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LIQUID CRYSTAL DISPLAY DEVICE AND
DRIVING METHOD THEREOF

RELATED APPLICATIONS

[0001] This application claims priority under 35 U.S.C.
119 to Korean Patent Application No. 10-2008-0089278,
filed on Sep. 10, 2008, which is hereby incorporated by ref-
erence in its entirety.

BACKGROUND
[0002] 1. Field of the Disclosure
[0003] This disclosure relates to a liquid crystal display

device adapted to control a luminance of backlight unit
according to a brightness of each divisional region of image,
and a driving method thereof.

[0004] 2. Description of the Related Art

[0005] As the information society grows, display devices
capable of displaying information have been widely devel-
oped. These display devices include liquid crystal display
(LCD) devices, organic electro-luminescence display
devices, plasma display devices, and field emission display
devices. Among the above display devices, the LCD devices
have advantages that they are light and small and can be
driven with low power drive and provide a full color moving
image. Accordingly, the LCD devices have been widely used
for mobile phones, navigation systems, portable computers,
televisions and so on.

[0006] FIG.11isablock diagram schematically showing an
LCD device of the related art. Referring to FIG. 1, the LCD
device includes a timing controller 1, a gate driver 2, a data
driver 3, a liquid crystal panel 4, a backlight controller 5, a
backlight driver 6, and a backlight unit 7.

[0007] The timing controller 1 receives control signals,
such as a vertical synchronous signal, a horizontal synchro-
nous signal, a data enable signal, and others, together with a
data signal, from the exterior. From the vertical and horizontal
synchronous signals and the data enable signal, the timing
controller 1 derives first control signals for driving the gate
driver 2 and second control signals for driving the data driver
3. Moreover, the timing controller 1 generates a backlight
control signal for driving the backlight unit 7.

[0008] The first control signals enable the gate driver 2 to
apply scan signals to the liquid crystal panel 4. The second
control signals also enable the data driver 3 to convert the data
signal into an analog data voltage and to apply the converted
analog data voltage to the liquid crystal panel 4.

[0009] The backlight controller 5 generates a backlight
drive signal in accordance with the backlight control signal
and applies the backlight drive signal to the backlight driver 6.
The backlight driver 6 supplies the backlight unit 7 with a
drive voltage derived from the backlight drive signal. The
backlight unit 7 irradiates a light in correspondence with to
the drive voltage to the liquid crystal panel 4.

[0010] The liquid crystal panel 4 displays an image on the
basis of the refractive index of a liquid crystal which is inter-
posed between two substrates. More specifically, the liquid
crystal panel 4 varies the refractive index of the liquid crystal
along with the analog data voltage and allows a transmissive
amount of light, which is transmitted from the backlight unit
7 through it, to be adjusted in accordance with the refractive
index of the liquid crystal, thereby displaying the image.
[0011] Inthis manner, the related art LCD device allows the
light of uniform luminance to be irradiated to the entire sur-
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face of the liquid crystal panel, regardless of whether the
image has regions must be more brightly or darkly displayed.
Accordingly, the image on the liquid crystal panel can not be
more brightly or darkly displayed in certain regions. As a
result, the related art LCD device decreases the contrast ratio
and furthermore deteriorates the visual discernment of the
image.

BRIEF SUMMARY

[0012] According to one general aspect of a present
embodiment, an LCD device includes: a liquid crystal panel
with a plurality of pixels arranged in a matrix; a backlight
controller generating at least two PWM signals for lights
different from each other in luminance, the lights applied to at
least two divisional regions divided from an image of one
frame which is displayed on the liquid crystal panel; a back-
light unit including at least two blocks defined opposite the
divisional regions; and a backlight driver supplying the
blocks of the backlight unit with at least two drive signals
corresponding to the PWM signals.

[0013] A driving method of LCD device according to
another aspect of the present embodiment is applied to an
LCD device which includes a liquid crystal panel with a
plurality of pixels arranged in a matrix and a backlight unit
with at least two blocks. The driving method of LCD device
includes: dividing an image of one frame, which will be
displayed on the liquid crystal panel, into at least two regions
opposite to the blocks; generating a dimming address in
accordance with a mean brightness value of each of the
divided regions; generating a dimming signal, opposite to the
generated dimming address, for each of the divided regions
onthe basis of dimming curves which are provided for each of
the divided regions; and generating PWM signals each cor-
responding to the dimming signals for the divided regions and
applying the PWM signals to the blocks of the backlight unit.
[0014] Other systems, methods, features and advantages
will be, or will become, apparent to one with skill in the art
upon examination of the following figures and detailed
description. It is intended that all such additional systems,
methods, features and advantages be included within this
description, be within the scope of the invention, and be
protected by the following claims. Nothing in this section
should be taken as a limitation on those claims. Further
aspects and advantages are discussed below in conjunction
with the embodiments. It is to be understood that both the
foregoing general description and the following detailed
description of the present disclosure are exemplary and
explanatory and are intended to provide further explanation
of the disclosure as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] The accompanying drawings, which are included to
provide a further understanding of the embodiments and are
incorporated in and constitute a part of this application, illus-
trate embodiment(s) of the invention and together with the
description serve to explain the disclosure. In the drawings:
[0016] FIG. 1 is a schematic block diagram showing an
LCD device of related art;

[0017] FIG. 2 is a schematic block diagram showing an
LCD device according to a first embodiment of the present
disclosure;

[0018] FIG. 3 is a block diagram showing in detail the
image analyzer in FIG. 2;
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[0019] FIG. 4 is a view showing an arrangement configu-
ration of blocks which are included in the backlight unit of
FIG. 2;

[0020] FIG. 5 is a view explaining an embodiment of the
blocks shown in FIG. 4;

[0021] FIG. 6 is a view explaining another embodiment of
the blocks shown in FIG. 4;

[0022] FIG. 7 is a view showing an arrangement configu-
ration of divisional regions into which an image is divided by
the image analyzer of FIG. 2;

[0023] FIG. 8A is aview showing a first dimming curve for
the first divisional regions in FIG. 7;

[0024] FIG. 8B is a view showing a second dimming curve
for the second divisional regions in FIG. 7,

[0025] FIG. 9 is a schematic block diagram showing an
LCD device according to a second embodiment of the present
disclosure;

[0026] FIG. 10 is a view showing an arrangement configu-
ration of divisional regions, into which an image is divided by
the image analyzer of FIG. 9, having different numbers of
pixels from each other in horizontal and vertical directions;
and

[0027] FIG. 11 is a schematic block diagram showing an
LCD device according to a third embodiment of the present
disclosure.

DETAILED DESCRIPTION OF THE DRAWINGS
AND THE PRESENTLY PREFERRED
EMBODIMENTS

[0028] Reference will now be made in detail to the embodi-
ments of the present disclosure, examples of which are illus-
trated in the accompanying drawings. These embodiments
introduced hereinafter are provided as examples in order to
convey their spirits to the ordinary skilled person in the art.
Therefore, these embodiments might be embodied in a dif-
ferent shape, so are not limited to these embodiments
described here. Also, the size and thickness of the device
might be expressed to be exaggerated for the sake of conve-
nience in the drawings. Wherever possible, the same refer-
ence numbers will be used throughout this disclosure includ-
ing the drawings to refer to the same or like parts.

[0029] FIG. 2 is a schematic block diagram showing an
LCD device according to a first embodiment of the present
disclosure. FIG. 3 is a block diagram showing in detail an
image analyzer in F1G. 2. Referring to FIG. 2, the LCD device
10 includes a timing controller 12, a gate driver 14, a data
driver 16, a liquid crystal panel 18, a backlight controller 20,
a backlight driver 30, and a backlight unit 32.

[0030] Theliquid crystal panel 18 includes upper and lower
substrates and an interposed liquid crystal between the sub-
strates.

[0031] The lower substrate includes a plurality of gate lines
and a plurality of data lines which are arranged to cross each
other. The crossed gate and data lines define the lower sub-
strate into unit pixels which are arranged in a matrix shape.
Each of the unit pixels includes a thin film transistor and a
pixel electrode. The thin film transistor is disposed in an
intersection of the gate and data lines. The pixel electrode is
connected to the thin film transistor.

[0032] The upper substrate includes red, green and blue
color filters opposite to the respective pixels and a black
matrix disposed between the color filters. Also, the upper
substrate can further include a common electrode disposed on
the color filters and the black matrix. Such an upper substrate
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having the common electrode is applied to a liquid crystal
panel of TN (Twisted nematic) mode. Alternatively, the com-
mon electrode can be disposed on the lower substrate in case
the liquid crystal panel 18 is in an in-plane switching mode.
[0033] Consequently, the liquid crystal panel 18 has a plu-
rality of color pixels arranged in the matrix shape. These color
pixels on the liquid crystal panel 18 may be responsive to
respective red, green and blue data voltages so that the image
of one frame may be displayed.

[0034] The timing controller 12 receives an image of frame
unit from an external video source, for example, a video card
of computer or information terminal. The timing controller 12
also receives a vertical synchronous signal, a horizontal syn-
chronous signal, a data enable signal, and other signals, which
are used for controlling an image display, from the video card.
From the vertical and horizontal synchronous signals and
data enable signal, the timing controller 12 derives first con-
trol signals for driving the gate driver 14 and second control
signals for driving the data driver 16. The first control signals
may include a gate start pulse GSP, a gate shift clock GSC,
and a gate output enable signal GOE. The second control
signals also may include a source start pulse SSP, a source
shift clock SSC, and a source output enable signal SOE.
[0035] The gate driver 14 responds to the first control sig-
nals and sequentially applies scan signals to the gate lines on
the liquid crystal panel 18. As such, the thin film transistors of
the pixels on the respective gate lines are sequentially turned
on line by line.

[0036] The data driver 16 also responds to the second con-
trol signals and converts the pixel data for the image by the
line into analog data voltages. The converted analog data
voltages are applied to the pixels on the gate line to which the
scan signal is applied. The analog data voltage applied to each
pixel together with a common voltage on the common elec-
trode may vary the refractive index of the liquid crystal.
[0037] The backlight controller 20 receives the image data
of frame unit, the vertical and horizontal synchronous signals,
and the data enable signal from the timing controller 12. The
backlight controller 20 includes an image analyzer 22, a
dimming controller 24, and a memory 26.

[0038] The image analyzer 22 may include an image
divider 34 and a mean calculator 36, as shown in FIG. 3. The
image divider 34 uses the vertical and horizontal synchronous
signals, data clock and data enable signal and divides the
image data of one frame into a plurality of regional data. The
plurality of divided regional data may be opposed to the plural
blocks of the backlight unit 32, respectively. In other words,
the divided regional data number can depend on the number
of the blocks which is included in the backlight unit 32.
[0039] If the backlight unit 32 includes mxn blocks as
shown in FIG. 4, the image data of one frame may also be
divided into mxn regional data. Herein, “m” is a block num-
ber or aregional data number in a horizontal direction and “n”
is another block number or another regional data number in a
vertical direction.

[0040] For example, it is assumed that one frame includes
1920x1080 pixels and is divided into 20 regions in the hori-
zontal direction and 9 regions in the vertical direction and the
1920 pixel data in the horizontal direction are supposed to be
applied to the liquid crystal panel 18 through two ports. Then,
each divided regional data includes 120 (i.e., 1080/9) pixel
data in the vertical direction and 96 (i.e., 1920/20) pixel data
in the horizontal direction. Consequently, each of the 180
divided regional data may include “120>96 =11520" pixel
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data. The LCD device according to the first embodiment of
the present disclosure will be explained with a limitation that
all of the divided regional data include pixel data of same
number.

[0041] The plural blocks included in the backlight unit 32
can be configured as shown in FIG. 5 or FIG. 6.

[0042] The backlight unit 32, shown in FIG. 5, includes a
plurality of blocks which each have a plurality of light emis-
sion diodes 27. The light emission diodes 27 involved in the
same block respond to a same drive voltage so that they emit
lights equal to one another in luminance. The light emission
diodes 27 in the different blocks are driven by the different
drive voltages, thereby emitting lights different from one
another in luminance. Accordingly, each block can emit light
in an optimized luminance. The light emission diodes 27 in
each block can be loaded on a package (not shown). In this
case, the backlight unit may include the light emission diode
packages which are arranged in respective blocks.

[0043] On the other hand, a plurality of blocks involved in
the backlight unit 32 each include: a light guide plate 28
guiding the lights toward its front direction (i.e., a direction
perpendicular to its upper surface); and light emission diodes
29 loaded on a package (not shown) which is disposed in
parallel with a side of the light guide plate 28, as shown in
FIG. 6. The light emission diodes 29 may be of a side emis-
sion type. In other words, the light emission diodes 29 may
emit lights in side directions. Therefore, the lights emitted
from the light emission diodes 29 on the package may enter
into the light guide plate 28 and may progress toward the front
direction (i.e., a direction perpendicular to the upper surface
of the light guide plate 28) by means of the light guide plate
28.

[0044] Returning to FIG. 3, the image divider 34 divides
one frame image data into a plurality of regional data which
are respectively opposed to the plural blocks included in the
backlight unit 32. To this end, the image divider 34 may use
the vertical and horizontal synchronous signals and data
enable signal. As described above, each divided regional data
may include 11520 pixel data.

[0045] The mean calculator 36 calculates a mean bright-
ness value for the plural pixel data which are included in each
divided regional data. A brightness value of each pixel data
may be of a digital signal.

[0046] Due to this, the mean brightness value for each
regional data may include a relatively large number of bits.
Accordingly, for convenience of calculation, the mean calcu-
lator 36 eliminates fixed lower bits from the mean brightness
value. Exemplarily, the LCD devices according to the
embodiments of the present disclosure will be described to
limit the fixed lower bits to 13 lower bits.

[0047] If the number of pixel data included in one divided
region is 96x120, the mean brightness value may maximally
be in a gray level of “255 gray levelx96x122=2937600"
which corresponds to a 22 bit binary data of “01 0111 0010
0111 0100 0000”. When the lower 13 bits are eliminated from
the binary data of 22 bits, the mean brightness value may
become a gray level of “010111001=185". In other words, the
mean brightness value of each divided regional data may be in
a range of “0” to “185” steps (i.e., gray scale levels). Such a
mean brightness value having the range of “0” to “185” steps
can be provided as a dimming address.

[0048] In this way, the mean calculator 36 calculates the
mean brightness value of each regional data and eliminates
the fixed lower bits from the mean pixel brightness value. The
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mean calculator 36 outputs the bit-eliminated mean bright-
ness values as the dimming addresses.

[0049] Thememory 26 stores a dimming curve in which the
dimming addresses and the dimming signals are arranged as
input values and output values, in a table shape. Actually, 186
dimming signals can be stored opposite the dimming
addresses of 0~185 steps in the table. These dimming signals
may be brightness signals each having a gray scale level
optimized to the mean brightness value of each regional data.
Such dimming signals may be digital signals.

[0050] The dimming controller 24 reads out the dimming
signals, which are designated by the dimming addresses from
the image analyzer 22, in the memory 26. Also, the dimming
controller 24 generates pulse width modulation (PWM) sig-
nals which have duty ratios corresponding to the respective
dimming signals. The PWM signals generated in the dim-
ming controller 24 are applied to the backlight driver 30.
[0051] The backlight driver 30 generates drive signals cor-
responding to the respective PWM signals from the dimming
controller 24 and applies the drive signals to the respective
blocks. The drive signals may be voltage or current signals
each varying along the duty ratio of the PWM signal.

[0052] The light emission diodes 27 or 29 included in each
of'the blocks of the backlight unit 32 emit a light of luminance
corresponding to the drive signal which is applied from the
backlight driver 30.

[0053] As thus described, the dimming addresses for the
plural divided regional data are generated in the mean calcu-
lator 36, the PWM signals for the dimming signals corre-
sponding to the respective dimming addresses are output
from the dimming controller 24, and the drive signals corre-
sponding to the PWM signals are provided in the backlight
driver 30. Inthe blocks of the backlight unit 32, the lights each
having a luminance corresponding to each drive signal are
emitted.

[0054] Inotherwords, the LCD device according to the first
embodiment of the present disclosure enables the blocks of
the backlight unit 32 to emit lights different from each other
in luminance, thereby displaying images of optimized bright-
ness on the regions of the liquid crystal panel 18. Accordingly,
the LCD device can more brightly display the regions of an
image which will be brightly displayed, while can more
darkly display the regions of an image which will be darkly
displayed. As a result, the LCD device may increase the
contrast ratio, and furthermore may improve the visual dis-
cernment of the image.

[0055] The LCD device according to the first embodiment
of the present disclosure has been described on the assump-
tion that all the divided regions within one frame include the
same number of pixels. However, the liquid crystal panels of
certain sizes force one frame not to be divided into the regions
which all include the same number of pixels. Particularly, an
arbitrary divisional region number makes some regions very
possible to be different from the rest of the regions in pixel
number.

[0056] For example, there are assumptions that one frame
of 1920x1080 pixels is divided into 9 regions in a vertical
direction and 18 regions in a horizontal direction, i.e.,
9%x18=182 regions, and that the 1920 pixels in the horizontal
direction (i.e., the pixels for one line) are applied to a liquid
crystal panel through two ports. In this case, each of the
divisional regions includes 1080/9=120 pixels in the vertical
direction and 1920/18=106.666 pixels in the horizontal direc-
tion. Due to this, 18 divisional regions in the horizontal direc-
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tion can not include the same pixels in number. Consequently,
among the 18 divisional regions in the horizontal direction, 6
divisional regions may each have 106 pixels in the horizontal
direction, while 12 divisional regions may each have 107
pixels in the horizontal direction.

[0057] The 182 regions divided as the above can be
depicted as FIG. 7. In FIG. 7, one frame is divided into first
regions A each having 107x120 pixels and second regions B
each having 106x120 pixels. In other words, each of the first
regions A may include 12840 pixels, and each of the second
regions B may also include 12820 pixels.

[0058] As such, a dimming address of each first region
having a range of 0 to 399 steps may be generated when a
mean brightness value of the regional data for each first region
A are calculated and the 13 lower bits are eliminated from the
calculated mean brightness value. Similarly, another dim-
ming address of each second region having a range of 0 to 395
steps may be generated when another mean brightness value
of second regional data for each second region B are calcu-
lated and the 13 lower bits are eliminated from the calculated
mean brightness value.

[0059] Moreover, a first dimming curve for dimming the
first regions A and a second dimming curve for dimming the
second divisional regions B can be explained by FIGS. 8A
and 8B. Referring to FIG. 8A, a dimming signal for the first
divisional regions A may be in a gray scale level range of
0-255 which varies along the dimming address set of 0~399
steps in the manner of the first dimming curve. Another dim-
ming signal for the second regions B may also be in the gray
scale level range of 0 to 255 which varies along the dimming
address set of 0~395 steps in the manner of the second dim-
ming curve. As seen from FIGS. 8A and 8B, the second
dimming curve for the second regions B is not defined oppo-
site the dimming addresses of 396~399 steps. Therefore, the
gray scale level opposite to each step of the first dimming
curve may be set differently from that opposite to each step of
the second dimming curve.

[0060] If the first dimming curve is commonly applied to
the irst and second regions A and B of different sizes, the
dimming signal for the first regions A may be optimized,
while the dimming signal for the second regions B may not be
optimized, because the first dimming curve is different from
the second dimming curve in the gray scale level opposite to
the dimming address. Due to this, a luminance mismatching
phenomenon may be caused in the second region B.

[0061] On the contrary, when the second dimming curve is
commonly applied to the first and second regions A and B, the
dimming signal for the second region B is optimized. The
dimming signal for the first region A can not be generated in
a dimming address interval of 396 to 399 which is not
opposed to any gray scale levels. A luminance nullity can be
caused in the first regions A, because the blocks of the back-
light unit 32 opposite to the first regions A are not driven.
[0062] To address these problems, an LCD device accord-
ing to a second embodiment of the present disclosure is pro-
posed below.

[0063] FIG. 9 is a schematic block diagram showing an
LCD device 40 according to a second embodiment of the
present disclosure. In the LCD device 40 of the second
embodiment, a timing controller 12, a gate driver 14, a data
driver 16, a liquid crystal panel 18, a backlight driver 30, and
backlight unit 32 have the same functions and reference
numerals as those of the first embodiment. Therefore, these
elements included in the LCD device 40 of the second

Mar. 11, 2010

embodiment are referred to the same numerals as those in the
LCD device 10 of'the first embodiment, and will be omitted in
the detailed description.

[0064] The LCD device 40 of the second embodiment will
perform the dimming of first and second regions which are
defined on one frame and have different numbers of pixels
from each other. Actually, the LCD device 40 of the second
embodiment divides one frame into 12 first regions A each
having 107 pixels and 6 second regions B each having 106
pixels, in a horizontal direction, but is not limited to this. In
other words, the LCD device 40 of the second embodiment
can divide one frame into first and second regions each having
the different numbers of pixels in a vertical direction. More-
over, the LCD device of the second embodiment divides one
frame into the first and second regions A and B for the con-
venience of explanation, it can allow one frame further to
include third regions each having a different number of pixels
from the first and second regions A and B due to the number
of regions.

[0065] The LCD device 40 of the second embodiment
includes a backlight controller 50 connected between the
timing controller 12 and backlight driver 30. The backlight
controller 50 includes an image analyzer 52, a dimming con-
troller 54, and first and second memory 56 and 58.

[0066] Theimage analyzer 52 includes a region divider and
a mean calculator which are not shown in the drawing. These
elements have the same functions as the region divider 34 and
mean calculator 36 included in the LCD device 10 of the first
embodiment. Therefore, detailed explanations of the region
divider and mean calculator will be omitted.

[0067] Theimage analyzer 52 divides the image data ofone
frame into a plurality of first regional data for the first regions
A and a plurality of second regional data for the second
regions B. Each first regional data A may include 107x120
pixel data, and each second regional data B may include
106x120 pixel data.

[0068] Theimage analyzer 52 calculates a mean brightness
value for each first regional data A, and generates a first
dimming address by eliminating fixed lower constant bits, for
example, 13 lower bits, from the calculated mean brightness
value. Also, the image analyzer 52 calculates another mean
brightness value for each second regional data B, and gener-
ates a second dimming address by eliminating the fixed lower
bits, for example, 13 lower bits, from the other mean bright-
ness value. The first dimming addresses and second dimming
addresses generated in the image analyzer 52 are applied to
the dimming controller 54.

[0069] The first memory 56 stores a first dimming curve,
having first dimming signals for the first regions A, in a table
shape. The first dimming curve is configured in such a manner
that it uses the first dimming addresses of “0” to “399” steps
as input values and the first dimming signals having a gray
scale level range of “0” to “255” as output values opposite to
the first dimming addresses.

[0070] Similarly, the second memory 58 stores a second
dimming curve, having second dimming signals for the sec-
ond regions A, in a table shape. The second dimming curve is
configured in such a manner that it uses the second dimming
addresses of “0” to “395” steps as input values and the second
dimming signals having a gray scale level range of “0” to
“255” as output values opposite to the second dimming
addresses.

[0071] The dimming controller 54 reads out the first dim-
ming signals for the first regions A from the storage positions
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of the first memory 56 which are designated by the first
dimming addresses received from the image analyzer 52. The
dimming controller 54 generates first PWM signals corre-
sponding to the respective first dimming signals. Also, the
dimming controller 54 retrieves the second dimming signals
for the second regions B from the storage positions of the
second memory 58 which are designated by the second dim-
ming addresses received from the image analyzer 52. The
dimming controller 54 generates second PWM signals corre-
sponding to the respective second dimming signals.

[0072] The backlight driver 30 applies first drive signals,
each corresponding to the first PWM signals from the dim-
ming controller 54, to the first blocks of the backlight unit 32.
Also, the backlight driver 30 supplies the second blocks of the
backlight unit 32 with second drive signals each correspond-
ing to the second PWM signals from the dimming controller
54. The first blocks may be opposite the plurality of the first
regional data A divided by the image analyzer 52, respec-
tively. Similarly, the second blocks may be opposite the plu-
rality of the second regional data B divided by the image
analyzer 52, respectively.

[0073] The first blocks of the backlight unit 32 emit first
lights of first luminance each corresponding to the first drive
signals. The second blocks of the backlight unit 32 also emit
second lights of second luminance each corresponding to the
second drive signals. The first luminance may be different
from the second luminance in level. Also, the first lights from
the first blocks of the backlight unit 32 may be different from
one another in luminance, and the second lights from the
second blocks of the backlight unit 32 may be different from
one another in luminance.

[0074] In this manner, the LCD device of the second
embodiment stores the first and second dimming curves
adapted to the first and second regions A and B of different
pixel numbers. Also, the LCD device performs the dimming
of the first regions A on the basis of the first dimming curve
and the dimming of the second regions B on the basis of the
second dimming curve. Accordingly, the LCD device can
prevent the luminance mismatching phenomenon and the
luminance nullity phenomenon.

[0075] Although the above LCD device according to the
second embodiment of the present disclosure is applied to the
case that the regions is divided to have the same pixel number
in the vertical direction and different pixel numbers in the
horizontal direction, it can also be applied to another case
where the regions is divided to have the same pixel number in
the horizontal direction and different pixel numbers in the
vertical direction.

[0076] Furthermore, the regions can be divided to have
different pixel numbers in all the vertical and horizontal
directions. For example, one frame can be divided into
regions of four sizes, i.e., first to fourth regions A to D, each
being different from one another in pixel number, as shown in
FIG. 10. The first regions A each can include 107x154 pixels,
the second regions B 106x154 pixels, the third regions C
107x155 pixels, and the fourth regions D 106x155 pixels.
[0077] FIG. 11 is a schematic block diagram showing an
LCD device 60 according to a third embodiment of the
present disclosure. A timing controller 12, a gate driver 14, a
data driver 16, a liquid crystal panel 18, a backlight driver 30,
and backlight unit 32 included in the LCD device 60 of the
third embodiment, have the same functions as those of the
LCD device 10 of the first embodiment. Therefore, these
elements included in the LCD device 60 of the third embodi-
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ment are referred to the same numerals as those in the LCD
device 10 of the first embodiment, and will be omitted in the
detailed description.

[0078] The LCD device 60 of the third embodiment will
perform the dimming of first to fourth regions A to D which
are divided on one frame and have pixel numbers different
from one another. Even if the LCD device of the third embodi-
ment divides one frame into the first to fourth regions A to D
for the convenience of explanation, it can divide one frame to
include fifth and sixth regions having pixel numbers different
from the first to fourth regions A to D, due to the number of
regions.

[0079] The LCD device 60 includes a backlight controller
70 connected between the timing controller 12 and the back-
light driver 30. The backlight controller 70 includes an image
analyzer 72, a dimming controller 74, and first to fourth
memories 82, 84, 86, and 88.

[0080] Theimage analyzer 72 includes a region divider and
a mean calculator which are not shown in the drawing. These
elements have the same functions as the region divider 34 and
mean calculator 36 in the LCD device 10 of the first embodi-
ment. Therefore, the detailed explanations of the region
divider and mean calculator will be omitted.

[0081] Theimage analyzer 52 divides the pixel data for one
frame into a plurality of regional data for first to fourth regions
A to D. The first regional data for each first region A may
include 107x154 pixel data, the second regional data for each
second region B may include 106x154 pixel data, the third
regional data for each third region C may include 107x154
pixel data, and the fourth regional data for each fourth region
D may include 106x154 pixel data.

[0082] The image analyzer 72 calculates a mean brightness
value for the first regional data for each first region A, and
generates a first dimming address by eliminating fixed lower
bits, for example, 13 lower bits, from the calculated mean
brightness value. The image analyzer 72 also calculates a
mean brightness value for the second regional data for each
second region B, and generates a second dimming address by
eliminating the fixed lower bits, for example, 13 lower bits,
from the calculated mean brightness value. The image ana-
lyzer 72 further calculates a mean brightness value for the
third regional data for each third region C, and generates a
third dimming address by eliminating the fixed lower bits, for
example, 13 lower bits, from the calculated mean brightness
value. Moreover, the image analyzer 72 calculates a mean
brightness value for the fourth regional data for each fourth
region D, and generates a fourth dimming address by elimi-
nating the fixed lower bits, for example, 13 lower bits, from
the calculated mean brightness value.

[0083] The first memory 82 stores a first dimming curve,
which has first dimming signals for the first regions A, in a
table shape. The second memory 84 stores a second dimming
curve, which has second dimming signals for the second
regions B, in a table shape. The third memory 86 stores a third
dimming curve, which has third dimming signals for the third
regions C, in a table shape. The fourth memory 88 stores a
fourth dimming curve, which has fourth dimming signals for
the fourth regions D, in a table shape.

[0084] The dimming addresses for the first to fourth dim-
ming curves may be different from one another in step num-
ber. Actually, the first dimming address for the input value of
the first dimming curve may have 300 steps, the second dim-
ming address for the input value of the second dimming curve
may have 250 steps, the third dimming address for the input
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value of the third dimming curve may have 330 steps, and the
fourth dimming address for the input value of the fourth
dimming curve may have 270 steps.

[0085] On the other hand, the dimming signals for the first
to fourth dimming curves can have the same gray scale level
range of 0 through 255.

[0086] The first dimming curve can be configured in such a
manner that it uses the first dimming addresses of “0” to
“399” steps as input values and the first dimming signals of
gray scale level range of 0~255 as output values opposite to
the first dimming addresses. The second dimming curve can
also be configured in such a manner that it uses the second
dimming addresses of “0” to “250” steps as input values and
the second dimming signals of gray scale level range of 0~255
as output values opposite to the second dimming addresses.
Moreover, the third dimming curve can be configured in such
a manner that it uses the third dimming addresses of “0” to
“330” steps as input values and the third dimming signals of
gray scale level range of 0~255 as output values opposite to
the third dimming addresses. Furthermore, the fourth dim-
ming curve can be configured in such a manner that it uses the
fourth dimming addresses of “0” to “399” steps as input
values and the fourth dimming signals of gray scale level
range of 0~255 as output values opposite to the fourth dim-
ming addresses.

[0087] The dimming controller 74 reads out the first dim-
ming signals for the first regions A from the storage positions
of'the first memory 82 opposite to the first dimming addresses
which are applied from the image analyzer 72. The dimming
controller 74 generates first PWM signals corresponding to
the respective first dimming signals. The dimming controller
54 also reads out the second dimming signals for the second
regions B from the storage positions of the second memory 84
opposite to the second dimming addresses which are applied
from the image analyzer 72. The dimming controller 74 gen-
erates second PWM signals corresponding to the respective
second dimming signals. Moreover, the dimming controller
74 reads out the third dimming signals for the third regions C
from the storage positions of the third memory 86 opposite to
the third dimming addresses which are applied from the
image analyzer 72. The dimming controller 74 generates third
PWM signals corresponding to the respective third dimming
signals. Furthermore, the dimming controller 74 reads out the
fourth dimming signals for the fourth regions D from the
storage positions of the second memory 88 opposite to the
fourth dimming addresses which are applied from the image
analyzer 52. The dimming controller 74 generates fourth
PWM signals corresponding to the respective fourth dim-
ming signals.

[0088] The backlight driver 30 applies first drive signals,
each corresponding to the first PWM signals from the dim-
ming controller 74, to the first blocks of the backlight unit 32.
The backlight driver 30 also supplies the second blocks of the
backlight unit 32 with second drive signals each correspond-
ing to the second PWM signals from the dimming controller
74. Moreover, the backlight driver 30 applies third drive sig-
nals, each corresponding to the third PWM signals from the
dimming controller 74, to the third blocks of the backlight
unit 32. Furthermore, the backlight driver 30 supplies the
fourth blocks of the backlight unit 32 with fourth drive signals
each corresponding to the fourth PWM signals from the dim-
ming controller 74. The first blocks may be opposed to the
first regions A divided by the image analyzer 52, the second
blocks may be opposed to the second divisional regions B, the
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third blocks may be opposed to the third regions, and the
fourth blocks may be opposed to the fourth regions. This
block arranging configuration of the backlight unit 32 will
easily be understood through FIGS. 4 to 6.

[0089] The first blocks of the backlight unit 32 emit first
lights of first brightness each corresponding to the first drive
signals. The second blocks of the backlight unit 32 also emit
second lights of second brightness each corresponding to the
second drive signals. Moreover, the third blocks of the back-
light unit 32 emit third lights of third brightness each corre-
sponding to the third drive signals. Furthermore, the fourth
blocks of the backlight unit 32 emit fourth lights of fourth
brightness each corresponding to the fourth drive signals. The
first to fourth lights may be different from one another in
brightness. In addition, the first lights from the first blocks of
the backlight unit 32 may be different from one another in
brightness, the second lights from the second blocks of the
backlight unit 32 may be different from one another in bright-
ness, the third lights from the third blocks of the backlight unit
32 may be different from one another in brightness, and the
fourth lights from the fourth blocks of the backlight unit 32
may be different from one another in brightness.

[0090] Inthis way, the LCD device of the third embodiment
stores the first to fourth dimming curves adapted to the first to
fourth regions A to D of the different pixel numbers. Also, the
LCD device performs the dimming of the first regions A on
the basis of the first dimming curve, the dimming of the
second regions B on the basis of the second dimming curve,
the dimming of the third regions C on the basis of the third
dimming curve, and the dimming of the fourth regions D on
the basis of the fourth dimming curve. Accordingly, the LCD
device can prevent the luminance mismatching phenomenon
and the luminance nullity phenomenon.

[0091] As described above, the LCD devices according to
the embodiments of the present disclosure supply the regions
divided on the liquid crystal panel with lights which are
different from one another in brightness, thereby optimizing
the luminance in correspondence with each divisional region.
Also, the LCD devices according to the embodiments of the
present disclosure store the dimming curves adapted to the
regions of the different pixel numbers, and perform the dim-
ming for each of the regions on the basis of the corresponding
dimming curve. Therefore, the LCD devices can prevent the
luminance mismatching phenomenon or the luminance nul-
lity phenomenon.

[0092] It will be apparent to those skilled in the art that
various modifications and variations can be made in the
present disclosure. Thus, it is intended that the present dis-
closure cover the modifications and variations of this embodi-
ment provided they come within the scope of the appended
claims and their equivalents.

1. A liquid crystal display device comprising:

a liquid crystal panel with a plurality of pixels arranged in
a matrix;

a backlight controller that generates at least two PWM
signals for lights different from each other in luminance,
the lights applied to at least two divisional regions
divided from an image of one frame which is displayed
on the liquid crystal panel;

a backlight unit including at least two blocks defined oppo-
site the divisional regions; and

a backlight driver that supplies the blocks of the backlight
unit with at least two drive signals corresponding to the
PWM signals.
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2. The liquid crystal display device claimed as claim 1,
wherein the backlight controller includes:

an image analyzer that divides the image of one frame into
the divisional regions by the number of the blocks
defined on the backlight unit, and generates dimming
addresses according to mean brightness values of the
divisional regions;

a dimming controller that retrieves dimming signals each
opposed to the dimming addresses and generates the
PWM signals each corresponding to the retrieved dim-
ming signals; and

at least one memory each that stores at least one dimming
curve, configured with the dimming addresses and the
dimming signals opposite to the dimming addresses, for
the at least two divisional regions.

3. The liquid crystal display device claimed as claim 2,
wherein the dimming addresses are different from each other
in number according to the at least two divisional regions.

4. The liquid crystal display device claimed as claim 3,
wherein the number of the dimming addresses increases as
the divisional region includes more pixels.

5. The liquid crystal display device claimed as claim 2,
wherein the dimming signal is a brightness signal being in a
range of 0 to 255 gray scale levels.

6. The liquid crystal display device claimed as claim 2,
wherein the dimming curves are provided as the number of
the divisional regions.

7. The liquid crystal display device claimed as claim 1,
wherein the divisional regions include at least two regions
which have a different number of pixels from each other in the
horizontal direction of the liquid crystal panel.

8. The liquid crystal display device claimed as claim 1,
wherein the divisional regions include at least two regions
which have a different number of pixels from each other in the
vertical direction of the liquid crystal panel.

9. The liquid crystal display device claimed as claim 1,
wherein the divisional regions include at least four regions
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which have different numbers of pixels from one another in
the vertical and horizontal directions of the liquid crystal
panel.

10. The liquid crystal display device claimed as claim 1,
wherein each of the blocks includes a plurality of light emis-
sion diodes.

11. The liquid crystal display device claimed as claim 1,
wherein each of the blocks includes a light guide plate and a
plurality of light emission diodes arranged in a side of the
light guide plate.

12. The liquid crystal display device claimed as claim 1,
wherein the number of divisional regions depends on the
number of blocks of the backlight unit.

13. A method of driving a liquid crystal display device
which includes a liquid crystal panel with a plurality of pixels
arranged in a matrix and a backlight unit with at least two
blocks, comprising:

dividing an image of one frame, which will be displayed on

the liquid crystal panel, into at least two regions opposite
to the blocks;
generating a dimming address in accordance with a mean
brightness value of each of the divided regions;

generating a dimming signal, opposite to the generated
dimming address, for each of the divided regions on the
basis of dimming curves which are provided for each of
the divided regions; and

generating PWM signals each corresponding to the dim-

ming signals for the divided regions and applying the
PWM signals to the blocks of the backlight unit.

14. The method as claim 13, wherein the divided regions
are opposed to the blocks defined on the backlight unit.

15. The method claimed as claim 13, wherein each of the
dimming curves is configured to use the dimming addresses
and signals as input and output values.

16. The method claimed as claim 13, wherein the blocks of
the backlight unit opposite to the divisional regions emit
lights which are different from one another in brightness.
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