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LIQUID CRYSTAL DISPLAY DEVICE AND
METHOD OF DRIVING THE SAME

[0001] The present application claims priority under 35
U.S.C. 119 and 35 U.S.C. 365 to Korean Patent Application
No. 10-2007-0026443 (filed on Mar. 19, 2007), which is
hereby incorporated by reference in its entirety.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present disclosure relates to a liquid crystal
display (LCD) device, and more particularly, to an LCD
device for improving image quality, and a method of driving
the same.

[0004] 2. Discussion of the Related Art

[0005] Ingeneral, acathoderay tube (CRT), whichis one of
common display devices, has been widely used as a monitor
for a television (TV), a measuring device, or an information
terminal device. However, the CRT is too heavy and too large
to meet the demands of small and lightweight electronic
products.

[0006] In fact, the weight and size of the CRT have moti-
vated a search for its replacement. Examples of potential
substitute display devices include liquid crystal displays
(LCD), other devices using electro-optic effects, plasma dis-
play panels (PDP) using gas discharge, and an electro-lumi-
nescence display (ELD) device using an electro-luminescent
effect. Of those display devices, research in LCD devices is
the most promising.

[0007] Most of the LCD devices display an image by con-
trolling the amount of light transmitted by an exterior source.
The source is typically a backlight unit for emitting light to a
liquid crystal panel. The backlight unit is categorized into an
edge type and a rear type according to the position where a
lamp is installed.

[0008] Examples of the light source include electro-lumi-
nescence (EL) light sources, a light emitting diodes (LED),
and a code cathode fluorescent lamps (CCFL). The long
lifespan, low power consumption, and thin profile of the
CCFL makes it particularly useful for a large-screen LCD
devices. However, the backlight unit employing the CCFL as
a light source has a low color reproduction rate because of a
light emission characteristic of the light source. Also, the size
and capacity of the CCFL makes it difficult to implement a
high-brightness backlight unit.

[0009] Backlight units have been used to allow a user to
read information displayed on a screen of the LCD in dark
places. Light guide plates are currently used to cope with
various demands for a design, low power consumption while
maintaining a thin profile. Also, the backlight unit is devel-
oped to a plurality of colors, and employs LEDs to reduce
power consumption.

[0010] If the backlight device employing the LED is used
continuously for a long period of time, heat generated from
the LEDs increases the internal temperature, and also
increases current flowing through the LEDs, which causes an
intensity of light generated from the LEDs to decrease. If the
LCD device including the LED backlight unit is used for a
long time, optical efficiency varies over an operation time
because of a characteristic of the LCD device, and the quality
of light decreases. Also, if such an LCD device is driven fora
long time, an internal temperature of the LCD device
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increases. The increase in internal temperature and operation
time of the LCD device causes image quality defects such as
color deterioration.

SUMMARY OF THE INVENTION

[0011] Accordingly, embodiments of the invention are
directed to a liquid crystal display device and method of
driving the same that substantially obviates one or more ofthe
problems due to limitations and disadvantages of the related
art.

[0012] An object of embodiments of the invention is to
provide a liquid crystal display device with a backlight unit
and an adaptive light-intensity compensator for compensat-
ing intensities of the light emitting diodes of the backlight.

[0013] Another object of embodiments of the invention is
to provide of a method of driving a liquid crystal display
device including a liquid crystal panel with a backlight unit
and an adaptive light-intensity compensator by using the
adaptive light-intensity compensator to compensate irtensi-
ties of the light emitting diodes of the backlight.

[0014] Additional features and advantages of embodiments
of the invention 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 embodiments of the invention.
The objectives and other advantages of the embodiments 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.

[0015] To achieve these and other advantages and in accor-
dance with the purpose of embodiments of the invention, as
embodied and broadly described, the liquid crystal display
device and method of driving the same includes a liquid
crystal display device including: a liquid crystal panel; a
backlight unit including first, second and third light emitting
diode arrays respectively for generating red light, green light
and blue light to provide white light to the liquid crystal panel;
first, second and third light emitting diode drivers for gener-
ating operating voltages driving the first, second and third
light emitting diode arrays, respectively; a light-intensity
detector for detecting the intensity of the white light provided
to the liquid crystal panel; and an adaptive light-intensity
compensator for controlling the first, second and third light
emitting diode drivers and compensating intensities of the red
light, the green light and the blue light, respectively.

[0016] In another aspect, the liquid crystal display device
and method of driving the same includes: a method of driving
aliquid crystal display device including a liquid crystal panel
and first, second and third light emitting diode arrays respec-
tively generating red light, green light and blue light to pro-
vide white light to the liquid crystal parel, the method com-
prising: detecting an intensity of the white light provided to
the liquid crystal panel; estimating respective intensities of
red light, green light and blue light by using the detected
intensity of the white light; compensating intensities of the
red light, the green light and the blue light on the basis of the
estimated intensities of the red light, the green light and the
blue light, respectively; and generating operating voltages to
allow the first, second and third light emitting diode arrays to
generate light with the compensated light intensity, respec-
tively.

[0017] Itisto beunderstood that both the foregoing general
description and the following detailed description are exem-
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plary and explanatory and are intended to provide further
explanation of embodiments of the invention as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] FIG.11is a view illustrating an LCD device accord-
ing to an embodiment.

[0019] FIG. 2 is a view illustrating a backlight unit of the
LCD device of FIG. 1.

[0020] FIG. 3 is a block diagram of an LED light-intensity
detector of the LCD device of FIG. 1.

[0021] FIG. 4 isablock diagram of an adaptive light-inten-
sity compensator of the LCD device of FIG. 1.

[0022] FIG. 5is a block diagram of an adaptive light-qual-
ity compensator according to another embodiment.

DETAILED DESCRIPTION OF THE PREFERRED

EMBODIMENTS
[0023] Any reference in this specification to “one embodi-
ment,” “an embodiment,” “exemplary embodiment,” etc.,

means that a particular feature, structure, or characteristic
described in connection with the embodiment is included in at
least one embodiment of the invention. The appearances of
such phrases in various places in the specification are not
necessarily all referring to the same embodiment. Further,
when a particular feature, structure, or characteristic is
described in connection with any embodiment, it is submitted
that it is within the purview of one skilled in the art to effect
such feature, structure, or characteristic in connection with
others of the embodiments.

[0024] Although embodiments have been described with
reference to a number of illustrative embodiments thereof, it
should be understood that numerous other modifications and
embodiments can be devised by those skilled in the art that
will fall within the spirit and scope of the principles of this
disclosure. More particularly, various variations and modifi-
cations are possible in the component parts and/or arrange-
ments of the subject combination arrangement within the
scope of the disclosure, the drawings and the appended
claims. In addition to variations and modifications in the
component parts and/or arrangements, alternative uses will
also be apparent to those skilled in the art. Reference will now
be made in detail to the embodiments of the present disclo-
sure, examples of which are illustrated in the accompanying
drawings.

[0025] FIG. 1is a view illustrating an LCD device accord-
ing to an embodiment. As shown in FIG. 1, the LCD device
according to an embodiment includes a liquid crystal panel
102, a data driver 106, a gate driver 104, a timing controller
108, and a backlight unit 110. The liquid crystal panel 102
displays an image. The data driver 106 drives a plurality of
data lines DL1 to DLm on the liquid crystal panel 102. The
gate driver 104 drives a plurality of gate lines GL.1 to GLn on
the liquid crystal panel 102. The timing controller 108 con-
trols driving timing of the data driver 106 and the gate driver
104. The backlight unit 110 generates light and emits the light
to the liquid crystal panel 102.

[0026] The LCD device according to an embodiment fur-
ther includes first, second and third light emitting diode
(LED) drivers 116, 118 and 120, an adaptive light-intensity
compensator 114, and an LED light-intensity detector 112.
The first, second and third LED drivers 116, 118 and 120
generate operation voltages to drive the backlight unit 110,
respectively. The adaptive light-intensity compensator 114
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compensates light intensities of the first, second and third
LED drivers 116, 118 and 120. The LED light-intensity
detector 112 detects an intensity of light emitted to the liquid
crystal panel 102 in real time.

[0027] The liquid crystal panel 102 includes pixels formed
in respective areas defined by the plurality of gate lines GL1
to GLn and the plurality of data lines D1 to DLm. Each of
the pixels includes a thin film transistor TFT formed at an
intersection of the gate line GL.1 to GLn and the correspond-
ing data line DL1 to DLn, and a liquid crystal cell Cle con-
nected between the thin film transistor TFT and a common
electrode Vcom.

[0028] The thin film transistor TFT switches a pixel data
voltage that is to be supplied from the data line DL to the
liquid crystal cell Cle in response to a gate scan signal on the
gate line GL. The liquid crystal cell Clc includes a common
electrode Vcom and a pixel electrode connected to the thin
film transistor TFT. The common electrode Vcom and the
pixel electrode face each other with a liquid crystal layer
therebetween. The liquid crystal cell Clc is charged with a
pixel data voltage supplied via the thin film transistor TFT.
The voltage charged in the liquid crystal cell Cle is updated
whenever the thin film transistor TFT is turned on.

[0029] Also, each of the pixels on the liquid crystal panel
102 includes a storage capacitor Cst (not shown) connected
between the thin film transistor TFT and each of the gate lines
GL1 to GLn. The storage capacitor Cst (not shown) mini-
mizes natural attenuation of a voltage charged in the liquid
crystal cell Clc.

[0030] The gate driver 104 supplies a plurality of gate scan
signals to the plurality of gate lines GL1 to GLn in response
to gate control signals GCS from the timing controller 108.
The plurality of gate scan signals enable the plurality of gate
lines GL1 to GLn sequentially for each period of a first
horizontal synchronization signal.

[0031] Whenever one of the plurality of gate lines DL 1 to
DLm is enabled, the data driver 106 generates a plurality of
pixel data voltages Data in response to data control signals
DCS from the timing controller 108, and supplies the plural-
ity of data voltages Data to the plurality of data lines DL1 to
DLm on the liquid crystal panel 102, respectively. To this end,
the data driver 106 receives pixel data voltages Data for each
line from the timing controller 108, and converts the input
pixel data for each line into analog pixel data voltages by
using a gamma voltage set.

[0032] Thetiming controller 108 generates the gate control
signals GCS, the data control signals DCS, and a polarity
inversion signal POL (not shown) by using a data clock
DLCK, a horizontal synchronization signal Hsync, a vertical
synchronization signal Vsync, and a data enable signal DE
from an external system such as a graphic module of a com-
puter system (not shown) or an image demodulation module
of a TV reception system (not shown). The gate control sig-
nals GCS are provided to the gate driver 104, and the data
control signals DCS and the polarization inversion signal
POL are provided to the data driver 106.

[0033] FIG. 2 is a view illustrating a backlight unit of the
LCD device of FIG. 1. Referring to FI1G. 2, the backlight unit
110 includes first, second and third LED arrays 105, 107 and
109 that are arranged and covered by optical sheets (not
shown) and units (not shown) for supporting the optical
sheets on the LED arrays 105, 107 and 109. The optical sheets
(not shown) allow light generated from the first, second and
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third LED arrays 105, 107 and 109 to have uniform bright-
ness, and emit light with the uniform brightness to the liquid
crystal panel 102.

[0034] The first LED array 105 includes a plurality of
diodes Rd generating red light (R) and connected in series.
The second LED array 107 includes a plurality of diodes Gd
generating green light (G) and connected in series. The third
LED array 109 includes a plurality of diodes Bd generating
blue light (B) and connected in series. White light generated
from the backlight unit 110 is emitted to the liquid crystal
panel 102 to display an image on the liquid crystal panel 102.
[0035] The first LED array 105 is driven by an operating
voltage supplied from the first LED driver 116 (FIG. 1). The
second LED array 107 is driven by an operating voltage
supplied from the second LED driver 118 (FIG. 1). The third
LED array 109 is driven by an operating voltage supplied
from the third LED driver 120 (FIG. 1).

[0036] The first, second and third LED drivers 116,118 and
120 generate operating voltages respectively corresponding
to the light intensity compensated at the adaptive light-inten-
sity compensator 114 that supplies the operating voltages to
the backlight unit 110. The detailed description of the adap-
tive light-intensity compensator 114 will be described later.
[0037] As described above, the LED light-intensity detec-
tor 112 detects an intensity of white light emitted from the
backlight unit 110 to the liquid crystal panel 102 in real time,
and provides the detected value to the adaptive light-intensity
compensator 114. The adaptive light-intensity compensator
114 compensates the light intensity provided from the LED
light-intensity detector 112, and provides the compensated
light intensity to the first, second and third LED drivers 116,
118 and 120. Detailed description of the LED light-intensity
detector 112 will now be described.

[0038] FIG.3isablock diagram ofthe LED light-intensity
detector of FIG. 1. Referring to FIGS. 1 and 3, the LED
light-intensity detector 112 includes a photo sensor 122, and
an integrator 124 corresponding to the photo sensor 122. An
amplifier 123 may be placed between the photo sensor 122
and the integrator 124. The amplifier 123 amplifies a value
detected from the photo sensor 122, and provides the ampli-
fied value to the integrator 124.

[0039] The photo sensor 122 detects an intensity of white
light emitted to the liquid crystal panel 102 and provides an
electrical signal corresponding to the detected intensity of the
white light to the amplifier 123. The photo sensor 122 may be
a photo diode or a photo transistor. The amplifier 123 ampli-
fies the electrical signal provided from the photo sensor 122
and provides the amplified value to the integrator 124. The
integrator 124 integrates the amplified value provided from
the amplifier 123. The electrical signal amplified in the ampli-
fier 123 and corresponding to the intensity of the white light
is integrated at the integrator 124, and is converted into a
voltage value V of a direct current (DC) component. The
voltage value V is provided to the adaptive light-intensity
compensator 114 of FIG. 1. The integrator 124 may be con-
figured as a low-pass filter.

[0040] The voltage value V integrated at the integrator 124
is provided to the adaptive light-intensity compensator 114,
and the adaptive light-intensity compensator 114 compen-
sates light intensity by using the value V integrated at the
integrator 124. The adaptive light-intensity compensator 114
will now be described in detail.

[0041] FIG. 4 is a block diagram of the adaptive light-
intensity compensator of FIG. 1. Referring to FIG. 4, the
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adaptive light-intensity compensator 114 includes a color-
coordinate estimator 134, a comparator 136, and an adder
137. The color-coordinate estimator 134 estimates a current
color coordinate of white light emitted to the liquid crystal
panel 102 by using the voltage value V output from the
integrator 124 (F1G. 3) of the LED light-intensity detector
112 (FIG. 2). The comparator 136 compares the color coor-
dinate estimated at the color-coordinate estimator 134 with a
reference color coordinate, and calculates a different value
between. The adder 137 adds the different value calculated at
the comparator to the reference color coordinate.

[0042] The adaptive light-intensity compensator 114 fur-
ther includes an RGB light-intensity estimator 132, a first
light-intensity error detector 138, a second light-intensity
error detector 140, and a third light-intensity error detector
142. The RGB light-intensity estimator 132 estimates the
respective intensities of red light (R), green light (G) and blue
light (B) by using the voltage value V output from the inte-
grator 124 (FIG. 3). The firstlight-intensity error detector 138
compares the intensity of red light (R) estimated at the RGB
light-intensity estimator 132 with a first reference value to
calculate a different value therebetween. The second light-
intensity error detector 140 compares the intensity of green
light (G) estimated at the RGB light-intensity estimator 132
to calculate a different value therebetween. The third light-
intensity error detector 142 compares the intensity of blue
light (B) estimated at the RGB light-intensity estimator 132 to
calculate a difference value therebetween.

[0043] The adaptive light-intensity compensator 114 fur-
ther includes a first light-intensity compensator 144, a second
light-intensity compensator 146, a third light-intensity com-
pensator 148, and first, second and third pulse generators 150,
152 and 154. The first light-intensity compensator 144 com-
pensates the intensity of the red light (R) by using the value
calculated at the adder 137 and the different value calculated
atthe first light-intensity error detector 138. The second light-
intensity compensator 146 compensates the intensity of the
green light (G) by using the value added at the adder 137 and
the different value calculated at the second light-intensity
error detector 140. The third light-intensity compensator 148
compensates the intensity of the blue light (B) by using the
value calculated at the adder 137 and the difference value
calculated at the third light-intensity error detector 142. The
first, second and third pulse generators 150, 152 and 154
generate pulses corresponding to the intensities of the red,
green and blue light (R, G and B) compensated at the first,
second and third light-intensity compensators 144, 146 and
148, respectively. Each of those elements of the adaptive
light-intensity compensator 114 will now be described in
detail.

[0044] Thecolor coordinate estimator 134 estimates a color
coordinate by using the voltage value V output from the
integrator 124 of FIG. 3. The color coordinate estimated at the
color coordinate estimator 134 means an RGB color coordi-
nate of the liquid crystal panel 102 illustrated in FIG. 1. Since
the intensity of white light emitted to the liquid crystal panel
102 varies with time and temperature, the color coordinate
estimated at the color coordinate estimator 134 also varies
with the time and temperature. The current color coordinate
estimated at the color coordinate estimator 134 is provided to
the comparator 136.

[0045] The comparator 136 compares the current color
coordinate provided from the color-coordinate estimator 134
withareference color coordinate to calculate a different value
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therebetween. The reference color coordinate refers to a ref-
erence RGB color coordinate of the liquid crystal panel 102.
The current color coordinate provided from the color coordi-
nate estimator 134 is affected by the time and temperature.
Since an internal temperature of the liquid crystal panel 102
increases with operation time of the LCD device, the current
color coordinate provided from the color coordinate estima-
tor 134 varies with time and temperature.

[0046] The comparator 136 compares the current color
coordinate from the color coordinate estimator 134 with a
reference color coordinate in real time to calculate a differ-
ence value between the reference color coordinate and the
current color coordinate. The difference value calculated at
the comparator 136 allows detection of an error degree
between the current color coordinate and the reference color
coordinate, i.e., a degree to which the color coordinate is
affected by time and temperature.

[0047] The difference value calculated at the comparator
136 is provided to the adder 137. An error degree of white
light emitted to the liquid crystal panel 102 can be determined
by using the difference value calculated at the comparator
136.

[0048] The adder 137 adds the difference value calculated
at the comparator 136 to the reference color coordinate, and
provides a resulting value to the first, second and third light-
intensity compensators 144, 146 and 148. The white light
currently emitted to the liquid crystal panel is compensated
first with the value calculated at the adder 137. Accordingly,
the color coordinate estimator 134, the comparator 136 and
the adder 137 compare the current color coordinate of the
white light emitted to the liquid crystal panel 102 with the
reference color coordinate to detect a color coordinate.
[0049] The first light-intensity error detector 138 compares
the intensity of the red light (R) estimated at the RGB light-
intensity estimator 132 with a fist reference value to calculate
a different value therebetween. The first reference value is a
brightness value corresponding to an initial intensity of red
light (R). The first light-intensity error detector 138 compares
the intensity of the red light (R) estimated at the RGB light-
intensity estimator 132 with the first reference value to cal-
culate a first error value corresponding to a difference value
therebetween. If the first error value increases, the current
intensity ofthe red light (R) is smaller than the initial intensity
of red light (R). The first error value calculated at the first
light-intensity error detector 138 is provided to the first light-
intensity compensator 144.

[0050] The second light-intensity error detector 140 com-
pares the intensity of the green light (G) estimated at the RGB
light-intensity estimator 132 with a second reference value to
calculate a difference value therebetween. The second refer-
ence value is a brightness value corresponding to an initial
intensity of green light (G). The second light-intensity error
detector 140 compares the intensity of the green light (G)
estimated at the RGB light-intensity estimator 132 with the
second reference value to calculate a second error value cor-
responding to the difference value therebetween. If the sec-
ond error value increases, the current intensity of the green
light (G) is smaller than the initial intensity of the green light
(G). The second error value calculated at the second light-
intensity error detector 140 is provided to the second light-
intensity compensator 146.

[0051] The third light-intensity error detector 142 com-
pares the intensity of the blue light (B) estimated at the RGB
light-intensity estimator 132 with a third reference value to
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calculate a difference value therebetween. The third reference
value is a brightness value corresponding to an initial inten-
sity of blue light (B). The third light-intensity error detector
142 compares the intensity of the blue light (B) estimated at
the RGB light-intensity estimator 132 with the third reference
value to calculate a third error value corresponding to the
difference value therebetween. If the third error value
increases, the current intensity of the blue light (B) is smaller
than the initial intensity of the blue light (B). The third error
value calculated at the third light-intensity error detector 142
is provided to the third light-intensity compensator 148.

[0052] The first light-intensity compensator 144 adds or
subtracts the first error value calculated at the first light-
intensity error detector 138 to or from the first-compensated
value at the adder 137 to second compensate the intensity of
the red light (R). The intensity of the red light (R) compen-
sated at the first light-intensity compensator 144 is provided
to the first pulse generator 150. The first pulse generator 150
generates a pulse corresponding to the compensated intensity
of the red light (R) provided from the first light-intensity
compensator 144, and provides the pulse to the first LED
driver 116 of FIG. 1.

[0053] The second light-intensity compensator 146 adds or
subtracts the second error value calculated at the second
light-intensity error detector 140 to or from the first-compen-
sated value at the adder 137 to second compensate the inten-
sity of the green light (G). The intensity of the green light (G)
compensated at the second light-intensity compensator 146 is
provided to the second pulse generator 152. The second pulse
generator 152 generates a pulse corresponding to the com-
pensated intensity of the green light (G) provided from the
second light-intensity compensator 146, and provides the
pulse to the second LED driver 118 of FIG. 1.

[0054] The third light-intensity compensator 148 adds or
subtracts the third error value calculated at the third light-
intensity error detector 140 to or from the first-compensated
value at the adder 137 to second compensate the intensity of
the blue light (B). The intensity of the blue light (B) compen-
sated at the third light-intensity compensator 148 is provided
to the third pulse generator 154. The third pulse generator 154
generates a pulse corresponding to the compensated intensity
of the blue light provided from the third light-intensity com-
pensator 148, and provides the pulse to the third LED driver
120 of FIG. 1.

[0055] The first LED driver 116 generates an operating
voltage so as to turn on the first LED array 105 of FIG. 2 of the
backlight unit 110 ina High period of the pulse provided from
the first pulse generator 150, and turn off the first LED array
105 in a Low period of the pulse. The second LED driver 118
generates an operating voltage so as to turn on the second
LED array 107 of FIG. 3 of the backlight unit 110 in a High
period of the pulse provided from the second pulse generator
152, and turn off the second LED array 107 in a Low period
of the pulse. The third LED driver 120 generates an operating
voltage so as to turn on the third LED array 109 of FIG. 3 of
the backlight unit 110 in a High period of the pulse provided
from the third pulse generator 154, and turn off the third LED
array 109 in a Low period of the pulse.

[0056] The first, second and third LED arrays 105, 107 and
109 of FIG. 3 of the backlight unit 110 of FIG. 1 generate light
having the compensated light intensities by the operating
voltages generated from the first, second and third LED drives
116, 118 and 120 of FIG. 1, respectively. Then, the first,
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second and third LED arrays 105, 107 and 109 of FIG. 2 emit
the light to the liquid crystal panel 102 of FIG. 1.

[0057] Accordingly, the LCD device according to an
embodiment extracts a color coordinate of white light emitted
to the liquid crystal panel to perform first compensation using
a reference color coordinate. Also, the LCD device extracts
red light, green light and blue light from the white light to
detect respective light-intensity errors, and generates light
having an intensity compensated as much as the detected
errors.

[0058] Thus, the LCD device according to an embodiment
can prevent an intensity of the white light emitted to the liquid
crystal panel from decreasing over operation time or because
of increasing internal temperature. Consequently, the inten-
sity of the white light emitted to the liquid crystal panel does
not decrease, and image quality improves.

[0059] FIG.S5isablock diagram of an adaptive light-inten-
sity compensator according to another embodiment. The
adaptive light-intensity compensator 214 (FIG. 5) according
to another embodiment includes a color coordinate estimator
134, a color coordinate compensator 236, an RGB light-
intensity estimator 132, and first, second and third light-
intensity error detectors 138, 140 and 142. The color coordi-
nate estimator 134 estimates a current color coordinate of the
liquid crystal panel 102 of FIG. 1 by using the voltage value
V output from the integrator 124 of the LED light-intensity
detector 112 illustrated in FIG. 3. The color coordinate com-
pensator 236 compensates the current color coordinate esti-
mated at the color coordinate estimator 134 by using a refer-
ence color coordinate (FIG. 4). The RGB light-intensity
estimator 132 estimates intensities of red, green and blue light
(R, G and B) by using the voltage value V output from the
integrator 124. The first, second and third light-intensity error
detectors 138, 140 and 142 compare the intensities of the red,
blue and green light (R, G and B) estimated at the RGB
light-intensity estimator 132 with first, second and third ref-
erence values to calculate difference values therebetween.

[0060] The adaptive light-intensity compensator 214 fur-
ther includes first, second and third light-intensity compen-
sators 144, 146 and 148, and first, second and third pulse
generators 150, 152 and 154. The first, second and third
light-intensity compensators 144, 146 and 148 respectively
correspond to the first, second and third light-intensity error
detectors 138, 140 and 142 to compensate the intensities of
the red, green and blue light (R, G and B) by using the value
compensated at the color coordinate compensator 236 and the
different values provided from the first, second and third
light-intensity error detectors 138, 140 and 142, respectively.
The first, second and third pulse generators 150, 152 and 154
respectively correspond to the first, second and third light-
intensity compensators 144, 146 and 148 to generate pulses
corresponding to the light intensities compensated at the first,
second and third light-intensity compensators 144, 146 and
148, respectively.

[0061] Among the elements of the adaptive light-intensity
compensator 214, the color coordinate estimator 134, the
first, second and third light-intensity error detectors 138, 140
and 142, the first, second and third light-intensity compensa-
tors 144, 146 and 148, and the first, second and third pulse
generators 150, 152 and 154 are the same as those of the
adaptive light-intensity compensator 114 illustrated in FIG. 4
according to an embodiment.
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[0062] A description of the common elements in the adap-
tive light-intensity compensator 214 (FIG. 5) and adaptive
light-intensity compensator 114 (FIG. 4).

[0063] The first light-intensity error detector 138 compares
the intensity of the red light (R) estimated at the RGB light-
intensity estimator 132 with the first reference value to detect
a first error value corresponding to a difference value ther-
ebetween, and provides the first error value to the first light-
intensity compensator 144. The second light-intensity error
detector 140 compares the intensity of the green light (G)
estimated at the RGB light-intensity estimator 132 with the
second reference value to detect a second error value corre-
sponding to a difference value therebetween, and provides the
second error value to the second light-intensity compensator
146. The third light-intensity error detector 142 compares the
intensity of the blue light (B) estimated at the RGB light-
intensity estimator 132 with the third reference value to detect
a third error value corresponding to a difference value ther-
ebetween, and provides the third error value to the third
light-intensity compensator 148.

[0064] The color coordinate estimator 134 (FIGS. 4 and 5)
estimates a current color coordinate of the liquid crystal panel
102 of FIG. 1 by using the voltage value V provided by the
integrator 124, and provides the estimated current color coor-
dinate to the color coordinate compensator 236 (FI1G. 5).

[0065] Referring to FIG. 5, the color coordinate compen-
sator 236 outputs a compensated color coordinate corre-
sponding to the current color coordinate to the first, second
and third light-intensity compensators 144, 146 and 148 by
using the current color coordinate provided from the color
coordinate estimator 134 as an address. The color coordinate
compensator 236 may include a lookup table among memory
devices storing compensated color coordinates correspond-
ing to the current color coordinate by using the current color
coordinate as an address.

[0066] The first light-intensity compensator 144 compen-
sates the intensity of the red light (R) by using the compen-
sated color coordinate provided from the color coordinate
compensator 236 and the first error value provided from the
first light-intensity error detector 138. The intensity of the red
light (R) compensated at the first light-intensity compensator
144 is provided to the first pulse generator 150. The first pulse
generator 150 generates a pulse corresponding to the light
intensity provided from the first light-intensity compensator
144.

[0067] The second light-intensity compensator 146 com-
pensates the intensity of the green light (G) by using the
compensated color coordinate provided from the color coor-
dinate compensator 236 and the second error value provided
from the second light-intensity error detector 140. The inten-
sity of the green light (G) compensated at the second light-
intensity compensator 146 is provided to the second pulse
generator 152. The second pulse generator 152 generates a
pulse corresponding to the light intensity provided from the
second light-intensity compensator 146.

[0068] The third light-intensity compensator 148 compen-
sates the intensity of the blue light (B) by using the compen-
sated color coordinate provided from the color coordinate
compensator 236 and the third error value provided from the
third light-intensity error detector 142. The intensity of the
blue light (B) compensated at the third light-intensity com-
pensator 148 is provided to the third pulse generator 154. The
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third pulse generator 154 generates a pulse corresponding to
the light intensity provided from the third light-intensity com-
pensator 148.

[0069] The pulses generated from the first, second and third
pulse generators 150, 152 and 154 are provided to the first,
second and third LED drivers 116, 118 and 120 of FIG. 1,
respectively. The first, second and third LED drivers 116, 118
and 120 generate operating voltages corresponding to the
pulses generated from the first, second and third pulse gen-
erators 150, 152 and 154, respectively.

[0070] The first, second and third LED arrays 105, 107 and
109 0fFIG. 3 of the backlight unit 110 of FIG. 1 generate light
having the compensated light intensity by the operating volt-
ages generated from the first, second and third LED drivers
116, 118 and 120 of FIG. 1, respectively, and emit the light to
the liquid crystal panel 102 of F1G. 1.

[0071] In the LCD device according to an embodiment, a
color coordinate of a liquid crystal panel is extracted to per-
form first compensation using a reference color coordinate,
and white light is split into red, green and blue light to detect
light-intensity errors of each case. Then, light having an
intensity compensated as much as the detected error is gen-
erated. Thus, the LED device according to an embodiment
can prevent white light emitted to the liquid crystal panel
from decreasing in intensity over operation time because of
an increase in internal temperature. Since the intensity of the
white light emitted to the liquid crystal panel does not
decrease, the image quality can be improved.

[0072] In the LCD device according to an embodiment of
the present invention, a color coordinate of the liquid crystal
panel is estimated in real time, and the estimated color coor-
dinate is compensated. The white light emitted to the liquid
crystal panel is extracted into red light, green light and blue
light. The intensity of the extracted light is detected to com-
pare the detected intensity with a reference to detect an error
value. An operation is performed on the detected error values
and the compensated color coordinate to generate light with a
compensated intensity.

[0073] In the LCD device according to an embodiment,
light with an intensity compensated in real time is generated,
so that the white light emitted to the liquid crystal panel is
prevented from decreasing in intensity. Also, since the
decrease in intensity of white light emitted to the liquid crys-
tal panel is prevented, image quality can be improved.
[0074] It will be apparent to those skilled in the art that
various modifications and variations is made in the recessed
can lighting fixture of embodiments of the invention without
departing from the spirit or scope of the invention. Thus, it is
intended that embodiments of the invention cover the modi-
fications 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:

aliquid crystal panel;

abacklight unit including first, second and third light emit-
ting diode arrays respectively for generating red light,
green light and blue light to provide white light to the
liquid crystal panel;

first, second and third light emitting diode drivers for gen-
erating operating voltages driving the first, second and
third light emitting diode arrays, respectively;

a light-intensity detector for detecting the intensity of the
white light provided to the liquid crystal panel; and
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an adaptive light-intensity compensator for controlling the
first, second and third light emitting diode drivers and
compensating intensities of the red light, the green light
and the blue light, respectively.

2. The device according to claim 1, wherein the adaptive
light-intensity compensator comprises:

red, green and blue light intensity estimators for estimating
the respective intensities of the red light, the green light
and the blue light from the intensity of the white light
detected at the light-intensity detector;

an error detection unit detecting error values of the inten-
sities of the red light, the green light, and the blue light
estimated by the red, green and blue light intensity esti-
mators, respectively;

a color coordinate detector for detecting a color coordinate
by using the respective intensities of the red light, the
green light and the blue light estimated by the red, green
and blue light intensity estimators, respectively; and

a light-intensity compensation unit for performing an
operation on the color coordinate and the error values
detected at the error detection unit to compensate the
intensities of the red light, the green light and the blue
light, respectively.

3. The device according to claim 2, wherein the color

coordinate detector comprises:

a color coordinate estimator for estimating a color coordi-
nate by using the intensities of the red light, the green
light and the blue light estimated by the red, green and
blue light intensity estimators, respectively; and

a color coordinate compensator for providing as output a
compensated color coordinate corresponding to the esti-
mated color coordinate by using the color coordinate
estimated at the color coordinate estimator as an address.

4. The device according to claim 3, wherein the color
coordinate compensator comprises a lookup table.

5. The device according to claim 2, wherein the color
coordinate detector comprises:

a color coordinate estimator for estimating a color coordi-
nate by using the respective intensities of the red light,
the green light and the blue light estimated by the red,
green and blue light intensity estimators, respectively;

a comparator for comparing the color coordinate estimated
at the color coordinate estimator with a reference color
coordinate to calculate a difference value therebetween;
and

an adder performing an operation on the difference value
calculated at the comparator and the reference color
coordinate to calculate a compensated color coordinate.

6. The device according to claim 2, wherein the adaptive

light-intensity compensator further comprises a pulse genera-
tion unit for generating pulses corresponding to the intensities
compensated at the light-intensity compensation unit.

7. The device according to claim 1, wherein the light-

intensity detector further comprises:

a photo sensor for detecting the intensity of the white light
and for providing as output an electrical signal corre-
sponding to the detected intensity of the white light; and

an integrator for integrating the electrical signal output
from the photo sensor and for providing as output a
voltage value of a direct current component to the adap-
tive light-intensity compensator.
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8. The device according to claim 7, further comprising an
amplifier placed between the photo sensor and the integrator
and amplifying the electrical signal output from the photo
sensor.

9. The device according to claim 7, wherein the photo
sensor comprises one of a photo diode and a photo transistor.

10. A method of driving a liquid crystal display device
including a liquid crystal panel and first, second and third
light emitting diode arrays respectively generating red light,
green light and blue light to provide white light to the liquid
crystal panel, the method comprising:

detecting an intensity of the white light provided to the

liquid crystal panel,

estimating respective intensities of red light, green light

and bluelight by using the detected intensity of the white
light;

compensating intensities of the red light, the green light

and the blue light on the basis of the estimated intensities
of thered light, the green light and the blue light, respec-
tively; and

generating operating voltages to allow the first, second and

third light emitting diode arrays to generate light with
the compensated light intensity, respectively.

11. The method according to claim 10, wherein the com-
pensating of the intensities comprises:

detecting error values of the intensities of the red light, the

green light, and the blue light, respectively;

estimating a color coordinate using the intensity of the

white light; and
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performing an operation on the estimated color coordinate
and the detected error values to compensate the intensi-
ties of the red light, the green light, and the blue light,
respectively.
12. The method according to claim 11, wherein the esti-
mating the color coordinate comprises:
estimating a color coordinate using the estimated intensi-
ties of the red light, the green light and the blue light; and
providing as output a compensated color coordinate corre-
sponding to the estimated color coordinate by using the
estimated color coordinate as an address.
13. The method according to claim 11, wherein the esti-
mating the color coordinate comprises:
estimating a color coordinate by using the estimated inten-
sities of the red light, the green light and the blue light;
comparing the estimated color coordinate with a reference
color coordinate to calculate a difference value therebe-
tween; and
performing an operation on the calculated difference value
and the reference color coordinate to calculate a com-
pensated color coordinate.
14. The method according to claim 10, wherein the detect-
ing of the intensity comprises:
detecting the intensity of the white light provided to the
liquid crystal panel and providing as output an electrical
signal corresponding to the detected intensity of the
white light; and
integrating the output electrical signal to output a voltage
value of a direct current component.

L T
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