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(57) ABSTRACT

Aliquid crystal display, a method for determining a dynamic
capacitance compensation (DCC) gray level, and a method
for correcting a gamma value of the liquid crystal display are
provided. The liquid crystal display includes a liquid crystal
panel, a gate driver, a data driver, a gray scale voltage
provider, and a DCC gray level provider consisting of a
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LIQUID CRYSTAL DISPLAY, METHOD FOR
DETERMINING GRAY LEVEL IN DYNAMIC
CAPACITANCE COMPENSATION ON LCD, AND
METHOD FOR CORRECTING GAMMA OF LCD

[0001] This application claims priority from Korean
Patent Application No. 10-2004-0068607 filed on Aug. 30,
2004 in the Korean Intellectual Property Office, which is
hereby incorporated by reference for all purposes as if fully
set forth herein.

BACKGROUND OF THE INVENTION
[0002] 1. Field of the Invention

[0003] The present invention relates to a liquid crystal
display (LCD), a method for determining a gray level in
dynamic capacitance compensation (DCC) on the LCD, and
a method for correcting a gamma of the LCD, and more
particularly, to an LCD to improve the quality of moving and
still images, a method for determining a gray level in DCC
for the LCD to improve moving picture quality, and a
method for correcting a gamma of the LCD to improve still
picture quality.

[0004]

[0005] Cathode ray tubes (CRTs) are being gradually
replaced by flat panel displays such as LCDs, plasma display
panels (PDPs), and organic electroluminescent displays
(OELDs). LCDs are popular because they are lightweight
and thin.

[0006] LCDs include an upper glass substrate on which a
common electrode and a color filter are formed, a lower
glass substrate on which a thin film transistor (TFT) and a
pixel electrode are formed, and an anisotropic dielectric
constant liquid crystal filled between the upper and lower
glass substrates. An electric field intensity in the liquid
crystal is controlled by a potential that is independently
applied to the pixel electrode and the common electrode.
The electric field alters the molecular configuration of the
liquid crystal and thus controls the amount of light trans-
mitted through the substrates to display a desired image. For
example, LCDs using a TFT as a switching device are most
commonly used, which are referred to as TFT-LCDs.

[0007] 1Inatypical LCD, a gray scale voltage to be applied
to a pixel electrode is determined according to a gamma
value. FIG. 1 is a circuit diagram illustrating a method for
adjusting a gamma value on a conventional LCD. Referring
to FIG. 1, once the gamma value is determined, each voltage
VO<«0> through VO<255> that is applied to a corresponding
node between a row of serially connected resistors R0
through R255 is used as a gray scale voltage corresponding
to the gamma value by adjusting the ratio of resistances of
resistors in the row. Correcting the gamma according to the
type of liquid crystal in an LCD or environmental illumi-
nation makes it possible to control the brightness across the
entire screen, which improves still picture quality. However,
in conventional LCDs, a resistance value must be adjusted
by replacing resistors in each row or using a variable resistor
in order to correct a gamma value. Thus, it is difficult to
improve the quality of still images.

2. Description of the Related Art

[0008] When a gray scale voltage is applied to a pixel
electrode in an LCD, a liquid crystal material takes time to
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respond to the gray scale voltage. Thus, due to the time delay
required to display the desired image, it is difficult to display
a moving image.

[0009] Dynamic capacitance compensation (DCC) is a
technique that has been developed to improve the response
speed of the LCD. The DCC technique minimizes the time
delay by applying a gray scale voltage that is greater than the
original gray scale voltage to a pixel electrode.

[0010] FIG. 2 is a graph of an optimal liquid crystal
response curve applicable for applying a DCC technique on
a conventional LCD. Referring to FIG. 2, in the conven-
tional CC technique, after comparing a gray scale voltage
Gk-1 for a previous frame with a gray scale voltage Gk for
a current frame, each of gray scale voltages Gbstl, Gbst2,
and Gbst3 that is greater than the difference between the
gray scale voltages Gk-1 and Gk, plus the gray scale voltage
Gk-1 for the previous frame, is applied during a single
frame period (e.g., Y60 sec in the case of a 60 Hz frame rate),
shown as 1 frame in FIG. 2, and the original gray scale
voltage Gk is applied after the frame period.

[0011] An optimal liquid crystal response curve Res2 is
then determined from among the measured liquid crystal
response curves Resl, Res2, and Res3. The gray scale
voltage corresponding to the optimal response curve Res2
and the gray scale voltages for the previous and current
frames are mapped to gray scale levels that are stored in a
look-up table (LUT). Since the optimal liquid crystal
response curve Res2 is determined by observer’s judgment
and not a calculation, the optimal liquid crystal response
curve Res2 suffers from an inter-observer error or a discrep-
ancy in each measurement, making it difficult to objectively
apply a DCC technique. Further, since a separate DCC LUT
is required for each corrected gamma value, it is difficult to
improve both moving and still picture quality.

SUMMARY OF THE INVENTION

[0012] The present invention provides a liquid crystal
display (LCD) designed to effectively improve the quality of
moving and still images.

[0013] The present invention also provides a method for
determining a gray level in dynamic capacitance compen-
sation (DCC) for the LCD to effectively improve moving
picture quality.

[0014] The invention also provides a method for correct-
ing a gamma value of the LCD to effectively improve still
picture quality.

[0015] The present invention also provides a method for
determining a gray level in DCC for the LCD and correcting
a gamma value of the LCD to effectively improve the quality
of moving and still pictures.

[0016] Additional features of the invention will be set
forth in the description which follows, and in part will be
apparent from the description, or may be learned by practice
of the invention.

[0017] The invention discloses a liquid crystal display
including a liquid crystal panel including a plurality of gate
lines, a plurality of data lines, and a plurality of pixels
formed in an area defined by the gate lines and the data lines,
each pixel including a switching element connected with a
corresponding gate line and a corresponding data line, and
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a capacitor provided between the switching element and a
common electrode, a gate driver applying gate signals to the
gate lines, a data driver providing gray scale voltages
corresponding to data signals for gray levels having a
predetermined gamma value to the data lines, a gray scale
voltage generator generating gray scale voltages for gray
levels having the predetermined gamma value and transmit-
ting the generated gray scale voltages to the data driver, and
a dynamic capacitance compensation processor, including a
dynamic capacitance compensation gray scale voltage gen-
erator, and a dynamic capacitance compensation gray level
generator, wherein the dynamic capacitance compensation
gray scale voltage generator applies a first gray scale voltage
having the predetermined gamma value to a pixel electrode
during a plurality of frame periods, a second gray scale
voltage having a predetermined difference from the first gray
scale voltage to the pixel electrode during a single frame
period, and a third gray scale voltage relating to a peak gray
scale voltage in the pixel electrode during the single frame
when the second gray scale voltage is applied, stores the first
gray scale voltage, the second gray scale voltage, and the
third gray scale voltage in a look-up table, and stores the
second gray scale voltage and the third gray scale voltage for
each of a plurality of first gray scale voltages in the look-up
table, and wherein the dynamic capacitance compensation
gray level generator receives the first gray scale voltage, the
second gray scale voltage, and the third gray scale voltage
stored in the look-up table from the dynamic capacitance
compensation gray scale voltage generator, converts the first
gray scale voltage, the second gray scale voltage, and the
third gray scale voltage into a first gray level, a second gray
level, and a third gray level, respectively, using the prede-
termined gamma value, stores the first gray level, the second
gray level, and the third gray levels as a gray level for a
previous frame period, a dynamic capacitance compensation
gray level, and a gray level for a current frame period,
respectively, compares the gray level for the current frame
data with the gray level for the previous frame data, gener-
ates a dynamic capacitance compensation gray level accord-
ing to the comparison result, and provides the dynamic
capacitance compensation gray level to the data driver.

[0018] The invention further discloses a liquid crystal
display including a liquid crystal panel including a plurality
of gate lines and data lines, and a plurality of pixels provided
in an area defined by the gate lines and the data lines,
wherein each pixel including a switch connected with one of
the gate lines and one of the data lines, and a capacitor
provided between the switch and a common electrode, a gate
driver providing signals to the gate lines, a data driver
providing gray scale voltages to the data lines, and a gray
scale voltage provider including a first look-up table storing
a set of quadratic equation coefficients calculated for every
three measured data from among a plurality of data repre-
senting transmittance of the liquid crystal display that are a
function of gray scale voltages, a second look-up table for
calculating a gray level and a transmittance value such that
the relationship between the gray level (GrayLevel) and the
transmittance (T) for a specified gamma value y satisfies:
T=T,,,*(GrayLevel/Maximum GrayLevel)’, and a gray
scale voltage generator generating gray scale voltages for
gray levels by a piecewise quadratic interpolation using the
stored set of quadratic equation coefficients and the stored
gray level and transmittance value and transmitting the gray
scale voltages to the data driver.
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[0019] The invention further discloses a liquid crystal
display including a liquid crystal panel including a plurality
of gate lines and data lines, and a plurality of pixels provided
in an area defined by the gate lines and data lines, wherein
each pixel includes a switching element connected with one
of the gate lines and one of the data lines, a capacitor
provided between the switching element and a common
electrode, a gate driver providing signals to the gate lines, a
data driver providing gray scale voltages to the data lines, a
gray scale voltage provider including a first look-up table
storing a set of quadratic equation coefficients for every
three measured data from among a plurality of data repre-
senting transmittance values of the liquid crystal display as
a function of gray scale voltages, a second look-up table for
storing gray levels and transmittance values and calculating
the gray levels and the transmittance values so that the
relationship between the gray level (Graylevel) and the
transmittance value (T) for a specified gamma value y
satisfies T=T,, *(GrayLevel/Maximum GrayLevel)’, and a
gray scale voltage generator generating gray scale voltages
for gray levels by piecewise quadratic interpolation using
the stored set of quadratic equation coefficients stored and
the stored gray levels and transmittance values and trans-
mitting the gray scale voltages to the data driver, and a
dynamic capacitance compensation processor including a
dynamic capacitance compensation gray scale voltage gen-
erator applying a first gray scale voltage corresponding to a
first one of gray levels having the predetermined gamma
value y to a pixel electrode during a plurality of frame
periods, a second gray scale voltage corresponding to a
second gray level having a predetermined difference from
the first gray level to the pixel electrode during a one frame
period and the first gray scale voltage to the pixel electrode
during a plurality of frame periods, stores the first gray scale
voltage, the second gray scale voltage, and a third gray scale
voltage in a dynamic capacitance compensation gray scale
voltage look-up table, wherein the third gray scale voltage is
a peak gray scale voltage measured in the pixel electrode
during the one frame period when the second gray scale
voltage is applied, and stores the second gray scale voltage
and the third gray scale voltage for each of a plurality of first
gray scale voltages in the dynamic capacitance compensa-
tion gray scale voltage look-up table, and a dynamic capaci-
tance compensation gray level generator receiving and con-
verting the first gray scale voltage, the second gray scale
voltage, and the third gray scale voltage the first gray level,
the second gray level, and the third gray level, respectively,
using the predetermined gamma value vy, storing the first
gray level, the second gray level, and the third gray level as
a gray level for a previous frame period, a dynamic capaci-
tance compensation gray level, and a gray level for a current
frame period, respectively, comparing the gray level for the
current frame data with the gray level for the previous frame
data, generating a dynamic capacitance compensation gray
level according to the comparison result, and providing the
dynamic capacitance compensation gray level to the data
driver.

[0020] The invention further discloses a method of deter-
mining a dynamic capacitance compensation gray level on a
liquid crystal display, the method including storing a
dynamic capacitance compensation gray level by applying a
first gray scale voltage corresponding to a first gray level
having a predetermined gamma value to a pixel electrode
during a plurality of frame periods, applying a second gray
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scale voltage corresponding to a second gray level having a
predetermined difference from the first gray level to the pixel
electrode during a one frame period, applying the first gray
scale voltage to the pixel electrode during a plurality of
frame periods, and storing the first gray scale voltage, the
second gray scale voltage, and a third gray scale voltage in
a dynamic capacitance compensation gray scale voltage
look-up table, the third gray scale voltage is a peak gray
scale voltage measured in the pixel electrode during the one
frame period when the second gray scale voltage is applied
and corresponds to a third gray level, and converting a gray
scale voltage into a dynamic capacitance compensation gray
scale level by converting the first gray scale voltage, the
second gray scale voltage, and the third gray scale voltage
into the first gray level, the second gray level, and the third
gray level using the predetermined gamma value, and stor-
ing the first gray level, the second gray level, and the third
gray level as a gray level for a previous frame period, a
dynamic capacitance compensation gray level, and a gray
level for a current frame period, respectively.

[0021] The invention further discloses a method for a
gamma value of a liquid crystal display, the method includ-
ing calculating a set of quadratic equation coefficients for
every three measured data from a plurality of data repre-
senting transmittance values of the liquid crystal display that
are a function of gray scale voltages, to satisfy the three
adjacent measured data, and storing the set of quadratic
equation coefficients in a first look-up table, calculating gray
levels and transmittance values so the relationship between
a gray level (GrayLevel) and a transmittance (T) for a
specified gamma value v satisfies T=T_, _*(GrayLevel/
Maximum GrayLevel)' and storing the gray levels and
transmittance values in a second look-up table, and gener-
ating gray scale voltages for gray levels by piecewise
quadratic interpolation using the set of quadratic equation
coefficients stored in the first look-up table and the gray
levels and transmittance values stored in the second look-up
table.

[0022] The invention further discloses a method of deter-
mining a dynamic capacitance compensation gray level and
correcting a gamma value on a liquid crystal display, the
method including storing a dynamic capacitance compen-
sation gray level by applying a first gray scale voltage
corresponding to a first gray level having a predetermined
gamma value to a pixel electrode during a plurality of frame
periods, applying a second gray scale voltage corresponding
to a second gray level having a predetermined difference
from the first gray level to the pixel electrode during a one
frame period, applying the first gray scale voltage to the
pixel electrode during a plurality of frame periods, and
storing the first gray scale voltage, the second gray scale
voltage, and a third gray scale voltage in a dynamic capaci-
tance compensation gray scale voltage look-up table, the
third gray scale voltage is a peak gray scale voltage mea-
sured in the pixel electrode during the one frame period
when the second gray scale voltage is applied and corre-
sponds to a third gray level, repeating the applying of the
first gray scale voltage, the second gray scale voltage, and
the first gray scale voltage, and the storing of the first gray
scale voltage, the second gray scale voltage, and the third
gray scale voltage for each of a plurality of first gray scale
voltages, calculating a set of quadratic equation coefficients
for every three measured data from among a plurality of data
representing transmittance of the liquid crystal display that
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are a function of gray scale voltages to satisfy the three
adjacent measured data, and storing the set of quadratic
equation coefficients in a first look-up table, calculating gray
levels and transmittance so the relationship between a gray
level (GrayLevel) and a transmittance (T) for the predeter-
mined gamma value vy satisfies T=T___*(GrayLevel/Maxi-
mum GrayLevel)" and storing the gray levels and transmit-
tance in a second look-up table, generating gray scale
voltages for gray levels by piecewise quadratic interpolation
using the set of quadratic equation coefficients stored in the
first look-up table and the gray levels and transmittance
stored in the second look-up table, and converting a gray
scale voltage into a dynamic capacitance compensation gray
scale level by converting the first gray scale voltage, the
second gray scale voltage, and the third gray scale voltages
stored in the dynamic capacitance compensation gray scale
voltage look-up table into the first gray level, the second
gray level, and the third gray level using the predetermined
gamma value, and storing the first gray level, the second
gray level, and the third gray level as a a previous frame
period gray level, a dynamic capacitance compensation gray
level, and a current frame period gray level, respectively.

[0023] The invention further discloses a liquid crystal
display having a liquid crystal panel, including a data driver
providing gray scale voltages to the liquid crystal panel, and
a gray scale voltage provider including a first look-up table
storing a set of quadratic equation coefficients calculated for
every three measured data from among a plurality of data
representing transmittance of the liquid crystal display that
are a function of gray scale voltages, a second look-up table
storing gray levels and transmittance values corresponding
to specific gamma values of the liquid crystal display, and a
gray scale voltage generator generating gray scale voltages
for gray levels by a piecewise quadratic interpolation using
the set of quadratic equation coefficients stored in the first
look-up table and the gray levels and transmittance stored in
the second look-up table and transmitting the gray scale
voltages to the data driver.

[0024] Tt is to be understood that both the foregoing
general description and the following detailed description
are exemplary and explanatory and are intended to provide
further explanation of the invention as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0025] The accompanying drawings, which are included
to provide a further understanding of the invention and are
incorporated in and constitute a part of this specification,
illustrate embodiments of the invention and together with
the description serve to explain the principles of the inven-
tion.

[0026] FIG. 1 is a circuit diagram showing a method for
adjusting a gamma value on a conventional liquid crystal
display.

[0027] FIG. 2 is a graph showing an optimal response
curve for applying a dynamic capacitance compensation
technique on a conventional liquid crystal display.

[0028] FIG. 3 shows the structure of an LCD according to
an embodiment of the invention.

[0029] FIG. 4 shows the configuration of the DCC pro-
cessor in the LCD, shown in FIG. 3.



US 2006/0044242 A1

[0030] FIG. 5 is a flowchart showing a method of deter-
mining a gray level in DCC on the LCD of FIG. 3 according
to an embodiment of the invention.

[0031] FIG. 6 is a graph illustrating first through third
gray scale voltages stored when storing gray scale voltages
in a DCC for the LCD shown in FIG. 3.

[0032] FIG. 7 shows the structure of an LCD according to
another embodiment of the invention.

[0033] FIG. 8 is a flowchart showing a method of cor-
recting a gamma value of the LCD shown in FIG. 7
according to an embodiment of the invention.

[0034] FIG. 9A is a graph showing transmittance vs. gray
scale voltage for the LCD shown in FIG. 7.

[0035] FIG. 9B is a graph obtained by approximating a
curve of transmittance vs. gray scale voltage for the LCD
shown in FIG. 7 using a piecewise quadratic interpolation
technique.

[0036] FIG. 10 is a graph showing transmittance vs. gray
level curves when gamma values are 1.0, 2.2, and 2.6,
respectively.

[0037] FIG. 11 shows the structure of an LCD according
to yet another embodiment of the invention.

[0038] FIG. 12 shows the configuration of the DCC
processor in the LCD shown in FIG. 11.

[0039] FIG. 13 is a flowchart showing a method of
determining a gray level in DCC and correcting a gamma
value on the LCD shown in FIG. 11 according to an
embodiment of the invention.

DESCRIPTION OF THE ILLUSTRATED
EMBODIMENTS

[0040] Advantages and/or features of the present inven-
tion and methods of accomplishing the same may be under-
stood more readily by reference to the following detailed
description of embodiments and the accompanying draw-
ings. The present invention may, however, be embodied in
many different forms and should not be construed as being
limited to the embodiments set forth herein. Like reference
numerals refer to like elements throughout the specification.

[0041] A liquid crystal display (LCD) according to an
embodiment of the invention is described below with ref-
erence to FIGS. 3, 4, 5, and 6.

[0042] FIG. 3 shows the structure of an LCD according to
an embodiment of the invention, FIG. 4 shows the configu-
ration of the DCC processor in the LCD shown in FIG. 3,
FIG. 5 is a flowchart showing a method of determining a
gray level in DCC for the LCD shown in FIG. 3 according
to an embodiment of the invention, and FIG. 6 is a graph
illustrating first through third gray scale voltages stored
when storing gray scale voltages in a DCC for the LCD
shown in FIG. 3.

[0043] Referring to FIG. 3, the LCD includes a liquid
crystal panel 1100, a gate driver 1200, a data driver 1300, a
timing controller 1400, and a gray scale voltage provider
1500.

[0044] The liquid crystal panel 1100 includes a plurality of
pixels connected to a plurality of gate lines G1 through Gn
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and a plurality of data lines D1 through Dm. Each of the
plurality of pixels include a switching element M connected
with a corresponding one of the plurality of gate lines G1
through Gn and a corresponding one of the plurality of data
lines D1 through Dm, and a liquid crystal capacitor Clc and
a storage capacitor Cst connected with the switching ele-
ment M.

[0045] Each of the plurality of gate lines G1 through Gn
extending in a same row direction transmits a gate signal to
the corresponding switching element M, and each of the
plurality of data lines D1 through Dm extending in an
opposite row direction to the plurality of gate lines G1
through Gn, e.g., a column direction, applies a gray scale
voltage corresponding with a data signal to the switching
element M. The switching element M may be a three-
terminal device that includes a control terminal connected
with the corresponding gate line, an input terminal con-
nected with the corresponding data line, and an output
terminal connected with a terminal of the liquid crystal
capacitor Clc and the storage capacitor Cst.

[0046] A metal-oxide-semiconductor (MOS) transistor
may be used as the switching element M. The MOS tran-
sistor may be a thin film transistor (TFT) having amorphous
silicon or polycrystalline silicon as a channel layer. The
liquid crystal capacitor Cle is connected between the output
terminal of the switching element M and a common elec-
trode (not shown). The storage capacitor Cst may be con-
nected between the output terminal of the switching element
M and the common electrode (a separate wire method) or
may be connected between the output terminal of the
switching element M and a previous gate line (a previous
gate method).

[0047] The gate driver 1200 is connected with the plurality
of gate lines G1 through Gn and applies a gate signal to
activate the switching element M of the plurality of gate
lines G1 through Gn. The data driver 1300 coupled with the
plurality of data lines D1 through Dm receives gray scale
voltages, i.e., data signals, for gray levels corresponding
with a predetermined gamma value (e.g., y=2.2) from the
gray scale voltage provider 1500 and provides the gray scale
voltages to the plurality of data lines D1 through Dm. The
gray scale voltage provider 1500 generates gray scale volt-
ages for gray levels with a predetermined gamma value and
transmits the generated gray scale voltages to the data driver
1300.

[0048] The timing controller 1400 includes a DCC pro-
cessor 1410 and a control signal generator 1420. FIG. 4
shows the configuration of the DCC processor 1410 accord-
ing to an embodiment of the invention. Referring to FIG. 4,
the DCC processor 1410 includes a DCC gray scale voltage
generator 1411 and a DCC gray level generator 1412. The
control signal generator 1420 produces a horizontal syn-
chronization start signal for transmission to the data driver
1300 or a gate clock signal for transmission to the gate driver
1200. The detailed operation of the DCC processor 1410 is
described below with reference to FIGS. 4, 5, and 6.
[0049] FIG. 5 is a flowchart showing a method of deter-
mining a gray level in DCC according to an embodiment of
the invention.

[0050] Referring to FIG. 5, the method of determining a
gray level in DCC includes storing a DCC gray scale voltage

(operation S1100) and storing a DCC gray level (operation
S1200).
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[0051] The operation S1100 is divided into operations
S110, Si120, Si130, and S1140.

[0052] In operation S1110, a first gray scale voltage Gk-1
corresponding with a first one of gray levels having a
predetermined gamma value is applied to a pixel electrode
during a plurality of frame periods.

[0053] Inoperation S1120, a second gray scale voltage Gk
corresponding with a second gray level having a predeter-
mined difference from the first gray level is applied to the
pixel electrode during one frame period.

[0054] In operation S1130, the first gray scale voltage
Gk-1 is applied to the pixel electrode during a plurality of
frame periods.

[0055] In operation S1140, a peak gray scale voltage
measured in the pixel electrode during the one frame period
when the second gray scale voltage Gk is applied is defined
as a third gray scale voltage Resl. The first gray scale
voltage Gk-1, the second gray scale voltage Gk, and the
third gray scale voltage Resl are stored in a DCC gray scale
voltage look-up table (LUT) located within the DCC gray
scale voltage generator 1411.

[0056] FIG. 6 is a graph showing the first, second, and
third gray scale voltages Gk-1, is Gk, and Resl, stored
during the operation S1140.

[0057] Referring to FIG. 6, when the second gray scale
voltage Gk is applied, a response curve having a peak value
during the one frame period when the second gray scale
voltage Gk is applied may be obtained, thereby effectively
preventing or reducing an inter-observer error and an error
occurring in each measurement.

[0058] The first gray scale voltage Gk-1 may be applied
to the pixel electrode during more than three time periods
before and after the second gray scale voltage Gk is applied.
By applying the first gray scale voltage Gk-1 to the pixel
electrode over the same frame periods before and after the
second gray scale voltage Gk is applied, the third gray scale
voltage Resl may be more effectively measured when a
response time of liquid crystal is slow.

[0059] In operation S1100, the operations S1110, S1120,
$1130, and S1140 are performed once each on a plurality of
first gray scale voltages Gk-1. The number of the first and
second gray scale voltages Gk-1 and Gk may be determined
considering both memory constraint and accuracy of DCC
gray scale voltages.

[0060] In operation S1200 of converting the gray scale
voltage into the DCC gray level, a memory controller
1412 2 of the DCC gray level generator 1412 receives the
first, second, and third gray scale voltages Gk-1, Gk, and
Resl, which are stored in the DCC gray scale voltage LUT,
from the gray scale voltage provider 1500 and respectively
converts the first, second, and third gray scale voltages
Gk-1, Gk, and Resl into first, second, and third gray levels
using the predetermined gamma value. The first, second, and
third gray levels are stored in a frame memory 11412 _3 as
a gray level for the previous frame period, a DCC gray level,
and a gray level for the current frame period, respectively.

[0061] When the current frame data is transmitted from an
external graphic source to a DCC block 1412 1 and the
memory controller 1412 2, the previous frame data stored in

Mar. 2, 2006

a frame memory 21412_4 is subsequently transmitted to the
DCC block 1412 1 through the memory controller 1412 2.
The DCC block 1412 1 compares a gray level for the
current frame data with a gray level for the previous frame
data, generates a DCC gray level according to the compari-
son result, and provides the DCC gray level to the data driver
1300. The current frame data is stored in the frame memory
31412 5 via the memory controller 1412 2.

[0062] Since DCC gray scale voltages are stored in the
DCC gray scale voltage LUT, the DCC gray level generator
1412 may easily provide DCC gray levels using gray levels
corresponding with gray scale voltages received from the
gray scale voltage provider 1500 when a gamma value is
corrected.

[0063] An LCD according to another embodiment of the
invention and a method for correcting a gamma value of the
LCD according to an embodiment of the present invention
are described below with reference to FIGS. 7, 8, 9, and 10.

[0064] FIG. 7 shows the structure of the LCD according
to another embodiment of the invention and FIG. 8 is a
flowchart illustrating a method of correcting a gamma value
of the LCD according to an embodiment of the invention.
FIG. 9A is a graph showing transmittance vs. gray scale
voltage for the LCD shown in FIG. 7, and FIG. 9B shows
a graph obtained by approximating a curve of transmittance
vs. gray scale voltage for the LCD using a piecewise
quadratic interpolation technique. FIG. 10 is a graph show-
ing transmittance vs. gray level curves when gamma values
are 1.0, 2.2, and 2.6, respectively.

[0065] Referring to FIG. 7, the LCD includes a liquid
crystal panel 2100, a gate driver 2200, a data driver 2300, a

timing controller 2400, and a gray scale voltage provider
2500.

[0066] The timing controller 2400 produces a horizontal
synchronization start signal to be transmitted to the data
driver 2300 or a gate clock signal to be transmitted to the
gate driver 2200. The gray scale voltage provider 2500
includes a LUT 2510 to store a set of quadratic equation
coefficients, a LUT 2520 to store gray levels and transmit-
tance, and a gray scale voltage generator 2530. The opera-
tion of the gray scale voltage provider 2500 is described
below with reference to FIGS. 8, 9, and 10.

[0067] Referring to FIG. 8, in operation S2110 includes
storing a set of quadratic equation coefficients. For example,
the set of quadratic equation coefficients may be calculated
for every three measured data from among a plurality of data
representing transmittance of the LCD that are a function of
gray scale voltages and stored in the LUT 2510 to satisfy the
three adjacent measured data. Specifically, referring to FIG.
9B, when transmittance are measured at five points, a
quadratic equation that satisfies adjacent three data (x1, y1),
(x2,y2), and (x3, y3) out of five measured data (x1, y1), (x2,
y2), (x3, y3), (x4, y4), and (x5, y5) is defined in Equation
(1):

y=pl*x>+p2*x+p3 @)

where x and y respectively denote gray scale voltage and
transmittance.

[0068] The quadratic equation is represented as a vector as
shown in Equations 2 through 5. Coefficients of the qua-
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dratic equation satisfying the three measured data may be
calculated using Equation (6):

AX=B @
x* xl 1 (©)
A=|x2" 2 1
X3 a3 1
vl @
B=|y2
y3
X=[p1,p2,p3] Q)
X=A"'B (6)
[0069] To generate a continuous quadratic curve, a set of

quadratic equation coefficients that satisfy successively
adjacent three measured data, in which the last two_data (x3,
y3) and (x4, y4) or one data (x3, y3) are interpolated from
among three adjacent measured data (x2, y2), (x3, y3) and
(x4, y4) or (x3, y3), (x4, y4), and (x5, y5), are calculated and
stored in the LUT 2510 for a set of quadratic equation
coefficients. Quasi-continuous data for transmittance that is
a function of a gray scale voltage shown in FIG. 9A may be
generated by repeating the operation of obtaining the qua-
dratic curve.

[0070] Referring to FIG. 9B, quadratic curve approxima-
tion reduces an error between the actual and approximated
curves as compared to linear approximation. Further despite
there being a trade-off between the number of measured data
and accuracy of transmittance as a function of gray scale
voltage, data is measured at denser (equal) intervals on high
and low transmittance regions and at sparser (unequal)
intervals on an intermediate transmittance region consider-
ing memory constraints, thereby reducing an error between
the actual and approximated curves.

[0071] In operation S2120 of storing gray levels and
transmittance, the gray scale voltage generator 2530 calcu-
lates a gray level and a transmittance so that the relationship
between the gray level (GrayLevel) and the transmittance
(T) for a specified gamma value y, as shown in FIG. 10,
satisfies Equation (7) and stores the same in the LUT 2520
for gray levels and transmittance.

T=Tp.*(GrayLevel/Maximum GrayLevel)Y @)

[0072] When the specified gamma value in a predeter-
mined gray level range (e.g., between 0 and 200) is different
than a gamma value outside the predetermined gray level
range, the gray scale voltage generator 2530 calculates gray
level and transmittance for each gamma value and stores the
same in the LUT 2520 for gray levels and transmittance.
When screen brightness information is analyzed to extract a
brightness histogram and adjust a gamma value based on the
histogram, e.g., during dynamic gamma capture/compensa-
tion (DGC) when at least three gamma values exist, the gray
scale voltage generator 2530 calculates gray level and
transmittance corresponding to each gamma value and stores
the same in the LUT 2520 for gray levels and transmittance.
The above described operations effectively improve still
picture quality. Further, it is understood that the operations
S2110 and S2120 may be reversed.
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[0073] The gray scale voltage generator 2530 determines
whether a gamma value is changed in operation S2200. In
operation S2300 of updating a gray level and a transmit-
tance, when the gamma value is changed, the gray scale
voltage generator 2530 calculates a new transmittance that
satisfies the following Equation (8) using the changed
gamma value Y1 and stores the transmittance in the LUT
2520 for gray levels and transmittance.

T=T s (GrayLevel/Maximum GrayLevel)"* ®

[0074] In operation S2400 of determining a gray level and
a gray scale voltage, the gray scale voltage generator 2530
generates a gray scale voltage for a gray level corresponding
to the changed gamma value y1 according to a piecewise
quadratic interpolation technique using a set of quadratic
equation coefficients stored in the LUT 2510 and gray levels
and transmittance corresponding to the changed gamma
value y1 stored in the LUT 2520. In Equation (9), the value
of x, i.e., a gray scale voltage corresponding with a gray
level, may be obtained by substituting a transmittance for a
gray level into y:

y=p1*(x1%+Ax)+p2* (x1+Ax)+p3 Q)
[0075] As aresult, a new relationship between a gray level
and a gray scale voltage may be obtained for the changed
gamma value yl1. In this way, a gamma value may be
corrected according to the type of liquid crystal in an LCD
or marginal illumination, which may adjust brightness
across the entire screen of the and effectively improve the
quality of a still image.

[0076] Conversely, when the gamma value is not changed,
the existing gray level and gray scale voltage are maintained.

[0077] An LCD according to yet another embodiment of
the invention and a method for determining a gray scale
voltage in DCC and correcting a gamma value of the LCD
according to an embodiment of the invention are described
below with reference to FIGS. 11, 12, and 13.

[0078] FIG. 11 shows the structure of an LCD according
to an embodiment of the invention. FIG. 12 shows the
configuration of a DCC processor 3410 in the LCD shown
in FIG. 11. FIG. 13 is a flowchart illustrating a method of
determining a gray level in DCC and correcting a gamma
value on the LCD shown in FIG. 11 according to an
embodiment of the invention. Differences from the LCDs
according to the embodiments of the invention discussed
above and shown in FIGS. 1-10 are described below.

[0079] Referring to FIG. 11, the L.CD includes a liquid
crystal panel 3100, a gate driver 3200, a data driver 3300, a
DCC processor 3410, and a gray scale voltage provider
3500. The detailed operation of the DCC processor 3410 and
the gray scale voltage provider 3500 are described below
with reference to FIGS. 12 and 13.

[0080] Referring to FIG. 13, in operation S3100 of storing
DCC gray scale voltages, a DCC gray scale voltage gen-
erator 3411 stores first, second, and third gray scale voltages
Gk-1, Gk, and Resl in a DCC gray scale voltage LUT that
may be located within the DCC gray scale voltage generator
3411.

[0081] In operation S3200 of storing a set of quadratic
equation coefficients, the set of quadratic equation coeffi-
cients are calculated for every three measured data, among
a plurality of data representing transmittance of the LCD
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that are a function of gray scale voltages, to satisfy the three
adjacent measured data, and are stored in a LUT 3510 that
stores a set of quadratic equation coefficients.

[0082] In operation S3300 of storing gray levels and
transmittance, a gray scale voltage generator 3530 calculate
a gray level and a transmittance so that the relationship
between the gray level GrayLevel and the transmittance T
for a predetermined gamma value y satisfies the Equation (7)
and stores the same in a LUT 3520 that stores gray levels and
transmittance. It is understood that the operations S3100,
S3200, and S3300 may be performed in random order.

[0083] In operation S3400, the gray scale voltage genera-
tor 3530 determines whether a gamma value is changed.
When the gamma value is changed, in operation S3500 of
updating a gray level and a transmittance the gray scale
voltage generator 3530 calculates a new transmittance that
satisfies the Equation (8) using a changed gamma value y1
after storing the gray levels and the transmittance in opera-
tion S3300, and stores the transmittance in the LUT 3520
that stores gray levels and transmittance.

[0084] Inoperation S3600 of determining a gray level and
a gray scale voltage, the gray scale voltage generator 3530
generates a gray scale voltage for a gray level corresponding
to the changed gamma value y1 by a piecewise quadratic
interpolation technique using a set of quadratic equation
coefficients stored in the LUT 3510 that stores a set of
quadratic equation coefficients and gray levels and transmit-
tance corresponding to the changed gamma value y1 stored
in the TUT 3520 for gray levels and transmittance. As a
result, a new relationship between a gray level and a gray
scale voltage may be obtained for the changed gamma value
vl.

[0085] However, when the gamma value is not changed,
the existing gray level and gray scale voltage are maintained.

[0086] In operation S3700 of converting a gray scale
voltage into a DCC gray level, a memory controller 3412 2
of aDCC gray level generator 3412 receives a gray level and
a gray scale voltage corresponding to the original gamma
value or corrected gamma value from the gray scale voltage
provider 3500 and respectively converts the first, second,
and third gray scale voltages Gk-1, Gk, and Resl stored in
the DCC gray scale voltage LUT into first, second, and third
gray levels using a selected gamma value. The first, second,
and third gray levels are stored in a frame memory 13412 3
as a gray level for the previous frame period, a DCC gray
level, and a gray level for the current frame period, respec-
tively.

[0087] Since DCC gray scale voltages are stored in the
DCC gray scale voltage LUT, when a gamma value is
corrected, the DCC gray level generator 3412 may provide
DCC gray levels using gray levels and gray scale voltages
corresponding to the corrected gamma value, which are
received from the gray scale voltage provider 3500. The
gray scale voltage provider 3300 may also correct a gamma
value according to the type of liquid crystal in an LCD or
marginal illumination using the LUT 3510 that stores a set
of quadratic equation coefficients and the LUT 3520 that
stores gray levels and transmittance, thus adjusting bright-
ness across the entire screen of the LCD and improving the
quality of a still image. Thus, the LCD according to the
embodiment of the invention discussed above and shown in
FIG. 7 may improve the quality of both moving and still
images.
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[0088] It is understood that those skilled in the art will
appreciate that many variations and modifications can be
made to the embodiments discussed above without substan-
tially departing from the principles of the present invention.
Therefore, the disclosed embodiments of the invention are
used in a generic and descriptive sense only and not for
purposes of limitation.

[0089] As discussed above, LCDs of the present invention
may effectively improve the quality of still and/or moving
images.

[0090] As discussed above, the LCDs of the present inven-
tion use gray levels and gray scale voltages corresponding to
a single gamma may provide gray levels and gray scale
voltages for each corrected gamma value, thereby realizing
their full potential within limited capacity of memory.

[0091] ADCC technique implemented in the LCDs of the
invention enables DCC gray scale voltages to be more
accurately and quickly calculated without inter-observer
error.

[0092] A method for correcting a gamma value of an LCD
according to an embodiment of the invention makes it
possible to quickly and accurately provide gray scale volt-
ages and gray levels for any corrected gamma value, thereby
allowing for an easier gamma correction.

[0093] A method for determining a gray level in DCC on
the L.CD according to an embodiment of the invention may
be used to perform both DCC and gamma correction,
thereby effectively improving the quality of still and moving
images on the LCD.

[0094] Tt will be apparent to those skilled in the art that
various modifications and variation can be made in the
present invention without departing from the spirit or scope
of the invention. Thus, it is intended that the present inven-
tion cover the modifications and variations of this invention
provided they come within the scope of the appended claims
and their equivalents.

What is claimed is:
1. A liquid crystal display comprising:

a liquid crystal panel comprising:
a plurality of gate lines,
a plurality of data lines, and

a plurality of pixels formed in an area defined by the
gate lines and the data lines, each pixel comprising
a switching element connected with a corresponding
gate line and a corresponding data line, and a capaci-
tor provided between the switching element and a
common electrode;

a gate driver applying gate signals to the gate lines;

a data driver providing gray scale voltages corresponding
to data signals for gray levels having a predetermined
gamma value to the data lines;

a gray scale voltage generator generating gray scale
voltages for gray levels having the predetermined
gamma value and transmitting the generated gray scale
voltages to the data driver; and

a dynamic capacitance compensation processor, Compris-
ing:
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a dynamic capacitance compensation gray scale volt-
age generator, and

a dynamic capacitance compensation gray level gen-
erator,

wherein the dynamic capacitance compensation gray
scale voltage generator applies a first gray scale
voltage having the predetermined gamma value to a
pixel electrode during a plurality of frame periods, a
second gray scale voltage having a predetermined
difference from the first gray scale voltage to the
pixel electrode during a single frame period, and a
third gray scale voltage relating to a peak gray scale
voltage in the pixel electrode during the single frame
when the second gray scale voltage is applied,

stores the first gray scale voltage, the second gray scale
voltage, and the third gray scale voltage in a look-up
table, and

stores the second gray scale voltage and the third gray
scale voltage for each of a plurality of first gray scale
voltages in the look-up table, and

wherein the dynamic capacitance compensation gray
level generator receives the first gray scale voltage, the
second gray scale voltage, and the third gray scale
voltage stored in the look-up table from the dynamic
capacitance compensation gray scale voltage generator,

converts the first gray scale voltage, the second gray
scale voltage, and the third gray scale voltage into a
first gray level, a second gray level, and a third gray
level, respectively, using the predetermined gamma
value,

stores the first gray level, the second gray level, and the
third gray levels as a gray level for a previous frame
period, a dynamic capacitance compensation gray
level, and a gray level for a current frame period,
respectively,

compares the gray level for the current frame data with
the gray level for the previous frame data,

generates a dynamic capacitance compensation gray
level according to the comparison result, and

provides the dynamic capacitance compensation gray
level to the data driver.

2. The liquid crystal display of claim 1, wherein the first
gray scale voltage is applied for more than three time periods
before the second gray scale voltage is applied.

3. The liquid crystal display of claim 1, wherein the first
gray scale voltage is applied for more than three time periods
after the second gray scale voltage is applied.

4. The liquid crystal display of claim 1, wherein the first
gray scale voltage is applied to the pixel electrode for the
same number of time periods before and after the second
gray scale voltage is applied.

5. A liquid crystal display comprising:

a liquid crystal panel comprising:
a plurality of gate lines and data lines, and

a plurality of pixels provided in an area defined by the
gate lines and the data lines,
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wherein each pixel comprises:

a switch connected with one of the gate lines and one
of the data lines, and

a capacitor provided between the switch and a com-
mon electrode;

a gate driver providing signals to the gate lines;

a data driver providing gray scale voltages to the data
lines; and

a gray scale voltage provider comprising;

a first look-up table storing a set of quadratic equa-
tion coefficients calculated for every three mea-
sured data from among a plurality of data repre-
senting transmittance of the liquid crystal display
that are a function of gray scale voltages,

a second look-up table for calculating a gray level
and a transmittance value such that the relation-
ship between the gray level (GrayLevel) and the
transmittance (T) for a specified gamma value y
satisfies: T=T,, *(GrayLevel/Maximum Gray-
Level)Y, and

a gray scale voltage generator generating gray scale
voltages for gray levels by a piecewise quadratic
interpolation using the stored set of quadratic
equation coefficients and the stored gray level and
transmittance value and transmitting the gray
scale voltages to the data driver.

6. The liquid crystal display of claim 5, wherein the set of
quadratic equation coefficients that satisfy three succes-
sively adjacent measured data in which the last two data or
the last one data are interpolated from among the three
adjacent measured data and stored in the second look-up
table.

7. The liquid crystal display of claim 5, wherein when the
specified gamma value y in a predetermined gray level range
is different from a gamma value outside the predetermined
range, the gray scale voltage generator calculates a trans-
mittance for a gray level corresponding to each gamma
value and stores the transmittance in the second look-up
table.

8. The liquid crystal display of claim 5, wherein when the
specified gamma value v is changed, the gray scale voltage
generator calculates a new transmittance that satisfies
T=T,,..*(GrayLevel/Maximum GrayLevel)' using a
changed gamma value y1, stores the transmittance in the
second look-up table, and generates a changed gray scale
voltage for a gray level by piecewise quadratic interpolation
using the set of quadratic equation coefficients stored in the
first look-up table and the gray levels and new transmittance
values stored in the second look-up table

9. A liquid crystal display comprising:

a liquid crystal panel comprising a plurality of gate lines
and data lines, and

a plurality of pixels provided in an area defined by the
gate lines and data lines, wherein each pixel comprises:

a switching element connected with one of the gate
lines and one of the data lines,

a capacitor provided between the switching element
and a common electrode;
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a gate driver providing signals to the gate lines;

a data driver providing gray scale voltages to the data
lines;

a gray scale voltage provider comprising;

a first look-up table storing a set of quadratic equa-
tion coefficients for every three measured data
from among a plurality of data representing trans-
mittance of the liquid crystal display as a function
of gray scale voltages,

a second look-up table for storing gray levels and
transmittance values and calculating the gray lev-
els and the transmittance values so that the rela-
tionship between the gray level (GrayLevel) and
the transmittance value (T) for a specified gamma
value y satisfies T=T,_, *(GrayLevel/Maximum
GrayLevel)', and

max

a gray scale voltage generator generating gray scale
voltages for gray levels by piecewise quadratic
interpolation using the stored set of quadratic
equation coefficients stored and the stored gray
levels and transmittance and transmitting the gray
scale voltages to the data driver; and

a dynamic capacitance compensation processor com-
prising:

a dynamic capacitance compensation gray scale
voltage generator applying a first gray scale
voltage corresponding to a first one of gray
levels having the predetermined gamma value y
to a pixel electrode during a plurality of frame
periods, a second gray scale voltage corre-
sponding to a second gray level having a pre-
determined difference from the first gray level
to the pixel electrode during a one frame period
and the first gray scale voltage to the pixel
electrode during a plurality of frame periods,
stores the first gray scale voltage, the second
gray scale voltage, and a third gray scale volt-
age in a dynamic capacitance compensation
gray scale voltage look-up table, wherein the
third gray scale voltage is a peak gray scale
voltage measured in the pixel electrode during
the one frame period when the second gray
scale voltage is applied, and stores the second
gray scale voltage and the third gray scale
voltage for each of a plurality of first gray scale
voltages in the dynamic capacitance compen-
sation gray scale voltage look-up table,

and a dynamic capacitance compensation gray
level generator receiving and converting the
first gray scale voltage, the second gray scale
voltage, and the third gray scale voltage the first
gray level, the second gray level, and the third
gray level, respectively, using the predeter-
mined gamma value y, storing the first gray
level, the second gray level, and the third gray
level as a gray level for a previous frame period,
a dynamic capacitance compensation gray
level, and a gray level for a current frame
period, respectively, comparing the gray level
for the current frame data with the gray level for
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the previous frame data, generating a dynamic
capacitance compensation gray level according
to the comparison result, and providing the
dynamic capacitance compensation gray level
to the data driver.

10. The liquid crystal display of claim 9, wherein the first
gray scale voltage is applied for more than three frame
periods before the second gray scale voltage is applied.

11. The liquid crystal display of claim 9, wherein the first
gray scale voltage is applied for more than three frame
periods after the second gray scale voltage is applied.

12. The liquid crystal display of claim 9, wherein the first
gray scale voltage is applied to the pixel electrode for the
same frame periods before and after the second gray scale
voltage is applied thereto.

13. The liquid crystal display of claim 9, wherein a set of
quadratic equation coefficients satisfving three successively
adjacent measured data in which the last two or one data are
interpolated are calculated and stored in the first look-up
table.

14. The liquid crystal display of claim 9, wherein when
the predetermined gamma value y in a predetermined gray
level range is different from a gamma value outside the
predetermined range, the gray scale voltage generator cal-
culates a transmittance for a gray level corresponding to
each gamma value and stores the transmittance in the second
look-up table.

15. The liquid crystal display of claim 9, wherein when
the specified gamma value y changes, the gray scale voltage
generator calculates a new transmittance that satisfies
T=T_,.*(GrayLevel/Maximum GrayLevel)’ using a
changed gamma value y1 and stores the transmittance in the
second look-up table and generates a changed gray scale
voltage for a gray level by piecewise quadratic interpolation
using the set of quadratic equation coefficients stored in the
first look-up table and the gray levels and new transmittance
values stored in the second look-up table.

16. A method of determining a dynamic capacitance
compensation gray level on a liquid crystal display, the
method comprising:

storing a dynamic capacitance compensation gray level by
applying a first gray scale voltage corresponding to a
first gray level having a predetermined gamma value to
a pixel electrode during a plurality of frame periods,
applying a second gray scale voltage corresponding to
a second gray level having a predetermined difference
from the first gray level to the pixel electrode during a
one frame period, applying the first gray scale voltage
to the pixel electrode during a plurality of frame
periods, and storing the first gray scale voltage, the
second gray scale voltage, and a third gray scale
voltage in a dynamic capacitance compensation gray
scale voltage look-up table, the third gray scale voltage
is a peak gray scale voltage measured in the pixel
electrode during the one frame period when the second
gray scale voltage is applied and corresponds to a third
gray level; and

converting a gray scale voltage into a dynamic capaci-
tance compensation gray scale level by converting the
first gray scale voltage, the second gray scale voltage,
and the third gray scale voltage into the first gray level,
the second gray level, and the third gray level using the
predetermined gamma value, and storing the first gray
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level, the second gray level, and the third gray level as
a gray level for a previous frame period, a dynamic
capacitance compensation gray level, and a gray level
for a current frame period, respectively.

17. The method of claim 16, further comprising;

repeating the applying of the first gray scale voltage, the
second gray scale voltage, and the first gray scale
voltage, and the storing of the first gray scale voltage,
the second gray scale voltage, and the third gray scale
voltages for each of a plurality of first gray scale
voltages.

18. The method of claim 16, wherein when applying the
first gray scale voltage before applying the second gray scale
voltage, the first gray scale voltage is applied to the pixel
electrode for more than three frame periods.

19. The method of claim 16, wherein when applying the
first gray scale voltage after applying the second gray scale
voltage, the first gray scale voltage is applied to the pixel
electrode for more than three frame periods.

20. The method of claim 16, wherein the first gray scale
voltage is applied to the pixel electrode for the same number
of frame periods before and after the second gray scale
voltage is applied thereto.

21. A method for a gamma value of a liquid crystal
display, the method comprising:

calculating a set of quadratic equation coefficients for
every three measured data from a plurality of data
representing transmittance of the liquid crystal display
that are a function of gray scale voltages, to satisfy the
three adjacent measured data, and storing the set of
quadratic equation coefficients in a first look-up table;

calculating gray levels and transmittance so the relation-
ship between a gray level (GrayLevel) and a transmit-
tance (T) for a specified gamma value y satisfies
T=T_, *(GrayLevel/Maximum GrayLevel)' and stor-
ing the gray levels and transmittance in a second
look-up table; and

generating gray scale voltages for gray levels by piece-
wise quadratic interpolation using the set of quadratic
equation coefficients stored in the first look-up table
and the gray levels and transmittance stored in the
second look-up table.

22. The method of claim 21, further comprising;

updating the stored gray levels and transmittance when
the specified gamma value y changes by calculating a
new transmittance satisfying T=T, . *(GrayLevel/
Maximum GrayLevel)" using a changed gamma value
vl and storing the transmittance in the second look-up
table.

23. The method of claim 21, wherein a set of quadratic
equation coefficients satisfying three successively adjacent
measured data in which the last two or one data are inter-
polated from among the three adjacent measured data are
calculated and stored in the first look-up table.

24. The method of claim 21, wherein when the predeter-
mined gamma value y in a predetermined gray level range is
different than a gamma value outside the predetermined
range, a transmittance for a gray level corresponding to each
gamma value is calculated and stored in the second look-up
table.
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25. A method of determining a dynamic capacitance
compensation gray level and correcting a gamma value on a
liquid crystal display, the method comprising:

storing a dynamic capacitance compensation gray level by
applying a first gray scale voltage corresponding to a
first gray level having a predetermined gamma value to
a pixel electrode during a plurality of frame periods,
applying a second gray scale voltage corresponding to
a second gray level having a predetermined difference
from the first gray level to the pixel electrode during a
one frame period, applying the first gray scale voltage
to the pixel electrode during a plurality of frame
periods, and storing the first gray scale voltage, the
second gray scale voltage, and a third gray scale
voltage in a dynamic capacitance compensation gray
scale voltage look-up table, the third gray scale voltage
is a peak gray scale voltage measured in the pixel
electrode during the one frame period when the second
gray scale voltage is applied and corresponds to a third
gray level;

repeating the applying of the first gray scale voltage, the
second gray scale voltage, and the first gray scale
voltage, and the storing of the first gray scale voltage,
the second gray scale voltage, and the third gray scale
voltage for each of a plurality of first gray scale
voltages;

calculating a set of quadratic equation coefficients for
every three measured data from among a plurality of
data representing transmittance of the liquid crystal
display that are a function of gray scale voltages to
satisfy the three adjacent measured data, and storing the
set of quadratic equation coefficients in a first look-up
table;

calculating gray levels and transmittance so the relation-
ship between a gray level (GrayLevel) and a transmit-
tance (T) for the predetermined gamma value v satisfies
T=T,,,,.*(GrayLevel/Maximum GrayLevel)' and stor-

ing the gray levels and transmittance in a second
look-up table;

generating gray scale voltages for gray levels by piece-
wise quadratic interpolation using the set of quadratic
equation coefficients stored in the first look-up table
and the gray levels and transmittance stored in the
second look-up table; and

converting a gray scale voltage into a dynamic capaci-
tance compensation gray scale level by converting the
first gray scale voltage, the second gray scale voltage,
and the third gray scale voltages stored in the dynamic
capacitance compensation gray scale voltage look-up
table into the first gray level, the second gray level, and
the third gray level using the predetermined gamma
value, and storing the first gray level, the second gray
level, and the third gray level as a a previous frame
period gray level, a dynamic capacitance compensation
gray level, and a current frame period gray level,
respectively.
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26. The method of claim 25, further comprising:

updating the stored gray levels and transmittancs when
the specified gamma value y changes by calculating a
new transmittance that satisfies T=T, . *(GrayLevel/

Maximum GrayLevel)" using a changed gamma value
vl; and

storing the transmittance in the second look-up table.

27. The method of claim 25, wherein when applying the
first gray scale voltage before applying the second gray scale
voltage, the first gray scale voltage is applied to the pixel
electrode for more than three frame periods.

28. The method of claim 25, wherein when applying the
first gray scale voltage after applying the second gray scale
voltage, the first gray scale voltage is applied to the pixel
electrode for more than three frame periods.

29. The method of claim 25, wherein the first gray scale
voltage is applied to the pixel electrode for the same number
of periods before and after the second gray scale voltage is
applied thereto.

30. The method of claim 25, wherein a set of quadratic
equation coefficients that satisfy three successively adjacent
measured data in which the last two or one data are inter-
polated are calculated and stored in the first look-up table.

31. The method of claim 25, wherein in the storing of the
gray levels and transmittance, when the specified gamma
value y in a predetermined gray level range is different from
a gamma value outside the predetermined range, a transmit-
tance for a gray level corresponding to each gamma value is
calculated and stored in the second look-up table.
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32. Aliquid crystal display having a liquid crystal panel,
comprising:

a data driver providing gray scale voltages to the liquid
crystal panel; and

a gray scale voltage provider comprising:

a first look-up table storing a set of quadratic equation
coefficients calculated for every three measured data
from among a plurality of data representing trans-
mittance of the liquid crystal display that are a
function of gray scale voltages,

a second look-up table storing gray levels and trans-
mittance values corresponding to specific gamma
values of the liquid crystal display; and

a gray scale voltage generator generating gray scale
voltages for gray levels by a piecewise quadratic
interpolation using the set of quadratic equation
coefficients stored in the first look-up table and the
gray levels and transmittance values stored in the
second look-up table and transmitting the gray scale
voltages to the data driver.

33. The liquid crystal display of claim 32, wherein the
gray level and the transmittance value stored in the second
look-up table satisfy an equation: T=T, . *(GraylLevel/
Maximum GrayLevel)’, where the gray level is (GrayLevel),
the transmittance value is (T), and the gamma value is y.

I S T T
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