprises:

a designated value generator configured to generate a des-
ignated value corresponding to the target image signal
for each polarity provided by the gray determination
unit; and

a dithering pattern determiner configured to select a plu-
rality of eigenvalues corresponding to the designated
value for each polarity and to apply a dithering pattern
corresponding to each of the selected eigenvalues to the
pixel area.

9. The LCD of claim 8, wherein the designated value gen-

erator comprises:

a frame counter configured to count each frame;

a first counter configured to count a movement of a target
pixel area in a first direction; and

a second counter configured to count the movement of the
target pixel area in a second direction,

wherein the designated value generator is configured to
generate the designated value using the frame counter,
the first counter, and the second counter.
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10. The LCD of claim 9, wherein the first direction is a row
direction of the pixel areas, and the second direction is a
column direction of the pixel areas.

11. The LCD of claim 8, wherein when a second frame
begins after a first frame ends, a dithering pattern correspond-
ing to a reference pixel area of the second frame is different
from a dithering pattern corresponding to a reference pixel
area of the first frame.

12. The LCD of claim 5, wherein the dithering processor
comprises:

a reducing unit configured to generate a corrected image
signal by reducing the data of the expanded target image
signal by k bits; and

a driving unit configured to transmit the corrected image
signal to a data driver.

13. The LCD of claim 12, wherein the corrected image
signal comprises a positive corrected image signal and a
negative corrected image signal, wherein the driving unit is
configured to alternately transmit the positive corrected
image signal and the negative corrected image signal to the
liquid crystal panel in each frame.

14. The LCD of claim 12, wherein the driving unit is
configured to alternately transmits data corresponding to the
positive corrected image signal and data corresponding to the
negative corrected image signal in every two frames.

15. A liquid crystal display (LCD) comprising:

a liquid crystal panel comprising a plurality of pixel areas,

each of the pixel areas having a plurality of pixels; and

a signal controller configured to receive an original image
signal and to generate a target image signal correspond-
ing to the original image signal by using a kickback
voltage at each gray level in the original image signal,

wherein the signal controller is configured to transmit a
corrected image signal, whose polarity is inverted every
frame, to the liquid crystal panel.

16. The LCD of claim 15, wherein the signal controller

comprises:

a storage unit configured to store the kickback voltage at
each gray level and dithering patterns;

a gray determination unit configured to determine a gray
level of the target image signal by analyzing a gray level
of the original image signal; and

a dithering unit configured to generate a corrected image
signal by correcting a target image signal corresponding
to each pixel area.

17. The LCD of claim 16, wherein the dithering unit com-

prises:

a designated value generator configured to generate a des-
ignated value corresponding to the target image signal
for each polarity provided by the gray determination
unit; and

a dithering pattern determiner configured to select a plu-
rality of eigenvalues corresponding to the designated
value for each polarity and to apply a dithering pattern
corresponding to each of the selected eigenvalues to the
pixel area.

18. The LCD of claim 17, wherein if the designated value
for each polarity is equal, when a second frame begins after a
first frame ends, a dithering pattern corresponding to a refer-
ence pixel area of the second frame is different from a dith-
ering pattern corresponding to a reference pixel area of the
first frame.
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19. A liquid crystal display (LCD) comprising:

aliquid crystal panel comprising a plurality of pixel areas,
each of the pixel areas having a plurality of pixels; and

a signal controller configured to receive an original image
signal and to generate a target image signal correspond-
ing to the original image signal by using a kickback
voltage at each gray level in the original image signal,

wherein the signal controller is configured to transmit a
corrected image signal to the liquid crystal panel,
wherein a polarity of the corrected image signal is
inverted every two successive frames.

20. The LCD of claim 19, wherein the signal controller

comprises:

a storage unit configured to store the kickback voltage at
each gray level and dithering patterns;

a gray determination unit configured to determine a gray
level of the target image signal by analyzing a gray level
of the original image signal; and

a dithering unit configured to generate a corrected image
signal by correcting a target image signal corresponding
to each pixel area,

wherein the dithering unit comprises:

a designated value generator configured to generate a
designated value corresponding to the target image
signal for each polarity provided by the gray determi-
nation unit; and

a dithering pattern determiner configured to select a
plurality of eigenvalues corresponding to the desig-
nated value for each polarity and to apply a dithering
pattern corresponding to each of the selected eigen-
values to the pixel area.
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