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(57) ABSTRACT

Disclosed herein is a liquid crystal display capable of reduc-
ing a side effect during local LED dimming to reduce power
consumption and improve display quality. The liquid crystal
display includes a liquid crystal panel having a plurality of
liquid crystal cells formed respectively in a plurality of pixel
areas defined by intersections of a plurality of gate lines and
a plurality of data lines, a data driver for supplying data
voltages to the data lines, a gate driver for supplying scan
signals to the gate lines, a timing controller for controlling the
data driver and gate driver and outputting a plurality of dim-
ming signals based on an average picture level (APL)
detected based on video data supplied to the liquid crystal
panel, and a light emitting diode (LED) backlight unit for
partitioning the liquid crystal panel into a plurality of areas
and supplying appropriate pulse width modulation (PWM)
control signals based on the dimming signals to a plurality of
LED arrays installed to correspond respectively to the parti-
tioned areas, to supply light to the liquid crystal panel.

4 Claims, 6 Drawing Sheets
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FIG. 1
The Related Art
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FIG. 2
The Related Art
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FIG.3
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FIG. 5
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1
LIQUID CRYSTAL DISPLAY

This application claims the benefit of the Korean Patent
Application No. P2008-035158, filed on Apr. 16, 2008, which
is hereby incorporated by reference as if fully set forth herein.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a liquid crystal display, and
more particularly, to a liquid crystal display which is capable
of reducing power consumption and improving display qual-
ity.

2. Discussion of the Related Art

Recently, various flat panel display devices have been
developed to reduce weight and volume which are disadvan-
tages of a cathode ray tube. These flat panel display devices
may be, for example, a liquid crystal display, a field emission
display, a plasma display panel, a light emitting device, and
the like.

The liquid crystal display, among the flat panel display
devices, includes a liquid crystal panel including a plurality of
liquid crystal cells arranged in matrix form and a plurality of
control switches for switching video signals to be supplied
respectively to the liquid crystal cells, and a backlight unit for
supplying light to the liquid crystal panel. The liquid crystal
panel is adapted to control transmittance of the light supplied
from the backlight unit to display a desired image on a screen.

Recently, backlight units have become smaller, thinner and
lighter. According to this trend, there have been proposed
backlight units using light emitting diodes (referred to here-
inafter as LEDs) which are advantageous in terms of power
consumption, weight, brightness, etc., instead of fluorescent
lamps.

FIG. 1 schematically shows the configuration of a liquid
crystal display of the related art using an LED backlight unit.

Referring to FIG. 1, the conventional liquid crystal display
comprises a liquid crystal panel 2 having liquid crystal cells
formed respectively in areas defined by n gate lines GL1 to
GLn and m data lines DL1 to DLm, a data driver 4 for
supplying analog video signals to the data lines DL1 to DL,
a gatedriver 6 for supplying scan signals to the gate lines GL.1
to GLn, a timing controller 8 for controlling the data driver 4
and gate driver 6 and generating a dimming signal DS using
input data RGB, and an LED backlight unit 10 for turning on
a plurality of LEDs in response to the dimming signal DS to
irradiate light to the liquid crystal panel 2.

The liquid crystal panel 2 includes a transistor array sub-
strate and a color filter array substrate bonded to face each
other, a spacer for keeping a cell gap between the two array
substrates constant, and a liquid crystal filled in a liquid
crystal space provided by the spacer.

The liquid crystal panel 2 further includes thin film tran-
sistors (TFTs) formed respectively in the areas defined by the
n gate lines GL1 to GLn and the m data lines DL1 to DLm,
and liquid crystal cells connected respectively to the TFTs.
Each TFT supplies an analog video signal from a correspond-
ing one of the data lines DL1 to DLim to a corresponding one
of the liquid crystal cells in response to a scan signal from a
corresponding one of the gate lines GL1 to GLn. Each liquid
crystal cell can be equivalently expressed as a liquid crystal
capacitor Clc because it is provided with a pixel electrode
connected to the corresponding TFT, and a common electrode
facing the pixel electrode with a liquid crystal interposed
therebetween. This liquid crystal cell further includes a stor-
age capacitor Cst for maintaining an analog video signal
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charged on the liquid crystal capacitor Clc until a next analog
video signal is charged thereon.

The timing controller 8 arranges data RGB externally
inputted thereto suitably for the driving of the liquid crystal
panel 2 and supplies the arranged data to the data driver 4.
Also, the timing controller 8 generates data control signals
DCS and gate control signals GCS using a dot clock DCLK,
a data enable signal DE, and horizontal and vertical synchro-
nous signals Hsync and Vsync externally inputted thereto,
and applies the generated data control signals DCS and gate
control signals GCS to the data driver 4 and gate driver 6,
respectively, to control the driving timings thereof.

The timing controller 8 also generates a dimming signal
DS for control of the LED backlight unit 10 using the input
data RGB.

The gate driver 6 includes a shift register for sequentially
generating scan signals, or gate high signals, in response to
the gate control signals GCS from the timing controller 8.
This gate driver 6 sequentially supplies the gate high signals
to the gate lines GL of the liquid crystal panel 2 to turn on the
TFTs connected to the gate lines GL.

The data driver 4 converts data signals Data supplied from
the timing controller 8 into analog video signals in response to
the data control signals DCS from the timing controller 8 and
supplies analog video signals of one horizontal line to the data
lines DL at intervals of one horizontal period in which each
scan signal is supplied to each gate line GL. That is, the data
driver 4 selects gamma voltages having certain levels based
on gray scale values of the data signals Data and supplies the
selected gamma voltages to the data lines DL1 to DLm. At
this time, the data driver 4 inverts the polarities of the analog
video signals to be supplied to the data lines DL1 to DLm in
response to a polarity control signal POL.

The LED backlight unit 10 includes an LED array 12
including a plurality of LEDs, and an LED controller 14 for
turning on the LEDs in response to the dimming signal DS
from the timing controller 8.

The LED controller 14 generates a pulse width modulation
(PWM) control signal Vpwm corresponding to the dimming
signal DS and supplies the generated PWM control signal
Vpwm to the LED array 12.

The LED array 12 is disposed to face the rear surface of the
liquid crystal panel 2, and includes a plurality of red, green
and blue LEDs arranged repetitively.

Each LED is turned on in response to the PWM control
signal Vpwm supplied from the LED controller 14 to emit
light to the liquid crystal panel 2.

This liquid crystal display of the related art using the LED
backlight unit converts input data RGB into analog video
signals and supplies the converted video signals to the respec-
tive data lines DL synchronously with the supply of a scan
signal to each gate line GL to drive the liquid crystal cells.
Also, the liquid crystal display turns on a plurality of LEDs
with a PWM control signal Vpwm corresponding to a dim-
ming signal DS based on the input data RGB from one pre-
determined dimming curve to irradiate light to the liquid
crystal cells. Therefore, the liquid crystal display controls
transmittance of light irradiated from the LED backlight unit
10 through the liquid crystal cells driven by the analog video
signals to display an image corresponding to the input data on
the liquid crystal panel 2.

However, the liquid crystal display using the LED back-
light unit is disadvantageous in that it cannot partially empha-
size the brightness of an image displayed on the liquid crystal
panel 2 using the LED backlight unit because it generates the
dimming signal DS based on the input data RGB from one
predetermined dimming curve.
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In other words, in the case where the input data has a high
average picture level (referred to hereinafter as an APL) as in
a dimming curve REF1 having an abrupt gray level variation,
as shown in FIG. 2, an image outputted to the liquid crystal
panel is mostly present in a bright area. In this case, when the
dimming signal is supplied to the LED backlight unit using
any one of the dimming curve REF1 or dimming curve REF2,
the LED backlight unit may scarcely dim, resulting in a
reduction in power consumption reducing effect. Particularly,
in the case where the dimming signal is based on the dimming
curve REF2 having a slow gray level variation, a side effect
such as darkening or flashing of the screen may occur depend-
ing on the APL.

SUMMARY OF THE INVENTION

Accordingly, the present invention is directed to a liquid
crystal display that substantially obviates one or more prob-
lems due to limitations and disadvantages of the related art.

An object of the present invention is to provide a liquid
crystal display which is capable of supplying an optimum
dimming signal based on an average picture level of input
video data to an LED backlight unit, so as to reduce power
consumption and improve display quality.

Additional advantages, objects, and features of the inven-
tion will be set forth in part in the description which follows
and in part will become apparent to those having ordinary
skill in the art upon examination of the following or may be
learned from practice of the invention. The objectives and
other advantages of the invention may be realized and
attained by the structure particularly pointed outin the written
description and claims hereof as well as the appended draw-
ings.

To achieve these objects and other advantages and in accor-
dance with the purpose of the invention, as embodied and
broadly described herein, a liquid crystal display includes: a
liquid crystal panel having a plurality of liquid crystal cells
formed respectively in a plurality of pixel areas defined by
intersections of a plurality of gate lines and a plurality of data
lines; a data driver for supplying data voltages to the data
lines; a gate driver for supplying scan signals to the gate lines;
a timing controller for controlling the data driver and gate
driver and outputting a plurality of dimming signals based on
an average picture level (APL) detected based on video data
supplied to the liquid crystal panel; and a light emitting diode
(LED) backlight unit for partitioning the liquid crystal panel
into a plurality of areas and supplying appropriate pulse width
modulation (PWM) control signals based on the dimming
signals to a plurality of LED arrays installed to correspond
respectively to the partitioned areas, to supply light to the
liquid crystal panel.

The timing controller may include: a data processor for
arranging the video data and supplying the arranged data to
the data driver; a control signal generator for generating data
and gate control signals for control of the data driver and gate
driver; and an LED dimming signal generator for generating
the plurality of dimming signals appropriate respectively to
the plurality of areas.

The LED dimming signal generator may include: a total
APL detector for detecting a total APL of the video data; an
APL-by-area detector for detecting APLs-by-areas of the
video data supplied to the plurality of areas; and a plurality of
lookup tables each for storing dimming values set according
to the total APL detected by the total APL detector and the
APLs-by-areas detected by the APL-by-area detector and
outputting the stored dimming values as the dimming signals.
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Each of the lookup tables may store dimming values mea-
sured with respect to a maximum APL and minimum APL of
the video data and APLs between the maximum APL and
minimum APL.

The LED dimming signal generator may further include a
filter for removing noise from the dimming signals from the
lookup tables.

The LED backlight unit may include: the plurality of LED
arrays each including a plurality of LEDs corresponding to a
corresponding one of the plurality of areas; and an LED
controller for outputting the control signals to the plurality of
LED arrays, respectively, in response to the plurality of dim-
ming signals to turn on the LED arrays.

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

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are included to pro-
vide a further understanding of the invention and are incor-
porated in and constitute a part of this application, illustrate
embodiment(s) of the invention and together with the descrip-
tion serve to explain the principle of the invention. In the
drawings:

FIG. 1 is a schematic view of a conventional liquid crystal
display;

FIG. 2 is a view showing a conventional dimming curve
based on an APL;

FIG. 3 is a schematic view of a liquid crystal display
according to an embodiment of the present invention;

FIG. 4isablock diagram of a timing controller of the liquid
crystal display according to the embodiment of the present
invention;

FIG. 5 is a block diagram of an LED dimming signal
generator of the liquid crystal display according to the
embodiment of the present invention; and

FIG. 6 is a view showing a plurality of dimming curves to
be stored in a lookup table of the liquid crystal display accord-
ing to the embodiment of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

Reference will now be made in detail to the preferred
embodiments of the present invention, examples of which are
illustrated in the accompanying drawings. Wherever pos-
sible, the same reference numbers will be used throughout the
drawings to refer to the same or like parts.

FIG. 3 is a schematic view of a liquid crystal display
according to an embodiment of the present invention.

Referring to FIG. 3, the liquid crystal display according to
the present embodiment comprises a liquid crystal panel 102
having a plurality of liquid crystal cells formed respectively
in a plurality of pixel areas defined by intersections of a
plurality of gate lines GLL1 to GLn and a plurality of data lines
DL1 to DLm, a data driver 106 for supplying data voltages to
the data lines DL, a gate driver 108 for supplying scan signals
to the gate lines GL, a timing controller 104 for controlling the
data driver 106 and gate driver 108 and outputting a plurality
of dimming signals Dim_CS based on an average picture
level (APL) detected based on video data supplied to the
liquid crystal panel 102, and an LED backlight unit 110 for
partitioning the liquid crystal panel 102 into a plurality of
areas and supplying appropriate PWM control signals LED_
PWM based on the dimming signals Dim_CS to a plurality
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of LED arrays 118 installed to correspond respectively to the
partitioned areas, to supply light to the liquid crystal panel
102.

The liquid crystal panel 102 includes a lower substrate and
an upper substrate bonded to face each other. Provided
between the lower substrate and the upper substrate are a
spacer (not shown) for keeping a cell gap between the two
substrates constant, and a liquid crystal layer (not shown).

The lower substrate includes a plurality of data lines DL1
to DLm and a plurality of gate lines GL.1 to GLn arranged to
intersect each other, a plurality of thin film transistors (TFTs)
formed respectively in liquid crystal cell areas defined by the
intersections of the data lines D1 to DLm and the gate lines
GL1 to GLn, and pixel electrodes of liquid crystal cells Clc
connected respectively to the TFTs. Each TFT supplies a
video signal from a corresponding one of the data lines DL to
a corresponding one of the liquid crystal cells Clc in response
to a gate pulse from a corresponding one of the gate lines GL.

Each liquid crystal cell Clc can be equivalently expressed
as aliquid crystal capacitor because it is provided with a pixel
electrode connected to the corresponding TFT, and a common
electrode Veom facing the pixel electrode with a liquid crystal
layer interposed therebetween. This liquid crystal cell further
includes a storage capacitor Cst for maintaining a video sig-
nal charged on the liquid crystal capacitor until a next video
signal is charged thereon.

The upper substrate includes at least three color filters
including red, green and blue filters, a black matrix for sepa-
rating the color filters from one another and defining pixel
cells, and a common electrode Vcom to which a common
voltage is supplied. Here, the common electrode is formed on
the upper substrate in a vertical electric field driving mode
such as a Twisted Nematic (TN) mode or Vertical Alignment
(VA) mode, and on the lower substrate together with the pixel
electrode in ahorizontal electric field driving mode such as an
In-Plane Switching (IPS) mode or Fringe Field Switching
(FFS) mode. Polarizing plates whose optical axes are
orthogonal to each other are attached on the upper substrate
and lower substrate of the liquid crystal panel 102, respec-
tively. Orientation films for setting of a pretilt angle of the
liquid crystal are formed on the inner surfaces of the upper
substrate and lower substrate contacting the liquid crystal.

The timing controller 104 includes, as shown in FI1G. 4, a
data processor 112 for supplying video data R, G and B
externally supplied thereto to the data driver 106, a control
signal generator 114 for generating data and gate control
signals DCS and GCS for control of the data driver 106 and
gate driver 108, and an LED dimming signal generator 116
for generating the dimming signals Dim_CS for control of the
LED backlight unit 110.

The data processor 112 arranges the externally supplied
video data R, G and B into data signals Data suitable for the
driving of the liquid crystal panel 102 and supplies the
arranged data signals Data to the data driver 106.

The control signal generator 114 generates the data control
signals DCS and gate control signals GCS using a main clock
DCLK, a data enable signal DE, and horizontal and vertical
synchronous signals Hsync and Vsync externally inputted
thereto, and applies the generated data control signals DCS
and gate control signals GCS to the data driver 106 and gate
driver 108, respectively, to control the driving timings
thereof. Here, the data control signals DCS include a source
start pulse SSP, a source shift clock SSC, a polarity control
signal POL and a source output enable signal SOE, and the
gate control signals GCS include a gate start pulse GSP, a gate
output enable signal GOE, and a plurality of gate shift clocks
GSC.
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Here, the gate start pulse GSP indicates a start timing
which the scanning is started in one vertical period in which
one frame is displayed. The gate shift clock signal GSC is a
timing control signal which is inputted to a shift register in the
gate driver to sequentially shift the gate start pulse GSP. This
gate shift clock signal GSC has a pulse width corresponding
to an ON period of the TFT. The gate output enable signal
GOE enables the output of the gate driver 108.

The source shift clock SSC controls a data latch operation
of the data driver 106 on the basis of a rising or falling edge
thereof. The source output enable signal SOE enables the
output of the data driver 106. The polarity control signal POL
controls the polarity of a data voltage to be supplied to each
liquid crystal cell Clc of the liquid crystal panel 102.

Also, in order to reduce electromagnetic interference
(EMI) and a swing width of a data voltage on a data transfer
path when the data voltage is supplied to the data driver 106,
the timing controller 104 modulates data in a mini Low-
Voltage Differential Signaling (LVDS) manner or Reduced
Swing Differential Signaling (RSDS) manner and supplies
the modulated data to the data driver 106.

The data driver 106 converts the digital video data R, G and
B from the timing controller 104 into positive/negative analog
data voltages using positive/negative gamma voltages in
response to the data control signals DCS and supplies the
converted positive/negative analog data voltages to the data
lines DL1 to DLm. At this time, the data driver 106 supplies
analog data voltages of video signals of one horizontal line to
the data lines DL1 to DLm at intervals of one horizontal
period in which each scan signal is supplied to each gate line
GL. Here, the data driver 106 may be mounted in a Tape
Carrier Package (TCP) or Chip-On-Film (COF) and con-
nected to the liquid crystal panel 102, or may be mounted in
the liquid crystal panel 102 in a Chip-On-Glass (COG) man-
nef.

The gate driver 108 sequentially generates and supplies
scan pulses, or gate pulses, to the gate lines GL1 to GLn in
response to the gate control signals GCS from the timing
controller 104. The gate driver 108 outputs the scan pulse
having a gate high voltage VGH and a gate low voltage VGL.

The gate driver 108 includes a shift register, a level shifter
for converting a swing width of an output signal from the shift
register into that suitable to the driving of the TFT of the
liquid crystal cell, and an output buffer connected between the
level shifter and the gate lines GL1 to GLn. With this con-
figuration, the gate driver 108 sequentially outputs the scan
pulses. Here, the gate driver 108 may be mounted in a COF or
TCP and connected to gate pads formed on the lower sub-
strate of the liquid crystal panel 102 via an anisotropic con-
ductive film (ACF). Alternatively, the gate driver 108 may be
directly formed on the lower substrate of the liquid crystal
panel 102 using a Gate-In-Panel (GIP) process, simulta-
neously with the data lines DL1 to DLm, gate lines GL1 to
GLnand TFTs formed in a pixel array. As another alternative,
the gate driver 108 may be directly adhered on the lower
substrate of the liquid crystal panel 102 in the COG manner.

The LED dimming signal generator 116 generates a dim-
ming signal appropriate to an image of each video data out-
putted to the liquid crystal panel 102 using an APL of the
externally supplied video data R, G and B and supplies the
generated dimming signal to the LED backlight unit 110. To
this end, the LED dimming signal generator 116 includes, as
shown in FIG. 5, atotal APL detector 202 for detecting a total
APL of the video data, an APL-by-area detector 206 for
detecting an APL of video data supplied to each of the plu-
rality of areas of the liquid crystal panel, and a plurality of
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lookup tables 204 each for outputting optimum dimming
signals Dim_CS based on the total APL and the APL of each
area.

The total APL detector 202 detects the total APL Avg of the
externally supplied video data R, G and B and supplies it to
the plurality of lookup tables 204. In other words, the total
APL detector 202 detects the total APL Avg of the externally
supplied video dataR, G and B on a frame-by-frame basis and
supplies it to the lookup tables 204 so that an optimum one of
the lookup tables 204 can be selected based on the detected
total APL Avg.

The APL-by-area detector 206 detects APLs by the parti-
tioned areas of the liquid crystal panel 102. That is, the APL-
by-area detector 206 partitions video data of one frame of the
liquid crystal panel 102 into N areas, detects APLs Avg_N by
the partitioned areas and supplies the detected APLs Avg_N
to the lookup tables 204.

Each of the lookup tables 204 has dimming values of
APLs-by-areas with respect to a total APL. That is, dimming
values of APLs-by-areas are measured with respect to a total
APL by supplying video data R, G and B to the liquid crystal
panel 102, and then stored in each of the lookup tables 204.
Thereafter, an optimum one of the lookup tables 204 is
selected based on the total APL Avg detected by the total APL
detector 202 and the APLs Avg_N by areas detected by the
APL-by-area detector 206 are then matched with the selected
lookup table so that optimum dimming signals Dim_CS by
areas can be supplied to the LED backlight unit 110.

The LED dimming signal generator 116 further includes a
filter 208 for removing noise from the dimming signals
Dim_CS from the lookup tables 204.

The LED backlight unit 110 includes a plurality of LED
arrays 118 each including a plurality of LEDs, and an LED
controller 120 for turning on the LEDs based on dimming
values of the dimming signals Dim_CS.

The LED controller 120 generates PWM control signals
LED_PWM corresponding respectively to the dimming val-
ues of the dimming signals Dim_CS and supplies the gener-
ated PWM control signals LED_PWM respectively to the
LED arrays 118 so that optimum light can be supplied to each
area according to video data of one frame.

Each of the LED arrays 118 includes a plurality of LEDs
installed to correspond to a corresponding one of a plurality of
partitioned areas of the rear surface of the liquid crystal panel
102. Each LED of each LED array 118 is turned on in
response to a corresponding one of the PWM control signals
LED_PWM from the LED controller 120 to irradiate light to
the corresponding partitioned area of the rear surface of the
liquid crystal panel 102. Here, the LEDs in each LED array
118canbe arranged in the form of a multi chip including a red
(R) LED, green (G) LED and blue (B) LED. As a result, each
LED array 118 emits white light by mixing red light, green
light and blue light generated respectively from the red (R)
LED, green (G) LED and blue (B) LED using white balanc-
ing.

As described above, the liquid crystal display according to
the present embodiment converts input video data RGB into
analog video signals and supplies the converted video signals
to the respective data lines DL synchronously with the supply
of a scan signal to each gate line GL to drive the liquid crystal
cells. Also, the liquid crystal display detects a total APL based
on the input video data RGB, re-sets a new dimming curve
based on the detected total APL to generate dimming signals
Dim_CS based on APLs of the respective partitioned areas of
the liquid crystal panel 102, and turns on a plurality of LEDs
based on each dimming signal Dim_CS to irradiate light to
each partitioned area of the liquid crystal panel 102. There-
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fore, the liquid crystal display according to the present
embodiment controls transmittance of light irradiated from
the LED backlight unit 110 through the liquid crystal cells
driven by the analog video signals to display an image corre-
sponding to the input video data on the liquid crystal panel
102.

According to the present invention, in the case where an
image having a high APL is inputted, a dimming curve APL,_
Max is selected to increase a gray scale-based dimming
range, as shown in FIG. 6. Therefore, the LED backlight unit
110 is controlled within the increased dimming range, so as to
reduce power consumption. For example, when a full white
image is inputted, a dimming curve is set to have low dim-
ming values, because the screen is fully bright, and the LED
backlight unit 110 is controlled based on the set dimming
curve.

Also, in the case where an image having a low APL is
inputted, a dimming curve APLO is selected to control the
LED backlight unit 110, so as to reduce a side effect such as
screen darkening or flashing.

In other words, the liquid crystal display of the present
invention selects one of a plurality of lookup tables based on
an APL, APL_Real of video data inputted in real time, sup-
plies dimming signals based on APLs by areas detected by the
APL-by-area detector, stored in the selected lookup table, to
the LED backlight unit and supplies appropriate PWM con-
trol signals based on the supplied dimming signals to LED
arrays corresponding respectively to a plurality of areas of the
liquid crystal panel, so as to reduce a side effect and improve
display quality of the liquid crystal display.

In addition, the liquid crystal display of the present inven-
tion selects a lookup table having optimum dimming values
according to real-time video data supplied to theliquid crystal
panel and supplies dimming signals based on the selected
lookup table to the LED backlight unit, so as to reduce power
consumption.

As apparent from the above description, a liquid crystal
display of the present invention selects one of a plurality of
lookup tables based on an APL of video data inputted in real
time, supplies dimming signals based on APLs by areas
detected by an APL-by-area detector, stored in the selected
lookup table, to an LED backlight unit and supplies appro-
priate PWM control signals based on the supplied dimming
signals to LED arrays corresponding respectively to a plural-
ity of areas of a liquid crystal panel, so as to reduce a side
effect during local LED dimming and improve display quality
of the liquid crystal display.

Further, the liquid crystal display of the present invention
selects a lookup table having optimum dimming values
according to real-time video data supplied to theliquid crystal
panel and supplies dimming signals based on the selected
lookup table to the LED backlight unit, so as to reduce power
consumption.

It will be apparent to those skilled in the art that various
modifications and variations can be made in the present
invention without departing from the spirit or scope of the
inventions. Thus, it is intended that the present invention
covers the modifications and variations of this invention pro-
vided they come within the scope of the appended claims and
their equivalents.

What is claimed is:

1. A liquid crystal display comprising:

a liquid crystal panel having a plurality of liquid crystal
cells formed respectively in a plurality of pixel areas
defined by intersections of a plurality of gate lines and a
plurality of data lines;

a data driver for supplying data voltages to the data lines;
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a gate driver for supplying scan signals to the gate lines;
a timing controller for controlling the data driver and gate
driver and outputting a plurality of dimming signals
based on an average picture level (APL) detected based
on video data supplied to the liquid crystal panel; and
alight emitting diode (LED) backlight unit for partitioning
the liquid crystal panel into a plurality of areas and
supplying appropriate pulse width modulation (PWM)
control signals based on the dimming signals to a plu-
rality of LED arrays installed to correspond respectively
to the partitioned areas, to supply light to the liquid
crystal panel,
wherein the timing controller comprises:
a data processor for arranging the video data and sup-
plying the arranged data to the data driver;
a control signal generator for generating data and gate
control signals for control of the data driver and gate
driver; and
an LED dimming signal generator for generating the
plurality of dimming signals appropriate respectively
to the plurality of areas,
wherein the LED dimming signal generator comprises:
a total APL detector for detecting a total APL of the
video data;

an APL-by-area detector for detecting APLs-by-areas
of the video data supplied to the plurality of areas;
and

a plurality of lookup tables each for storing dimming
values set according to the total APL detected by
the total APL detector and the APLs-by-areas

10

detected by the APL-by-area detector and output-
ting the stored dimming values as the dimming
signals,
wherein an optimum lookup table of the plurality of
5 lookup tables is selected based on the detected total
APL and then the detected APLs-by-areas is
matched with the selected lookup table so that opti-
mum dimming signals by areas are supplied to the
LED backlight unit.

10 2.The liquid crystal display according to claim 1, wherein
each of the lookup tables stores dimming values measured
with respect to a maximum APL and minimum APL of the
video data and APLs between the maximum APL and mini-
mum APL.

15 3.The liquid crystal display according to claim 1, wherein
the LED dimming signal generator further comprises a filter
for removing noise from the dimming signals from the lookup
tables.

4. The liquid crystal display according to claim 1, wherein

20 the LED backlight unit comprises:

the plurality of LED arrays each including a plurality of
LED:s corresponding to a corresponding one of the plu-

rality of areas; and
an LED controller for outputting the control signals to the
25 plurality of LED arrays, respectively, in response to the
plurality of dimming signals to turn on the LED arrays;
an LED controller for outputting the control signals to the
plurality of LED arrays, respectively, in response to the
plurality of dimming signals to turn on the LED arrays.
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