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7) ABSTRACT

The liquid crystal display device includes a histogram
analyzer analyzing a histogram of an input image and
determining the input image as being in one of a low
brightness mode, a normal mode, and a high brightness
mode based on the histogram analysis, a back light control-
ler controlling a maximum brightness of a back light unit
based on the mode determination, and a data modulator
enlarging the histogram of the input image to modulate data
of the input image. The histogram analyzer detects a most

(22) Filed: Jun. 28, 2004 frequent value of gray scale occurring most frequently in the
input image of one frame, compares the most frequent value
with a predetermined low reference gray value and a pre-

(30) Foreign Application Priority Data determined high reference gray value, and determines the
input image as in one of the low brightness mode, the normal
mode, and the high brightness mode based on the compared

Dec. 29,2003 (KR) weoveerrrcereimecerrenrncseeens P2003-99331 result.
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LIQUID CRYSTAL DISPLAY DEVICE AND
CONTROLLING METHOD THEREOF

[0001] The present invention claims the benefit of Korean
Patent Application No. 2003-99331 filed in Korea on Dec.
29, 2003, which is hereby incorporated by reference.

BACKGROUND OF THE INVENTION
[0002]

[0003] The present invention relates to a liquid crystal
display device and a controlling method thereof, and more
particularly, to a liquid crystal display device and a control-
ling method thereof that have an active control of brightness.

[0004] 2. Discussion of the Related Art

[0005] 1In general, a liquid crystal display device controls
light transmissivity of liquid crystal cells in accordance with
image data to display pictures. In particular, a transmissive
type liquid crystal display device includes a back light unit
on a rear surface of a liquid crystal display panel to irradiate
light on the liquid crystal display panel.

[0006] FIG. 1 is a schematic configuration of a transmis-
sive type liquid crystal display device according to the
related art. In FIG. 1, the liquid crystal display device
includes a back light unit 12 on a rear surface of a liquid
crystal display panel 11. The liquid crystal display panel 11
includes a liquid crystal layer (not shown). In addition, the
liquid crystal panel 11 receives video data, RGB, and adjusts
a light transmittance of the liquid crystal layer based on the
video data, thereby controlling a transmission of light irra-
diated from the back light unit 12 to display an image.

[0007] The back light unit 12 includes a light guide plate
(not shown) for converting light from a line light source into
surface light, and a diffusion sheet and an optical sheet (not
shown) for improving uniformity and efficiency of the light.
The line light source includes a lamp having a discharge tube
for generating white light in accordance with a tube current
received from an inverter 14. The inverter 14 converts DC
power from a power supply 13 into AC power and boosts the
AC power, to thereby generate the tube current.

[0008] However, a brightness of the back light unit 12 is
fixed. Thus, the liquid crystal display device according to the
related art has a lower display brightness in comparison with
a cathode ray tube (CRT) display device. Further, the liquid
crystal display device according to the related art has a fixed
maximum brightness and a low contrast ratio, such that
display quality deteriorates.

1. Field of the Invention

SUMMARY OF THE INVENTION

[0009] Accordingly, the present invention is directed to a
display device and a driving method thereof that substan-
tially obviate one or more of problems due to limitations and
disadvantages of the related art.

[0010] An object of the present invention is to provide a
liquid crystal display device and a controlling method
thereof that have an active control of brightness, increase a
brightness ratio and improve display quality.

[0011] Another object of the present invention is to pro-
vide a liquid crystal display device and a controlling method
thereof that reduce power consumption and heating of a
back light unit.
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[0012] Additional features and advantages of the inven-
tion will be set forth in the description which follows, and
in part will be apparent from the description, or may be
learned by practice of the invention. The objectives and
other advantages of the invention will be realized and
attained by the structure particularly pointed out in the
written description and claims hereof as well as the
appended drawings.

[0013] To achieve these and other advantages and in
accordance with the purpose of the present invention, as
embodied and broadly described, the liquid crystal display
device includes a histogram analyzer analyzing a histogram
of an input image and determining the input image as being
in one of a low brightness mode, a normal mode, and a high
brightness mode based on the histogram analysis, and a back
light controller controlling a maximum brightness of a back
light unit based on the mode determination.

[0014] In another aspect, the liquid crystal display device
includes a histogram analyzer analyzing a histogram of an
input image and determining the input image as being in one
of a low brightness mode, a normal mode, and a high
brightness mode based on the histogram analysis, a back
light controller controlling a maximum brightness of a back
light unit based on the mode determination, and a data
modulator enlarging the histogram of the input image to
modulate data of the input image.

[0015] In another aspect, the method of controlling a
liquid crystal display device includes analyzing a histogram
of input image, determining the input image as being in one
of a low brightness mode, a normal mode, and a high
brightness mode based on the histogram analysis, and con-
trolling a maximum brightness of a back light unit based on
the mode determination.

[0016] In another aspect, the method of controlling a
liquid crystal display device includes analyzing a histogram
of an input image, determining the input image as being in
one of a low brightness mode, a normal mode, and a high
brightness mode based on the histogram analysis, control-
ling a maximum brightness of a back light unit based on the
mode determination, and enlarging the histogram of the
input image to modulate data of the input image.

[0017] 1t is to be understood that both the foregoing
general description and the following detailed description
are exemplary and explanatory and are intended to provide
further explanation of the invention as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] The accompanying drawings, which are included
to provide a further understanding of the invention and are
incorporated in and constitute a part of this specification,
illustrate embodiments of the invention and together with
the description serve to explain the principles of the inven-
tion. In the drawings:

[0019] FIG. 1 is a schematic configuration of a transmis-
sive type liquid crystal display device according to the
related art;

[0020] FIG. 2 is a block diagram of a liquid crystal display
device according to an embodiment of the present invention;

[0021] FIG. 3 is a flow chart of a driving method of a back
light unit according to an embodiment of the present inven-
tion;
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[0022] FIG. 4 is a graph of an example of a histogram in
the normal mode in FIG. 3;

[0023] FIG. 5 is a graph of an example of a histogram in
the high-brightness mode in FIG. 3;

[0024] FIG. 6 a graph of an example of a histogram in the
low-brightness mode in FIG. 3;

[0025] FIG. 7 is a waveform diagram of an example of a
tube current in the high-brightness mode in FIG. 3;

[0026] FIG. 8 is a waveform diagram of an example of a
tube current in the normal mode in FIG. 3;

[0027] FIG. 9 is a waveform diagram of an example of a
tube current in the low-brightness mode in FIG. 3;

[0028] FIG. 10 is a configuration representing a change-
able range of the brightness and a maximum brightness in
the low-brightness mode, the normal mode and the high-
brightness mode according to an embodiment of the present
invention;

[0029] FIG. 11 is a circuit diagram of the picture quality
processor in FIG. 2;

[0030] FIG. 12 is a graph of an example of a histogram in
an input image;
[0031] FIG. 13 is a graph of an example of a histogram

enlarged by a data modulation; and

[0032] FIG. 14 is a diagram comparing a dynamic range
of the input image and a dynamic range by the data modu-
lation.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

[0033] Reference will now be made in detail to the pre-
ferred embodiments, examples of which are illustrated in the
accompanying drawings.

[0034] FIG.2is ablock diagram of a liquid crystal display
device according to an embodiment of the present invention.
In FIG. 2, a liquid crystal display device may include a
system 1, a picture quality processor 2, a timing controller
3, a gamma voltage supplier 4, a data driving circuit 3, a
liquid crystal display panel 6, a gate driving circuit 7, a back
light unit 8, a DC-DC converter 9, and an inverter 10.

[0035] The liquid crystal display panel 6 may have a liquid
crystal material injected between upper and lower substrates
(not shown). The liquid crystal display panel 6 also may
have m number of data lines D1 . . . Dm and n number of
gate lines G1 . . . Gn formed on the lower substrate crossing
each other perpendicularly and defining mxn liquid crystal
cells Clc arranged in a matrix. The liquid crystal panel 6 also
may have a dummy gate line GO. A thin film transistor TFT
may be formed in each of the liquid crystal cells Clc for
switching data voltage signals applied to the data lines D1 .
.. Dn to the respective liquid crystal cells Clc in response to
scanning signals from the gate lines G1 . . . Gn, thereby
driving a pixel electrode of the respective liquid crystal cells
Clc. In addition, a storage capacitor Cst may be formed in
each of the liquid crystal cells Clc between the pixel
electrode and the pre-stage gate line or between the pixel
electrode and a common electrode line (not shown), thereby
constantly keeping a voltage of the liquid crystal cell Cle.
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[0036] Further, the liquid crystal display panel 6 may have
a black matrix, color filters and common electrodes (not
shown) formed on the upper substrate. A polarizer having a
perpendicular light axis (not shown) may be formed on a
light emission surface of the upper glass substrate and on a
light incident surface of the lower glass substrate. An
alignment film for establishing a free-tilt angle of the liquid
crystal material (not shown) also may be formed on another
surface of the lower glass substrate facing the liquid crystal
material and on another surface of the upper glass substrate
facing the liquid crystal material.

[0037] The system 1 may include a graphic processing
circuit (not shown) for converting analog input data to
digital video data corresponding to three primary colors, Ri,
Gi, and Bi and for adjusting a resolution and a color
temperature of the digital video data, Ri, Gi, and Bi. In
addition, the graphic processing circuit may generate timing
signals, such as a vertical synchronization signal Vsyncl, a
horizontal synchronization signal Hsyncl, a dot clock signal
DCLK1, and a data enable signal DE 1, from the system 1.
The dot clock DCLK1 may relate to a sampling of the digital
video data, Ri, Gi, and Bi, and the data enable signal DE1
may relate to a duration for the presence of the digital video
data, Ri, Gi and Bi. Further, the system 1 may generate a
power voltage VCC and a DC input voltage Vinv.

[0038] The picture quality processor 2 may receive the
digital video data, Ri, Gi, and Bi, from a system 1, and may
modulate the received video data, Ri, Gi, and Bi, to modu-
lated video data, Ro, Go, and Bo, respectively. In particular,
the picture quality processor 2 may analyze a histogram of
the digital video data, Ri, Gi, and Bi, by enlarging the
histogram and by categorizing the histogram to one of three
predetermined modes. The three predetermined modes may
include a normal mode, a high brightness mode, and a low
brightness mode. Based on the histogram mode categoriza-
tion, the picture quality processor 2 may individually control
an output tube current for each lamp of the back light unit
8 by generating and applying a control signal Ainv to the
inverter 10, to thereby control a brightness of the back light
unit 8.

[0039] In addition, the picture quality processor 2 may
also receive from the system 1 the timing signals, Vsyncl,
Hsyncl, DCLK1, and DE1, from the system 1. The picture
quality processor 2 also may modulate the received timing
signals, Vsyncl, Hsyncl, DCLK1, and DEI, to modulated
timing signals, Vsync2, Hsync2, DCLK2, and DE2, respec-
tively. The picture quality processor 2 may then apply the
modulated video data, Ro, Go, and Bo, and the modulated
timing signals, Vsync2, Hsync2, DCLK2, and DE2, to the
timing controller 3.

[0040] The timing controller 3 may apply the modulated
video data, Ro, Go, and Bo, to the data driving circuit 5. The
timing controller 3 also may generate control signals, DDC
and GDC, for controlling the gate driving circuit 7 and the
data driving circuit 5 based on the modulated timing signals,
Vsyne2, Hsync2, DCLK2, and DE2. The control signal
GDC may include a gate start pulse GSP, a gate shift clock
GSC, and a gate output enable GOE (not shown). The
control signal DDC may include a source start pulse SSP, a
source shift clock SSC, a source output enable SOE, and a
polarity POL (not shown).

[0041] In addition, the gamma voltage supplier 4 may
generate analog gamma compensation voltages to be applied
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to the data driving circuit 5. The gamma voltage supplier 4
may divide a high potential power voltage and a low
potential power voltage, which may be a ground voltage, to
generate the analog gamma compensation voltages. Fach of
the analog gamma compensation voltages may correspond
to gray level of each of the digital video data, Ro, Go, and
Bo.

[0042] The DC-DC converter 9 may receive the power
voltage VCC from the system 1 to generate a high potential
power voltage VDD, a common voltage VCOM, a gate high
voltage VGH and a gate low voltage VGL, for driving the
liquid crystal display panel 6. The common voltage VCOM
may be applied to the common electrode of the liquid crystal
cell Cle. The gate high voltage VGH may be a high logical
voltage of the scanning pulse having a voltage higher than
a threshold voltage of the TFT. In addition, the gate low
voltage VGL may be a low logical voltage of the scanning
pulse having a voltage equal to an off-voltage of the TFT.

[0043] Further, the data driving circuit 5 may convert the
digital video data, Ro, Go, and Bo, based on the analog
gamma compensation voltages and the control signal DDC,
to the data voltage signals. The data driving circuit § may
then apply the data voltage signals to the data lines D1 . . .
Dm of the liquid crystal display panel 6. In addition, the gate
driving circuit 7 may general the scanning signals based on
the high potential power voltage VDD, the common voltage
VCOM, the gate high voltage VGH, the gate low voltage
VGL, and the control signal GDC. The gate driving circuit
7 may sequentially apply the scanning signals to the gate
lines G1 . .. Gn, to thereby selectively turn-on a horizontal
line of the liquid crystal display panel 6 to which the data
signal is applied.

[0044] Moreover, the inverter 10 may receive the DC
input voltage Vinv from the system 1, may convert the DC
input voltage Vinv to an AC voltage, and may use a pulse
width modulation (PWM) or a pulse frequency modulation
(PFM) to boost the AC voltage, thereby generating an AC
tube current. A lamp of the back light unit 8 then may be
driven based on the AC tube current to irradiate light to the
liquid crystal display panel 6. In addition, the inverter 10
may alter a duty ratio and a brightness intensity of the lamp
of the back light unit 8 in accordance with the control signal
Ainv received from the picture quality processor 2. The duty
ratio of the lamp tube current may represent a ratio of the
lamp’s turn-on period during one frame interval.

[0045] FIG.3is a flow chart of a driving method of a back
light unit according to an embodiment of the present inven-
tion. As shown in FIG. 3, image input data may be received
by the picture quality processor 2 (shown in FIG. 2) and a
processing of the image input data may be carried out by the
picture quality processor 2. At step S1, a histogram analysis
may be performed. The histogram may reflect frequency of
gray level for each of the image input data. For example, in
a dark image, there are more data having a low gray scale
reflecting a low brightness than data having a high gray scale
reflecting high brightness. On the contrary, in a bright image,
there are more data having a high gray scale than data having
low gray scale.

[0046] At step S2, a most frequent value detection may be
performed for determining a most frequent value MTG
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representing a gray level value that occurs most often within
one frame of the image data. At steps S3-S7, the histogram
may be categorized into one of the three predetermined
modes based on the most frequent value MTG detected at
step S2. For example, at step S3 if the most frequent value
MTG is further determined to be between a predetermined
low reference gray scale Gtl and a predetermined high
reference gray scale Gth, the histogram may be categorized
as in the normal mode at step S4. Otherwise, at step S5 of
FIG. 3, if the most frequent value MTG is then determined
to be equal or greater than the predetermined high reference
gray scale Gth, the histogram may be categorized as in the
high brightness mode at step S6. Further otherwise, at step
S7 of FIG. 3, if the most frequent value MTG is determined
to be equal or less than the predetermined low reference gray
scale Gtl, the histogram may be categorized as in the low
brightness mode at step S8.

[0047] FIG. 4 is a graph of an example of a histogram in
the normal mode in FIG. 3, FIG. 5 is a graph of an example
of a histogram in the high-brightness mode in FIG. 3, and
FIG. 6 a graph of an example of a histogram in the
low-brightness mode in FIG. 3. As shown in FIG. 4, a gray
level value that occurs most often within one frame of the
image data may be between the predetermined low reference
gray scale Gtl and the predetermined high reference gray
scale Gth, and the image data then may be determined as in
the normal mode. As shown in FIG. 5, a gray level value that
occurs most often within one frame of the image data may
be greater than the predetermined high reference gray scale
Gth, and the image data then may be determined as in the
high brightness mode. The high brightness mode image data
may include an explosion image, a flash image or the like.
As shown in FIG. 6, a gray level value that occurs most
often within one frame of the image data is smaller than the
predetermined low reference gray scale Gtl, and the image
data then may be determined as in the low brightness mode.

The low brightness mode data image may include an image
of a dark sky or the like.

[0048] Subsequently, in accordance with the histogram
analysis, the most frequent value detection, and the mode
categorization, the picture quality processor 2 (shown in
FIG. 2) may individually control an output tube current for
each of the lamps of the back light unit 8 by generating and
applying a control signal Ainv to the inverter 10. In particu-
lar, the duty ratio of the lamp tube current, the intensity (mA)
of the tube current, and a brightness (nit) of each of the
lamps may be controlled differently for image data in the
normal mode, the high brightness mode, and the low bright-
ness mode as shown Table 1 or as shown in Table 2.

TABLE 1
Duty ratio(%) Lamp
of lamp Lamp tube brightness
tube current current (mA) (nit)
High brightness mode 100 More than 6 450-500
Normal mode 60 45 300
Low brightness mode 30 Less than 3 200
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[0049]
TABLE 2
Duty ratio(%)
of lamp Lamp tube  Lamp brightness

tube current  current (mA) (nit)
High brightness mode 100 More than 6 450-500
Normal mode 50~70 4.5 300
Low brightness mode 20~40 Less than 3 200
[0050] InTables 1 and 2, the duty ratio, the intensity (mA)

of the tube current and the brightness of the lamp at each
mode may be for a 30-inch liquid crystal television. In
addition, the duty ratio, the intensity (MA) of the tube
current and the brightness of the lamp as shown in Tables 1
and 2 may be altered depending on the particular resolution,
the dimension or the model of the liquid crystal display
device. Further, the duty ratio of the lamp tube current in
Table 2 is derived from the margin of +10% on the duty
ratios of the lamp tube current in the normal mode and in the
low brightness mode based on a property deviation of the
liquid crystal display panel. In Tables 1 and 2, the lamp tube
current in the normal mode may not be limited to 4.5 mAbut
may be a current between 3-6 mA.

[0051] FIG. 7 is a waveform diagram of an example of a
tube current in the high-brightness mode in FIG. 3, FIG. 8
is a waveform diagram of an example of a tube current in the
normal mode in FIG. 3, and FIG. 9 is a waveform diagram
of an example of a tube current in the low-brightness mode
in FIG. 3. As shown in FIGS. 7-9, the duration of a tube
current may be differently adjusted for image data catego-
rized in the normal mode, the high brightness mode, and the
low brightness mode. For example, the duration of a tube
current corresponding to image data in the high brightness
mode, as shown in FIG. 7, is longer than image data in the
normal mode and in the low brightness mode.

[0052] In addition, the duration of a tube current corre-
sponding to image data in the normal mode, as shown in
FIG. 8, is longer than image data in the low brightness
mode. The duration of a tube current corresponding to image
data in the normal mode may be about 60% of a frame period
in comparison with image data in the high brightness mode.
Further, the duration of a tube current corresponding to
image data in the low brightness mode, as shown in FIG. 9,
is the shortest among the three modes. The duration of a tube
current corresponding to image data in the low brightness
mode may be about 30% of a frame period in comparison
with image data in the high brightness mode. As a result, it
is possible to reduce power consumption of the liquid crystal
display panel, to thereby improve display efficiency.

[0053] FIG. 10 is a configuration representing a change-
able range of the brightness and a maximum brightness in
the low-brightness mode, the normal mode and the high-
brightness mode according to an embodiment of the present
invention. As shown in FIG. 10, the changeable range of
brightness of the back-light-unit lamps may be differently
adjusted for image data categorized in the normal mode, the
high brightness mode, and the low brightness mode. For
example, the changeable range of brightness corresponding
to image data in the high brightness mode is larger than
image data in the normal mode and in the low brightness
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mode. In addition, the changeable range of brightness cor-
responding to image data in the normal mode is larger than
image data in the low brightness mode. As a result, it is
possible to increase the maximum brightness and a contrast
ratio for a display image, to thereby improve display quality.

[0054] FIG. 11 is a circuit diagram of the picture quality
processor in FIG. 2. FIG. 12 is a graph of an example of a
histogram in an input image, and FIG. 13 is a graph of an
example of a histogram enlarged by a data modulation. In
FIG. 11, the picture quality processor 2 may include an
image signal modulator 110, a back light controller means
120, and a timing control signal generator 130. The image
signal modulator 110 may include a brightness/color sepa-
rator 101, a delay part 102, a brightness/color mixer 103, a
histogram analyzer 104, a histogram modulator 105, a
memory 108, and a look-up table 109. The image signal
modulator 110 may receive the digital video data, Ri, Gi, and
Bi, from the system 1 and may calculate the histogram of the
digital video data Ri, Gi and Bi from the system 1 and then
enlarge the histogram. Also, the image signal modulator 110
enlarges a dynamic range of the digital video data Ri, Gi and
Bi pursuant to the enlarged histogram.

[0055] The brightness/color separator 101 may extract a
brightness component Y and color/chromatic components U
and V from the digital video data, Ri, Gi, and Bi, received
from the system 1. The brightness/color separator 101 then
may provide the brightness component Y to the histogram
analyzer 104 and the color components U and V to the delay
part 102, In addition, the brightness/color separator 101 may
extract the brightness component Y and the color compo-
nents U and V using the following formulas 1-3:

Y=0.229xRi+0.587xGi+0.114xBi )
U=0.493x(Bi-Y) @
V=0.887x(Ri-Y) ©)
[0056] The histogram analyzer 104 may detect a fre-

quency of each gray scale level that occurred within each
frame and may produce a histogram of the brightness
component Y for each frame. FIG. 12 is an exemplary
example of the histogram produced by the histogram ana-
lyzer 104 having an X-axis of gray scale level and a Y-axis
of number of occurrence. The histogram analyzer 104 may
then detect a brightness degree for the image data by
analyzing the histogram. In addition, the histogram analyzer
104 may produce brightness information, e.g., a minimum
value, a maximum value and an average value of the
brightness, of an image based on the histogram analysis and
may apply the brightness information to the back light
controller means 120 and the histogram modulator 105.

[0057] The histogram modulator 105 may retrieve a pre-
determined modulated brightness data YM from the look-up
table 109 based on the brightness information received from
the histogram analyzer 104. In particular, the histogram
modulator 105 may enlarge the histogram, as shown in FIG.
13, to thereby enlarge a contrast ratio of an image. The data
having low gray scale in the digital video data, Ri, Gi, and
Bi, may be modulated to a lower gray scale by the enlarged
histogram, while the data having high gray scale may be
modulated to a higher gray scale, to thereby enlarge the
dynamic range.

[0058] The look-up table 109 may include a ROM (not
shown) and have predetermined modulated brightness data
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YM corresponding to the brightness component Y for an
input image and an inverter control data determined in
accordance with the histogram mode categorized as shown
in FIGS. 4 to 6. The inverter control data may include a
controlling data for setting the duty ratio of the lamp tube
current of the back light unit 8 in accordance with the
histogram mode and a controlling data for setting the
intensity of the tube current in accordance with the histo-
gram mode.

[0059] The memory 108 may include a RAM and may
load the look-up table 109 upon the request from the
histogram modulator 105 or upon the request from the back
light controller means 120. In addition, the memory 108 may
retrieve the data indicated by an address data of the histo-
gram modulator 105 and the back light controller means 120
from the look-up table 109, and then may provide the data
to the histogram modulator 105 and/or the back light con-
troller means 120.

[0060] The delay part 102 may delay the color compo-
nents U and V during the operation of the histogram
analyzer 104 and the operation of the histogram modulator
105 to synchronize the modulated brightness component
YM and the color components U and V. In addition, the
brightness/color mixer 103 may produce red data, green data
and blue data using the modulated brightness components
YM and the delayed color components U and V as illustrated
in the following formulas 4-6 shown below to generate the
modulated digital video data Ro, Go, and Bo, whose
dynamic range is enlarged.

R=YM+(0.000x17)+(1.140xV) 6]
G=YM-(0.396x1)-(0.581xV) ©)
B=YM+(2.029xU)+(0.000xV) (6)
[0061] The back light controller means 120 may include a

back light controller 106 and a back light control signal
generator 107. The back light controller 106 may read the
inverter control data from the look-up table 109 in accor-
dance with the brightness information from the histogram
analyzer 104 to supply the inverter control data to the back
light control signal generator 107. Further, the back light
control signal generator 107 may generate the inverter
control signal Ainv for controlling the lamp tube current
provided from the inverter 10 in accordance with the
inverter control data from the back light controller 106.

[0062] The timing control signal generator 130 may adjust
the timing signals, Vsyncl, Hsyncl, DCLK1, and DE1, from
the system 1 in accordance with the modulated digital video
data, Ro, Go, and Bo, whose the dynamic range is enlarged,
thereby generating the modulated timing signals, Vsync2,
Hsync2, DCLK2, and DE2, synchronized with the modu-
lated digital video data, Ro, Go, and Bo.

[0063] Therefore, the liquid crystal display device of the
present invention may set a brightness range and a maxi-
mum brightness of the back light unit in accordance with the
low brightness mode, the normal mode and the high bright-
ness mode detected by the histogram as shown in FIG. 10.
Further, the liquid crystal display device of the present
invention may enlarge a dynamic range of an input image as
shown in FIG. 14, to thereby enlarge a contrast ratio of a
display image. Accordingly, it is possible to implement a
more natural and clear image.
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[0064] Meanwhile, the data modulation method for
enlarging a dynamic range of an input image data in the
embodiment of the invention is not limited to the above-
described method. For instance, the data modulation method
disclosed in Korean Patent Applications Nos. 2003-036289,
2003-040127, 2003-041127, 2003-80177, 2003-81171,
2003-81172, 2003-81173 and 2003-81175 filed by and
assigned to the same applicant as the present application are
also applicable to the present invention, which are incorpo-
rated herein by references.

[0065] As described above, according to the present
invention of a liquid crystal display device and a controlling
method thereof, the maximum brightness of a back light is
adjusted in accordance with a histogram type of an input
image and the dynamic range of the input image is enlarged
to raise a contrast ratio and a brightness of a display image.
As a result, display quality is improved. Furthermore,
according to the present invention, a duty ratio of a lamp
tube current and an intensity of a tube current are lowered in
a low brightness mode and a normal mode, and thus, it is
possible to reduce power consumption and heat generated in
a back light unit.

[0066] It will be apparent to those skilled in the art that
various modifications and variations can be made in the
above-discussed liquid crystal display device and the con-
trolling method thereof without departing from the spirit or
scope of the invention. Thus, it is intended that the present
invention cover the modifications and variations of this
invention provided they come within the scope of the
appended claims and their equivalents.

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

a histogram analyzer analyzing a histogram of an input
image and determining the input image as being in one
of a low brightness mode, a normal mode, and a high
brightness mode based on the histogram analysis; and

a back light controller controlling a maximum brightness

of a back light unit based on the mode determination.

2. The liquid crystal display device of claim 1, wherein
the back light controller controls at least one of a duty ratio
and an intensity of a tube current based on the mode
determination.

3. The liquid crystal display device of claim 1, wherein
the histogram analyzer detects a most frequent value of gray
scale occurring most frequently in the input image of one
frame, compares the most frequent value with a predeter-
mined low reference gray value and a predetermined high
reference gray value, and determines the input image as
being in one of the low brightness mode, the normal mode,
and the high brightness mode based on the compared result.

4. The liquid crystal display device of claim 1, wherein
the back light controller controls a duty ratio of a tube
current of the back light unit to be about 100% in compari-
son to one frame period and an intensity of the tube current
to be about 6 mA, if the input image is determined to be in
the high brightness mode based on the histogram analysis.

5. The liquid crystal display device of claim 1, wherein
the back light controller controls a duty ratio of a tube
current of the back light unit to be about 20-40% in
comparison to one frame period and an intensity of the tube
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current to be about 3 mA, if the input image is determined
to be in the low brightness mode based on the histogram
analysis.

6. The liquid crystal display device of claim 1, wherein
the back light controller controls a duty ratio of a tube
current of the back light unit to be about 50-70% in
comparison to one frame period and an intensity of the tube
current to be about 4.5 mA, if the input image is determined
to be in the normal mode based on the histogram analysis.

7. The liquid crystal display device of claim 1, wherein
the back light controller controls a brightness of the back
light unit to be about 400-500 nit, if the input image is
determined to be in the high brightness mode based on the
histogram analysis.

8. The liquid crystal display device of claim 1, wherein
the back light controller controls a brightness of the back
light unit to be about 200 nit, if the input image is deter-
mined to be in the low brightness mode based on the
histogram analysis.

9. The liquid crystal display device of claim 1, wherein
the back light controller controls a brightness of the back
light unit to be about 300 nit, if the input image is deter-
mined to be in the normal mode based on the histogram
analysis.

10. A liquid crystal display device, comprising:

a histogram analyzer analyzing a histogram of an input
image and determining the input image as being in one
of a low brightness mode, a normal mode, and a high
brightness mode based on the histogram analysis;

a back light controller controlling a maximum brightness
of a back light unit based on the mode determination;
and

a data modulator enlarging the histogram of the input
image to modulate data of the input image.
11. A method of controlling a liquid crystal display
device, comprising:

analyzing a histogram of input image;

determining the nput image as being in one of a low
brightness mode, a normal mode, and a high brightness
mode based on the histogram analysis; and

controlling a maximum brightness of a back light unit

based on the mode determination.

12. The method of claim 11, wherein the step of control-
ling the maximum brightness of the back light unit includes
controlling at least one of a duty ratio and an intensity of a
tube current based on the mode determination.

13. The method of claim 11, further comprising:

detecting a most frequent value of gray scale occurring
most frequently in the input image of one frame,

comparing the most frequent value to a predetermined
low reference gray value and a predetermined high
reference gray value; and

determining the input image as being in one of the low
brightness mode, the normal mode, and the high bright-
ness mode based on the compared result.
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14. The method of claim 13, wherein the step of deter-
mining the input image as being in one the low brightness
mode, the normal mode, and the high brightness mode
includes:

determining the input image as in the normal mode if the
most frequent value is between the predetermined low
reference gray value and the predetermined high ref-
erence gray value;

determining the input image as in the high brightness
mode if the most frequent value is equal to or more than
the high reference gray value; and

determining the input image as in the low brightness
mode if the most frequent value is equal to or less than
the low reference gray value.

15. The method of claim 11, wherein the step of control-
ling the maximum brightness includes controlling a duty
ratio of a tube current of the back light unit to be about 100%
in comparison to one frame period and an intensity of the
tube current to be about 6 mA, if the input image is
determined to be in the high brightness mode.

16. The method of claim 11, wherein the step of control-
ling the maximum brightness includes controlling a duty
ratio of a tube current of the back light unit to be about
20-40% in comparison to one frame period and an intensity
of the tube current to be about 3 mA, if the input image is
determined to be in the low brightness mode.

17. The method of claim 11, wherein the step of control-
ling the maximum brightness includes controlling a duty
ratio of a tube current of the back light unit to be about
50-70% in comparison to one frame period and an intensity
of the tube current to be about 4.5 mA, if the input image is
determined to be in the normal mode.

18. The method of claim 11, wherein the step of control-
ling the maximum brightness includes controlling a bright-
ness of the back light unit to be about 400-500 nit, if the
input image is determined to be in the high brightness mode.

19. The method of claim 11, wherein the step of control-
ling the maximum brightness includes controlling a bright-
ness of the back light unit to be about 200 nit, if the input
image is determined to be in the normal mode.

20. The method of claim 11, wherein the step of control-
ling the maximum brightness includes controlling a bright-
ness of the back light unit to be about 300 nit, if the input
image is determined to be in the low brightness mode.

21. A method of controlling a liquid crystal display
device, comprising:

analyzing a histogram of an input image;

determining the input image as being in one of a low
brightness mode, a normal mode, and a high brightness
mode based on the histogram analysis;

controlling a maximum brightness of a back light unit
based on the mode determination; and

enlarging the histogram of the input image to modulate
data of the input image.
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