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(7) ABSTRACT

A liquid crystal display includes: a signal controller includ-
ing a gamma converter outputting output image data have
gamma characteristic adapted to a gamma 2.2 curve based
on input image data with a bit number smaller than the
output image data, a color correction unit including color
coeflicients for performing color correction on the image
data from the gamma converter, and a dithering and FRC
processor reducing a bit number of the image data from the
color correction unit by taking upper bits of the image data
and controlling position and frequency of the upper bits of
the image data; a voltage generator generating a plurality of
gray voltages by dividing a predetermined voltage lower
than a supply voltage such that a predetermined one of the
gray voltages gives a luminance of about 80 cd/m2; a data
driver selecting the gray voltages from the voltage generator
and outputting gray voltages corresponding to the image
data from the signal controller; and an inverter controlling a

Nov. 12,2002 (KR) ccoomrmrrrrrvonesesnne. 10-2002-0070051 lamyp to emit a luminance higher than 80 cd/m2.
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LIQUID CRYSTAL DISPLAY AND DRIVING
METHOD THEREOF

BACKGROUND OF THE INVENTION

[0001] (a) Field of the Invention

[0002] The present invention relates to a liquid crystal
display and a driving method thereof.

[0003] (b) Description of the Related Art

[0004] Recently, in the field of a display device such as a
personal computer and a television it is required that the
display device should involve a light weight, a thin thickness
and a large screen size. In order to fulfill such requirements,
a flat panel display such as a liquid crystal display (LCD) has
been developed instead of the cathode ray tube, and applied
for practical use in the field of desktop computers, and
televisions.

[0005] The LCD has a panel with a matrix-typed pixel
pattern, and a counter panel facing the former panel. A liquid
crystal material bearing a dielectric anisotropy is injected
between the two panels. The light transmission through the
panels is controlled through varying the strength of the
electric fields applied to both ends of the two panels, thereby
displaying the desired images.

[0006] The display device usually represents original
images on the screen by way of the RGB color space
intrinsic thereto. That is, when the color space is expressed
by way of a plurality of gray levels, gamma correction is
made by way of a luminance curve corresponding to each
gray level, that is, by way of a gamma curve. A color
correction is additionally made, thereby recovering the
original images. However, as the RGB color space is mostly
device-dependent, the designer of the display device as well
as the user thereof should consider the image profile intrinsic
to the device when the original images are represented. This
is a considerable burden to them. As the kind and the
characteristic of the display device are diversified in various
manners, it is needed to make a definition of a standard color
space for the display device. In this connection, a sSRGB
color space being the unit standard RGB color space as the
average concept of the RGB monitors was proposed on
November, 1996 by the HP Company and the MS Company.
Since then, the sSRGB color space has been accepted as a
standard color space on Internet.

[0007] A need is made to realize such a sSRGB color space
with the LCD.
[0008] Three requirements should be fulfilled to realize

the sRGB color space with the LCD. First, the display
luminance level with respect to the a predetermined input
gray level should be established to be 80 cd/m”. Second, the
gamma curve expressing the luminance characteristic of the
input gray level should agree to the gamma 2.2 curve. Third,
the display model offset with respect to the RGB colors
should be established to be zero.

[0009] Tt is required for the LCD to realize such a sSRGB
color space.

Jul. 6, 2006

SUMMARY OF THE INVENTION

[0010] Tt is a motivation of the present invention to
provide a liquid crystal display which realizes a sSRGB color
space, and a driving method thereof.

[0011] Aliquid crystal display includes: a signal controller
including a gamma converter outputting output image data
have gamma characteristic adapted to a gamma 2.2 curve
based on input image data with a bit number smaller than the
output image data, a color correction unit including color
coeflicients for performing color correction on the image
data from the gamma converter, and a dithering and FRC
processor reducing a bit number of the image data from the
color correction unit by taking upper bits of the image data
and controlling position and frequency of the upper bits of
the image data; a voltage generator generating a plurality of
gray voltages by dividing a predetermined voltage lower
than a supply voltage such that a predetermined one of the
gray voltages gives a luminance of about 80 cd/m?; a data
driver selecting the gray voltages from the voltage generator
and outputting gray voltages corresponding to the image
data from the signal controller; and an inverter controlling a
lamp to emit a luminance higher than 80 cd/m?.

[0012] The liquid crystal display further includes an
inverter controlling a lamp such that the lamp emits light
with a luminance of 80 cd/m* or more.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] The present invention will become more apparent
by describing embodiments thereof in detail with reference
to the accompanying drawings in which:

[0014] FIG. 1 is a block diagram of an LCD according to
an embodiment of the present invention;

[0015] FIG. 2A shows an exemplary graph illustrating
gamma curves of an LCD including an original gamma
curve and a gamma 2.2 curve for sSRGB color space;

[0016] FIG. 2BFIG. 2B, which is a graph illustrating
luminance of an LCD as function of gray voltage;

[0017] FIG. 3 is a detailed block diagram of the luminance
controller and the gamma converter shown in FIG. 1;

[0018] FIG. 4 is a graph showing a gamma 2.2 curve and
an original gamma curve for illustrating the conversion of
the gamma curve at the gamma converter shown in FIG. 3;

[0019] FIG. 5 illustrates exemplary two-bit dithering and
FRC performed by the dithering and FRC processor 44;

[0020] FIG. 6 is a flow chart illustrating an exemplary
color correction according to an embodiment of the present
invention;

[0021] FIGS. 7 and 8 are block diagrams of an LCD
according to other embodiments of the present invention;

[0022] FIG. 9 is a graph illustrating the gray difference
between input image data and corresponding output (target)
image data as function of the gray of the input image data in
an LCD according to an embodiment of the present inven-
tion;
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[0023] FIG. 10 is a flowchart illustrating an exemplary
gamma conversion process by way of mathematical opera-
tion in an LCD according to an embodiment of the present
invention; and

[0024] FIG. 11 illustrates a method of driving an LCD in
a sRGB color space according to an embodiment of the
present invention.

DETAILED DESCRIPTION OF EMBODIMENTS

[0025] The present invention now will be described more
fully hereinafter with reference to the accompanying draw-
ings, in which preferred embodiments of the inventions are
shown.

[0026] Inthe drawings, the thickness of layers and regions
are exaggerated for clarity. Like numerals refer to like
elements throughout. It will be understood that when an
element such as a layer, region or substrate is referred to as
being “on” another element, it can be directly on the other
element or intervening elements may also be present. In
contrast, when an element is referred to as being “directly
on” another element, there are no intervening elements
present.

[0027] Now, liquid crystal displays and driving methods
thereof according to embodiments of the present invention
will be described with reference to the accompanying draw-
ings.

[0028] FIG. 1 is a block diagram of an LCD according to
an embodiment of the present invention.

[0029] As shown in FIG. 1, an LCD according to an
embodiment of the present invention includes a liquid
crystal panel assembly 10, a gate driver 20, a data driver 30,
a signal controller 40, a voltage generator 50, a lamp 60, and
an inverter 70.

[0030] The liquid crystal panel assembly 10 includes a
plurality of gate lines (not shown) extending in a transverse
direction and transmitting gate voltages, a plurality of data
lines (not shown) extending in a longitudinal direction and
transmitting data voltages, and a plurality of pixels (not
shown) connected to the gate lines and the data lines and
arranged in a matrix. Each pixel includes a liquid crystal
capacitor (not shown) and a switching element such as a thin
film transistor (TFT) selectively transmitting the data volt-
ages to the liquid crystal capacitor in response to the gate
voltages.

[0031] The signal controller 40 receives image data RGB
from an external graphic source (not shown) together with
input control signals such as synchronization signals Hsync
and Vsync, a data enable signal DE, and a clock signal
MCLK for displaying the image data RGB. The signal
controller 40 performs gamma correction and color correc-
tion on the image data RGB, and outputs the corrected image
data R'G'B' to the data driver 30. Furthermore, the signal
controller 40 generates control signals such as a horizontal
clock signal HCLK, a horizontal synchronization start signal
STH, a load signal LOAD, a gate clock signal Gate dock, a
vertical synchronization start signal STV, and an output
enable signal OE for controlling the display operations of
the gate driver 20 and the data driver 30, and outputs them
to the relevant drivers 20 and 30.
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[0032] The signal controller 40 includes a control signal
processing block 41 and a data processing block including a
gamma converter 42, a color corrector 43, and a dithering
and frame rate control (FRC) processor 44.

[0033] The control signal processing block 41 generates
the control signals HCLK, STH, LOAD, Gate clock, STV
and OF based on the synchronization signals Hsync and
Vsync, the data enable signal DE, and the clock signal
MCLK.

[0034] The gamma converter 42 converts a gamma char-
acteristic of the image data such that it is adapted to a gamma
2.2 curve as well as it increases the bit number of the image
data, and it outputs the converted image data. The gamma
converter 42 may perform the gamma conversion by way of
a look-up table (LUT) or a mathematical operation realized
on an application specific integrated circuit (ASIC). The
configuration shown in FIG. 1 is obtained when using a
look-up table. In this case, the look-up table includes a
mapping from the original (input) image data RGB to the
converted (output) image data. The gamma converter 42
retrieves a converted data corresponding to an input image
data from the look-up table, and it output the converted
image data. FIG. 1 shows that the bit number (m bits) of the
converted image data is larger than the bit number (n bits)
of the original image data RGB in order to enhance the
precision of the gamma conversion.

[0035] FIG. 2A shows an exemplary graph illustrating
gamma curves of an LCD including an original gamma
curve and a gamma 2.2 curve for a standard RGB (sRGB)
color space. In the figure, a horizontal axis indicates a
normalized input gray level while a vertical axis indicates a
normalized luminance.

[0036] The color corrector 43 performs color correction on
the converted m bit image data from the color converter 42.
The color correction minimizes the difference between the
color represented by the LCD and the color on the sSRGB
color space within the limitations of the LCD.

[0037] The dithering and FRC processor 44 converts the m
bit image data from the color corrector 43 into n bit output
image data R'G'B' by performing spatial dithering and
temporal FRC and it outputs the processed output image
data R'G'B' to the data driver 30.

[0038] The voltage generator 50 includes a plurality of
resistors R connected in series (or in parallel) between a
predetermined voltage Vp and a ground voltage GND for
generating a plurality of gray voltages. The resistors divide
the supply voltage Vp to be provided as the gray voltages
Vgray for the data driver 30. A predetermined voltage V
giving 80 cd/m® is selected as shown in FIG. 2B, which is
a graph illustrating luminance of an LCD as function of gray
voltage. Since the gray voltages made by dividing a typical
supply voltage give a maximum luminance of about 250
cd/m?, the selected voltage V,, is smaller than the typical
supply voltage. Accordingly, the voltage generator 50 can
generate the gray voltages based on the voltage Vp lower
than the supply voltage, thereby reducing power consump-
tion.
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[0039] The data driver 30 receives and stores the con-
verted image data R'G'B' from the gamma converter 42 of
the signal controller 40 in synchronization with the control
signals HCLK and STH. The data driver 30 receives the gray
voltages Vgray, which are analog voltages to be actually
applied to the liquid crystal panel assembly 10, from the
voltage generator 50. The data driver 30 selects the gray
voltages Vgray corresponding to the image data R'G'B' for
the respective pixels, and outputs the selected gray voltages
as the data voltages to the liquid crystal panel assembly 10
in response to the load signal LOAD.

[0040] The gate driver 20 receives the gate clock signal
Gate clock, the output enable signal OE, and the vertical
synchronization start signal STV from the signal controller
40, and it also receives gate voltages Vgate from a gate
voltage generator (not shown). The gate driver 20 sequen-
tially outputs the gate voltages for selecting the gate lines on
the liquid crystal panel assembly 10 in accordance with the
output enable signal OE and the gate clock signal Gate
clock, thereby sequentially scanning the gate lines on the
liquid crystal panel assembly 10.

[0041] The lamp 60 and the inverter 70 form a backlight
for the liquid crystal panel assembly 10, and the inverter 70
controls the light emission of the lamp 60. In this embodi-
ment, it is established that the inverter 70 controls the lamp
60 with a luminance of 80 cd/m* or more to fulfill the
luminance requirement of the sSRGB color space.

[0042] When a gate line is selected by the gate voltages
Vgate, the pixels connected to the gate line become in a
write-enable state to be applied with the data voltages
through the data lines. The pixels display predetermined
luminance levels corresponding to the data voltages and a
desired image is displayed on an entire screen in such a way.

[0043] The operation of the gamma converter 42, the color
corrector 43, and the dithering and FRC processor 44 will be
now described more in detail with reference to FIGS. 3 and
4.

[0044] FIG. 3 is a detailed block diagram of the gamma
converter 42, the color corrector 43, and the dithering and
FRC processor 44 shown in FIG. 1, and FIG. 4 is a graph
showing a gamma 2.2 curve and an original gamma curve
for illustrating the conversion of the gamma curve at the
gamma converter 42 shown in FIG. 3.

[0045] As shown in FIG. 3, the gamma converter 42
includes an R data modifier 421, a G data modifier 422, and
a B data modifier 423. The data modifiers 421-423 perform
the conversion of the gamma characteristics in relation to the
respective RGB colors.

[0046] More specifically, each data modifier 421-423
maps an input image data representing a luminance level on
the gamma 2.2 curve into an output image data representing
the same luminance level on the original gamma curve. As
shown in FIG. 4, it is assumed that the gray level of the input
image data is 128. The luminance of the 128-th gray level on
the original gamma curve is different from the luminance of
the 128-th gray level on the gamma 2.2 curve. Instead, the
129.4-th gray level on the original gamma curve represents
the same luminance as the 128-th gray level on the gamma
2.2 curve. Each data modifier 421-423 maps the input image
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data with the 128-th gray level into the output image data
with the 129.4-th gray level. For this purpose, each data
modifier 421-423 includes a look-up table including a map
between gray levels on the gamma 2.2 curve and gray levels
on the original gamma curve, which represent equal lumi-
nance. The look-up tables for the data modifiers 421-423
may be implemented in respective non-volatile memories
such as ROM (read only memory) or implemented in one
ROM. The bit number of the output image data is larger than
that of the input image data such that decimals under the
decimal point of the gray levels as shown in FIG. 4 can be
expressed.

[0047] The color corrector 43 performs color correction by
applying an equation including (a) color correction coefli-
cient(s) to the image from the gamma converter 42. An
exemplary matrix in this embodiment is a 3x4 matrix and the
color correction is described in detail with reference to FIG.
6.

[0048] FIG. 6 is a flow chart illustrating an exemplary
color correction according to an embodiment of the present
invention.

[0049] Upon receipt of image data RsGsBs on a sRGB
color space (S431), the colors display by the LCD based on
the input image data RsGsBs are measured using a measur-
ing device and color values xyY for respective color patches
are obtained. The obtained color values xyY are converted
into tristimulus values XYZ (8432). A three-dimensional
space XY Xy is defined and the tristimulus values XYZ
are normalized using Yy (S433). A standard “white” is
defined to be 80 cd/m? according the standards of the sSRGB
color space. The normalized tristimulus values XYZ are then
converted into linear image data R.G-B. (S434), which are
subject to gamma correction (S435) to be converted into
nonlinear image data R.'G-'B.' (S436). Finally, a color
matching matrix between the image data RsGsBs on the
sRGB color space and the nonlinear image data R.'G-'B.'
is obtained and the elements of the matching matrix are used
as coefficients of the color correction matrix. An exemplary
color correction matrix is given by:

Ry
Gs
B

[0050] The dithering and FRC processor 44 reduces the bit
number of the image data from the color corrector 43, which
will be described in detail with reference to FIG. 5.

[0051] FIG. 5 illustrates exemplary two-bit dithering and
FRC performed by the dithering and FRC processor 44. For
example, the dithering and FRC shown in FIG. 5 is applied
when 10 bit data is reduced into 8 bit data.

[0052] As described above in relation FIG. 4, an 8 bit
image data with the 128-th gray may be converted into a 10
bit image data with the 129.4-th gray by the gamma con-
verter 42 in an LCD having 256 grays. The number under the
decimal point is approximated as lower two bits of a 10 bit
number. For example, 0.4 is approximated as (0000000010)
in the binary number system.

Rc €9)

[4

0.9535 0.0412 0.0620 24168
=[—0.0717 1.1813  -0.0851 -14.9909

0.0456 -0.1423 1.1649 -16.0530 ¢
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[0053] The recovery from a 10 bit data to an 8 bit data is
such that lower two bits are represented by spatial average
over a predetermined number of pixels and temporal average
over a predetermined number of frames. Referring to FIG.
5, lower two bits are 0=(00), 1=(01), 2=(10), and 3=(11).
Regarding the dithering, the lower two bits are expressed as
the average data of four adjacent pixels forming a 2x2
matrix. For example, if the lower two bits are (01), three of
the four pixels represent upper 8 bits and one of the four
pixels represents upper 8 bits plus one. Regarding the FRC,
the lower two bits are expressed as the average data of four
successive frames. For example, if the lower two bits are
(10), each pixel represents upper 8 bits during two of the
four frames and represents upper 8§ bits plus one during the
remaining two of the four frames. In order to prevent all
pixels from flickering simultaneously, it is controlled such
that all of the four pixels forming a 2x2 matrix may not
represent the same data during one frame as shown in FIG.
5.

[0054] FIGS. 7 and 8 are block diagrams of an LCD
according to other embodiments of the present invention.

[0055] The LCD shown in FIG. 7 further includes a ROM
controller 44 and an external target image data storage 45 in
addition to a gamma converter 42'. The gamma converter 42'
includes R, G and B data modifiers 421'-423', each including
a volatile memory such as a random access memory (RAM).

[0056] The external target image data storage 45 stores a
look-up table including a map between gray levels on the
gamma 2.2 curve and gray levels on the original gamma
curve for each color, which represent equal luminance. The
ROM controller 44 loads the look-up table in the storage 45
into the R, G and B data modifiers 421'-423". Since the other
operations are similar to those shown in FIG. 3, the descrip-
tion thereof is omitted here.

[0057] Since the look-up table is stored in the external
storage 45, this embodiment easily copes with the alteration
of the panel assembly 10 without changing the gamma
converter 42'.

[0058] The LCD shown in FIG. 8 further includes an
internal target image data storage 46 as well as a ROM
controller 44, an external target image data storage 45 in
addition to a gamma converter 42' as compared with the
LCD shown in FIG. 7. The gamma converter 42' also
includes R, G and B data modifiers 421'-423', each including
a volatile memory such as a random access memory (RAM).

[0059] Like the external target image data storage 45, the
internal target image data storage 46 stores a look-up table
including the above-described map. The ROM controller 44
loads the look-up table stored in the external storage 45 or
in the internal storage 46 into the R, G and B data modifiers
421'-423". Other operations are similar to those shown in
FIG. 3, and hence, description thereof will be omitted here.

[0060] Now, gamma conversion by way of a mathematical
operation according to an embodiment of the present inven-
tion will be described with reference to FIGS. 7 and 8.
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[0061] FIG. 9 is a graph illustrating the gray difference
between input image data and corresponding output (target)
image data as function of the gray of the input image data in
an LCD according to an embodiment of the present inven-
tion, and FIG. 10 is a flowchart illustrating in exemplary
gamma conversion process by way of mathematical opera-
tion in an LCD according to an embodiment of the present
invention.

[0062] Tt is assumed that the image data RGB are 8 bit
signals capable of representing 256 grays.

[0063] As shown in FIG. 9, there is no gray difference
between the target image data and the original image data for
green image data G, while curves illustrating the gray
difference between the target image data and the original
image data for red and blue image data R and B change their
shape near the gray level of 160. The gray difference AR and
AB between the original data and the target data for red and
blue image data R and B can be approximately expressed by:

6x(160-R) (@)
AR=6- ——— if R< 160, and
160
6% (R— 1601
- —— if R=160; and
(255 - 160)*
6x(160-B) . ©)
AB=—-6+-— " if B< 16D, and
160
6x (B -160)* .
- if B> 160,
(255 - 160)*

where R and B are the grays of the original data for red and
green image data, respectively.

[0064] First, as shown in FIG. 10, when an 8 bit red image
data are input, it is determined whether the gray R of the
input data is larger than a critical value of “160” (S501).

[0065] When the input gray R is larger than the critical
value, the critical value is subtracted from the input gray
(S502). Then, the resultant value (R-160) nay be multiplied
by 1/(255-160). However, since 1/(255-160) is roughly
approximated to 11/1024(=210), for the purpose of simpli-
fication, (R-160) is multiplied by 11 and the lower 10 bits
are rounded off (S503). Thereafter, (R-160)x11/1024 may
be squared twice in a sequential manner. These operations
can be made by way of a pipeline on ASIC (S504, S505).
The resultant value of (R-160)x11/1024)* is multiplied by
6 (S506) and the resultant value of 6x(((R-160)x11/1024)%)
is subtracted from 6, thereby obtaining the value of AR in
accordance with Relation 2 (S507).

[0066] When the input gray R is smaller than the critical
value in the step 501, the input gray R are subtracted from
the critical value (8511). Then, the resultant value (160-R)
may be multiplied by 1/160. However, since 1/160 is
roughly approximated to 13/2048(=2""), (160-R) is multi-
plied by 13 and then the lower 11 bits are rounded off
(S512). Thereafter, (160-R)x13/2048 is multiplied by 6
(S513). The resultant value of ((160-R)x13/2048)x6 from
the step S513 is subtracted from 6, thereby obtaining the
value of AR in accordance with Relation 2 (S514).
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[0067] In orderto get 10 bitoutput data from AR obtained
at the step S507 or S514, the 8 bit input data is multiplied
by “4” to be converted into 10 bit data and is added to the
calculated value AR (S508).

[0068] Similarly, blue output image data B' can be calcu-
lated based on Relation 3.

[0069] The gamma conversion by way of a mathematical
operation does not require a memory for storing a look-up
table. The storage capacity of ROM or RAM required for
storing the look-up table is considerably great. For instance,
the storage capacity of 7680 (=3x256x10) bits are required
for conversion between 8 bit image data and 10 bit image
data. Accordingly, the gamma conversion according to this
embodiment removes a large amount of storage capacity and
reduces the power consumption due to the memory.

[0070] FIG. 11 illustrates a method of driving an LCD in
a sRGB color space according to an embodiment of the
present invention.

[0071] As shown in FIG. 11, a method of driving an LCD
including a backlight unit according to an embodiment of
the present invention includes a first step for gamma cor-
rection, a second step for color correction, a third step for
controlling the backlight, and a fourth step for gray voltage
generation. The backlight unit includes at least one lamp and
an inverter for controlling the lamp.

[0072] The first step converts the gamma characteristic of
the input image data to be adapted to the gamma 2.2 curve.

[0073] Inthe second step, a 3x4 color correction matrix is
used for color correction such that the colors display by the
LCD is approximated to the colors on the sSRGB color space.

[0074] Inthe third step, the inverter is controlled such that
the lamp emits light with a luminance equal to or larger than
80 c¢d/m?, which is required for the sSRGB color space.

[0075] The fourth step is performed in order that gray
voltages satisfy a luminance requirement for the sSRGB color
space. In detail, the gray voltages are generated such that a
predetermined gray voltage V,, gives 80 cd/m’.

[0076] As described above, a series of gamma conversion,
color correction, and luminance control provides the real-
ization of the sSRGB mode in the LCD and improves the
display quality of the LCD.

[0077] While the present invention has been described in
detail with reference to the embodiments, those skilled in the
art will appreciate that various modifications and substitu-
tions can be made thereto without departing from the spirit
and scope of the present invention as set forth in the
appended claims.

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

a signal controller including a gamma converter output-
ting output image data have gamma characteristic
adapted to a gamma 2.2 curve based on input image
data with a bit number smaller than the output image
data, a color correction unit including color coefficients
for performing color correction on the image data from
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the gamma converter, and a dithering and FRC proces-
sor reducing a bit number of the image data from the
color correction unit by taking upper bits of the image
data and controlling position and frequency of the
upper bits of the image data;

a voltage generator generating a plurality of gray voltages
by dividing a predetermined voltage lower than a
supply voltage such that a predetermined one of the
gray voltages gives a luminance of about 80 cd/m?;

a data driver selecting the gray voltages from the voltage
generator and outputting gray voltages corresponding
to the image data from the signal controller; and

an inverter controlling a lamp to emit a luminance higher

than 80 cd/m?.

2. The liquid crystal display of claim 1, wherein the
gamma converter comprises an R data modifier, a G data
modifier and a B data modifier for performing the gamma
conversion for the input image data for respective red, green
and blue colors, and each of the data modifiers maps the
input image data into output image data having a gamma
characteristic adapted to the gamma 2.2 curve.

3. The liquid crystal display of claim 2, wherein the data
modifiers include a nonvolatile memory.

4. The liquid crystal display of claim 1, wherein the color
correction coeflicients are expressed in a 3x4 color correc-
tion matrix.

5. The liquid crystal display of claim 4, wherein the color
correction unit performs a matrix operation given by:

R, ZC
Gs |=M ¢

Ge
BS

where M is the color correction matrix.

6. The liquid crystal display of claim 5, wherein the color
correction matrix is given by:

09535 0.0412 0.0620 2.4168
-0.0717 1.1813 -0.0851 -14.9909 |.
. 0.0456 -0.1423 1.1649 -16.0530

7. The liquid crystal display of claim 1, wherein the
gamma converter comprises an R data modifier, a G data
modifier and a B data modifier for performing the gamma
conversion for the input image data for respective red, green
and blue colors, the liquid crystal display further comprises
a target image data storage storing a map from the input
image data into output image data having a gamma charac-
teristic adapted to the gamma 2.2 curve and a controller
loading the map stored in the target image data storage into
the data modifiers, and the data modifiers select the output
image data corresponding to the input image data from the
loaded map and outputting the selected output image data.

8. The liquid crystal display of claim 6, wherein the data
modifiers comprise a volatile memory, and the target image
data storage comprises a nonvolatile memory element.
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9. The liquid crystal display of claim 6, wherein the target
image data storage includes a nonvolatile memory in the
signal controller and a nonvolatile memory element pro-
vided external to the signal controller.

10. The liquid crystal display of claim 1, wherein the
gamma converter obtains the output image data from the
input image data by way of a mathematical operation.

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

converting gamma characteristic of input image data to be
adapted to a gamma 2.2 curve;

performing color correction on the input image data by
applying a color correction matrix for reducing color
difference;

controlling luminance of a backlight to be larger than
about 80 cd/m?; and

generating a plurality of gray voltages by dividing a
predetermined voltage lower than a supply voltage such
that a predetermined one of the gray voltages gives a
luminance of about 80 cd/m>.
12. The method of claim 11, wherein the gamma charac-
teristic conversion includes a mathematical operation real-
ized on an application specific integrated circuit (ASIC).
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13. The liquid crystal display of claim 11, wherein the
color correction includes matrix operation given by:

R
R, ¢
Bc

G, |=m
B, Ce

where M is the 3x4 color correction matrix.

14. The liquid crystal display of claim 13, wherein the
color correction matrix is given by:

0.9535 0.0412 0.0620  2.4168
—-0.0717 1.1813 -0.0851 -14.9909 |.
\ 0.0456 -0.1423 1.1649 -16.0530
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