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7) ABSTRACT

An apparatus and method for driving a light source of a
liquid crystal display device are provided. The apparatus
includes a liquid crystal display panel, a backlight unit
including a plurality of light emitting diodes (LEDs) to
irradiating light to the liquid crystal display panel, and a
driver to selectively drive the LEDs and selectively control
a brightness of light generated by the LEDs.
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APPARATUS AND METHOD FOR DRIVING
LIQUID CRYSTAL DISPLAY DEVICE

[0001] This application claims the benefit of Korean
Patent Application No. 10-2004-0038420 filed in Republic
of Korea on May 28, 2004, which is hereby incorporated by
reference.

BACKGROUND OF THE INVENTION
[0002]

[0003] The present invention relates to an apparatus and a
method for driving a liquid crystal display device, and more
particularly, to an apparatus and a method for driving a lamp
of a liquid crystal display device that is capable of control-
ling a partial brightness and a color character.

[0004] 2. Description of the Related Art

[0005] In general, a liquid crystal display (hereinafter,
LCD) has a trend that its application scope has been gradu-
ally widened due to its lightness, its thinness, and its low
power consumption. In accordance with such a trend, the
LCD is used in an office automation device, an audio/video
device and the like. The LCD adjusts the transmittance
quantity of a light beam in accordance with an image signal
applied to a matrix of a plurality of control switches to
thereby display desired pictures on a screen.

[0006] Since the LCD is not a spontaneous light-emitting
display device, the LCD device needs a backlight unit as a
light source. There are two types of the backlight unit for the
LCD, i.., a direct-below type and a light guide plate type.
In the direct-below type, several lamps are arranged in the
plane. And, a diffusion panel is installed between the lamps
and the liquid crystal display panel to fixedly keep the
distance between the liquid crystal display panel and the
lamps. In the light guide plate type, a lamp is installed in the
outer part of the flat panel, and the light from the lamp is
incident on the entire surface of the liquid crystal display
panel by using a transparent light guide plate.

[0007] Referring to FIGS. 1 and 2, the LCD adopting the
related art direct-below type backlight includes a liquid
crystal display panel 2 to display a picture, and a direct-
below type backlight unit to irradiate a uniform light onto
the liquid crystal display panel 2.

[0008] In the liquid crystal display panel 2, liquid crystal
cells are arranged between an upper substrate and a lower
substrate in such a manner of an active matrix type, and a
common electrode and pixel electrodes to apply an electric
field to each of the liquid crystal cells are provided. Gen-
erally, the pixel electrode is formed on the lower substrate,
i.e., a thin film transistor substrate, for each liquid crystal
cell. On the other hand, the common electrode is formed to
be integrated with the front surface of the upper substrate.
Each of the pixel electrodes is connected to a thin film
transistor that is used as a switching device. The pixel
electrode drives the liquid crystal cell along with the com-
mon electrode in accordance with a data signal supplied
through the thin film transistor, thereby displaying a picture
corresponding to a video signal.

[0009] The direct-below type backlight unit includes a
plurality of lamps 36 to generate light, a lamp housing (or a
lamp holding container of the direct-below type backlight
unit) 34 located at the lower part of the lamps 36, a diffusion
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plate 12 covering the lamp housing 34, and optical sheets 10
located on the diffusion plate 12.

[0010] Each of the lamps 36 includes a glass tube, an inert
gas in the inside of the glass tube, and a cathode and an
anode installed at both ends of the glass tube. The inside of
the glass tube is charged with the inert gas, and the phos-
phorus is spread over the inner wall of the glass tube.

[0011] In each of the lamps 36, if an AC waveform of high
voltage is applied to a high voltage electrode and a low
voltage electrode from an inverter (not shown), electrons are
emitted from the low voltage electrode L to collide with the
inert gas in the glass tube, thus the amount of electrons is
increased in geometrical progression. The increased elec-
trons cause electric current to flow in the inside of the glass
tube, so that the inert gas is excited by the electrons to emit
ultraviolet ray. The ultraviolet ray collides with a luminous
phosphorus spread over the inner wall of the glass tube to
emit visible ray. At this moment, the AC waveform of high
voltage is continuously supplied to the lamps 36 so that the
lamps are always turned on.

[0012] In this way, the lamps 36 are arranged in parallel in
the lamp housing 34.

[0013] The lamp housing 34 prevents the light leakage of
the visible ray emitted from each of the lamps 36 and reflects
the visible ray, progressing to the side surface and the rear
surface of the lamps 36, to the front surface, i.e., toward the
diffusion plate 12, thereby improving the efficiency of the
light generated at the lamps 36.

[0014] The diffusion plate 12 enables the light emitted
from the lamps 36 to progress toward the liquid crystal
display panel 2 and to be incident at an angle of a wide
range. The diffusion plate 12 is a light diffusion member that
is coated on both sides of the film which is composed of
transparent resin.

[0015] The optical sheets 10 narrow the viewing angle of
the light coming out of the diffusion plate 12, thus it is
possible that the front brightness of the liquid crystal display
device is improved and its power consumption is reduced.

[0016] A-reflection sheet 14 is arranged between the lamps
36 and the bottom area of the lamp housing 34 to reflect the
light generated from the lamps 36 so as to irradiate it in the
direction of the liquid crystal display panel 2, thereby
improving the efficiency of light.

[0017] In this way, the related art LCD generates a uni-
form light by use of the lamps 36 arranged in the lamp
housing 34 to irradiate it to the liquid crystal display panel
2, thereby displaying the desired picture. However, the
related art LCD has disadvantages in that it needs to have the
lamps turned on continuously, whereby its power consump-
tion is large and a partial peak brightness cannot be realized.
The peak brightness is a brightness that occurs when a
designated part on the liquid crystal display panel 2 is
operated to be instantly brightened in order to display a
picture like an explosion or a flash on the liquid crystal
display panel 2.

SUMMARY OF THE INVENTION

[0018] Accordingly, it is an object of the present invention
to provide an apparatus and a method for driving a light
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source or an LED of a liquid crystal display device that is
capable of controlling a partial brightness and a color
character.

[0019] It is another object of the present invention to
provide an apparatus and method for driving a light source
of a display device that overcome the limitations and dis-
advantages associated with the related art.

[0020] In order to achieve these and other objects of the
invention, an apparatus for driving a liquid crystal display
device according to an embodiment of the present invention
includes: a liquid crystal display panel to realize a picture for
at least two division areas by using a liquid crystal cell of a
matrix type; a light generator including at least one light
emitting diode and irradiating light to each division area of
the liquid crystal display panel; and a light source driver to
control a brightness of the light emitting diode, irradiating
the light to the each division area, in accordance with a peak
value of gray level of each division area.

[0021] According to an aspect of the invention, the light
generator includes any one of: a first light generator having
a white light emitting diode; and a second light generator
having red, green, and blue diode. The second light genera-
tor includes any one of red-green-blue light emitting diode,
red-green-green-blue light emitting diode, and red-green-
blue-blue light emitting diode, which are arranged vertically
and horizontally.

[0022] According to an aspect of the invention, the driver:
fixes a duty ratio of a signal being supplied to the light
emitting diode in accordance with a reference brightness of
the liquid crystal display panel during a scanning period
before a picture implementing period of the liquid crystal
display panel and changes an amplitude of the signal to
correspond to the reference brightness, or fixes the ampli-
tude of the signal being supplied to the light emitting diode
in accordance with the reference brightness of the liquid
crystal display panel and changes the duty ratio of the signal
to correspond to the reference brightness.

[0023] The apparatus further includes a timing controller
supplied with the peak value of the gray level of each
division area to generate a control signal corresponded to the
peak value of each gray level to supply it to the driver.

[0024] According to an aspect of the invention, the driver
includes: a pulse width modulation PWM controller
arranged between the timing controller and the light emitting
diode; and a switch arranged between the pulse width
modulation controller and the light emitting diode to control
on-off of the light emitting diode. The PWM controller is
connected to a light emitting diode group formed by at least
one, in parallel, to adjust a strength of current generated
from the timing controller.

[0025] Amethod for driving a liquid crystal display device
according to an embodiment of the present invention
includes: irradiating light to each designated area of a liquid
crystal display panel; generating a control signal corre-
sponding to a peak value of a gray level of each image pixel
generated in each designated area of the liquid crystal
display panel; and controlling a plurality of light emitting
diodes, irradiating light to the liquid crystal display panel, in
accordance with the control signal.

[0026] According to an aspect of the invention, the step of
controlling the plurality of light emitting diodes includes:
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generating a pulse width modulation control signal, corre-
sponding to the control signal generated from the timing
controller, from a pulse width modulation controller
included in a driver; and generating light from the light
emitting diode in accordance with the control signal to
irradiate the light to the liquid crystal display panel.

[0027] According to an aspect of the invention, the step of
generating the pulse width modulation control signal
includes changing at least one of an on-off duty ratio and an
amplitude of the pulse width modulation control signal.

[0028] According to an aspect of the invention, the
method further includes: setting any one of a duty ratio and
an amplitude of the signal supplied from the light emitting
diode in accordance with a reference brightness of the liquid
crystal display panel during a scanning period before a
picture implementing period of the liquid crystal display
panel; and changing the amplitude and the duty ratio of the
signal in accordance with any one of the set duty ratio and
the set amplitude during the scanning period.

[0029] According to an aspect of the invention, there is an
apparatus for driving a liquid crystal display device, the
apparatus comprising: a liquid crystal display panel having
atleast two division areas; a light generator including at least
one light emitting diode (LED) and irradiating light to each
division area of the liquid crystal display panel; and a driver
to control a brightness of the light emitted by the LED and
irradiating to each division area, in accordance with a peak
value of gray level of each division area.

[0030] According to an aspect of the invention, there is a
liquid crystal display device comprising: a liquid crystal
display panel; a backlight unit including a plurality of light
emitting diodes (LEDs) to irradiating light to the liquid
crystal display panel; and a driver to selectively drive the
LEDs and selectively control a brightness of light generated
by the LEDs.

[0031] According to an aspect of the invention, there is a
method for driving a liquid erystal display device including
a liquid crystal display panel and a light generator, the
method comprising: dividing the liquid crystal display panel
into at least two division areas; and controlling, in accor-
dance with a peak value of gray level of each division area,
the light generator including at least one light emitting diode
(LED) to generate and irradiate light to each division area.

[0032] These and other objects of the present application
will become more readily apparent from the detailed
description given hereinafter. However, it should be under-
stood that the detailed description and specific examples,
while indicating preferred embodiments of the invention, are
given by way of illustration only, since various changes and
modifications within the spirit and scope of the invention
will become apparent to those skilled in the art from this
detailed description.

BRIEF DESCRIPTION OF THE DRAWINGS

[0033] These and other objects of the invention will be
apparent from the following detailed description of the
embodiments of the present invention with reference to the
accompanying drawings, in which:

[0034] FIG. 1 is a perspective view illustrating a related
art liquid crystal display device;
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[0035] FIG. 2 is a sectional view illustrating the liquid
crystal display device taken along the line II-II' in FIG. 1;

[0036] FIG. 3 is a perspective view illustrating a liquid
crystal display device according to a first embodiment of the
present invention;

[0037] FIG. 4 is a sectional view illustrating the liquid
crystal display panel taken along the line IV-IV' in FIG. 3;

[0038] FIG. 5 is a block diagram showing an LED driver
according to the first embodiment of the present invention;

[0039] FIG. 6 is a first example of a waveform of a pulse
signal generated from the driver;

[0040] FIG. 7 is a second example of a waveform of a
pulse signal generated from the driver;

[0041] FIG. 8 is a third example of a waveform of a pulse
signal generated from the driver;

[0042] FIG. 9 is a configuration showing division areas of
a liquid crystal display panel according to an embodiment of
the present invention;

[0043] FIG. 10 is a perspective view illustrating a liquid
crystal display device according to a second embodiment of
the present invention; and

[0044] FIG. 11 is a sectional view illustrating the liquid
crystal display device taken along the line XI-XI' in FIG. 10.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

[0045] Reference will now be made in detail to the pre-
ferred embodiments of the present invention, examples of
which are illustrated in the accompanying drawings.

[0046] Hereinafter, the preferred embodiments of the
present invention will be described in detail with reference
to FIGS. 3 to 11.

[0047] FIG. 3 is a perspective view illustrating a liquid
crystal display device according to a first embodiment of the
present invention.

[0048] Referring to FIGS. 3 and 4, a liquid crystal display
device according to the first embodiment of the present
invention includes: a liquid crystal display panel 102 to
display a picture or image; a backlight unit having a plurality
of white light emitting diodes LEDs 136 to irradiate a white
light to each designated area of the liquid crystal display
panel 102; and at least one LED driver 160 to drive each of
the white LEDs 136. All the components of the liquid crystal
display device are operatively coupled.

[0049] In the liquid crystal display panel 102, liquid
crystal cells are arranged between an upper substrate and a
lower substrate in a manner of an active matrix type, and a
common electrode and pixel electrodes to apply electric field
to each of the liquid crystal cells are provided. Generally, the
pixel electrode is formed on the lower substrate, i.e., a thin
film transistor substrate, for each liquid crystal cell. On the
other hand, the common electrode is formed to be integrated
with the front surface of the upper substrate. Each of the
pixel electrodes is connected to a thin film transistor that is
used as a switch device. The liquid crystal display panel may
also include a color filter layer to provide red, blue and green
color filters. The pixel electrode drives the liquid crystal cell
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along with the common electrode in accordance with a data
signal supplied through the thin film transistor, thereby
displaying a picture corresponding to a video signal.

[0050] The backlight unit includes a plurality of white
lamp LEDs 136 to generate light; an LED housing 134 for
housing the white LEDs 136; a diffusion plate 112 to diffuse
the light generated from the LED housing 134; optical sheets
110 to increase the efficiency of the light coming out of the
diffusion plate 112; and a reflection sheet 114 arranged on a
rear surface of the white LEDs 136 to improve the efficiency
of light and to prevent a light leakage.

[0051] Each of the LEDs 136 produces a minority carrier
(an electron or a hole) injected by using a p-n junction
structure and emits light by re-combining the electron and
the hole. A material appropriate for the LED is a compound
semiconductor such as gallium arsenide (GaAs), gallium
phosphide (GaP), gallium-arsenic-phosphide (GaAs, Py),
gallium-aluminum-arsenic (Ga, xAlyAs), indium phos-
phide (InP), or indium-gallium-phosphide (In, «Ga\P), in
which a light-emitting wavelength exists at visible area or an
infrared light area, a light emitting efficiency is high and a
manufacturing is capable by the p-n junction.

[0052] There exists an LED configured by re-combining
free carriers and an LED configured by re-combining free
carriers to which an impurity is added. The light-emitting
wavelength of the LED configured by re-combining the free
carriers is approximately ch/Eg, wherein, ¢ represents a
speed of light, h represents a Planck constant, and Eg
represents an energy width of an energy gap. The LED using
gallium arsenide emits an infrared light having about 900
nm wavelength. The LED using gallium-arsenic-phosphide
emits visible lights since Eg is increased in accordance with
the content of phosphorus (P).

[0053] Further, the wavelength of an LED configured by
re-combining free carriers to which an impurity 1s added
differs in accordance with a kind of impurities added to a
semiconductor. In a case using gallium phosphide for the
LED, an LED to which zinc and oxygen atoms are added
generates a red color having a 700 nm wavelength, and an
LED to which nitrogen atom is added generates a green
color having a 550 nm wavelength. The LED has a smaller
size and a longer life as compared to the lamp used in the
related art LCD device. Further, the LED has a small power
consumption and a high efficiency since its electrical energy
is directly converted to a light energy.

[0054] Meanwhile, the LED has a high-speed response
characteristic. Particularly, an injection semiconductor laser
is a kind of LED having a high injection density and
generates an inversion distribution, thus it is possible to
cause a coherence light. Further, since a voltage of the LED
is almost uniform, it is possible to adjust a brightness of the
light generated by the LED by changing only the voltage at
both ends of a series resistance connected to the LED and
changing a proportion current to the changed voltage.

[0055] Among these LEDs, the white LEDs 136 are
arranged in parallel for each designated area on the LED
housing 134.

[0056] The LED housing 134 prevents the light leakage
emitted from the white LEDs 136 and reflects the light,
progressing to the inner side surface and the inner rear
surface of the housing 134, to the front surface, i.e., toward
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the diffusion plate 112, thereby improving the efficiency of
the light generated at the white lamps 136.

[0057] The diffusion plate 112 enables the light emitted
from the white LEDs 136 to progress toward the liquid
crystal display panel 102 and to be incident at an angle of a
wide range. In this example, the diffusion plate 112 is a light
diffusion member coated on both sides of a film which is
composed of transparent resin.

[0058] The optical sheets 110 adjust or narrow the viewing
angle of the light coming out of the diffusion plate 112, thus
it is possible that the front brightness of the liquid crystal
display device is improved and its power consumption is
reduced.

[0059] The reflection sheet 114 is arranged between the
white LEDs 136 and the bottom area of the LED housing
134 to reflect the light generated from the white LEDs 136
so as to irradiate it in the direction of the liquid crystal
display panel 102, thereby improving the efficiency of light.

[0060] The LED driver 160, as shown in FIG. 5, includes
a pulse width modulation PWM controller 190 supplied with
one or more control signals, corresponding to each video
signal, from a timing controller 180 to supply the control
signals to one or more white LED group, each white LED
group formed by at least one white LED 136. Such an LED
driver 160 further includes at least one switch 195 each
arranged between the PWM controller 190 and each LED
136 in the white LED group to adjust a PWM (or pulse)
signal applied to the corresponding LED.

[0061] The timing controller 180 generates the control
signal in accordance with a character of a video signal to be
applied to a predetermined area of the liquid crystal display
panel 102. The video signals may be supplied by a video
card (not shown) or some other source. More specifically,
different pictures to be displayed on the liquid crystal display
panel 102 have brightness and image data values different
from each other. For instance, a bright image has a high
brightness value and image data R,G,B in a bright gray level,
whereas a dark image has a low brightness value and image
data R,G,G in a dark gray level. In accordance with the
above-mentioned characteristics, the timing controller 180
generates various control signals corresponding to different
portions/areas of an image having various brightness values
different from each other. That is, different control signals
for different pixel units of the display panel are generated
according to an image to be displayed on the display panel.

[0062] The PWM controller 190 receives the control sig-
nals different from each other according to the predeter-
mined picture area from the timing controller 180 (directly
or indirectly). Accordingly, the PWM controller 190 gener-
ates pulse signals each corresponding to one of the control
signals supplied from the timing controller 180. Thereafter,
the pulse signals corresponding to the control signals are
applied to the white LED group 136 connected to the PWM
controller 190.

[0063] A generation of such a pulse signal by the PWM
controller 190 will be described with reference to FIGS. 6 to
8. FIGS. 6-8 show different examples of a pulse signal and
demonstrate different methods of generating a particular
pulse signal corresponding to a particular control signal by
modifying an initial base pulse signal generated in the PWM
controller 190.

[0064] Firstly, a pulse signal corresponding to a control
signal (supplied from the timing controller) can be generated
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by using one of the following methods: a method of adjust-
ing an on-off duty ratio of a base pulse signal generated in
the PWM controller 190 as shown in FIG. 6; a method of
changing the amplitude of the initial pulse signal as shown
in FIG. 7; and a method of adjusting the initial pulse signal
in association with a duty rate and an amplitude modulation
as shown in FIG. 8.

[0065] In order to display a picture on the liquid crystal
display panel 102, a scanning process is used to compensate
for a delay time required to activate a liquid crystal material.
In this scanning process, the PWM controller 190 generates
the pulse signal(s), corresponding to the brightness value
provided from a user, by using the method of changing the
on-off duty ratio and/or amplitude of the initial base pulse
signal discussed above.

[0066] Thereafter, the pulse signal generated in this way is
supplied during a scanning period to activate each white
LED 136, so that the LED 136 irradiates light. Herein, the
white LEDs 136 have a characteristic of a high-speed
response about the pulse signal. Accordingly, the white
LEDs 136 can reduce the delay of the liquid crystal material
in a high-speed response as compared with the lamp used in
the related art backlight unit of the LCD device.

[0067] A method for driving the liquid crystal display
device having the above-mentioned structure will be
described as follow.

[0068] As an example, a liquid crystal display panel in
which the white LEDs 136 are divided into 32 different areas
(A,B,C, D, . ..shown in FIG. 9) will be described with
reference to FIGS. 3 to 9. In that example where the liquid
crystal display panel 102 has the 32 areas, each of the 32
areas has a white LED group corresponding thereto to
provide light onto that area. Each of such white LED groups
is formed with one or more white LEDs 136. Accordingly,
the PWM controller 190 has a structure which can selec-
tively supply pulse signals different from each other to the
white LED groups (136) corresponding to the 32 areas.
Herein, although one PWM controller 190 is shown, the
LED driver 160 can have one or more PWM controllers 190
each controller corresponding to each of the white LED
groups. Such a PWM controller 190 receives a controller
signal form the timing controller 180, wherein the control
signal may correspond to each area among the 32 areas.
Thereafter, the PWM controller 190 generates pulse signals
different from each other, which correspond to the control
signals different from each other supplied from the timing
controller 180. In other words, by adjusting the on-off duty
ratio and/or the amplitude of the base pulse signal, a pulse
signal corresponding to the control signal supplied from the
timing controller 180 is generated.

[0069] Such a pulse signal is supplied to the white LED
group (136) and an image having variety brightness can be
implemented in each of the 32 areas of the liquid crystal
display panel 102 by the white LED group having variety
brightness. For instance, the driver 160 (via a specific pulse
signal) controls a brightness of the light, emitted from an
LED and to be irradiated to each of the 32 divided arcas of
the display panel, in accordance with a peak value of gray
level of a picture for each divided area. A picture can be
implemented on an area requiring an instantly high bright-
ness like an explosion or a flash in a high-speed response to
an image requiring a moving picture and a brightness of a
high contrast ratio.

[0070] FIG. 10 is a perspective view illustrating a driving
apparatus of a liquid crystal display device according to a
second embodiment of the present invention.
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[0071] The driving apparatus of the liquid crystal display
device according to the second embodiment of the present
invention includes: a liquid crystal display panel 202 to
display a picture; a backlight unit having a plurality of red,
green, and blue LEDs (RGB LEDs) 236 to irradiate light
onto each designated area of the liquid crystal display panel
202; at least one LED driver 260 to drive each of the RGB
LEDs 236. All the components of the liquid crystal display
device including the driving apparatus are operatively
coupled.

[0072] The structure and functions of the elements of the
driving apparatus in the second embodiment of the present
invention are identical to those of the first embodiment,
except for the RGB LEDs 236 and the LED driver 260.
Thus, the detailed description on the identical elements will
be omitted for the sake of simple illustration and clarity.

[0073] The RGB LEDs 236 according to the second
embodiment of the present invention can be arranged in
different ways as needed. In an example, the RGB LEDs 236
include red LED, green LED, and blue LED alternatingly
arranged in certain order at a regular ratio (R:G:B) and
divide a predetermined area according to this arrangement.
In another example, if an importance of green having a
relatively high brightness is increased in the system or
display device, then the RGB LEDs 236 are arranged in a
ratio of R:G:G:B, i.e., in a sequence order of red LED, green
LED, green LED, blue LED, red LED, green LED, green
LED, blue LED, and so on.

[0074] The arrangement of the RGB LEDs 236 is arrayed
for each designated area. Thus, the driving apparatus of the
liquid crystal display device according to the second
embodiment of the present invention divides a picture area
of the liquid crystal display panel 202 and can selectively
drive each of the divided areas by selectively driving one or
more of the RGB LEDs 236.

[0075] The LED driver 260 includes: a timing controller
180 to generate control signals different from each other in
accordance with image data; and a PWM controller 190 to
generate pulse signals each corresponding to each control

signal generated from the timing controller 180 as shown in
FIG. 5.

[0076] The PWM controller 190 is installed to drive each
LED 236 in accordance with the arrangement of the RGB
LEDs 236. For instance, the PWM controller 190 is installed
to control the RGB LEDs 236 by each LED (e.g., cach LED
can be selectively driven), to control the RGB LEDs 236 by
a basic group type (e.g., if the LEDs 236 are arranged in
R:G:B order, then the R, G and B LEDs as a basic group are
selectively driven; or if the LEDs 236 are arranged in
R:G:G:B order, then the R, G, G and B LEDs as a basic
group are selectively driven; etc.), or to control the RGB
LEDs 236 by a class having at least one RGB LED group.

[0077] A method of driving the liquid crystal display
device having the above-mentioned structure according to
the second embodiment of the present invention will be
described as follows.

[0078] Firstly, the timing controller 180 generates a con-
trol signal in accordance with a brightness value of an image
corresponding to a designated area of the liquid crystal
display panel 202. The PWM controller 190 supplied with
the control signal generates respectively a pulse signal being
supplied to the RGB LED 236 in accordance with the control
signal. In this manner, a plurality of pulse signals are
generated and appropriately applied to selectively drive the
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LEDs 236. Herein, since the pulse signal corresponding to
the control signal of the timing controller 180 is generated
by the same method as the first embodiment, the description
of the generation of the pulse signal is omitted. The LED 236
supplied with the pulse signal from the PWM controller 190
generates light, which is irradiated onto the liquid crystal
display panel 202. In this connection, The LED 236 can
irradiate specific visible rays to the liquid crystal display
panel 202 in accordance with its characteristics. For
instance, the driver 260 (via a specific pulse signal) controls
a brightness of the light, emitted from an LED and to be
irradiated to each of the 32 divided areas of the display
panel, in accordance with a peak value of gray level of a
picture for each divided area. Accordingly, the liquid crystal
display device using the RGB LEDs 236 according to the
second embodiment of the present invention can control
partially a character of a color temperature and a color
coordinate.

[0079] Meanwhile, since the white LEDs 136 and the
RGB LEDs 236 in the present invention have a small size
compared to a related art cold cathode florescent lamp
(CCFL) and a related art external electrode florescent lamp
(EEFL), the liquid crystal display panel 202 can be divided
as needed. For instance, each of the 32 divided areas on the
liquid crystal display panel 202 shown in FIG. 9 can be
further divided into sub arcas and the LEDs can be driven
selectively to illuminate any one of the divided areas.
Accordingly, the liquid crystal display device using the
white LEDs 136 and the RGB LEDs 236 is possible to
improve a picture quality and to reduce a blur phenomenon
of a moving picture.

[0080] As describe above, the driving apparatus of the
liquid crystal display device according to the embodiment of
the present invention divides the liquid crystal display panel
into at least two areas and can selectively drive the LED(s)
corresponding to one or more of the divided area to display
images. Accordingly, it is possible to control a partial
brightness and to control partially a brightness control and a
color temperature/color coordinate character in a case using
the RGB LEDs. Moreover, since the LED has a character-
istic of a high-speed response about current, it is easy to
control the LED in an image displaying process compared to
a tube type lamp used in the related art. In addition, since the
LED is driven in a direct current, a circuit composition of the
LED driver becomes simplified and an integration degree of
the LED driver becomes high.

[0081] Although the present invention has been explained
by the embodiments shown in the drawings described above,
it should be understood to the ordinary skilled person in the
art that the invention is not limited to the embodiments, but
rather that various changes or modifications thereof are
possible without departing from the spirit of the invention.
Accordingly, the scope of the invention shall be determined
only by the appended claims and their equivalents.

1. An apparatus for driving a liquid crystal display device,
the apparatus comprising:

a liquid crystal display panel having at least two division
areas;

a light generator including at least one light emitting
diode (LED) and irradiating light to each division area
of the liquid crystal display panel; and



US 2006/0007103 Al

a driver to control a brightness of the light emitted by the
LED, in accordance with a peak value of gray level of
each division area.

2. The apparatus according to claim 1, wherein the at least

one LED includes:

at least one white LED; or

red, green, and blue LEDs.

3. The apparatus according to claim 2, wherein the red,
green, and blue LEDs include any one of the following:
red-green-blue LEDs, red-green-green-blue LEDs, or red-
green-blue-blue LEDs.

4. The apparatus according to claim 2, wherein the red,
green and blue LEDs are arranged vertically and horizon-
tally in certain order.

5. The apparatus according to claim 1, wherein the driver:

adjusts a duty ratio of a signal being supplied to the LED
in accordance with a reference brightness of the liquid
crystal display panel during a scanning period before a
picture implementing period of the liquid crystal dis-
play panel, and changes an amplitude of the signal to
correspond to the reference brightness; or

adjusts the amplitude of the signal being supplied to the
LED in accordance with the reference brightness of the
liquid crystal display panel, and changes the duty ratio
of the signal to correspond to the reference brightness.
6. The apparatus according to claim 1, further comprising:

a timing controller supplied with the peak value of the
gray level of each division area to generate a control
signal corresponding to the peak value and to supply
the control signal to the driver.

7. The apparatus according to claim 6, wherein the driver

includes:

a pulse width modulation (PWM) controller arranged
between the timing controller and the LED; and

a switch arranged between the PWM controller and the
LED to control on-off of the LED.

8. The apparatus according to claim 7, wherein the PWM
controller is connected to a light emitting diode group
formed by at least one LED, to adjust a strength of current
generated by the timing controller.

9. A liquid crystal display device comprising:

a liquid crystal display panel;

a backlight unit including a plurality of light emitting
diodes (LEDs) to irradiating light to the liquid crystal
display panel; and

a driver to selectively drive the LEDs and selectively
control a brightness of light generated by the LEDs.
10. The device according to claim 9, wherein the LEDs
are one of the following:

white LEDs; or

a combination of red, green, and blue LEDs.
11. The device according to claim 9, wherein the LEDs
are arranged in one of the following manners:

a sequence of red LED, green LED, green LED, and blue
LED; or
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a sequence of red LED, green LED, blue LED, and blue
LED.

12. The device according to claim 9, wherein the driver
adjusts a duty ratio and/or an amplitude of a basic pulse
signal to control the brightness of the light generated by one
or more of the LEDs.

13. The device according to claim 9, wherein the plurality
of LEDs are arranged in a matrix configuration.

14. A method for driving a liquid crystal display device
including a liquid crystal display panel and a light generator,
the method comprising:

dividing the liquid crystal display panel into at least two
division areas; and

controlling, in accordance with a peak value of gray level
of each division area, the light generator including at
least one light emitting diode (LED) to generate and
irradiate light to each division area.
15. The method according to claim 14, wherein in the
controlling step, the at least one LED includes:

at least one white LED; or

red, green, and blue LEDs arranged in certain order.

16. The method according to claim 15, wherein the red,
green, and blue LEDs include any one of the following:
red-green-blue LEDs, red-green-green-blue LEDs, or red-
green-blue-blue LEDs.

17. The method according to claim 14, wherein the
controlling step includes:

adjusting a duty ratio of a signal being supplied to the
LED in accordance with a reference brightness of the
liquid crystal display panel during a scanning period
before a picture implementing period of the liquid
crystal display panel, and changing an amplitude of the
signal to correspond to the reference brightness; or

adjusting the amplitude of the signal being supplied to the

LED in accordance with the reference brightness of the

liquid erystal display panel, and changing the duty ratio

of the signal to correspond to the reference brightness.

18. The method according to claim 14, wherein the
controlling step includes:

calculating the peak value of the gray level of each
division area; and

generating a control signal corresponding to the peak
value.
19. The method according to claim 18, wherein the
controlling step further includes:

Generating a pulse signal according to the control signal;
and

selectively controlling the LED using the pulse signal.

20. The method according to claim 14, wherein the at least
LED includes a plurality of LEDs arranged in a matrix
configuration, and the controlling step includes:

dividing the plurality of LEDs into a plurality of LED
groups; and

selectively driving each of the LED groups.

* ok %k
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