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7 ABSTRACT

A liquid crystal display device includes: a plurality of pixels;
a timing controller configured to convert an externally input
image signal into image data and control the generation of
a gamma voltage. The gamma voltage is compensated based
on a kick-back voltage generated for each gray level. The
gamma voltage generator is configured to generate a com-
pensation gamma voltage that compensates a kick-back
voltage under control of the timing controller; and a data
driver is configured to convert the image data into a data
signal by using the compensation gamma voltage. The
plurality of pixels may include a first pixel and a second
pixel, which display colors different from each other, and the
first pixel and the second pixel display colors of the same
gray level by using data signals having voltage magnitudes

G09G 3/36 (2006.01) different from each other.
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FlG. 11
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Timing Controller converts an inpul image signal into image data. ~={110

R b

Timing Controller contrals geﬁeratiﬁn of a compensation gamma vollage by a H
gamma voltage generator by at least one of: caleulating a value the kick-back
voltage for each gray level, refrieving a value of the kick-back voltage for each |11

gray level stored in a lookup table, or receiving the value of the kick-back
voltage for each gray level from an external source.

;

Data Driver Circuit receives gamma vollage VGMA from the pamma
voltage generator, and the image data and dala control signal (S
from the timing controller, and converls the image data signal into - 1130

one or more data signals that are applied to a plurality of pixels.

2
Provide dala signals have vollage magnibudes different from each other
for pixels displaying different colors of a same gray level,

1140
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LIQUID CRYSTAL DISPLAY DEVICE

CROSS-REFERENCE TO RELATED
APPLICATION(S)

[0001] The present application claims priority to Korean
Patent Application No. 10-2017-0019560, filed on Feb. 13,
2017, in the Korean Intellectual Property Office, the entire
disclosure of which is incorporated by reference herein.

TECHNICAL FIELD

[0002] The inventive concept generally relates to a liquid
crystal display device.

DISCUSSION OF THE RELATED ART

[0003] As interest in information displays and the demand
for portable information media increase, the research and
commercialization in this field has centered on display
devices. Display devices are classified typically into, for
example, liquid crystal display devices, organic light emit-
ting diode display devices, plasma display panels, electro-
phoretic display devices, and the like, according to their
light emitting methods.

[0004] Among these types of display devices, the liquid
crystal display devices are desirable because of their low
power consumption and implementation of full-color mov-
ing images, and thus are widely used in mobile phones,
navigations, monitors, televisions, and the like.

[0005] In general, a liquid crystal display device has a
structure that includes a first substrate and a pixel electrode,
a second substrate and a common electrode, and a liquid
crystal layer interposed between the first and second sub-
strates. The liquid crystal display device controls an inten-
sity of an electric field formed in the liquid crystal layer by
regulating a voltage applied between the pixel electrode and
the common electrode. The transmittance of light passing
through the liquid crystal layer is controlled according to the
intensity of the electric field, and accordingly, the liquid
crystal display device can display a desired image.

SUMMARY

[0006] The inventive concept provides a liquid crystal
display device capable of enhancing display quality by
individually compensating for influence caused by a kick-
back voltage for each pixel.

[0007] According to an embodiment of the inventive con-
cept, there is provided a liquid crystal display device includ-
ing: a plurality of pixels; a timing controller configured to
convert an input image signal input into image data and
control the generation of a gamma voltage, based on a
kick-back voltage generated at each gray level; a gamma
voltage generator configured to generate a compensation
gamma voltage that compensates for the kick-back voltage
under control of the timing controller; and a data driver
configured to convert the image data into a data signal by
using the compensation gamma voltage, wherein the pixels
include a first pixel and a second pixel, which display colors
different from each other, and the first pixel and the second
pixel display colors of the same gray level by using data
signals having voltage magnitudes different from each other.
[0008] According to an embodiment of the inventive con-
cept, a positive compensation gamma voltage and a negative
compensation gamma voltage of the same gray level in the
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compensation gamma voltage may be asymmetrical to each
other about a common voltage.

[0009] According to an embodiment of the inventive con-
cept, a positive effective voltage and a negative effective
voltage, which are applied to the first and second pixels, may
be equal to each other.

[0010] According to an embodiment of the inventive con-
cept, the timing controller may determine a gamma voltage
set value of the highest gray level and a gamma voltage set
value of the lowest gray level, corresponding to the kick-
back voltage.

[0011] According to an embodiment of the inventive con-
cept, the gamma voltage generator may generate the com-
pensation gamma voltage by using the gamma voltage set
value of the highest gray level and the gamma voltage set
value of the lowest gray level.

[0012] According to an embodiment of the inventive con-
cept, a data signal of the lowest gray level, which is supplied
to the first pixel, may have a voltage value larger than that
of a data signal of the lowest gray level, which is supplied
to the second pixel.

[0013] According to an embodiment of the inventive con-
cept, the compensation gamma voltage may be a gamma
voltage increased in proportion to the difference between a
kick-back voltage generated at the highest gray level and a
kick-back voltage generated at a gray level except the
highest gray level.

[0014] According to an embodiment of the inventive con-
cept, a data signal of the highest gray level, which is
supplied to the first pixel, may have a voltage value smaller
than that of a data signal of the highest gray level, which is
supplied to the second pixel.

[0015] According to an embodiment of the inventive con-
cept, the compensation gamma voltage may be a gamma
voltage decreased in proportion to the difference between a
kick-back voltage generated at the lowest gray level and a
kick-back voltage generated at a gray level except the lowest
gray level.

[0016] According to an embodiment of the inventive con-
cept, a capacitance of a liquid crystal cell of the first pixel
may be different from that of a liquid crystal cell of the
second pixel.

[0017] According to an embodiment of the inventive con-
cept, when data signals having the same voltage magnitude
are supplied to the first and second pixels, a kick-back
voltage generated in the first pixel may have a value larger
than that of a kick-back voltage generated in the second
pixel.

[0018] According to an embodiment of the inventive con-
cept, the first pixel may have a display area narrower than
that of the second pixel.

[0019] According to an embodiment of the inventive con-
cept, there is provided a liquid crystal display device includ-
ing: a plurality of pixels; a timing controller configured to
generate image data by converting a gray level of an image
signal input from the outside, based on a kick-back voltage
generated for each gray level; and a data driver configured
to convert the image data into a data signal, wherein the
pixels include a first pixel and a second pixel, which display
colors different from each other, and the first pixel and the
second pixel display colors of the same gray level by using
data signals of gray levels different from each other.
[0020] According to an embodiment of the inventive
aspect, the pixels further include a third pixel, where the first
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pixel, second pixel and third pixel respectively display one
of a red, green and blue color, and the gamma voltage
generator generates a different compensation gamma volt-
age for each color.

[0021] A positive effective voltage and a negative effective
voltage, which are applied to the first and second pixels, may
be equal to each other.

[0022] In addition, the timing controller may generate
positive image data of a gray level higher than that of the
image signal, and generate negative image data of a gray
level lower than that of the image signal.

[0023] Positive image data supplied to the first pixel may
have a gray level higher than that of positive image data
supplied to the second pixel.

[0024] Negative image data supplied to the first pixel may
have a gray level lower than that of negative image data
supplied to the second pixel.

[0025] A capacitance of a liquid crystal cell of the first
pixel may be different from that of a liquid crystal cell of the
second pixel.

[0026] When data signals having the same gray level are
supplied to the first and second pixels, a kick-back voltage
generated in the first pixel may have a value larger than that
of a kick-back voltage generated in the second pixel.
[0027] The first pixel may have a display area narrower
than that of the second pixel.

[0028] According to an embodiment of the inventive con-
cept, a method of compensating for a kick-back voltage in
a liquid crystal display device may include the operations of
converting, by timing a controller, an external input of an
image signal input into image data; controlling, by the
timing controller, a generation of a compensation gamma
voltage, based on a kick-back voltage generated at each gray
level of the image data; converting, by a data driver circuit,
the image data into one or more data signals based on the
compensation gamma voltage, wherein the liquid crystal
display device includes a first pixel and a second pixel,
which display colors different from each other, and the first
pixel and the second pixel display colors of a same gray
level by using respective data signals of the one or more data
signals having voltage magnitudes different from each other.
[0029] According to the inventive concept, the method
may further include retrieving, by the timing controller, a
value of the kick-back voltage for each gray level from a
lookup table, or calculating, by the timing controller the
value of the kick-back voltage for each gray level. In
addition, the value of the kick-back voltage for each gray
level may be received from an external source.

BRIEF DESCRIPTION OF THE DRAWINGS

[0030] Example embodiments of the inventive concept
will now be described more fully hereinafter with reference
to the accompanying drawings; however, the inventive con-
cept may be embodied in different forms and the appended
claims are not to be construed as limited to the embodiments
set forth herein. Rather, these embodiments are provided for
illustrative purposes for a person of ordinary skill in the art
to practice the claims of the inventive concept without undue
experimentation.

[0031] In the drawing figures, the dimensions may be
exaggerated for clarity of illustration. It will be understood
that when an element is referred to as being “between” two
elements, it can be the only element between the two
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elements, or one or more intervening elements may also be
present. Like reference numerals refer to like elements
throughout.

[0032] FIG. 1 is a schematic block diagram of a liquid
crystal display device according to an embodiment of the
inventive concept.

[0033] FIG. 2 is an equivalent circuit diagram of a pixel
according to an embodiment of the inventive concept.
[0034] FIG. 3 is a graph illustrating a change in kick-back
voltage for each gray level according to an embodiment of
the inventive concept.

[0035] FIG. 4A is a schematic block diagram of a gamma
voltage generator shown in FIG. 1.

[0036] FIG. 4B is a circuit diagram of a positive gamma
voltage generator and a negative gamma voltage generator.
[0037] FIG. 5is a schematic block diagram of a data driver
shown in FIG. 1.

[0038] FIG. 6 is a diagram illustrating inverse driving of
the liquid crystal display device according to an embodiment
of the inventive concept,

[0039] FIGS. 7A and 7B are graphs illustrating relation-
ships between gray levels and data voltages according to an
embodiment of the inventive concept.

[0040] FIG. 8 is a waveform diagram illustrating voltage
characteristics of a data signal applied to the pixel.

[0041] FIG. 9A is a graph illustrating a change in kick-
back voltage for each gray level according to another
embodiment of the inventive concept, and FIGS. 9B and 9C
are graphs illustrating relationships between gray levels and
data voltages according to the another embodiment of the
inventive concept.

[0042] FIG. 10 is a schematic block diagram of a data
driver according to still another embodiment of the inventive
concept.

[0043] FIG. 11 is a flowchart illustrating an operation of a
method compensating for a kick-back voltage in a liquid
crystal display device.

DETAILED DESCRIPTION

[0044] The specific structural or functional description
disclosed herein is merely illustrative for the purpose of
describing embodiments according to the inventive concept.
The embodiments according to the inventive concept can be
implemented in various forms, and cannot be construed as
limited to the embodiments set forth herein.

[0045] The embodiments according to the inventive con-
cept can be variously modified and have various shapes.
However, the embodiments according to the inventive con-
cept are not construed as limited to specified disclosures, and
include all changes, equivalents, or substitutes that do not
depart from the spirit and technical scope of the inventive
concept.

[0046] While terms such as “first” and “second” may be
used to describe various components, such components
should not be understood as being limited to the above
terms. The above terms are used only to distinguish one
component from another. For example, a first component
may be referred to as a second component without departing
from the scope of rights of the inventive concept, and
likewise a second component may be referred to as a first
component.

[0047] 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
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element or intervening elements may also be present. In
contrast, when an element is referred to as being “directly
connected” or “directly coupled” to another element, no
intervening elements are present. Meanwhile, other expres-
sions describing relationships between components such as
“~between,” “immediately~between” or “adjacent to~" and
“directly adjacent to~" may be construed similarly.

[0048] The terms used in the present application are
merely used to describe particular embodiments, and do not
intended to limit the inventive concept. Singular forms in the
inventive concept are intended to include the plural forms as
well, unless the context clearly indicates otherwise. It will be
further understood that terms such as “including” or “hav-
ing,” etc., are intended to indicate the existence of the
features, numbers. operations, actions, components, parts, or
combinations thereof disclosed in the specification, and are
not intended to preclude the possibility that one or more
other features, numbers, operations, actions, components,
parts, or combinations thereof may exist or may be added.

[0049] So far as not being differently defined, all terms
used herein including technical or scientific terminologies
have meanings that they are commonly understood by those
skilled in the art to which the inventive concept pertains. The
terms having the definitions as defined in the dictionary
should be understood such that they have meanings consis-
tent with the context of the related technique. So far as not
being clearly defined in this application, terms should not be
understood in an ideally or excessively formal way.

[0050] FIG. 1 is a schematic block diagram of a liquid
crystal display device according to an embodiment of the
inventive concept. FIG. 2 is an equivalent circuit diagram of
a pixel according to an embodiment of the inventive con-
cept. FIG. 3 is a graph illustrating a change in kick-back
voltage for each gray level according to an embodiment of
the inventive concept.

[0051] Referring to FIG. 1, the liquid crystal display
device 10 according to an embodiment of the inventive
concept may include a pixel unit 150, a timing controller
110, a scan driver 120, a gamma voltage generator 130, and
a data driver 140.

[0052] The pixel unit 150 may include a plurality of pixels
PX. The pixels PX may be coupled to data lines D1 to Dm
and to scan lines S1 to Sn, and may be supplied with data
and scan signals through the data lines D1 to Dm and the
scan lines S1 to Sn. For example, the pixels PX may be
arranged in a matrix form at intersection portions of the data
lines D1 to Dm and the scan lines S1 to Sn.

[0053] The timing controller 110 may convert an image
signal RGB input from an external source (e.g., outside) into
image data DATA that are suitable for specifications of the
data driver 140, and will supply the image data DATA to the
data driver 140.

[0054] Also, the timing controller 110 may be configured
to generate a scan control signal SCS that controls the scan
driver 120, a gamma voltage control signal VCS for con-
trolling the gamma voltage generator 130, and a data control
signal DCS for controlling the data driver 140 by using an
externally input control signal CS input from an external
source.

[0055] Here, the externally input signal. CS may include,
for example, a dot clock, a data enable signal, a vertical

synchronization signal, a horizontal synchronization signal,
and the like.

Aug. 16,2018

[0056] As shown in FIG. 1, the timing controller 110 may
supply the scan control signal SCS to the scan driver 120,
supply the voltage control signal VCS to the gamma voltage
generator 130, and supply the data control signal DCS to the
data driver 140.

[0057] As shown in FIG. 2, a thin film transistor TFT is
used as a switching element in the pixel PX. When a thin
film transistor TFT is used, a kick-back voltage may be
generated due to a parasitic capacitance generated between
gate and drain. electrodes of the thin film transistor TFT. The
kick-back voltage distorts a voltage applied to the pixel PX.
The voltage distortion caused by the kick-back voltage
decreases the voltage applied to the pixel PX regardless of
polarity, and the magnitude of the kick-back voltage, i.e., the
degree of voltage distortion is changed for each gray level.

[0058] In addition, the kick-back voltage causes asymme-
try between a positive effective voltage and a negative
effective voltage of the pixel PX. Moreover, the asymmetry
of the positive effective voltage and the negative effect
voltage also generates one or more of an afterimage, a
flicker, a crosstalk, etc. when the liquid crystal display
device 10 displays an image. Accordingly, the asymmetry
described above may cause the display quality of the liquid
crystal display device 10 to become deteriorated.

[0059] The timing controller 110 may control the genera-
tion of a gamma voltage VGMA so as to compensate for the
kick-back voltage. To this end, the timing controller 110 may
generate a gamma voltage control signal VCS for compen-
sating for a kick-back voltage for each gray level and
provide the generated gamma voltage control signal VCS to
the gamma voltage generator 130.

[0060] According to an embodiment of the inventive con-
cept, to compensate for the kick-back voltage, the timing
controller 110 may be configured to set a first gamma
voltage information to correspond to a highest gray level,
and set a second gamma voltage information to correspond
to the lowest gray level, and the timing controller provides
the gamma voltage control signal VCS including the first
and second gamma voltage information to the gamma volt-
age generator 130.

[0061] For example, a gamma voltage set value having a
value greater than those of gamma voltages corresponding to
the previously set highest and lowest gray levels may be
included in the first and second gamma voltage information.
Here, the kick-back voltage for each gray level may be
calculated by the timing controller 110 or may be previously
stored in a lookup table. However, a method of obtaining the
kick-back voltage for each gray level is not limited to the
above-described method, and the kick-back voltage for each
gray level may be obtained by various methods such as a
method of receiving the kick-back voltage for each gray
level from the outside (e.g., an external source).

[0062] In addition, the kick-back voltage is changed for
each gray level and also for each pixel PX. For example, the
magnitudes of kick-back voltages respectively generated in
the pixels PX that display red, green, and blue may be
different from one another.

[0063] Therefore, according to the inventive concept, the
timing controller 110 may control the compensation degree
of the kick-back voltage to be changed for each pixel PX.

[0064] With continued reference to FIG. 1, the scan driver
120 may supply scan signals to the scan lines S1 to Sn in
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response to the scan control signal SCS. For example, the
scan driver 120 may sequentially supply the scan signals to
the scan lines S1 to Sn.

[0065] The gamma voltage generator 130 may generate
the gamma voltage VGMA by using the gamma voltage
control signal VCS.

[0066] For example, the gamma voltage generator 130
may generate gamma voltages for various gray levels. For
example, the gamma voltage generator 130 may generate a
gamma voltage VGMA corresponding to the highest gray
level, based on the first gamma voltage information included
in the gamma voltage control signal VCS, generate a gamma
voltage VGMA corresponding to the lowest gray level,
based on the second gamma voltage information, and gen-
erate a gamma voltage VGMA corresponding a gray level
between the highest gray level and the lowest gray level. The
magnitude of the gamma voltage VGMA is changed depend-
ing on gray levels, and has a value corresponding to the
image data DATA.

[0067] In this embodiment, the gamma voltage VGMA
generated by the gamma voltage generator 130 may have a
positive polarity or a negative polarity.

[0068] The data driver 140 may generate a positive or
negative data signal based on values of the data control
signal DCS, the image data DATA, and the gamma voltage
VGMA.

[0069] The data driver 140 may supply, for example, the
positive or negative data signal to the data lines D1 to Dm.
[0070] For example, the positive data signal may be
applied to odd-numbered data lines D1, D3, D5, .. ., and the
negative data signal may be applied to even-numbered data
lines D2, D4, D6, . . . . The positive data signal and the
negative data signal may be inverted for each frame period.
[0071] Referring now to FIG. 2, the pixel PX may include
a thin film transistor TFT, a liquid erystal capacitor Clc, and
a storage capacitor Cst. A gate electrode of the thin film
transistor TFT may be coupled to one Si of the scan lines S1
to Sn, a first electrode of the thin film transistor TFT may be
coupled to one Dj of the data lines D1 to Dm, and a second
electrode of the thin film transistor TFT may be coupled to
a pixel electrode PE and the storage capacitor Cst.

[0072] Here, the first electrode of the thin film transistor
TFT may be set as, for example, any one of a source
electrode and a drain electrode. The second electrode of the
thin film transistor TFT may be set as, for example, an
electrode different from the first electrode. For example, if
the first electrode is set as the source electrode, then the
second electrode may be set as the drain electrode.

[0073] With continued reference to FIG. 2, a data signal
may be supplied to the pixel electrode PE disposed on a first
substrate SUB1, and a common voltage VCOM may be
supplied to a common electrode CE disposed on a second
substrate SUB2.

[0074] A potential difference corresponding to the differ-
ence between the voltage of the data signal and the common
voltage VCOM is generated between the pixel electrode PE
and the common electrode CE. The liquid crystal capacitor
Clc is formed by the potential difference, and liquid crystals
are driven.

[0075] Inaddition, the storage capacitor Cst may allow the
voltage of the data signal supplied to the pixel PX to be
maintained during a predetermined period of time, e.g., one
frame.
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[0076] As described above, there occurs a phenomenon in
the operation of a thin film transistor TFT that the level of
a voltage charged in the pixel PX is lowered due to a
kick-back voltage. The kick-back voltage Vkb may be
defined according to the following equation.

Cgd (Eqn. 1)

Vkb = —————(Vgh - Vgl).
Cgd + Cst+Clc( & ¢

[0077] In equation 1 above, Cgd denotes a parasitic
capacitance between the gate electrode and the drain elec-
trode of the thin film transistor ITT, Cst denotes a capaci-
tance of the storage capacitor Cst, Clc denotes a capacitance
of a liquid crystal cell, Vgh denotes a high-level voltage of
the scan signal, and Vgl denotes a low-level voltage of the
scan signal.

[0078] Referring to FIG. 3, there are shown graphs
G_PX1, G_PX2, and G_PX3 illustrating changes in kick-
back voltage for each gray scale. A first graph G_PX1 shows
a change in kick-back voltage for each gray level of a first
pixel, a second graph G_PX2 shows a change in kick-back
voltage for each gray level of a second pixel, and a third
graph G_PX3 shows a change in kick-back voltage for each
gray level of a third pixel. Here, the first to third pixels refer
to pixels PX that display colors different from one another.

[0079] Insome embodiments, the first pixel may be a pixel
that displays blue, the second pixel may be a pixel that
displays green, and the third pixel that displays red.

[0080] As shown in FIG. 3, the gray level value of the data
signal increases, the parasitic capacitance between the gate
electrode and the drain electrode of the thin film transistor
TFT decreases. Therefore, as the gray level value of the data
signal increases, the magnitude of the kick-back voltage
decreases according to equation 1 above regarding the
equivalent circuit structure of a pixel shown in FIG. 2.

[0081] For example, the first graph G_PX1 will now be
described. If a data signal corresponding to gray level 0 is
supplied to the first pixel, a kick-back voltage having a
fourth voltage magnitude V4 may be generated. If a data
signal corresponding to gray level 255 is supplied to the first
pixel, a kick-back voltage having a first voltage magnitude
V1 is generated. As can be seen from the graph in FIG. 3,
the first voltage magnitude V1 is much smaller than the
fourth voltage magnitude V4. It can. also be seen that as the
gray level increases from O to a level approaching 255, the
magnitude of the generated kickback wvoltage (Vkb)
decreases. In the same principle, as each of the second and
third pixels displays an image of a higher gray level relative
to the gray level of the first pixel, the magnitude of a
generated kick-back voltage becomes smaller.

[0082] In addition, there is an inverse proportionality
between the area of the pixel and the magnitude of the
kick-back voltage. For example, as the pixel is designed to
have a narrower area, the magnitude of the kick-back
voltage becomes larger. The capacitance Clc of the liquid
crystal cell may increase or decrease corresponding to an
increase or decreased in area of the pixel. The capacitance
Clc of the liquid crystal cell may be defined according to the
following equation.

Clc=e(4/d) (Equn. 2).



US 2018/0233100 A1

[0083] With regard to equation 2 above, e denotes a
dielectric constant, A denotes a display area of each pixel,
and d denotes a distance between the pixel electrode PE and
the common electrode CE.

[0084] As described above, the capacitance Clc of the
liquid crystal cell increases or decreases in proportion to
area.

[0085] According to the equation 1 associated with the
equivalent circuit of a pixel shown in FIG. 2, since the
capacitance Clc of the liquid crystal cell is in inverse
proportion to the magnitude of the kick-back voltage, the
magnitude of the kick-back voltage may become larger as
the pixel PX is designed to have a narrower area. In other
words, as the area of the pixel becomes narrow, the capaci-
tance Clc of the liquid crystal cell becomes smaller, and the
kickback voltage (Vkb) becomes larger.

[0086] In addition, when the first to third pixels (e.g.
R,G.B) are designed to have differently-sized areas from one
another, capacitances Cle of the liquid crystal. cells of the
respective first to third pixels may be different from one
another, and the magnitudes of generated kick-back voltages
may also be different from one another. Such a case would
pertain to a quantum-dot display device.

[0087] For example, the first pixel may be designed to
have a first predetermined area, the second pixel may be
designed to have a second predetermined area, and the third
pixel may be designed to have a third predetermined area.
[0088] If the first predetermined area is narrower than the
second predetermined area, and the second predetermined
area is narrower than the third predetermined area, even in
a case were the gray level is the same, the magnitude of a
kick-back voltage generated in the first pixel may be larger
than that of a kick-back voltage generated in the second
pixel, and the magnitude of a kick-back voltage generated in
the second pixel may be larger than that of a kick-back
voltage generated in the third pixel based on the differences
in the area of the respective first through third pixels.
[0089] On the other hand, unlike the kick-back voltage
generated to have a magnitude changed for each pixel PX,
the magnitude of the common voltage VCOM supplied to all
of the pixels PX may be the same.

[0090] The positive effective voltage and negative effec-
tive voltage applied to the pixel electrode PE of each pixel
PX may be symmetrical to each other by the kick-back
voltage, based on the common voltage VCOM. However,
since the kick-back voltage is generated to have a magnitude
that changed for each pixel PX, the asymmetric degree is
also changed for each pixel PX.

[0091] Therefore, as the kick-back voltage is compensated
in a lump with respect to all of the pixels PX, regardless of
the kick-back voltage generated to have a magnitude
changed for each pixel PX, it is difficult to effectively
prevent the occurrence of an afterimage, a flicker, and/or a
crosstalk, etc.

[0092] According to a teaching of the inventive concept,
the aforementioned issues of image degradation may be
reduced or prevented by the liquid crystal display device
applying compensation values to the respective pixels PX
according to the kick-back voltage generated to have a
magnitude changed for each pixel PX, by considering a
difference in kickback voltage between the pixels PX, based
on the same gray level.

[0093] For example, the timing controller 110 may indi-
vidually increase the magnitude of a data signal supplied to

Aug. 16,2018

each pixel PX, using a kick-back voltage for each pixel PX,
which is previously set or obtained through calculation.
[0094] Moreover, when a data signal of gray level P (P is
a natural number less than 255) is to be supplied to the first
to third pixels, the timing controller 110 may control the
generation of the gamma voltage VGMA by supplying the
gamma voltage control signal VCS to the gamma voltage
generator 130 such that the data signal of the gray level P,
which is increased by a first voltage value AV1, is supplied
to the first pixel.

[0095] In addition, the timing controller 110 may control
the generation of the gamma voltage VGMA by supplying
the gamma voltage control signal VCS to the gamma voltage
generator 130 such that the data signal of the gray level P.
which is increased by a second voltage value AV2, is
supplied to the second pixel.

[0096] Also, the timing controller 110 may control the
generation of the gamma voltage VGMA by supplying the
gamma voltage control signal VCS to the gamma voltage
generator 130 such that the data signal of the gray level P,
which is increased by a third voltage value AV3, is supplied
to the third pixel.

[0097] Forexample, when an image signal corresponds to
a specific gray level, the timing controller 110 may set the
voltage difference between a kick-back voltage generated at
the highest gray level and a kick-back voltage generated at
the specific gray level as a compensation value for the
kick-back voltage.

[0098] FIG. 4A is a schematic block diagram of the
gamma voltage generator shown in FIG. 1. FIG. 4B is a
circuit diagram of a positive gamma voltage generator 132
and a negative gamma voltage generator 134.

[0099] Referring now to FIG. 4A, the gamma voltage
generator 130 may include a positive gamma voltage gen-
erator 132 and a negative gamma voltage generator 134.
[0100] The positive gamma voltage generator 132 may
generate positive gamma voltages VGMAL to VGMA9
between a first driving voltage VDD and the common
voltage VCOM, based on the gamma voltage control signal
VCS. Here, the magnitude of the first driving voltage VDD
may be larger than that of the common voltage VCOM.
[0101] In addition, the negative gamma voltage generator
134 may generate negative gamma voltages VGMA10 to
VGMA18 between the common voltage VCOM and a
second driving voltage VSS, based on the gamma voltage
control signal VCS. Here, the magnitude of the common
voltage VCOM may be larger than that of the second driving
voltage VSS.

[0102] Meanwhile, as described in FIGS. 1 to 3, the timing
controller 110 may provide, to the gamma voltage generator
130, the gamma voltage control signal VCS including
gamma voltage set values corresponding to the highest and
lowest gray levels, so that the gamma voltage generator 130
generates a gamma voltage VGMA that is increased in
correspondence with the kick-back voltage.

[0103] For example, the gamma voltage control signal
VCS may include first gamma voltage information on the
gamma voltage set value corresponding to the highest gray
level and also may include second gamma voltage informa-
tion on the gamma voltage set value corresponding to the
lowest gray level.

[0104] Accordingly, the positive gamma voltage generator
132 may generate a first gamma voltage VGMA1 and a ninth
gamma voltage VGMAY, which have magnitudes corre-



US 2018/0233100 A1

sponding to the first gamma voltage information and the
second gamma voltage information.

[0105] In addition, the negative gamma voltage generator
134 may generate a tenth gamma voltage VGMA10 and an
eighteenth gamma voltage VGMA18, which have magni-
tudes corresponding to the first gamma voltage information
and the second gamma voltage information.

[0106] Moreover, the positive gamma voltage generator
132 may generate second to eighth gamma voltages
VGMA2 to VGMAS in a preset manner corresponding to the
magnitudes of the first gamma voltage VGMAL and the
ninth gamma voltage VGMA9. Also, the negative gamma
voltage generator 134 may generate eleventh to seventeenth
gamma voltages VGMAT11 to VGMAI17 in the preset man-
ner corresponding to the magnitudes of the tenth gamma
voltage VGMAI10 and the eighteenth gamma voltage
VGMA18.

[0107] Referring now to FIG. 4B, the positive gamma
voltage generator 132 may include resistors R1 to R10
coupled in series between the first driving voltage VDD and
the common voltage VCOM. The positive gamma voltages
VGMAL to VGMASY have different levels between the first
driving voltage VDD and the common voltage VCOM
according to a voltage distribution principle.

[0108] In addition, the negative gamma voltage generator
134 may include resistors R11 to R20 coupled in series
between the common voltage VCOM and the second driving
voltage VSS. The negative gamma voltages VGMA10 to
VGMA18 have different levels between the common volt-
age VCOM and the second driving voltage VSS according
to the voltage distribution principle.

[0109] The first gamma voltage VGMAL1 having the high-
est voltage among the positive gamma voltages VGMAL to
VGMA9 may have a constant voltage difference with
respect to the first driving voltage VDD. Also, the ninth
gamma voltage VGMA9 having the lowest voltage among
the positive gamma voltages VGMA1 to VGMA9 may have
a constant voltage difference with respect to the common
voltage VCOM.

[0110] The tenth gamma voltage VGMA10 having the
highest voltage among the negative gamma voltage
VGMAL10 to VGMA18 may have a constant voltage differ-
ence with respect to the common voltage VCOM. Also, the
eighteenth gamma voltage VGMA18 having the lowest
voltage among the negative gamma voltage VGMA10 to
VGMA18 may have a constant voltage difference with the
second driving voltage VSS.

[0111] Here, the first gamma voltage VGMA1 and the
tenth gamma voltage VGMA10 may correspond to the
highest gray level among the gray levels that the pixel can
display, and the ninth gamma voltage VGMA9 and the
eighteenth gamma voltage VGMA18 may correspond to the
lowest gray level among the gray levels that the pixel can
display.

[0112] FIG. 5 is a schematic block diagram of a data
driver, such as the data driver 140, shown in FIG. 1.
[0113] Referring to FIG. 5, the data driver 140 may
generate a data signal, using a gamma voltage VGMA
provided from the gamma voltage generator 130, and a data
control signal DCS and image data DATA, which are
provided from the timing controller 110.

[0114] The data driver 140 may include a shift register
142, a latch unit 144, a digital-to-analog converter 146, and
a buffer unit 148.
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[0115] The latch unit 144 may latch image data DATA on
red, green, and blue, which are supplied from the timing
controller 110. Also, the latch unit 144 may provide the
image data DATA to the digital-to-analog converter 146,
corresponding to a signal applied from the shift register 142.
[0116] The digital-to-analog converter 146 may convert
the image data DATA latched to the latch unit 144 into an
analog image signal, e.g., a data signal by using the gamma
voltage VGMA.

[0117] In this embodiment, when the positive gamma
voltages VGMAL1 to VGMAY are included in the gamma
voltage VGMA, the digital-to-analog converter 146 may
convert the image data DATA into a positive data signal.
[0118] On the other hand, when negative gamma voltages
VGMA10 to VGMA18 are included in the gamma voltage
VGMA, the digital-to-analog converter 146 may convert the
image data DATA into a negative data signal.

[0119] The buffer unit 148 may temporarily store and
output the data signal to the data lines D1 to Dm through
respective channels.

[0120] FIG. 6 is a diagram illustrating inverse driving of
the liquid crystal display device according to an embodiment
of the inventive concept.

[0121] Referring now to FIG. 6, if an electric field in the
same direction is continuously applied to a liquid crystal
material, a degradation of the pixel PX occurs. To prevent
the degradation of the pixel under such circumstances, the
data driver may perform a driving of inverting the polarity
or a voltage applied to the pixel electrode PE, based on a
voltage applied to the common electrode CE.

[0122] The data driver 140 may convert image data DATA
into a data signal by using the gamma voltage VGMA and
may supply the data signal to the data lines D1 to Dm. The
data signal may be a data signal having the positive polarity
or a data signal having the negative polarity, as compared
with the common voltage.

[0123] Inacolumn inversion method, the polarity of a data
signal applied to one pixel column is opposite to that of a
data signal applied to an adjacent pixel column. The polarity
of the pixel column may be inverted for every frame.
[0124] Although the column inversion method is illus-
trated in FIG. 6, a person of ordinary skill in the art should
understand that such a method of operation is merely
provided for convenience of description, and the method of
supplying data signals according to the inventive concept is
not limited thereto using column inversion.

[0125] Forexample, the positive data signal and the nega-
tive data signal may be alternately applied based on any of
a frame, a row and/or a column to perform inverse driving
of the liquid crystal display device. Accordingly, the inverse
driving may be variously modified and implemented using
methods such as frame inversion, column inversion, row
inversion (or line inversion), and dot inversion, just to name
a few non-limiting possible examples.

[0126] FIGS. 7A and 7B are graphs illustrating relation-
ships between gray levels and data voltages according to an
embodiment of the inventive concept.

[0127] Referring now to FIG. 7A, there are illustrated data
signal graphs D_PX and ID_PX and there may also be
second compensation data signal graphs D_PX2 and
ID_PX2.

[0128] The data signal graphs D_PX and ID_PX show
voltage distributions of an ideal data signal to be applied to
the pixel PX, corresponding to gray levels.
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[0129] A positive data signal graph D_PX shows a voltage
distribution that is applied to the pixel PX to which a
positive data signal is to be applied, and is formed between
a data voltage VL of the gray level 0 to a data voltage VH
of the gray level 255.

[0130] A negative data signal graph ID_PX shows a
voltage distribution applied to the pixel PX to which a
negative data signal is to be applied, and is formed between
an inversion data voltage 1_VL of the gray level 0 to an
inversion data voltage I_VH of the gray level 255.

[0131] As can be seen from FIG. 7A, the data signal
graphs D_PX and ID_PX show symmetry for each gray
level about the common voltage VCOM.

[0132] On the other hand, when a data signal for a specific
gray level is provided to the pixel PX according to the data
graphs D_PX and ID_PX, the positive effective voltage and
the negative effective voltage, which are maintained in the
pixel electrode PE, are different from each other due to
influence of the kick-back voltage. For example, the nega-
tive effective voltage may be larger than the positive effec-
tive voltage.

[0133] In order to address the differing influence of the
kick-back voltage, the liquid crystal display device 10
according to the embodiment of the inventive concept may
supply to the pixel PX, a data signal obtained by previously
compensating for the kick-back voltage.

[0134] The second compensation data signal graphs
D_PX2 and. ID_PX2 show voltage distributions of data
signals obtained by previously compensating for a kick-back
voltage that was generated in the second pixel.

[0135] A positive second compensation data signal graph
D_PX2 shows a voltage distribution applied to the second
pixel to which a positive compensation data signal is to be
applied, and is formed between a compensation data voltage
V1.2 of the gray level 0 to a data voltage VH of the gray level
255.

[0136] With continued reference to FIG. 7A, a negative
second compensation data signal graph ID_PX2 shows a
voltage distribution applied to the second pixel to which a
negative compensation data signal is to be applied, and is
formed between an inversion data voltage I_VL2 of the gray
level 0 to an inversion data voltage 1_VH of the gray level
255.

[0137] The second compensation data signal graphs
D_PX2 and ID_PX2 show asymmetry for each gray level
about the common voltage VCOM.

[0138] However, according to the inventive concept, when
a compensation data signal for a specific gray level is
provided to the second pixel according to the second com-
pensation data signal graphs D_PX2 and ID_PX2, the posi-
tive effective voltage and the negative effective voltage,
which are maintained in the pixel electrode PE, become
equal to each other due to influence of the kick-back voltage.
In addition, a voltage distribution for each gray level main-
tained in the pixel electrode PE corresponds to those accord-
ing to the data signal graphs D_PX and ID_PX.

[0139] Accordingly, any afterimage, flicker, crosstalk,
etc., may not occur, or does not occur, in the liquid crystal
display device 10.

[0140] Referring now to FIG. 7B, there are illustrated data
signal graphs D_PX and ID_PX, first compensation data
signal graphs D_PX1 and ID_PX1, second compensation
data signal graphs D_PX2 and ID_PX2, and third compen-
sation data signal graphs D_PX3 and ID_PX3.
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[0141] The first compensation data signal graphs D_PX1
and ID_PX1 show voltage distributions of a data signal
obtained by previously compensating for a kick-back volt-
age to be generated in the first pixel, and the third compen-
sation data signal graphs D_PX3 and ID_PX3 show voltage
distributions of a data signal obtained by previously com-
pensating for a kick-back voltage to be generated in the third
pixel.

[0142] As previously-discussed with reference to FIG. 3,
the first to third pixels are pixels PX that display colors
different from one another, and kick-back voltages having
different magnitudes that may be generated in the first to
third pixels. Therefore, the magnitudes of voltages of the
data signals respectively applied to the first to third pixels in
the same gray level may be different from one another,
particularly because the first through third pixels are differ-
ent colors (R, G, B).

[0143] With continued reference to FIG. 7B, a positive
data voltage VL1 of the lowest gray level, which is supplied
to the first pixel, is greater than a positive data voltage VL2
of the lowest gray level, which is supplied to the second
pixel, and is larger than a positive data voltage VL3 of the
lowest gray level, which is supplied to the third pixel.

[0144] In addition, a negative data voltage I_VL1 of the
lowest gray level, which is supplied to the first pixel, is
larger than a negative data voltage I_VL2 of the lowest gray
level, which is supplied to the second pixel, and is larger
than a negative data voltage I_VL3 of the lowest gray level,
which is supplied to the third pixel.

[0145] When a compensation data signal for a specific
gray level is provided to the first pixel according to the first
compensation data signal graphs D_PX1 and ID_PX1, the
positive effective voltage and the negative effective voltage,
which are maintained in the pixel electrode PE, become
equal to each other due to influence of the kick-back voltage.
Therefore, the compensation of gamma voltages to compen-
sate the influence of the kick-back voltage may be provided
on a pixel level. In addition, when a compensation data
signal for a specific gray level is provided to the third pixel
according to the third compensation data signal graphs
D_PX3 and ID_PX3, the positive effective voltage and the
negative effective voltage, which are maintained in the pixel
electrode PE, become equal to each other due to influence of
the kick-back voltage.

[0146] According to the inventive concept, since effective
voltages maintained by the pixel electrodes PE of the first to
third pixels in the same gray level are equal to one another
by compensating for the kick-back voltages, any afterimage,
flicker, crosstalk, etc. does not occur in the liquid crystal
display device 10.

[0147] FIG. 8 is a waveform diagram illustrating voltage
characteristics of a data signal applied to the pixel.

[0148] Referring now to FIG. 8, one frame period includes
a charge period in which a data voltage is charged in the
pixel electrode and a sustain period in which the charged
voltage is sustained.

[0149] According to an inversion driving method such as
shown in FIG. 8, a positive data voltage may be charged in
the liquid crystal cell during one frame period, and a
negative data voltage may be charged in the crystal cell
during the next one frame period. Thus, when viewing the
two successive frames in FIG. 8, an inverted waveform is
apparent to an artisan.
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[0150] The positive data voltage charged in the liquid
crystal cell may be decreased by a kick-back voltage AV, and
may be sustained by the storage capacitor Cst during one
frame period. In addition, the negative data voltage charged
in the liquid crystal cell Cst is increased by the kick-back
voltage AV, and may be sustained by the storage capacitor
Cst during one frame period.

[0151] The positive data voltage and the negative data
voltage may be alternately charged in the liquid crystal cell
for every frame period, and the positive data voltage and the
negative data voltage in the same gray level may have values
symmetrical to each other about the common voltage.
[0152] FIG. 9A is a graph illustrating a change in kick-
back voltage for each gray level according to an embodi-
ment of the inventive concept, and FIGS. 9B and 9C are
graphs illustrating relationships between gray levels and
data voltages according to the another embodiment of the
inventive concept.

[0153] In FIGS. 9A, 9B, and 9C, differences from the
above-described embodiment will be mainly described so as
to avoid redundancy. Portions not particularly described in
FIGS. 9A, 9B, and 9C follow those of the above-described
embodiment. In addition, identical reference numerals refer
to identical components, and similar reference numerals
refer to similar components.

[0154] Referring now to FIG. 9A, there are shows graphs
G_PX1, G_PX2, and G_PX3 illustrating changes in kick-
back voltage for each gray level. A first graph G_PX1 shows
a change in a kick-back voltage of the first pixel for each
gray level, a second graph G_PX2 shows a change in a
kick-back voltage of the second pixel for each gray level,
and a third graph G_PX3 shows a change in kick-back
voltage of the third pixel for each gray level. Here, the first
to third pixels refer to pixels PX that display colors from one
another.

[0155] Insome embodiments of the inventive concept, the
first pixel may be a pixel that displays blue, the second pixel
may be a pixel that displays green, and the third pixel that
displays red. An artisan should understand and appreciate
that the inventive concept is not limited to such an arrange-
ment regarding the first, second and third pixels.

[0156] The liquid crystal display device 10 according to
the embodiment of the inventive concept may apply com-
pensation values to the respective pixels PX according to the
kick-back voltage generated to have a magnitude changed
for each pixel PX, by considering a difference in kick-back
voltage between the pixels PX, based on the same gray level.
As can be seen in FIG. 9A, a given gray level the kick-back
voltage has different magnitudes for each pixel PX.

[0157] Specifically, the timing controller 110 may indi-
vidually decrease the magnitude of a data signal supplied to
each pixel PX, using a kick-back voltage for each pixel PX,
which is previously set or obtained through calculation.
[0158] For example, when a data signal of gray level Q (Q
is a natural number smaller than 255) is to be supplied to the
first to third pixels, the timing controller 110 may control the
generation of the gamma voltage VGMA by supplying the
gamma voltage control signal VCS to the gamma voltage
generator 130 such that the data signal of the gray level Q,
which is decreased by a sixth voltage value AV®, is supplied
to the first pixel.

[0159] Also, the timing controller 110 may control the
generation of the gamma voltage VGMA by supplying the
gamma voltage control signal VCS to the gamma voltage
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generator 130 such that the data signal of the gray level Q,
which is decreased by a fifth voltage value AVS, is supplied
to the second pixel.

[0160] Also, the timing controller 110 may control the
generation of the gamma voltage VGMA by supplying the
gamma voltage control signal VCS to the gamma voltage
generator 130 such that the data signal of the gray level Q,
which is increased by a fourth voltage value AV4, is
supplied to the third pixel.

[0161] For example, with regard to an image signal cor-
responding to a specific gray level, the timing controller 110
may set the voltage difference between a kick-back voltage
generated at the lowest gray level and a kick-back voltage
generated at the specific gray level as a compensation value
for the kick-back voltage.

[0162] Referring to FIG. 9B, there are illustrated data
signal graphs D_PX and ID_PX and second compensation
data signal graphs D_PX2' and ID_PX2'".

[0163] A positive data signal graph D_PX shows a voltage
distribution applied to the pixel PX to which a positive data
signal is to be applied, and is formed between a data voltage
VL of the gray level 0 to a data voltage VH of the gray level
255.

[0164] In addition, FIG. 9B also shows a negative data
signal graph ID_PX shows a voltage distribution applied to
the pixel PX to which a negative data signal is to be applied,
and is formed between an inversion data voltage I_VL of the
gray level O to an inversion data voltage I_VH of the gray
level 255,

[0165] The data signal graphs D_PX and ID_PX show
symmetry for each gray level about the common voltage
VCOM.

[0166] On the other hand, when a data signal for a specific
gray level is provided to the pixel PX according to the data
graphs D_PX and ID_PX, the positive effective voltage and
the negative effective voltage, which are maintained in the
pixel electrode PE, are different from each other due to
influence of the kick-back voltage. In other words, for
example, the negative effective voltage may be larger than
the positive effective voltage.

[0167] In order to have the positive effective voltage and
the negative effective voltage to have substantially similar
magnitudes, the liquid crystal display device 10 according to
the embodiment of the inventive concept may supply, to the
pixel PX, a data signal obtained by previously compensating
for the kick-back voltage.

[0168] The second compensation data signal graphs
D_PX2' and ID_PX2' show voltage distributions of data
signals obtained by previously compensating for a kick-back
voltage to be generated in the second pixel.

[0169] A positive second compensation data signal graph
D_PX2' shows a voltage distribution applied to the second
pixel to which a positive compensation data signal is to be
applied, and is formed between a compensation data voltage
VL of the gray level 0 to a data voltage VH2 of the gray level
255.

[0170] A negative second compensation data signal graph
ID_PX2' shows a voltage distribution applied to the second
pixel to which a negative compensation data signal is to be
applied, and is formed between an inversion data voltage
1_VL of the gray level 0 to an inversion data voltage I_VH2
of the gray level 255.
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[0171] The second compensation data signal graphs
D_PX2'and ID_PX2' show asymmetry for each gray level
about the common voltage VCOM.

[0172] The liquid crystal display device 10 according to
the embodiment of the inventive concept may supply a
corrected common voltage VCOM' to the pixels PX. The
corrected common voltage VCOM' may be a voltage having
a magnitude smaller than that of the common voltage
VCOM.

[0173] When a compensation data signal for a specific
gray level is provided to the second pixel according to the
second compensation data signal graphs D_PX2' and
ID_PX2', the positive effective voltage and the negative
effective voltage, which are maintained in the pixel electrode
PE, are symmetrical to each other about the corrected
common voltage VCOM'. For example, the positive effec-
tive voltage and the negative effective voltage, which are
maintained in the pixel electrode PE, become equal to each
other due to influence of the kick-back voltage.

[0174] According to the inventive concept, any afterim-
age, flicker, crosstalk, etc. does not occur in the liquid crystal
display device 10.

[0175] Referring to FIG. 9C, there are illustrated data
signal graphs D_PX and ID_PX, first compensation data
signal graphs D_PX1' and ID_PX1', second compensation
data signal graphs D_PX2' and ID_PX2', and third compen-
sation data signal graphs D_PX3' and ID_PX3".

[0176] The first compensation data signal graphs D_PX1'
and ID_PX1' show voltage distributions of a data signal
obtained by previously compensating for a kick-back volt-
age to be generated in the first pixel, and the third compen-
sation data signal graphs D_PX3' and ID_PX3' show voltage
distributions of a data signal obtained by previously com-
pensating for a kick-back voltage to be generated in the third
pixel.

[0177] As described in FIG. 3, the first to third pixels are
pixels PX that display colors different from one another, and
kick-back voltages having different magnitudes may be
generated 1in the first to third pixels. Therefore, the magni-
tudes of voltages of data signals respectively applied to the
first to third pixels in the same gray level may be different
from one another.

[0178] A positive data voltage VH1 of the lowest gray
level, which is supplied to the first pixel, is smaller than a
positive data voltage VH2 of the lowest gray level, which is
supplied to the second pixel, and is smaller than a positive
data voltage VH3 of the lowest gray level, which is supplied
to the third pixel.

[0179] In addition, a negative data voltage I_VH1 of the
lowest gray level, which is supplied to the first pixel, is
smaller than a negative data voltage I_VH2 of the lowest
gray level, which is supplied to the second pixel, and is
smaller than a negative data voltage I_VH3 of the lowest
gray level, which is supplied to the third pixel.

[0180] When a compensation data signal for a specific
gray level is provided to the first pixel according to the first
compensation data signal graphs D_PX1' and ID_PX1', the
positive effective voltage and the negative effective voltage,
which are maintained in the pixel electrode PE, become
equal to each other due to influence of the kick-back voltage.
In addition, when a compensation data signal for a specific
gray level is provided to the third pixel according to the third
compensation data signal graphs D_PX3' and ID_PX3', the
positive effective voltage and the negative effective voltage,
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which are maintained in the pixel electrode PE, become
equal to each other due to influence of the kick-back voltage.
[0181] Accordingly, since effective voltages maintained
by the pixel electrodes PE of the first to third pixels with the
same gray level are equal to one another, any afterimage,
flicker, crosstalk, etc. does not occur in the liquid crystal
display device 10.

[0182] FIG. 10 is a schematic block diagram of a data
driver according to still another embodiment of the inventive
concept.

[0183] In FIG. 10, only some of the differences from the
above-described embodiment will be described to avoid
redundancy. Portions of the current embodiment not par-
ticularly described in FIG. 10 may be similar to the above-
described embodiment. In addition, identical reference
numerals refer to identical components, and similar refer-
ence numerals refer to similar components.

[0184] Referring to FIG. 10, the timing controller 110
according to the embodiment of the inventive concept may
compensate for kick-back voltages by changing gray levels
of input image signals R, G, and B. For example, the timing
controller 110 may generate image data R_DATA,
G_DATA, and B_DATA of which gray levels are changed by
changing bits of the image signals R, G, and B that are
digital signals.

[0185] When a kick-back voltage is generated, the volt-
ages of positive and negative data signals may be reduced.
Therefore, the timing controller 110 may change a value of
bits of an image signal by increasing or decreasing the gray
level of the image signal so as to previously compensate for
the kick-back voltage.

[0186] For example, the timing controller 110 may gen-
erate positive image data of gray levels higher than those of
the image signals R, G, and B, and generate negative image
data of gray levels lower than those of the image signals R,
G, and B.

[0187] In this case, the timing controller 110 may com-
pensate for kick-back voltages by correcting the image
signals R, G, and B even when the timing controller 110
does not control the generation of a separate gamma voltage
VGMA.

[0188] Meanwhile, as described in accordance with FIG.
3, since the kick-back voltage is generated to have different
magnitudes for the respective first to third pixels with
respect to the same gray level, the timing controller 110 may
individually change the bits of the image signals R, G, and
B, corresponding to the kick-back voltage of each pixel.
[0189] For example, when the timing controller 110
receives an image signal R of gray level 100, which is to be
supplied to the pixel PX that displays red, the timing
controller 110 may generate image data R_DATA of gray
level 101, which has the positive polarity, or generate image
data R_DATA of gray level 99, which has the negative
polarity.

[0190] Also, when the timing controller 110 receives an
image signal G at the gray level 100, which is to be supplied
to the pixel PX that displays green, the timing controller 110
may generate image data G_DATA of the gray level 102,
which has the positive polarity, or generate image data
G_DATA of the gray level 98, which has the negative
polarity.

[0191] Also, when the timing controller 110 receives an
image signal B having a gray level 100, which is to be
supplied to the pixel PX that displays a blue color, the timing
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controller 110 may generate image data B_DATA of gray
level 103, which has the positive polarity, or generate image
data B_DATA of gray level 987. which has the negative
polarity.

[0192] As described above, although the image signals R,
G, and B having the same gray level are supplied, the timing
controller 110 can generate image data R_DATA, G_DATA,
and B_DATA of different gray levels different, correspond-
ing to the individual kick-back voltages of the respective
pixels.

[0193] FIG. 11 is a flowchart illustrating an operation of a
method compensating for a kick-back voltage in a liquid
crystal display device.

[0194] Referring now to FIG. 11, at operation 1110, the
timing controller (e.g., the timing controller 110 shown in
FIG. 1) converts an input image signal into image data. The
timing controller controls generation of the gamma voltage
VGMA based on a value of the kick-back voltage value for
each gray level.

[0195] At operation 1120, the timing controller controls
the generation of the compensation gamma voltage by the
gamma voltage generator, and make do so a number of
different ways according to the inventive concept. For
example, the timing controller may calculate a value of the
kick-back voltage for each gray level, retrieve a previously-
calculated value of the kick-back voltage from a lookup
table, or receive the value of kick-back voltage for each gray
level from an external source. Thus, the stored value in the
lookup table may have been previously calculated by the
timing controller, or previously received from the external
source. A person of ordinary skill in the art should under-
stand and appreciate that the values of kick-back voltage
may possibly vary over the age of liquid crystal device, thus,
there can be an updated determination of the values of the
kick-back voltages periodically, or non-periodically. The
Gamma Voltage Generator (e.g., FIG. 1) will generate the
compensated gamma voltage VGMA that is applied to the
data drive circuit.

[0196] At operation 1130, the data driver circuit receives
the VGMA from the gamma generator, and the image data
and data control signal DC S from the timing controller, and
converts the image data signal into one or more data signals
that are to be applied to a plurality of pixels

[0197] At operation 1140, the data signals are applied to
the plurality of pixels, and pixels that display different colors
of a same gray level may receive data signals having
different voltage magnitudes. In this way, the method
according to the inventive concept prevents or reduces
image degradation of the liquid crystal display.

[0198] Inthe liquid crystal display device according to the
inventive concept, influence caused by a kick-back voltage
is individually compensated for each pixel, thereby enhanc-
ing display quality, and may result in the prevention or
reduction of an afterimage, a flicker, a crosstalk, etc., from
being viewed.

[0199] Embodiments of the present inventive concept
have been disclosed herein, and although specific terms are
employed, they are used and are to be interpreted in a
generic and descriptive sense only and not for purposes of
limitation. In some instances, as should be appreciated by
one of ordinary skill in the art as of the filing of the present
application, the features, characteristics, and/or elements
described in connection with a particular embodiment may
be used singly or in combination with features, character-
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istics, and/or elements described in connection with other
embodiments unless specifically indicated otherwise.
Accordingly, it will be understood by those of skill in the art
that various changes in form and details may be made
without departing from the spirit and scope of the inventive
concept as set forth in the following claims.

What is claimed is:

1. A liquid crystal display device comprising:

a plurality of pixels;

a timing controller configured to convert an image signal
input into image data and control generation of a
gamma voltage, based on a kick-back voltage gener-
ated at each gray level;

a gamma voltage generator configured to generate a
compensation gamma voltage that compensates for the
kick-back voltage generated at each gray level under
control of the timing controller; and

a data driver configured to convert the image data into a
data signal by using the compensation gamma voltage,

wherein the pixels include a first pixel and a second pixel,
which display colors different from each other, and the
first pixel and the second pixel display colors of the
same gray level by using data signals having voltage
magnitudes different from each other.

2. The liquid crystal display device of claim 1, wherein
the liquid display comprises a quantum-dot display device,
and the pixels further include a third pixel, where the first
pixel, second pixel and third pixel respectively display one
of a red, green and blue color, and the gamma voltage
generator generates a different compensation gamma volt-
age for each color.

3. The liquid crystal display device of claim 1, wherein a
value of the kick-back voltage for each gray level is stored
in a lookup table in a memory, and the timing controller
retrieves the value of the kick-back voltage for at least one
gray level.

4. The liquid crystal display device of claim 1, wherein
the compensation gamma voltage includes a positive com-
pensation gamma voltage and a negative compensation
gamma voltage of a same gray level, wherein the positive
compensation gamma voltage and the negative compensa-
tion gamma voltage are asymmetrical to each other about a
common voltage.

5. The liquid crystal display device of claim 4, wherein
the timing controller is configured to control the gamma
voltage generator to compensate for the kick-back voltage so
that a positive effective voltage and a negative effective
voltage, which are applied to the first pixel and the second
pixel, are equal to each other.

6. The liquid crystal display device of claim 1, wherein
the timing controller determines a gamma voltage set value
of a highest gray level and a gamma voltage set value of a
lowest gray level, corresponding to the kick-back voltage.

7. The liquid crystal display device of claim 6, wherein
the gamma voltage generator generates the compensation
gamma voltage by using the determined gamma voltage set
value of the highest gray level and the gamma voltage set
value of the lowest gray level.

8. The liquid crystal display device of claim 1, wherein a
first data signal of a lowest gray level, which is supplied to
the first pixel, has a voltage value larger than that of a second
data signal of a lowest gray level, which is supplied to the
second pixel.
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9. The liquid crystal display device of claim 8, wherein
the compensation gamma voltage is a gamma voltage
increased in proportion to a difference between a kick-back
voltage generated at a highest gray level and a kick-back
voltage generated at another gray level except the highest
gray level.

10. The liquid crystal display device of claim 1, wherein
a data signal of a highest gray level, which is supplied to the
first pixel, has a voltage value smaller than that of a data
signal of the highest gray level, which is supplied to the
second pixel.

11. The liquid crystal display device of claim 10, wherein
the compensation gamma voltage is a gamma voltage
decreased in proportion to a difference between a kick-back
voltage generated at a lowest gray level and a kick-back
voltage generated at another gray level except the lowest
gray level.

12. The liquid crystal display device of claim 1, wherein
a capacitance of a liquid crystal cell of the first pixel is
different from that of a liquid crystal cell of the second pixel.

13. The liquid crystal display device of claim 1, wherein,
when data signals having the same voltage magnitude are
supplied to the first and second pixels, a kick-back voltage
generated in the first pixel has a value larger than that of a
kick-back voltage generated in the second pixel.

14. The liquid crystal display device of claim 13, wherein
the first pixel has a display area narrower than that of the
second pixel.

15. The liquid crystal display device according to claim
13, wherein the plurality of pixels include a switching
element comprising a thin film transistor (TFT), and where
the kick-back voltage is defined according to the following
equation:

Vikb=Cgd/Cgd+Cst+Clc(Vgh-Vgl), wherein

Vkb denotes the kick-back voltage, Cgd denotes a parasitic
capacitance between a gate electrode and a drain electrode
of the thin film transistor TFT, Cst denotes a capacitance of
a storage capacitor Cst, Clc denotes a capacitance of a liquid
crystal cell, Vgh denotes a high-level voltage of a scan
signal, and Vgl denotes a low-level voltage of the scan
signal.
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16. A liquid crystal display device comprising:

a plurality of pixels;

a timing controller configured to generate image data by
converting a gray level of an input of an image signal,
based on a kick-back voltage generated for each gray
level; and

a data driver configured to convert the image data into one
or more data signals,

wherein the pixels include a first pixel and a second pixel,
which display colors different from each other, and the
first pixel and the second pixel display colors of the
same gray level by using respective data signals of gray
levels different from each other.

17. The liquid crystal display device of claim 16, wherein
the timing controller generates a positive image data of a
gray level higher than that of the image signal, and generates
a negative image data of a gray level lower than that of the
image signal.

18. A method of compensating for a kick-back voltage in
a liquid crystal display device, comprising:

converting, by timing a controller, an external input of an
image signal input into image data;

controlling, by the timing controller, a generation of a
compensation gamma voltage, based on a kick-back
voltage generated at each gray level of the image data;

converting, by a data driver circuit, the image data into
one or more data signals based on the compensation
gamma voltage,

wherein the liquid crystal display device includes a first
pixel and a second pixel, which display colors different
from each other, and the first pixel and the second pixel
display colors of a same gray level by using respective
data signals of the one or more data signals having
voltage magnitudes different from each other.

19. The method of claim 18, further comprising:

retrieving, by the timing controller, a value of the kick-
back voltage for each gray level from a lookup table.

20. The method of claim 18, further comprising;

receiving a value of the kick-back voltage for each gray
level from an external source.
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