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(57) ABSTRACT

A liquid crystal display and a method of operating the liquid
crystal display, in which the liquid crystal display includes a
liquid crystal panel, a gate driver, a gamma voltage generator,
a data driver, and a gamma voltage compensator. The liquid
crystal panel has a plurality of pixels respectively arranged in
pixel areas defined by gate lines and data lines. The gate driver
drives the gate lines, and the gamma voltage generator gen-
erates gamma voltages having different voltage levels from
each other. The data driver drives the data lines according to
the gamma voltages. The gamma voltage compensator com-
pensates for at least one of the gamma voltages, which are
generated from the gamma voltage generator, by using one of
a gate-off voltage provided to the gate lines and a storage
voltage provided to a storage capacitor included in the pixel.
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Fig. 3
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Fig. 10
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Fig. 12
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LIQUID CRYSTAL DISPLAY AND METHOD
OF OPERATING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application relies for priority upon Korean
Patent Application No. 2008-81464 filed on Aug. 20, 2008,
the contents of which are herein incorporated by reference in
their entirety.

BACKGROUND

[0002] 1. Technical Field

[0003] The present disclosure relates to a display appara-
tus. More particularly, the present disclosure relates to a lig-
uid crystal display and a method of operating the liquid crys-
tal display.

[0004] 2. Discussion of Related Art

[0005] A liquid crystal display includes two substrates and
liquid crystals having dielectric anisotropy are injected
between the two substrates. An electric field is applied to the
liquid crystals and the intensity of the electric field is adjusted
to control the amount of light passing through the substrates.
As aresult, desired images are displayed on the liquid crystal
display.

[0006] Each pixel of theliquid crystal display includes a red
sub-pixel, a green sub-pixel and a blue sub-pixel that serve to
adjust light transmittance as the alignment of the liquid crys-
tals varies according to a data signal. Each sub-pixel is
charged with a differential voltage between a data voltage
provided to a pixel electrode through a thin film transistor and
a common voltage provided to a common electrode, thereby
driving the liquid crystals. The thin film transistor is turned on
by a gate-on voltage provided through a gate line, so that a
pixel electrode is charged with a data signal provided through
a data line. The thin film transistor is turned off by a gate-off
voltage provided through the gate line, so that the data signal
charged in the pixel electrode is maintained.

[0007] Because such a liquid crystal display has a low
power consumption and is fabricated in a thin plate structure,
the liquid crystal display is extensively employed in portable
electronic appliances, such as cellular phones, electronic cal-
culators and portable computer systems, as well as in a con-
trol panel of various machines. Accordingly, various studies
have been continuously performed to improve the display
quality of the liquid crystal display.

SUMMARY

[0008] An exemplary embodiment of the present invention
provides a liquid crystal display capable of improving a dis-
play quality by removing a crosstalk phenomenon or a green-
ish phenomenon.

[0009] Another exemplary embodiment of the present
invention provides a method of operating the liquid crystal
display.

[0010] In an exemplary embodiment of the present inven-
tion, a liquid crystal display includes a liquid crystal panel, a
gate driver, a gamma voltage generator, a data driver, and a
gamma voltage compensator. The liquid crystal panel has a
plurality of pixels respectively arranged in pixel areas defined
by gate lines and data lines crossing the gate lines. The gate
driver drives the gate lines. The gamma voltage generator
generates gamma voltages having voltage levels that are dif-
ferent from each other. The data driver drives the data lines
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according to the gamma voltages. The gamma voltage com-
pensator compensates for at least one of the gamma voltages,
which are generated by the gamma voltage generator, by
using one of a gate-off voltage provided to the gate lines and
a storage voltage provided to a storage capacitor included in
the pixel.

[0011] The gamma voltage compensator includes at least
one capacitor that capacitively couples one of the gate-off
voltage and the storage voltage with the at least one gamma
voltage.

[0012] In an exemplary embodiment of the present inven-
tion, a method of operating a liquid crystal display is provided
as follows. When gamma voltages having different voltage
levels are generated, at least one of the gamma voltages is
compensated by using one of a gate-off voltage provided to
gate lines and a storage voltage provided to a storage capaci-
tor included in a pixel. A data voltage is applied to a liquid
crystal panel according to the at least one gamma voltage
compensated based on the gate-off voltage and the storage
voltage.

[0013] The at least one gamma voltage is compensated by
capacitively coupling one of the gate-off voltage and the
storage voltage with the at least one gamma voltage.

[0014] According to the above, a crosstalk phenomenon
and a greenish phenomenon can be prevented, so that an
image display quality of the liquid crystal display can be
improved.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] Exemplary embodiments of the present invention
will be understood in more detail from the following descrip-
tions taken in conjunction with the accompanying drawings,
wherein:

[0016] FIG. 1 is a block diagram showing an exemplary
embodiment of a liquid crystal display according to the
present invention;

[0017] FIG.2isacircuitdiagram showing a gamma voltage
generator shown in FIG. 1;

[0018] FIG. 3 is a view showing a pattern causing a green-
ish phenomenon in the liquid crystal display;

[0019] FIG. 4 is a view illustrating the greenish phenom-
enonderived from a swing of acommon voltage caused by the
pattern shown in FIG. 3;

[0020] FIG. 5 is a view showing a pattern causing a hori-
zontal crosstalk phenomenon in the liquid crystal display;
[0021] FIG. 6 is a view illustrating the horizontal crosstalk
phenomenon derived from a swing of acommon voltage in an
‘A’ period and a ‘B’ period shown FIG. 5;

[0022] FIG. 7 is a view showing a gamma voltage compen-
sator shown in FIG. 1;

[0023] FIG. 8 is a block diagram showing an exemplary
embodiment of a liquid crystal display according to the
present invention;

[0024] FIG.9is a view showing a gamma voltage compen-
sator shown in FIG. 8;

[0025] FIG. 10 is a view illustrating compensation of a
pixel data voltage when the pattern shown in FIG. 3 is dis-
played on a liquid crystal panel;

[0026] FIG. 11 is a view illustrating compensation of a
pixel data voltage when the pattern shown in FIG. 4 is dis-
played on a liquid crystal panel; and
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[0027] FIG. 12 is a flowchart illustrating an exemplary
embodiment of a method of operating a liquid crystal display
according to the present invention.

DETAILED DESCRIPTION OF EXEMPLARY
EMBODIMENTS

[0028] Hereinafter, exemplary embodiments of the prevent
invention will be described in detail with reference to the
accompanying drawings.

[0029] FIG. 1 is a block diagram showing an exemplary
embodiment of a liquid crystal display according to the
present invention.

[0030] Referring to FIG. 1, a liquid crystal display 100
includes a timing controller 110, a voltage converter 120, a
liquid crystal panel 130, a gate driver 140, a gamma voltage
generator 150, a data driver 160 and a gamma voltage com-
pensator 170.

[0031] The timing controller 110 receives a pixel data sig-
nal RGB, a horizontal synchronization signal H_SYNC, a
vertical synchronization signal V_SYNC, a clock signal
MCLK and a data enable signal DE from an external device
(not shown). The timing controller 110 outputs a pixel data
signal RGB', which has a data format converted correspond-
ing to a required interface between the timing controller 110
and the data driver 160, and various control signals to the data
driver 160. The control signals output from the timing con-
troller 110 to the data driver 160 include a latch signal TP, a
horizontal synchronization start signal STH, and a clock sig-
nal HCLK. In addition, the timing controller 110 outputs a
vertical synchronization start signal STV, a gate clock signal
CPV and an output enable signal OE to the gate driver 140.
[0032] The voltage converter 120 receives a DC power
VDD from an outside source (not shown) to generate a plu-
rality of voltages used to operate the liquid crystal display
100. The voltages used to operate the liquid crystal display
100 include an analog supply voltage AVDD, a digital supply
voltage DVDD, a gate-on voltage VON, a gate-off voltage
VOFF, and a common voltage VCOM. The gate-on voltage
VON and the gate-off voltage VOFF are provided to the gate
driver 140, and the analog supply voltage AVDD and the
digital supply voltage DVDD are used as drive voltages of the
liquid crystal display 100. The common voltage VCOM is
provided to a common electrode (not shown) of the liquid
crystal panel 130. Preferably, the voltage converter 120
includes a DC/DC converter (not shown).

[0033] The liquid crystal panel 130 includes a plurality of
gate lines G1~Gn, a plurality of data lines R1~Rm, G1~Gm
and B1~-Bm crossing the gate lines G1~Gn, and pixels
respectively arranged in pixel areas defined by the gate lines
G1~Gn and the data lines R~Rm, G1~Gm and B1~Bm. Each
pixel includes a thin film transistor T1 having a gate electrode
connected to a corresponding gate line G1 of the gate lines
G1~Gn and a source electrode connected to a corresponding
data line R1 of the data lines R1~Rm, G1-Gm, and B1~Bm,
and a liquid crystal capacitor CLC and a storage capacitor
CST that are connected to a drain electrode of the thin film
transistor T1. In such a pixel structure, the gate lines G1~Gn
are sequentially selected by the gate driver 140, and the gate-
on voltage VON is applied to the selected gate line in the form
of a pulse. As a result, the thin film transistor T1 of the pixel
connected to the selected gate line is turned on. Then, a
voltage including pixel information (hereinafter, referred to
as adata voltage) is applied to each data line by the data driver
160. The data voltage passes through the thin film transistor
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T1 of the corresponding pixel and then is applied to the liquid
crystal capacitor C; .~ and the storage capacitor Cg,. The lig-
uid crystal capacitor C, . allows light to pass therethrough
according to the data voltage applied to the liquid crystal
capacitor C, ~and the storage capacitor Cg,when the thin film
transistor T1 is turned on, and the storage capacitor C_, stores
the data voltage when the thin film transistor T1 is turned on.
The charged data voltage is applied to the liquid crystal
capacitor C, .. when the thin film transistor T1 is turned off.
Thus, images are displayed on the liquid crystal display 100.
[0034] Each pixel in the liquid crystal panel 130 includes
three sub-pixels corresponding to red, green, and blue colors.
The sub-pixels are sequentially disposed lengthwise along
the gate line. In addition, the common electrode (not shown)
is formed on the sub-pixels of the liquid crystal panel 130
such that the common voltage VCOM is applied to the com-
mon electrode.

[0035] The gate driver 140 scans the gate lines G1~Gn of
the liquid crystal panel 130 in response to the control signals
provided from the timing controller 110. Scanning refers to
an operation of sequentially applying the gate-on voltage
VON to the gate lines, so that each pixel connected to the gate
line receiving the gate-on voltage VON can record data.
[0036] The gamma voltage generator 150 generates a pre-
set positive gamma voltage and a preset negative gamma
voltage upon receiving the analog supply voltage AVDD from
the voltage converter 120. The positive gamma voltage and
the negative gamma voltage have polarities opposite to each
other relative to the common voltage VCOM.

[0037] As shown in FIG. 2, the gamma voltage generator
150 includes an array of resistors R1,R2, ..., and R12 that are
connected in series between the analog supply voltage AVDD
and a ground voltage VSS. Node voltages, for example, V1,
V2, ..., and V10, formed among the resistors serve as the
gamma voltages and are provided to the data driver 160. The
number of resistors formed in the array may be changed, as
desired to obtain finer or coarser gamma voltages.

[0038] The data driver 160 generates a plurality of gray
scale voltages using the gamma voltages provided by the
gamma voltage generator 150. The data driver 160 selects
gray scale voltages corresponding to the pixel data signal
RGB', in which the gray scale voltages are generated in
response to the control signals provided from the timing
controller 110 as described above, and applies the selected
gray scale voltage to the data line of the liquid crystal panel
130.

[0039] In order to drive the liquid crystal display 100 hav-
ing the above structure, the following operations are per-
formed. First, the gate-on voltage VON is applied to the gate
electrode of the thin film transistor T1 connected to the
selected gate line, so that the thin film transistor T1 is turned
on. The data voltage corresponding to the pixel data signal is
applied to the source electrode of the thin film transistor T1,
and then the data voltage is applied to the drain electrode. If
the common voltage VCOM is applied to the common elec-
trode of the liquid crystal panel 130, the liquid crystals are
driven by a differential voltage between the common voltage
VCOM and the data voltage. As a result, images are displayed
on the liquid crystal display 100.

[0040] FIG. 3 is a representation showing a pattern causing
a greenish phenomenon in the liquid crystal display, and FIG.
4 is a diagram illustrating the greenish phenomenon derived
from a swing of a common voltage caused by the pattern
shown in FIG. 3.
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[0041] As shown in FIG. 3, when a pattern, in which black
gray-scale signals (corresponding to areas filled with hatch-
ing lines) and 31 gray-scale signals (corresponding to white
areas) are alternated in a pixel unit, is displayed on the liquid
crystal panel 130, data transitioned between adjacent pixels
may not offset against each other. Accordingly, the common
voltage VCOM and the gate-off voltage VOFF are swung by
a parasitic capacitor. When a black pixel signal is provided to
each ofR1, G1, and B1 pixels, and a 31gray-scale pixel signal
is provided to each of R2, G2, and B2 pixels, the common
voltage is swung according to the black pixel signal, so that,
as shown in FIG. 4, pixel signal charge values VR1,VB1, and
VG2 of the R1, B1, and G2 pixels are lower than pixel signal
charge values VG1, VR2, and VB2 of the G1, R2, and B2
pixels. As aresult, the R1, B1, G2 pixel may have a brightness
higher than that of the remaining pixels. Because the R1 and
B1 pixels receiving the black pixel signal are not visible to the
naked eyes, however, a dot corresponding to the G2 pixel
appears to be remarkably bright, resulting in a greenish phe-
nomenon.

[0042] FIG. 5is arepresentation showing a pattern causing
a horizontal crosstalk phenomenon in the liquid crystal dis-
play, and FIG. 6 is a diagram illustrating the horizontal
crosstalk phenomenon derived from a swing of a common
voltage in an ‘A’ period and a ‘B’ period shown FIG. 5.
[0043] As shown in FIG. 5, the liquid crystal panel 130
displays a pattern in which the 31-gray scale signals and the
black gray scale signals are alternated in each sub-pixel. In
addition, the liquid crystal panel 130 has a window area W to
which gray scale signals having the same level are applied.
Because the gray scale signals having the same level are
applied to the window area W, the data transitioned between
the adjacent pixels are offset against each other. Accordingly,
as shown in FIG. 6, the common voltage VCOM and the
gate-off voltage VOFF in the B period has a swing width
smaller than that of the common voltage VCOM and the
gate-off voltage VOFF in the A period that does not include
the window area W. Accordingly, the pixels driven in the B
period that includes the window area W has a charge value
different from that of the pixels driven in the A period that
does not include the window area W.

[0044] More specifically, in the case of the R1, G1, and B1
lines shown in FIG. 6, the R1 and B1 lines except for the G1
line, which is not visible to the naked eye, provided with the
black pixel signal have charge values VR1' and VB1' in the B
period, which are smaller than charge values VR1 and VB1 in
the A period, respectively. As a result, the pixels driven in the
B period including the window area W have a brightness
higher than that of the pixels driven in the A period that does
not include the window area W, resulting in the horizontal
crosstalk.

[0045] Inorderto prevent the greenish phenomenon and the
horizontal crosstalk that are described in FIGS. 3 to 6, the
gamma voltage compensator 170 is further provided.

[0046] Referring again to FIG. 1, the gamma voltage com-
pensator 170 compensates for at least one of the gamma
voltages provided from the gamma voltage generator 150 by
using the gate-off voltage VOFF output from the voltage
converter 120.

[0047] FIG. 7 is a view showing a gamma voltage compen-
sator 170 shown in FIG. 1.

[0048] The gamma voltage compensator 170 includes j
capacitors C1,C2, .. ., and Cj that are connected to k gamma
voltage output lines GM1 to GMK, respectively, in which j is
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an integer from one to k. The capacitors may have capaci-
tances different from each other. Alternatively, at least two of
the capacitors may have the same capacitance.

[0049] Meanwhile, if the gate-off voltage VOFF has a small
swing width, a resistor R20 having a resistance, for instance,
within a range of 0Q2 to 300Q, is connected in series with a
gate-off voltage output line connected between the voltage
converter 120 and the gate driver 140. The gate-off voltage
passing through the resistor R20 is provided to the gamma
voltage compensator 170.

[0050] When many data transitions occur, the gate-off volt-
age VOFF is swung by a capacitive coupling between the
source electrode and the gate electrode of the thin film tran-
sistor T1 of each pixel, as shown in FIG. 1. At least one of the
capacitors in the gamma voltage compensator 170 causes a
capacitive coupling between the gate-off voltage VOFF and
the at least one gamma voltage. Accordingly, the at least one
gamma voltage is swung to have the same phase as the gate-
off voltage VOFF, and the data voltage is compensated
according to the swung gamma voltage.

[0051] FIG. 8 is a block diagram showing an exemplary
embodiment of a liquid crystal display according to the
present invention, and FIG. 9 is a view showing in detail a
gamma voltage compensator shown in FIG. 8.

[0052] In FIGS. 8 and 9, the timing controller 110, the
liquid crystal panel 130, the gate driver 140, the gamma
voltage generator 150 and the data driver 160 have a structure
substantially identical to those of the exemplary embodiment
shown in FIGS. 1 and 7. For convenience sake, the same
reference numerals will be assigned to blocks having the
same function as those of the above-described exemplary
embodiment, and a further description of the blocks will be
omitted in order to avoid redundancy.

[0053] Referringto FIG. 8, a voltage converter 220 receives
the DC power VDD from the outside to generate a plurality of
voltages used to operate the liquid crystal display 200. The
voltages used to operate the liquid crystal display 200 include
an analog supply voltage AVDD, a digital supply voltage
DVDD, a gate-on voltage VON, a gate-off voltage VOFF, a
common voltage VCOM and a voltage applied to the storage
capacitor CST, hereinafter referred to as a storage voltage Vst.
The storage voltage Vst may be the common voltage VCOM,
the ground voltage, or a voltage independent of the common
voltage VCOM. In the present exemplary embodiment, the
voltage Vst independent of the common voltage VCOM is
applied to the storage capacitor Cst.

[0054] In the exemplary embodiments shown in FIGS. 1
and 7, the gamma voltage compensator 170 compensates for
at least one gamma voltage by using the gate-off voltage
VOFF. On the other hand, as shown in FIGS. 8 and 9, a
gamma voltage compensator 270 compensates for at least one
gamma voltage generated from a gamma voltage generator
250 by using the storage voltage Vst. Ifthe storage voltage Vst
has a small swing width, a resistor R30 shown in FIG. 9
having a resistance, for example, within a range of 0Q2 to
300€, is connected in series with a storage voltage output line
between the voltage converter 220 and the liquid crystal panel
130. The storage voltage Vst after passing through the resistor
R30 is provided to the gamma voltage compensator 270.
[0055] When many data transitions occur, similar to the
gate-off voltage VOFF, the storage voltage Vst is swung by a
capacitive coupling between the source electrode and the gate
electrode of the thin film transistor T1. At least one of capaci-
tors C1 to Cj in the gamma voltage compensator 270 causes a
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capacitive coupling between the storage voltage Vst and at
least one of the gamma voltages. Accordingly, the at least one
gamma voltage is swung to have the same phase as that of the
storage voltage Vst, and the data voltage is compensated
according to the swung gamma voltage.

[0056] FIG. 10 is a waveform diagram illustrating compen-
sation of a pixel data voltage when the pattern shown in FIG.
3 is displayed on a liquid crystal panel.

[0057] As shown in FIG. 10, the pixel data voltage is com-
pensated by the gamma voltages swung by the gamma volt-
age compensator 170 or 270, so that the pixels have the same
pixel signal charge value. For example, the pixel signal charge
values VR2, VG2 and VB2 of the R2, G2 and B2 pixels are
identical to each other. Accordingly, even if the pattern shown
in FIG. 3 is displayed on the liquid crystal panel 130, the
greenish phenomenon causing the G2 pixel to have brightness
higher than that of the remaining pixels can be prevented.
[0058] FIG. 11 is a waveform diagram illustrating compen-
sation of a pixel data voltage when the pattern shown in FIG.
4 is displayed on a liquid crystal panel.

[0059] As shown in FIG. 11, in the case of the R1, G1 and
B1 lines shown in FIG. 11, the R1 and B1 lines, except for the
(1 line (not visible to the naked eye) provided with the black
pixel signal have charge values VR1' and VB1' in the B
period, which are equal to charge values VR1 and VB1 in the
A period, respectively. As a result, the horizontal crosstalk
causing the pixels driven in the B period including the win-
dow area W shown in FIG. 5 to have a brightness higher than
that of the pixels driven in the A period, which does not
include the window area W, is prevented.

[0060] FIG. 12 is a flowchart illustrating an exemplary
embodiment of a method of operating a liquid crystal display
according to the present invention.

[0061] Referring to FIG. 12, the gate driver 140 applies the
gate-on voltage VON to the gate electrode of the thin film
transistor connected to a predetermined gate line such that the
thin film transistor is turned on (S100 and S110). The gamma
voltage compensator 170 or 270 compensates for at least one
of the gamma voltages generated from the gamma voltage
generator 150 through a capacitive coupling between the at
least one gamma voltage and one of the gate-off voltage
VOFF and the storage voltage Vst (§120). The data driver 160
applies the data voltage corresponding to the pixel data signal
to the liquid crystal panel 130 according to the at least one
gamma voltage compensated through the capacitive coupling
(S130). As aresult, the crosstalk or the greenish phenomenon
does not occur in the images.

[0062] Although exemplary embodiments of the present
invention have been described, it is understood that the
present invention should not be limited to these exemplary
embodiments but various changes and modifications can be
made by one of ordinary skill in the art within the spirit and
scope of the present invention as hereinafter claimed.

What is claimed is:

1. A liquid crystal display comprising:

a liquid crystal panel having a plurality of pixels respec-
tively arranged in pixel areas;

a gate driver that receives a gate-on voltage and a gate-off
voltage to sequentially apply the gate-on voltage to the
gate lines;

a gamma voltage generator that generates a plurality of
gamma voltages having voltage levels different from
each other;
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a data driver that generates data voltages based on the
plurality of gamma voltages and provides the data volt-
ages to the data lines, respectively; and

a gamma voltage compensator that compensates for at least
one of the plurality of gamma voltages, which are gen-
erated by the gamma voltage generator, by using the
gate-off voltage.

2. The liquid crystal display of claim 1, wherein the gamma
voltage compensator comprises at least one capacitor that
capacitively couples the gate-off voltage with at least one of
the plurality of gamma voltages.

3. Theliquid crystal display of claim 2, wherein the gamma
voltage generator comprises a plurality of gamma voltage
output lines to output respectively the plurality of gamma
voltages,

and wherein the at least one capacitor is connected between
a terminal to which the gate-off voltage is applied and at
least one of the plurality of gamma voltage output lines.

4. The liquid crystal display of claim 3, wherein the gamma
voltage compensator further comprises a resistor connected
between the at least one capacitor and the terminal to which
the gate-off voltage is applied.

5. A liquid crystal display comprising:

a liquid crystal panel having a plurality of pixels respec-
tively arranged in pixel areas, in which each pixel
includes a liquid crystal capacitor and a storage capaci-
tor in parallel to the liquid crystal capacitor;

a gate driver that receives a gate-on voltage and a gate-off
voltage to sequentially apply the gate-on voltage to the
gate lines;

a gamma voltage generator that generates a plurality of
gamma voltages having voltage levels different from
each other;

a data driver that generates data voltages based on the
plurality of gamma voltages and provides the data volt-
ages to the data lines, respectively; and

a gamma voltage compensator that compensates for at least
one of the plurality of gamma voltages, which are gen-
erated the gamma voltage generator, by using a storage
voltage applied to the storage capacitor.

6. The liquid crystal display of claim 5, wherein the gamma
voltage compensator comprises at least one capacitor that
capacitively couples the storage voltage with at least one of
the plurality of gamma voltages.

7. The liquid crystal display of claim 6, wherein the gamma
voltage generator comprises a plurality of gamma voltage
output lines to output respectively the plurality of gamma
voltages, and

wherein the at least one capacitor is connected between a
terminal to which the storage voltage is applied and at
least one of the plurality of gamma voltage output lines.

8. The liquid crystal display of claim 7, wherein the gamma
voltage compensator further comprises a resistor connected
between the at least one capacitor and the terminal to which
the storage voltage is applied.

9. A method of operating a liquid crystal display, the
method comprising:

sequentially outputting a gate-on voltage to a liquid crystal
panel being driven based on the gate-on voltage and a
gate-off voltage;

generating a plurality of gamma voltages having voltage
levels different from each other;
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generating data voltages based on the plurality of gamma
voltages and providing the data voltages to the liquid
crystal panel; and

compensating for at least one of the plurality of gamma

voltages by using the gate-off voltage.

10. The method of claim 9, wherein the at least one gamma
voltage is compensated through a capacitive coupling
between the gate-off voltage and the at least one gamma
voltage.

11. The method of claim 10, further comprising providing
the plurality of gamma voltages to a plurality of gamma
voltage output lines and providing the capacitive coupling
between a terminal to which the gate-off voltage is applied
and at least one of the plurality of gamma voltage output lines.

12. The method of claim 11, wherein the capacitive cou-
pling is provided by at least one capacitor.

13. The method of claim 12, further comprising connecting
a resistor between the at least one capacitor and the terminal.

14. A method of operating a liquid crystal display, the
method comprising:

sequentially outputting a gate-on voltage to gate lines of a

liquid crystal panel being driven based on the gate-on
voltage and a gate-off voltage;

Feb. 25,2010

generating a plurality of gamma voltages having voltage

levels different from each other;

generating data voltages based on the plurality of gamma

voltages and providing the data voltages to the liquid
crystal panel;

generating a storage voltage to provide the storage voltage

to a storage capacitor of the liquid crystal panel; and
compensating for at least one of the plurality of gamma
voltages by using the storage voltage.

15. The method of claim 14, wherein the at least one
gamma voltage is compensated through a capacitive coupling
between the storage voltage and the at least one gamma
voltage.

16. The method of claim 15, further comprising providing
the plurality of gamma voltages to a plurality of gamma
voltage output lines and providing the capacitive coupling
between a terminal to which the storage voltage is applied and
at least one of the plurality of gamma voltage output lines.

17. The method of claim 16, wherein the capacitive cou-
pling is provided by at least one capacitor.

18. The method of claim 17, further comprising connecting
a resistor between the at least one capacitor and the terminal.
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