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LIQUID CRYSTAL DISPLAY AND METHOD
OF DRIVING THE SAME

[0001] This application claims priority to Korean Patent
Application No. 10-2008-0035658, filed on Apr. 17, 2008,
and all the benefits accruing therefrom under 35 U.S.C. §119,
the contents of which in its entirety are herein incorporated by
reference.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to a liquid crystal dis-
play (“LCD”) and a method of driving the LCD, and more
particularly, to an LCD having enhanced display quality and
reduced power consumption, and a method of driving the
LCD.

[0004] 2. Description of the Related Art

[0005]  Aliquid crystal display (“LCD”) generally includes
a first display substrate having a plurality of pixel electrodes,
a second display substrate having a plurality of common
electrodes and a liquid crystal panel having a dielectrically
anisotropic liquid crystal layer interposed between the first
display substrate and the second display substrate. The LCD
displays an image by forming an electric field between the
pixel electrodes and the common electrodes, adjusting an
intensity of the electric field, and thus controlling an amount
of light which transmits through the liquid crystal panel based
on an alignment of liquid crystal molecules in the liquid
crystal layer due to the electric field. The LCD is not a self
light-emitting display, and the LCD therefore includes a light-
emitting unit which provides light to the liquid crystal panel.
[0006] Itis desired to develop an LCD having an enhanced
display quality.

BRIEF SUMMARY OF THE INVENTION

[0007] Exemplary embodiments of the present invention
provide a liquid crystal display (“LLCD”) having enhanced
display quality and reduced power consumption. More spe-
cifically, the LCD controls a luminance of light provided by a
light-emitting unit based on an image displayed on a liquid
crystal panel of the LCD.

[0008] Exemplary embodiments of the present invention
also provide a method of driving an LCD having enhanced
display quality and reduced power consumption.

[0009] According to an exemplary embodiment of the
present invention, an LCD includes: a signal controller which
converts a first image signal having a first gray level based on
an original gamma coefficient into a second image signal
having a second gray level based on a target gamma coeffi-
cient; a liquid crystal panel connected to the signal controller
and which displays an image based on the second image
signal; and a light-emitting unit connected to the signal con-
troller and which provides light to the liquid crystal panel.
The target gamma coefficient is less than or equal to the
original gamma coefficient, and a luminance of the light
provided by the light-emitting unit is adjusted by the signal
controller to minimize an amount of luminance distortion of
the image.

[0010] According to an alternative exemplary embodiment
of the present invention, a method of driving an LCD 1is
provided. The LCD includes a liquid crystal panel which
displays an image, and a light-emitting unit which provides
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light to the liquid crystal panel. The method includes: con-
verting a first image signal having a first gray level based on
an original gamma coefficient into a second image signal
having a second gray level based on a target gamma coeffi-
cient; providing the second image signal to the liquid crystal
panel; and adjusting a luminance of the light provided by the
light-emitting unit to minimize an amount of luminance dis-
tortion of the image. The target gamma coefficient less than or
equal to the original gamma coefficient.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] The above and other aspects, features and advan-
tages of the present invention will become more readily
apparent by describing in further detail exemplary embodi-
ments thereof with reference to the accompanying drawings,
in which:

[0012] FIG. 11is a block diagram of a liquid crystal display
(“LCD™) according to an exemplary embodiment of the
present invention;

[0013] FIG. 2 is an equivalent circuit diagram of a pixel of
a liquid crystal panel of the LCD according to the exemplary
embodiment of the present invention shown in FIG. 1;

[0014] FIG. 3 is a block diagram of an image signal con-
troller ofthe LCD according to the exemplary embodiment of
the present invention shown in FIG. 1,

[0015] FIG. 4 is a graph of grayscale level versus light
transmittance showing an original gamma curve and a target
gamma curve according to an exemplary embodiment of the
present invention;

[0016] FIG. 5 is a block diagram of an optical data signal
controller of the LCD according to the exemplary embodi-
ment of the present invention shown in FIG. 1;

[0017] FIG. 6 is a schematic circuit diagram of a backlight
driver and a light-emitting unit of the LCD according to the
exemplary embodiment of the present invention shown in
FIG. 1;

[0018] FIG. 7isa graphofgrayscale level versus number of
pixels illustrating histogram information of an image dis-
played on the LCD according to the exemplary embodiment
of the present invention FIG. 1;

[0019] FIG. 8 is a graph of dimming level versus image
distortion illustrating luminance distortion of the image
which has the histogram information shown in FIG. 7 and
which is displayed on the LCD according to the exemplary
embodiment of the present invention shown in FIG. 1;

[0020] FIG. 9isa graphofgrayscale level versus number of
pixels illustrating histogram information of another image
displayed on the LCD according to the exemplary embodi-
ment of the present invention shown in FI1G. 1,

[0021] FIG. 10 is a graph of dimming level versus image
distortion illustrating luminance distortion of the image
which has the histogram information shown in FIG. 9 and
which is displayed on the LCD according to the exemplary
embodiment of the present invention shown in FIG. 1;
[0022] FIG. 11isablock diagram of an LCD and according
to an alternative exemplary embodiment of the present inven-
tion;

[0023] FIG. 12 is aplan view of a plurality of display blocks
and a plurality of light-emitting blocks of the LCD according
to the exemplary embodiment of the present invention shown
in FIG. 11;
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[0024] FIG.13is aplanview of a plurality of display blocks
and a plurality of light-emitting blocks of the LCD according
to the exemplary embodiment of the present invention shown
in FIG. 11;

[0025] FIG. 14 is aschematic circuit diagram of'a backlight
driver and light-emitting blocks of the LCD according to the
exemplary embodiment of the present invention shown in
FIG. 11;

[0026] FIG. 15 is a block diagram of an LCD according to
another alternative exemplary embodiment of the present
invention; and

[0027] FIG. 16 is a schematic circuit diagram of a plurality
of display blocks and a plurality of light-emitting blocks of
the LCD according to the exemplary embodiment of the
present invention shown in FIG. 15.

DETAILED DESCRIPTION OF THE INVENTION

[0028] The invention will now be described more fully
hereinafter with reference to the accompanying drawings, in
which exemplary embodiments of the invention are shown.
The present invention may, however, be embodied in many
different forms and should not be construed as limited to the
embodiments set forth herein. Rather, these embodiments are
provided so that this disclosure will be thorough and com-
plete, and will fully convey the scope of the invention to those
skilled in the art. Like reference numerals refer to like ele-
ments throughout.

[0029] It will be understood that when an element is
referredto as being “on” another element, it can be directly on
the other element or intervening elements may be present
therebetween. In contrast, when an element is referred to as
being “directly on” another element, there are no intervening
elements present. As used herein, the term “and/or” includes
any and all combinations of one or more of the associated
listed items.

[0030] It will be understood that although the terms “first,”
“second,” “third” etc. may be used herein to describe various
elements, components, regions, layers and/or sections, these
elements, components, regions, layers and/or sections should
not be limited by these terms. These terms are only used to
distinguish one element, component, region, layer or section
from another element, component, region, layer or section.
Thus, a first element, component, region, layer or section
discussed below could be termed a second element, compo-
nent, region, layer or section without departing from the
teachings of the present invention.

[0031] The terminology used herein is for the purpose of
describing particular embodiments only and is not intended to
be limiting of the invention. As used herein, the singular
forms “a”, “an” and “the” are intended to include the plural
forms as well, unless the context clearly indicates otherwise.
It will be further understood that the terms “comprises” and/
or “comprising,” or “includes” and/or “including,” when used
in this specification, specify the presence of stated features,
regions, integers, steps, operations, elements and/or compo-
nents, but do not preclude the presence or addition of one or
more other features, regions, integers, steps, operations, ele-
ments, components and/or groups thereof.

[0032] Furthermore, relative terms, such as “lower” or
“bottom” and “upper” or “top” may be used herein to describe
one element’s relationship to other elements as illustrated in
the Figures. It will be understood that relative terms are
intended to encompass different orientations of the device in
addition to the orientation depicted in the Figures. For
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example, if the device in one of the figures is turned over,
elements described as being on the “lower” side of other
elements would then be oriented on the “upper” side of the
other elements. The exemplary term “lower” can, therefore,
encompass both an orientation of “lower” and “upper,”’
depending upon the particular orientation of the figure. Simi-
larly, if the device in one of the figures were turned over,
elements described as “below” or “beneath” other elements
would then be oriented “above” the other elements. The
exemplary terms “below” or “beneath” can, therefore,
encompass both an orientation of above and below.

[0033] Unless otherwise defined, all terms (including tech-
nical and scientific terms) used herein have the same mearning
as commonly understood by one of ordinary skill in the art to
which the present invention belongs. It will be further under-
stood that terms, such as those defined in commonly used
dictionaries, should be interpreted as having a meaning which
is consistent with their meaning in the context of the relevant
art and the present disclosure, and will not be interpreted in an
idealized or overly formal sense unless expressly so defined
herein.

[0034] Exemplary embodiments of the present invention
are described herein with reference to cross section illustra-
tions which are schematic illustrations of idealized embodi-
ments of the present invention. As such, variations from the
shapes of the illustrations as a result, for example, of manu-
facturing techniques and/or tolerances, are to be expected.
Thus, embodiments of the present invention should not be
construed as limited to the particular shapes of regions illus-
trated herein but are to include deviations in shapes which
result, for example, from manufacturing. For example, a
region illustrated or described as flat may, typically, have
rough and/or nonlinear features. Moreover, sharp angles
which are illustrated may be rounded. Thus, the regions illus-
trated in the figures are schematic in nature and their shapes
are not intended to illustrate the precise shape of a region and
are not intended to limit the scope of the present invention.
[0035] A liquid crystal display (“LCD”) and a method of
driving the same according to an exemplary embodiment of
the present invention will now be described in further detail
with reference to FIGS. 1and 2. FIG. 1 is a block diagram of
an LCD 10 according to an exemplary embodiment of the
present invention. FIG. 2 is an equivalent circuit diagram of a
pixel PX included in a liquid crystal panel 300 of the LCD 10
according to the exemplary embodiment of the present inven-
tion shown in FIG. 1.

[0036] Referring to FIG. 1, the LCD 10 includes the liquid
crystal panel 300, a signal controller 700, a grayscale voltage
generator 550, a gate driver 400, a data driver 500, a memory
750, a backlight driver 800 and a light-emitting unit LB
connected to the backlight driver 800.

[0037] The liquid crystal panel 300 includes a plurality of
gate lines G1 through Gk, a plurality of data lines D1 through
Dj and a plurality of the pixels PX. In an exemplary embodi-
ment of the present invention, the pixels PX include red, green
and blue subpixels. In addition, each of the pixels PX in an
LCD according to an exemplary embodiment is disposed in a
region where a gate line G of the plurality of gate lines G1
through Gk and a data line D of the plurality of data lines D1
through Dj cross each other. In operation, the liquid crystal
panel 300 displays an image based on second image signals
R', G' and B' which will be described if further detail below.
[0038] Referring now to FIG. 2, the pixel PX is connected
to, for example, an ” (where £=1 to k) gate line Gfand a g”
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(where g=1 to j) data line Dg and includes a switching device
Qp connected to the £ gate line Gfand the g™ dataline Dg, as
well as a liquid crystal capacitor Clc and a storage capacitor
Cst which are connected to the switching device Qp. As
shown in FIG. 2, the liquid crystal capacitor Clc includes two
electrodes, and, more particularly, a pixel electrode PE of a
first display substrate 100 and a common electrode CE of a
second display substrate 200, for example. Liquid crystal
molecules 150 are interposed between the pixel electrode PE
and the common electrode CE. A color filter CF is formed on
a portion of the common electrode CE.

[0039] Referring again to FIG. 1, the signal controller 700
receives first image signals R, G and B and external control
signals for controlling display of the first image signals R, G
and B. Based on the first image signals R, G and B and the
external control signals, the signal controller 700 outputs the
second image signals R', G' and B', a data control signal
CONT1, a gate control signal CONT2 and an optical data
signal LDAT. In an exemplary embodiment of the present
invention, the first image signals have a first gray level which
is based on an original gamma coefficient, as well be
described in greater detail below.

[0040] More specifically, the signal controller 700 accord-
ing to an exemplary embodiment of the present invention
converts the first image signals R, G and B having the first
gray level based on the original gamma coefficient into the
second image signals R', G' and B'. As a result, the second
image signals R', G' and B' have a second gray level based on
a target gamma coefficient, as will be described in greater
detail below. In an exemplary embodiment, the target gamma
coefficient is less than or equal to the original gamma coeffi-
cient. Thus, the image signal controller outputs the second
image signals R', G' and B' to the data driver 500, as will be
described in further detail below.

[0041] The signal controller 700 also provides the optical
data signal LDAT to the backlight driver 800. In anexemplary
embodiment, the optical data signal LDAT has a duty ratio
which minimizes an amount of image distortion, e.g., lumi-
nance distortion, of an image displayed on the liquid crystal
panel 300.

[0042] In an exemplary embodiment of the present inven-
tion, the signal controller 700 may include an image signal
controller 600_1 and an optical data signal controller 600_2.
Further, the image signal controller 600_1 may control the
image displayed on the liquid crystal panel 300, while the
optical signal controller 600_2 may control the backlight
driver 800. In addition, the image signal controller 600_1 and
the optical data signal controller 600_2 according to an exem-
plary embodiment of the present invention may be physically
separated from each other, but alternative exemplary embodi-
ments are not limited to the functional or physical descrip-
tions described herein.

[0043] In operation, the image signal controller 600_1
receives the first image signals R, G and B and outputs the
second image signals R', G' and B'. Specifically, the image
signal controller 600_1 reads the second gray level, which
corresponds to the first gray level based on the original
gamma coefficient and the target gamma coefficient, respec-
tively, from a lookup table (“LUT”) 760 (described in further
detail below) and converts the first image signals R, G and B
into the second image signals R', G' and B', respectively.
Additionally, the image signal controller 600_1 provides the
second image signals R', G' and B' to the data driver 500, as
shown in FIG. 1.
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[0044] In addition, the image signal controller 600_1
according to an exemplary embodiment may receive the
external control signals from an external source (not shown)
and generate the data control signal CONT1 and the gate
control signal CONT2. In an exemplary embodiment of the
present invention, the external control signals include a ver-
tical synchronization signal Vsync, a horizontal synchroniza-
tion signal Hsync, a main clock signal Mclk and a data enable
signal DE, but alternative exemplary embodiments are not
limited thereto. The data control signal CONT1 is used to
control an operation of the data driver 500, and the gate
control signal CONT?2 is used to control an operation of the
gate driver 400.

[0045] The image signal controller 600_1 receives the first
image signals R, G and B, extracts numbers of pixels #R, #G
and #B at each gray level, and provides the numbers of pixels
#R, #G and #B to a histogram information repository 770. In
an exemplary embodiment of the present invention, the num-
bers of pixels #R, #G and #B correspond to numbers of the
red, green and blue subpixels, respectively, at each gray level
of all available gray levels in the image which is displayed on
the liquid crystal panel 300 in agiven frame. An operation and
structure of the image signal controller 600_1 will be
described in further detail below with reference to FIGS. 3
and 4.

[0046] The optical data signal controller 600_2 according
to an exemplary embodiment receives information regarding
the numbers #R, #G and #B of pixels at each gray level from
the histogram information repository 770, calculates an
amount of luminance distortion of an image displayed on the
liquid crystal panel 300, and provides the optical data signal
LDAT having the duty ratio which minimizes the amount of
luminance distortion to the backlight driver 800. In an exem-
plary embodiment, the amount of luminance distortion is an
amount of distortion of real luminance of the image displayed
on the liquid crystal panel 300 from an ideal luminance cor-
responding to the original gamma coefficient. The amount of
luminance distortion, and an operation and structure of the
optical data signal controller 600_2 will be described in
greater detail below with reference to FIG. 5.

[0047] Thegrayscale voltage generator 550 provides a volt-
age which corresponds to the second image signals R', G' and
B' to the data driver 500. Specifically, the grayscale voltage
generator 550 divides a driving voltage AVDD based on the
second gray level of the second image signals R', G' and B'
and provides the voltages from dividing the driving voltage
AVDD to the data driver 500. When the second gray level of
the second image signals R', G' and B'is a highest gray level,
the grayscale voltage generator 550 may provide the high-
level driving voltage AVDD to the data driver 500. Con-
versely, when the second gray level of the second image
signals R', G' and B' is a lowest gray level, the grayscale
voltage generator 550 may provide a low-level ground volt-
age, e.g., 0V, to the data driver 500.

[0048] In an exemplary embodiment of the present inven-
tion, the grayscale voltage generator 550 may include resis-
tors (not shown) connected in series between a node to which
the driving voltage AVDD is applied and a ground source to
divide the driving voltage AVDD, but alternative exemplary
embodiments of the grayscale voltage generator 550 are not
limited to the abovementioned description.

[0049] The gate driver 400 receives the gate control signal
CONT?2 from the image signal controller 600_1 and transmits
a gate signal to the gate lines G1 through Gk. The gate signal
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according to an exemplary embodiment includes a gate-on
voltage Von and a gate-off voltage Voff provided by a gate
on/off voltage generator (not shown). The gate control signal
CONT?2 controls an operation of the gate driver 400 and may
include, for example, a vertical start signal STV (FIG. 3) for
starting the operation of the gate driver 400, a gate clock
signal CPV (FIG. 3) for determining when to output the
gate-on voltage Von, and an output enable signal OE (FIG. 3)
for determining a pulse width of the gate-on voltage Von.

[0050] The data driver 500 receives the data control signal
CONT1 from the image signal controller 600_1 and applies a
voltage which corresponds to the second image signals R', G'
and B' to the plurality of data lines D1 through Dj. In an
exemplary embodiment, the voltage which corresponds to the
second image signals R', G' and B' is provided by the gray-
scale voltage generator 550. Specifically, the voltage which
corresponds to the second image signals R', G' and B' may be
the driving voltage AVDD which has been divided, as
described in greater detail above, based on the second gray
level of the second image signals R', G' and B'. The data
control signal CONT1 includes signals used to control an
operation of the data driver 500. In an exemplary embodi-
ment, the signals used to control the operation of the data
driver 500 include a horizontal start signal STH (FIG. 3) for
starting the operation of the data driver 500 and an output
instruction signal TP (FIG. 3) for controlling an output of an
image data voltage.

[0051] The memory 750 according to an exemplary
embodiment of the present invention includes the LUT 760
and the histogram information repository 770. The LUT 760
stores the second gray level of the second image signals R', G'
and B' (which corresponds to the first gray level of the first
image signals R, G and B). The histogram information reposi-
tory 770 receives information regarding the numbers of pixels
#R, #G and #B at each gray level of the image displayed on the
liquid crystal panel 300 from the image signal controller
600_1 and stores the information.

[0052] The memory 750 also stores an ideal luminance at
each gray level in the LUT 760. The ideal luminance at each
gray level is used to calculate the amount of luminance dis-
tortion, as will be described in further detail below. When the
ideal luminance at each gray level is stored in the LUT 760,
the amount of luminance distortion can be calculated quickly
and efficiently in the LCD 10 according to an exemplary
embodiment of the present invention.

[0053] The backlight driver 800 controls a luminance of
light which is provided by the light-emitting unit LB based on
the optical data signal LDAT. Specifically, the luminance of
the light-emitting unit LB is varied according to the duty ratio
of the optical data signal LDAT. In addition, the duty ratio of
the optical data signal LDAT is adjusted to minimize the
amount of luminance distortion of an image displayed on the
liquid crystal panel 300. A structure and operation of the
backlight driver 800 will be described in further detail below
with reference to FIG. 6.

[0054] The light-emitting unit LB includes one or more
light sources which supply light to the liquid crystal panel
300. For example, as shown in FI1G. 1, the light-emitting unit
LB includes a single point light source such as a light-emit-
ting diode (“LED”). Alternatively, the light-emitting unit LB
may include a line light source or a surface light source, as
will be described in further detail below with reference to
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FIGS. 12 and 13. The luminance of the light-emitting unit LB
is controlled by the backlight driver 800, which is connected
to the light-emitting unit LB.

[0055] The image signal controller 600_1 according to the
exemplary embodiment of the present invention shown in
FIG. 1 will now be described in further detail with reference
to FIGS. 3and 4. F1G. 3 is ablock diagram of the image signal
controller 600_1 of the LCD 10 according to the exemplary
embodiment of the present invention shown in shown in FIG.
1. FIG. 4 is a graph of grayscale level versus light transmit-
tance showing an original gamma curve and a target gamma
curve according to an exemplary embodiment of the present
invention.

[0056] Referring to FIG. 3, the image signal controller
600_1 includes a control signal generator 610, a gamma
converter 620 and a histogram information extractor 630.
[0057] The control signal generator 610 receives the exter-
nal control signals and outputs the data control signal CONT1
and the gate control signal CONT2. In an exemplary embodi-
ment of the present invention, for example, the control signal
generator 610 outputs the vertical start signal STV for starting
the gate driver 400 (FIG. 1), the gate clock signal CPV for
determining when to output the gate-on voltage Von, the
output enable signal OF for determining the pulse width of
the gate-on voltage Von, the horizontal start signal STH for
starting the data driver 500 (FIG. 1), and the output instruc-
tion signal TP for controlling the output of the image data
voltage.

[0058] The gamma converter 620 converts the first image
signals R, G and B into the second image signals R', G' and B'
and outputs the second image signals R', G' and B' to the data
driver 500 (FIG. 1). The first image signals R, G and B have
the first gray level, and the second image signals R', G' and B'
have the second gray level, as described in greater detail
above. The gamma converter 620 converts the first image
signals R, G and B into the second image signals R', G' and B'
using the LUT 760 which stores the second gray level corre-
sponding to the first gray level based on the target gamma
coefficient and the original gamma coefficient, respectively.
[0059] The first gray level and the second gray level will
now be described in further detail with reference to FIG. 4.
Referring to FIG. 4, an original gamma curve OG and a target
gamma curve TG are plotted according to coordinates includ-
ing grayscale versus light transmittance. On an axis which
represents the grayscale, e.g., the x-axis, 0 (zero) indicates the
lowest gray level, and “max” indicates the highest gray level.
The original gamma curve OG represents a relationship
between each gray level and light transmittance based on the
original gamma coefficient. The target gamma curve TG rep-
resents a relationship between each gray level and light trans-
mittance based on the target gamma coefficient. A straight
line shown in FIG. 4 represents a relationship between each
gray level and light transmittance when a gamma coefficient
v is 1 (one). In an exemplary embodiment of the present
invention, the original gamma coefficient is approximately
2.2, which is known as an ideal gamma coefficient, and the
target gamma coefficient in a range from approximately 1.0 to
approximately 2.2.

[0060] When a specified input light transmittance corre-
sponding to aspecified gray level (“input”) exists on the target
gamma curve TG, a corresponding gray level (“output”) cor-
responding to a corresponding light transmittance which is
equal to the specified light transmittance, can be found from
the original gamma curve OG. In an exemplary embodiment
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of the present invention, the specified gray level (input in FIG.
4) corresponds to the first gray level, and the gray level (out-
putin FIG. 4)on the original gamma curve OG corresponds to
the second gray level. At each gray level, light transmittance
on the target gamma curve TG is greater than a corresponding
light transmittance on the original gamma curve OG, as can
be seen in FIG. 4.

[0061] Therefore, when the gamma converter 620 converts
the first image signals R, G and B into the second image
signals R', G' and B' and outputs the second image signals R',
G'and B', the first image signals R, G and B have the first gray
level, and the second image signals R', G' and B' have the
second gray level. In addition, the liquid crystal panel 300
displays an image based on the second image signals R', G'
and B'. Thus, a light transmittance of an image displayed on
the liquid crystal panel 300 is increased in response to the first
image signals R, G and B.

[0062] Referring again to FIG. 3, the histogram informa-
tion extractor 630 according to an exemplary embodiment of
the present invention receives the first image signals R, G and
B, extracts the numbers of pixels #R, #G and #B at each gray
level, and outputs the numbers of pixels #R, #G and #B to the
histogram information repository 770 (FIG. 1).

[0063] The optical data signal controller 600_2 of FIG. 1
will now be described in further detail with reference to FIG.
5. FIG. 5 is a block diagram of the optical data signal con-
troller 600_2 of the LCD 10 according to the exemplary
embodiment of the present invention shown in FIG. 1.
[0064] Referringto FIG. 5, the optical data signal controller
600_2 according to an exemplary embodiment includes a
dimming level determiner 660 and a pulse width modulation
(“PWM”) signal output unit 670.

[0065] The dimming level determiner 660 receives the
numbers of pixels #R, #G and #B at each gray level from the
histogram information repository 770, and determines a dim-
ming level which minimizes the amount of luminance distor-
tion of the image displayed on the liquid crystal panel 300. As
described in further detail above, the luminance of light pro-
vided by the light-emitting unit LB (FIG. 1) is adjusted to
minimize the amount of luminance distortion. Specifically,
the dimming level according to an exemplary embodiment is
defined as a ratio of adjusted luminance of the light to a
maximum luminance which can be provided by the light-
emitting unit LB.

[0066] The amount of luminance distortion will be now be
described in further detail. In an exemplary embodiment of
the present invention, the amount of luminance distortion is
determined by comparing an ideal luminance at each gray
level to a real luminance at each gray level of the image
displayed on the liquid crystal panel 300. Specifically, the
amount of luminance distortion is determined based on Equa-
tion (1).

Z N (Lieattiy = Lyeatq))'> Equation (1)

where L, 15 ideal luminance at each gray level, e.g., a
theoretical luminance when a gamma coefficient is 2.2, e.g,,
the ideal gamma coefficient, and L, is real luminance,
which is reproduced on the liquid crystal panel 300 at each
gray level. Ni is the number of pixels at each gray level.

[0067] Thus, to obtain the amount of luminance distortion,
the difference between the ideal luminance and the real lumi-
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nance at each gray level is multiplied by the number of pixels
at each gray level. Then, the resultant values are squared and
then summed. Put another way, the amount of luminance
distortion is equal to a sum of squared products of a number
of pixels PX at each gray level of the image and a difference
between a real luminance L, ., and an ideal luminance
L, ety at each gray level of the image displayed on the liquid
crystal panel 300 in one frame.

[0068] In an exemplary embodiment of the present inven-
tion, the real luminance Lreal(i) is determined by Equation

@)

Lreatty™BIXT et T greentyt Tomie)s Equation (2)

where T, Toreongy 20d Ty are light transmittances of
subpixels, e.g., the red, green and blue subpixels, respec-
tively, included in each pixel PX (FIG. 1) at each gray level,
and BL is the dimming level of the light-emitting unit LB.
[0069] Thus, the real luminance L, reproduced on the
liquid crystal panel 300 is obtained by multiplying the dim-
ming level by the sum of respective light transmittances of
subpixels. Put another way, the real luminance L, .,,.,, at each
gray level of the image is equal to a sum of light transmit-
tances T,y Ty oony @0d T,y 0T each of the red, green and
the blue subpixels, respectively, multiplied by a ratio of the
adjusted luminance of the light to the maximum luminance of
the light which can be provided by the light-emitting unit LB
(e.g., the dimming level).

[0070] Minimizing the amount of luminance distortion by
adjusting the dimming level will be described in further detail
below with reference to FIGS. 7 through 10.

[0071] Referring again to FIG. 5, the PWM signal output
unit 670 outputs the optical data signal LDAT corresponding
to the dimming level provided by the dimming level deter-
miner 660. In an exemplary embodiment, the optical data
signal LDAT 1s a PWM signal. A pulse width of the PWM
signal is determined by the dimming level. Specifically, a
higher the dimming level corresponds to a higher, e.g., longer,
pulse width. Conversely, a lower dimming level corresponds
to a lower, e.g., short, pulse width. Further, the pulse width of
the optical data signal LDAT corresponds to a duty ratio
thereof Thus, as the pulse width of the optical data signal
LDAT is increased, e.g., as the duty ratio of the optical data
signal LDAT is increased, a luminance of light provided by
the light-emitting unit LB increases.

[0072] Operation of the backlight driver 800 and the light-
emitting unit LB will now be described in further detail with
reference to FIG. 6. FIG. 6 is a schematic circuit diagram of
the backlight driver 800 and the light-emitting unit LB of the
LCD 10 according to the exemplary embodiment of the
present invention shown in FIG. 1.

[0073] Referring to FIG. 6, the backlight driver 800
includes a switching device 810 and controls the luminance of
the light-emitting unit LB based on the optical data signal
LDAT.

[0074] Specifically, when the optical data signal LDAT is at
a high level, the switching device 810 of the backlight driver
800 is turned on, and a power supply voltage Vin is applied to
the light-emitting unit LB. Accordingly, electric current flows
through the light-emitting unit LB and an inductor L attached
in electrical series with the LEDs of the light-emitting umt
LB. As aresult, the inductor L stores energy generated by the
electric current flowing therethrough. When the optical data
signal LDAT transitions to a low value, however, the switch-
ing device 810 of the backlight driver 800 is turned off, and
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the light-emitting unit LB, the inductor L, and a diode D
thereby form a closed circuit. Accordingly, electric current
flows through the closed circuit. Specifically, the energy
stored in the inductor [ is discharged, thereby reducing an
amount of the electric current. Since the duty ratio of the
optical data signal LDAT determines a period of time during
which the switching device 810 is turned on, the duty ration of
the optical data signal LDAT also determines the luminance
of the light-emitting unit [.B.

[0075] Minimizing the amount of luminance distortion by
adjusting the dimming level will now be described in further
detail with reference to FIGS. 7 through 10. FIG. 7 is a graph
of grayscale level versus number of pixels illustrating histo-
gram information of an image displayed on the LCD 10
according to the exemplary embodiment of the present inven-
tion shown in FIG. 1. FIG. 8 is a graph of dimming level
versus image distortion illustrating luminance distortion of
the image which has the histogram information shown in FIG.
7 and which is displayed on the LCD 10 according to the
exemplary embodiment of the present invention shown in
FIG. 1. FIG. 9 is a graph of grayscale level versus number of
pixels illustrating histogram information of another image
displayed on the LCD 10 according to the exemplary embodi-
ment of the present invention shown in FIG. 1. FIG. 10 is a
graph of dimming level versus image distortion illustrating
luminance distortion of the image which has the histogram
information shown in FIG. 9 and which is displayed on the
LCD 10 according to the exemplary embodiment of the
present invention shown in FIG. 1.

[0076] The histogram information illustrated in FIGS. 7
and 9 is based on an assumption, made only for purposes of
illustration herein, that the LCD 10 has 64 gray levels, with a
lowest gray level thereof being 0 (zero) and a highest gray
level thereof being 63. Further, the histogram information
indicates numbers of red (“R™), green (“G”) and blue (“B”)
subpixels of a pixel PX at each gray level of the 64 gray levels.
Thus, by comparing the histogram shown in FIG. 7 to the
histogram shown in FIG. 9, it can be seen that the image
associated with FIG. 7 contains more high gray-level pixels
than the image associated with FIG. 9. Put another way, the
image of FIG. 7 is a dark image having low luminance relative
to the image of FIG. 9, which is a bright image having rela-
tively high luminance.

[0077] The graphs of FIGS. 8 and 10 illustrate the dimming
level versus the amount of a luminance distortion, e.g., an
image quality distortion, with respect to the original gamma
coefficient and the target gamma coefficient. For purposes of
illustration in FIGS. 8 and 10, it is assumed that the original
gamma coeflicient is approximately 2.2 and that the target
gamma coefficient is approximately 1.8, but alternative
exemplary embodiments of the present invention are not lim-
ited thereto.

[0078] Referring to FIG. 8, when the original gamma coef-
ficient is y=2.2, the amount of luminance distortion is mini-
mum when the dimming level is approximately 0.98, e.g.,
when a luminance of the light-emitting unit LB is effectively
maximum. In this case, an amount of luminance distortion,
and more particularly, a minimum amount of luminance dis-
tortion, is approximately 34,000. On the other hand, when the
target gamma coefficient y=1.8, the amount of luminance
distortion is effectively minimum when the dimming level is
approximately 0.92. In this instance, the minimum amount of
luminance distortion is approximately 13,426.
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[0079] Therefore, when the target gamma coefficient is
used instead of the original gamma coefficient to display the
image of FIG. 7, e.g., a dark image having the relatively low
luminance, the amount of luminance distortion of theimage is
substantially reduced in the LCD 10 according to an exem-
plary embodiment of the present invention. Consequently, a
display quality of the LCD 10 is substantially enhanced. In
addition, when the dimming level is low, the luminance of the
light-emitting unit LB is reduced, which, in turn, reduces
power consumption of the light-emitting unit LB. Therefore,
when the target gamma coefficient is used instead of the
original gamma coefficient, power consumption of the LCD
10 according to an exemplary embodiment is substantially
reduced.

[0080] Likewise and referring now to FIG. 10, when the
original gamma coefficient is y=2.2, the amount of lumi-
nance distortion is effectively minimum when the dimming
level is approximately 1, e.g., when the luminance of the
light-emitting unit LB is effectively maximum. Thus, the
amount of uminance distortion, e.g., the minimum amount of
luminance distortion, is approximately 100,543. On the other
hand, when the target gamma coefficient y=1.8, the amount
of luminance distortion is effectively minimum when the
dimming level is approximately 0.97. As a result, the mini-
mum amount of luminance distortion is approximately
68,432.

[0081] Therefore, when the target gamma coeflicient is
used instead of the original gamma coefficient to display the
image of F1G. 9, e.g., abright image having the relatively high
luminance, the amount of luminance distortion is substan-
tially reduced. Consequently, the display quality of the LCD
10 according to an exemplary embodiment is substantially
enhanced. In addition, when the dimming level is low, the
luminance of the light-emitting unit LB is reduced, which, in
turn, reduces the power consumption of the light-emitting
unit LB. Therefore, when the target gamma coefficient is used
instead of the original gamma coefficient, power consump-
tion of the LCD 10 is substantially reduced.

[0082] Thus, in the LCD 10 and a method of driving the
same according to exemplary embodiments of the present
invention described above with reference to FIGS. 1 through
10, first image signals R, G and B having a first gray level with
respect to an original gamma coefficient is converted into
second image signals R', G' and B' having a second gray level
with respect to a target gamma coefficient which is smaller
than the original gamma coefficient. Then, the second image
signals R', G' and B' are provided to a liquid crystal panel 300,
and the liquid crystal panel 300 displays an image in response
to the second image signals R', G' and B'. In addition, the
amount of luminance distortion is calculated for each frame
on which an image is displayed, and a dimming level, which
minimizes the amount of luminance distortion, is determined.
Accordingly, the luminance of light provided by a light-emit-
ting unit LB is adjusted based on the dimming level. Conse-
quently, as described above, a display quality of the LCD 10
according to an exemplary embodiment is substantially
enhanced, and a power consumption thereof is effectively
reduced.

[0083] Hereinafter, an LCD and a method of driving the
same according to an alternative exemplary embodiment of
the present invention will be described in further detail with
reference to FIGS. 11 through 14. FIG. 11 is a block diagram
of an LCD 11 according to an alternative exemplary embodi-
ment of the present invention. FIG. 12 is a plan view of a
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plurality of display blocks DB 1 through DBm and a plurality
of light-emitting blocks LB1 through LBm of the LCD 11
according to the exemplary embodiment of the present inven-
tion shown in FIG. 11. FIG. 13 is a plan view of the plurality
of display blocks DB1 through DBm and the plurality of
light-emitting blocks LB1 through LBm according to an
alternative exemplary embodiment of the present invention.
FIG. 14 is a schematic circuit diagram a backlight driver 801
and the plurality of light-emitting blocks LB1 through LBm
of the LCD 11 according to the exemplary embodiment of the
present invention shown in FIG. 11. The same or like com-
ponents to those of previously-described exemplary embodi-
ments are indicated by the same reference numerals, and thus
any repetitive detailed description will hereinafter be omitted.

[0084] Referring to FIG. 11, the LCD 11 includes a liquid
crystal panel 301, a signal controller 701, a grayscale voltage
generator 550, a gate driver 400, a data driver 500, a memory
750, the backlight driver 801 and light-emitting blocks LB1
through LBm of the plurality of light-emitting blocks LB1
through LBm connected to the backlight driver 801.

[0085] Theliquid crystal panel 301 includes display blocks
DBI1 through DBm to display an image thereon. The display
blocks DB1 through DBm according to an exemplary
embodiment may be arranged in a matrix having one (1) row
and m columns, as shown in FIG. 11, but alternative exem-
plary embodiments are not limited thereto. In an exemplary
embodiment, the display blocks DB1 through DBm corre-
spond to columns COL of the light-emitting blocks LB1
through LBm, respectively. For example, an i* display block
DBi corresponds to an i light-emitting block LBi.

[0086] The signal controller 701 receives first image sig-
nals R, G and B and external control signals for controlling
display of the first image signals R, G and B and outputs
second image signals R', G' and B', a data control signal
CONT1, a gate control signal CONT2, an image data signal
IDAT and first through m™ optical data signals LDAT1
through LDATm.

[0087] Specifically, the signal controller 701 according to
an exemplary embodiment converts the first image signals R,
G and B having a first gray level based on an original gamma
coefficient into the second image signals R', G' and B' having
asecond gray level based on a target gamma coefficient. In an
exemplary embodiment, the target gamma coefficient is less
than or equal to the original gamma coefficient, as described
in greater detail above. The signal controller 701 according to
an exemplary embodiment also provides the first through m”
optical data signals LDAT1 through LDATm to the backlight
driver 801. In this case, the first through m™ optical data
signals LDAT1 through LDATm have respective duty ratios
which minimize amounts of luminance distortion of images
displayed on the display blocks DB1 through DBm, respec-
tively.

[0088] Thesignal controller 701 according to an exemplary
embodiment of the present invention includes an image signal
controller 600_1 and an optical data signal controller 601_2.
The optical data signal controller 601_2 receives numbers of
pixels #R, #G and #B at each gray level from a histogram
information repository 770, calculates an amount of lumi-
nance distortion of an image displayed on each of the display
blocks DB 1 through DBm, and provides the first through m*
optical data signals LDAT1 through LDATm having duty
ratios which minimize the amounts of luminance distortion to
the backlight driver 801.
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[0089] The backlight driver 801 controls a luminance of
light provided by the light-emitting blocks LB1 through LBm
based on the first through m™ optical data signals LDATI
through LDATm, respectively. The luminances of the light-
emitting blocks [.B1 through IL.Bm vary according to duty
ratios of the first through m™ optical data signals LDAT1
through LDATm, respectively. In addition, the duty ratios of
the first through m” optical data signals LDAT1 through
LDATm are controlled to minimize the amounts of lTuminance
distortion of images displayed on each of the light-emitting
blocks LB1 through LBm, respectively. A structure and
operation of the backlight driver 801 according to an exem-
plary embodiment of the present invention will be described
in further detail below with reference to FIG. 14.

[0090] A light-emitting unit LB according to an exemplary
embodiment of the present invention includes the light-emit-
ting blocks LB1 through LBm. Further, the light-emitting
blocks L.B1 through LBm are disposed under the liquid crys-
tal panel 301 to provide light to the liquid crystal panel 301. In
addition, the light-emitting blocks L.B1 through LBm may be
arranged, for example, in columns COL1 through COLm, as
shown in FIGS. 12 and 13, but alternative exemplary embodi-
ments are not limited thereto.

[0091] Light sources included in the light-emitting blocks
LB1 through LBm may be arranged under a peripheral edge
region of the liquid crystal panel 301, as shown in FIG. 12. In
this case, the light sources may be point light sources, such as
LEDs, arranged under opposite sides of the liquid crystal
panel 301. Alternatively, the light sources included in the
light-emitting blocks LB1 through LBm, may be arranged
directly under the liquid crystal panel 301, as shown in FIG.
13. Inthis instance, the light sources may be line light sources
arranged substantially parallel to each other and disposed
under the display blocks DB 1 through DBm. The light
sources according to an exemplary embodiment of the present
invention may be, for example, cold cathode fluorescent
lamps (“CCFLs”) or, alternatively, hot fluorescent lamps
(“HCFLs”), but alternative exemplary embodiments are not
limited thereto.

[0092] An operation of the backlight driver 801 and of the
light-emitting unit LB, e.g., of the light-emitting blocks LB1
through LBm, shown in FIG. 11 will now be described in
further detail with reference to FIG. 14. As described above,
FIG. 14 is a schematic circuit diagram of the backlight driver
801 and the light-emitting blocks LB1 through LBm of the
LCD 11 according to the exemplary embodiment of the
present invention shown in FIG. 11.

[0093] Referring to FIG. 14, the backlight driver 801
according to an exemplary embodiment of the present inven-
tion includes first through m” switching devices 801_1
through 801_m and therewith controls luminances of the
light-emitting blocks LB 1 through LBm based on the first
through m™ optical data signals LDAT1 through LDATm,
respectively. The same or like components shown in of FIG.
14 as those in FIG. 6 are designated by the same reference
characters as in FIG. 6, and any repetitive detailed description
thereof will hereinafter be omitted.

[0094] Thus, the liquid crystal panel 301 included in the
LCD 11 according to an exemplary embodiment includes the
display blocks DB1 through DBm, and the light-emitting umt
LB includes the light-emitting blocks LB1 through LBm. The
light-emitting blocks LB1 through LBm correspond to the
display blocks DB1 through DBm, respectively, and provide
light to the display blocks DB1 through DBm, respectively.
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[0095] The luminance of light provided to each of the dis-
play blocks DB1 through DBm may be adjusted to minimize
the amount of luminance distortion of an image displayed on
each of the display blocks DB1 through DBm. Therefore, as
described above in further detail with respect to FIGS. 1
through 10, a display quality of the LCD 11 is effectively
enhanced, and a power consumption thereof is substantially
reduced.

[0096] Hereinafter, an LCD and a method of driving the
same according to another alternative exemplary embodi-
ment of the present invention will be described in further
detail with reference to FIGS. 15 and 16. FIG. 15 is a block
diagram of an .CD 12 according to another alternative exem-
plary embodiment of the present invention. FIG. 16 is a sche-
matic circuit diagram of a plurality of display blocks DB1
through DB(nxm)and aplurality of light-emitting blocks LB1
through LB(nxm) of the LCD 12 according to the exemplary
embodiment of the present invention shown in FIG. 15. Ele-
ments substantially the same as those of previously-described
exemplary embodiments are indicated by the same reference
numerals, and thus and repetitive description thereof will
hereinafter be omitted.

[0097] Referring to FIG. 15, the LCD 12 according to an
exemplary embodiment includes a liquid crystal panel 302, a
signal controller 702, a grayscale voltage generator 550, a
gate driver 400, a data driver 500, a memory 750, a plurality
of backlight drivers 802_1 through 802__m, and a light-emit-
ting unit LB connected to backlight drivers 802_1 through
802_m of the plurality of backlight drivers 802_1 through
802_m.

[0098] Theliquid crystal panel 302 includes display blocks
DB1 through DB(nxm) of the plurality of display blocks DB1
through DB(nxm) to display an image thereon. The display
blocks DB1 through DB(nxm) are arranged in a matrix hav-
ing n rows and m columns (where n and m are natural num-
bers). As a result, the display blocks DB1 through DB(nxm)
correspond to the light-emitting blocks LBI1 through
LB(nxm) of the light-emitting unit LB, respectively.

[0099] The signal controller 702 receives first image sig-
nals R, G and B and external control signals for controlling
display of the first image signals R, G and B and outputs
second image signals R', G' and B', a data control signal
CONT1, a gate control signal CONT2, an image data signal
IDAT and a plurality of optical data signals LDAT.

[0100] Specifically, the signal controller 702 converts the
first image signals R, G and B having a first gray level based
on an original gamma coeflicient into the second image sig-
nals R', G' and B' having a second gray level based on a target
gamma coefficient. In an exemplary embodiment of the
present invention, the target gamma coefficient is less than or
equal to the original gamma coefficient. The signal controller
702 provides the optical data signals LDAT to the backlight
drivers 802_1 through 802_ m. In this case, optical data sig-
nals LDAT of the plurality of optical data signals LDAT have
duty ratios which minimize amounts of luminance distortion
of images displayed on the display blocks DB1 through
DB(nxm).

[0101] In an exemplary embodiment of the present inven-
tion, the signal controller 702 includes an image signal con-
troller 600_1 and an optical data signal controller 602_2. The
optical data signal controller 602_2 receives numbers of pix-
els #R, #G and #B at each gray level of the image from a
histogram information repository 770, calculates amounts of
luminance distortion of images displayed on the display
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blocks DB1 through DB(nxm), and provides the optical data
signals LDAT having the duty ratios which minimize the
amounts of luminance distortion to the backlight drivers
802_1 through 802 m, respectively.

[0102] Thus the backlight drivers 802_1 through 802 m
control luminances of light provided by the light-emitting
blocks LB1 through LB(nxm) based on the optical data sig-
nals LDAT. The luminances of the light-emitting blocks LB1
through LB(nxm) are controlled by images displayed on the
display blocks DB1 through DB(nxm), respectively. The
luminances of the light-emitting blocks LB1 through
LB(nxm) vary according to the duty ratios of the optical data
signals LDAT. In addition, the duty ratios of the optical data
signals LDAT are controlled to minimize the amounts of
luminance distortion of images displayed on the display
blocks DBI through DB(nxm).

[0103] The light-emitting unit LB according to an exem-
plary embodiment of the present invention includes the light-
emitting blocks LB1 through LB(nxm), as shown in FIG. 16
and may further be disposed under the liquid crystal panel 302
(FIG. 15) to provide the light to the liquid crystal panel 302.
The light-emitting blocks LB1 through LB(nxm) may be
arranged, for example, as shown in FIG. 15, but alternative
exemplary embodiments of the present invention are not lim-
ited thereto. Specifically, the light-emitting blocks LBl
through L.B(nxm) may be arranged in a matrix having n rows
and m columns to correspond to the display blocks DB1
through DB(nxm), respectively. Each of the light-emitting
blocks LB1 through LB(nxm) may include one or more light-
emitting devices, such as one or more LEDs, for example.

[0104] Theliquid crystal panel 302 included in the LCD 12
according to an exemplary embodiment includes the display
blocks DB1 through DB(nxm) and the light-emitting unit LB
includes the light-emitting blocks L.B1 through L B(nxm) cor-
responding thereto. Specifically, the light-emitting blocks
LB1 through LB(nxm) correspond to the display blocks DB1
through DB(nxm), respectively, and thereby provide light to
the display blocks DB1 through DB(nxm), respectively.

[0105] A luminance of the light provided to each of the
display blocks DB1 through DB(nxm) is controlled to mini-
mize an amount of luminance distortion of portions of an
image which are displayed on each of the display blocks DB1
through DB(nxm) top display the image on the LCD 12
according to an exemplary embodiment of the present inven-
tion.

[0106] Therefore, according to exemplary embodiments of
the present invention as described herein, a display quality of
an LCD is substantially enhanced, and power consumption
thereof is effectively reduced.

[0107] The present invention should not be construed as
being limited to the exemplary embodiments set forth herein.
Rather, these exemplary embodiments are provided so that
this disclosure will be thorough and complete and will fully
convey the concept of the present invention to those skilled in
the art. The exemplary embodiments described herein are to
be considered in a descriptive sense only and not for purposes
of limitation.

[0108] While the present invention has been particularly
shown and described with reference to exemplary embodi-
ments thereof, it will be understood by those of ordinary skill
in the art that various changes in form and detail may be made
therein without departing from the spirit or scope of the
present invention as defined by the following claims.
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What is claimed is:

1. A liquid crystal display comprising:

asignal controller which converts a first image signal hav-
ing a first gray level based on an original gamma coef-
ficient into a second image signal having a second gray
level based on a target gamma coefficient;

aliquid crystal panel which displays an image based on the
second image signal; and

a light-emitting unit which provides light to the liquid
crystal panel,

wherein

the target gamma coefficient is less than the original
gamma coefficient, and

aluminance of the light provided by the light-emitting unit
is adjusted to minimize an amount of luminance distor-
tion of real luminance of the displayed image from ideal
luminance at the original gamma coefficient.

2. The liquid crystal display of claim 1, wherein

the liquid crystal panel comprises pixels, and

the amount of luminance distortion is equal to a sum of
squared products of a number of pixels at each gray level
of the image and a difference between a real luminance
and an ideal luminance at each gray level of the image.

3. The liquid crystal display of claim 2, wherein

each of the pixels is divided into a red subpixel, a green
subpixel and a blue subpixel, and

the real luminance at each gray level of the image is equal
to a sum of light transmittances of each of the red sub-
pixel, the green subpixel and the blue subpixel multi-
plied by a ratio of an adjusted luminance of the lightto a
maximum luminance of the light which can be provided
by the light-emitting unit.

4. The liquid crystal display of claim 1, wherein

an original gamma curve defines a relationship between
gray levels and corresponding light transmittances
based on the original gamma coefficient,

a target gamma curve defines a relationship between gray
levels and corresponding light transmittances based on
the target gamma coefficient, and

the second gray level is a gray level on the original gamma
curve at which a corresponding light transmittance
thereof is equal to a light transmittance corresponding to
the first gray level on the target gamma curve.

5. The liquid crystal display of claim 4, wherein the first
image signal is converted into the second image signal by
using a lookup table which stores the gray level on the original
gamma curve at which the corresponding light transmittance
thereofis equal to the light transmittance corresponding to the
first gray level on the target gamma curve.

6. The liquid crystal display of claim 1, wherein the liquid
crystal panel comprises pixels, and the signal controller com-
prises:

an image signal controller which extracts a number of
pixels at each gray level in the image; and

a memory which stores the number of pixels at each gray
level in the image extracted by the signal controller.

7. The liquid crystal display of claim 6, wherein

the amount of luminance distortion is equal to a sum of
squared products of a number of pixels at each gray level
of the image and a difference between a real luminance
and an ideal luminance at each gray level of the image,
and
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the signal controller further comprises an optical data sig-
nal controller which calculates the amount of luminance
distortion based on the number of pixels at each gray
level stored the memory.

8. The liquid crystal display of claim 6, wherein

the amount of luminance distortion is equal to a sum of

squared products of a number of pixels at each gray level

of the image and a difference between a real luminance

and an ideal luminance at each gray level of the image,
the memory comprises a lookup table, and

the memory stores the ideal luminance at each gray level of

the image in the lookup table.

9. The liquid crystal display of claim 1, further comprising
a backlight driver which adjusts the luminance of the light
provided by the light-emitting unit, wherein

the signal controller calculates a dimming level which

minimizes the amount of luminance distortion of the
image,

the signal controller provides an optical data signal having

a duty ratio based on the dimming level to the backlight
driver, and

the dimming level is a ratio of an adjusted luminance of the

light to a maximum luminance of the light which can be
provided by the light-emitting unit.

10. The liquid crystal display of claim 1, wherein

the original gamma coefficient is 2.2, and

the target gamma coeflicient is between 1.0 and 2.2.

11. The liquid crystal display of claim 1, wherein the lumi-
nance of the light is adjusted for each frame in which the
image is displayed.

12. The liquid crystal display of claim 1, wherein

the liquid crystal panel comprises a plurality of display

blocks,

the light-emitting unit comprises a plurality of light-emit-

ting blocks which provides the light to the liquid crystal
panel,

light-emitting blocks of the plurality of light-emitting

blocks correspond to display blocks of the plurality of
display blocks, and

aluminance of light provided by each of the light-emitting

blocks is adjusted to minimize an amount of luminance
distortion of a portion of the image displayed on each of
the corresponding display blocks.

13. The liquid crystal display of claim 12, wherein the
display blocks and the light-emitting blocks are arranged in a
matrix comprising one or more rows and one or more col-
umns.

14. A method of driving a liquid crystal display having a
liquid crystal panel which displays an image and a light-
emitting unit which provides light to the liquid crystal panel,
the method comprising:

converting a first image signal having a first gray level

based on an original gamma coefficient into a second
image signal having a second gray level based on a target
gamma coefficient less than the original gamma coeffi-
cient;

providing the second image signal to the liquid crystal

panel; and

adjusting a luminance of the light provided by the light-

emitting unit to minimize an amount of luminance dis-
tortion of real luminance of the displayed image from
ideal luminance at the original gamma coefficient.
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15. The method of claim 14, wherein

the liquid crystal panel comprises pixels, and

the amount of luminance distortion is equal to a sum of

squared products of a number of pixels at each gray level
of the image and a difference between a real luminance
and an ideal luminance at each gray level of the image.

16. The method of claim 14, wherein the converting of the
first image signal into the second image signal comprises
using a lookup table which stores the second gray level.

17. The method of claim 14, wherein

the liquid crystal panel comprises pixels, and

the adjusting of the luminance of the light comprises:

extracting a number of pixels at each gray level in the
image; and

storing the number of pixels at each gray level in a
memory.

18. The method of claim 17, wherein the amount of lumi-
nance distortion is equal to a sum of squared products of a
number of pixels at each gray level of the image and a differ-
ence between a real luminance and an ideal luminance at each
gray level of the image, and the adjusting of the luminance of
the light further comprises reading the number of pixels at
each gray level and calculating the amount of luminance
distortion.
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19. The method of claim 14, wherein the adjusting of the

luminance of the light comprises:

calculating a dimming level which minimizes the amount
of luminance distortion of the image;

calculating a duty ratio based on the dimming level; and

providing light having a luminance which corresponds to
the calculated duty ratio with the light-emitting unit,
wherein the dimming level is a ratio of an adjusted
luminance of the light to a maximum luminance of the
light which can be provided by the light-emitting unit.

20. The method of claim 14, wherein

the liquid crystal panel comprises a plurality of display
blocks,

the light-emitting unit comprises a plurality of light-emit-
ting blocks which provides the light to the liquid crystal
panel,

light-emitting blocks of the plurality of light-emitting
blocks correspond to display blocks of the plurality of
display blocks, and

the adjusting of the luminance of the light comprises
adjusting a luminance of light provided by each of the
light-emitting blocks to minimize an amount of lumi-
nance distortion of a portion of the image displayed on
each of the corresponding display blocks.

* ok % %k %
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