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7) ABSTRACT

A display device includes a display panel having a plurality
of pixels, each pixel including R, Q B and W sub-pixels; a
color information detecting unit receiving R, G and B
sub-pixel video data for each pixel and outputting a detect-
ing signal when one or two of the R, G and B sub-pixel video
data are null; a color component determining unit receiving
the detecting signals for the entire pixels, operating the
detecting signals, comparing the operated detecting signals
with at least one reference value, and outputting a control
singal; and a light source control unit controlling an amount
of a light source according to the control signal.
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APPARATUS AND METHOD FOR DRIVING
LIQUID CRYSTAL DISPLAY DEVICE

[0001] This application claims the benefit of Korean
Patent Application No. 2003-100825, filed on Dec. 30,2003,
which is hereby incorporated by reference for all purposes as
if fully set forth herein.

BACKGROUND OF THE INVENTION
[0002]

[0003] The present invention relates to an apparatus and
method for driving a display device and, more particularly,
to an apparatus and method for driving a liquid crystal
display device which improves the brightness of the liquid
crystal display device.

[0004] 2. Discussion of the Related Art

[0005] In general, a cathode ray tube (CRT), one of
display devices that is being widely used, is mainly used for
a monitor for TVs, measuring instruments, information
terminals or the like. However, due to its size and weight, the
CRT is not widely used for small and light electronic
products. Accordingly, in order to replace the CRT, a liquid
crystal display (LCD) device has been developed, which has
such advantages as small size, lightweight and low-power
consumption. Because of these advantages, the demand for
the LCD device is continuously increasing.

1. Field of the Invention

[0006] The LCD device takes advantage of the principles
of refractive anisotropy and polarization. By controlling the
alignment direction of the liquid crystal molecules, an
amount of light passing through the LCD device can be
adjusted due to the refractive anisotropy of the liquid crystal
molecules. Of various types of LCD devices, an active
matrix LCD device is currently most widely used due to its
superior picture quality, in which a thin film transistor and
a pixel electrode connected to the thin film transistor are
arranged 1n a matrix configuration.

[0007] The active matrix LCD device includes a display
panel in which a plurality of pixels are arranged in a matrix
configuration and a driving part for driving the pixels. The
display panel includes a thin film transistor array(TFT)
substrate and a color filter(CF) substrate which face each
other and are attached to each other with a uniform cell-gap.
A liquid crystal layer is provided between the CF substrate
and the TFT substrate. A common electrode and a pixel
electrode are formed in the display panel and apply an
electric field to the liquid crystal layer. Accordingly, when a
voltage is applied between the common and pixel electrodes,
the liquid crystal molecules of the liquid crystal layer rotates
according to the electric field due to the dielectric anisot-
ropy, thereby displaying texts or images.

[0008] FIG. 1 is a plan view illustrating a pixel structure
of a liquid crystal display device according to a related art.

[0009] Referring to FIG. 1, the LCD device includes a
plurality of pixels 120 arranged in a matrix configuration on
a substrate 110, and each pixel 120 has red, green and blue
(R, G and B) sub-pixels. The LCD device having such a
construction is not a self-emitting device, so that a back-light
is provided at the rear of the substrate 110 to generate white
light. The white light generated from the back-light passes
through the R, G and B sub-pixels, thereby displaying
images. When the white light generated from the back-light
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passes through the R, G and B sub-pixels, each of the R, G
and B sub-pixels transmits an amout of light in a corre-
sponding range of wavelength (wavelength ranges of red,
green and blue lights) and absorbs light in other ranges of
wavelength. Therefore, the LCD device has a disadvantage
in that it has a lower brightness, compared with the CRT.
Accordingly, a LCD device having four sub-pixels in one
pixel has been recently proposed in order to improve the
brightness of the LCD device.

[0010] FIG. 2 is a plan view illustrating a pixel structure
of a LCD device according to a related art in which one pixel
has four sub-pixels. With reference to FIG. 2, the LCD
device includes a plurality of pixels 220 arranged in a matrix
configuration on a substrate 210. Each pixel further includes
red, green, blue and white (R, G, B and W) sub-pixels. The
LCD device having the R, G, B and W sub-pixels in one
pixel 220 has a higher brightness than the LCD device
having the R, G and B sub-pixels in one pixel 120 shown in
FIG. 1. This will be described in detail.

[0011] When white light generated from a back-light
passes through the R, G and B sub-pixels, each of the R, G
and B sub-pixels transmits an amount of light in a corre-
sponding range of wavelength (wavelength ranges of red,
green and blue lights) and absorbs light in other ranges of
wavelength. By controlling the amounts of the transmitted
red, green and blue lights, the LCD device determines a
color displayed at the pixel 220. At this time, the white W
sub-pixel controls the amount of the white light generated
from the back-light in accordance with the amounts of the
transmitted red, green and blue lights. That is to say, the W
sub-pixel improves the brightness of the LCD device by
increasing the brightness of the white light in the red, green
and blue lights transmitted from the red, green and blue (R,
G and B) sub-pixels.

[0012] However, when displaying a monochromatic light
(red light, green light or blue light) or a mixture of two lights
out of red light, green light and blue light at the pixel 220,
the LCD device has a lower brightness than the LCD device
in which one pixel 120 has the R, G and B sub-pixels. In
other words, when displaying a monochromatic light or a
mixture of two lights out of the red light, the green light and
the blue light at the pixel 220, the transmitted light does not
include white light, and thus the W sub-pixel blocks the
white light generated from the back-light according to the
image information. In addition, assuming that the LCD
device of FIG. 1 has the same size and resolution as the
LCD device of FIG. 2, a size of each sub-pixel of FIG. 2 (R,
G, B and W sub-pixels) is smaller than that of each sub-pixel
of FIG. 1 (R, G and B sub-pixels).

[0013] As aresult, when displaying a monochromatic light
or a mixture of two lights at the pixels 220, the W sub-pixel
does not transmit white light, and the LCD device having the
R, G, B and W sub-pixels in one pixel 220 has a lower
aperture ratio than the LCD device having the R, G and B
sub-pixels in one pixel. Accordingly, the LCD device haivng
the R, G, B and W sub-pixels in one pixel 220 has a lower
brightness than the LCD device having the R, G and B
sub-pixels in one pixel.

SUMMARY OF THE INVENTION

[0014] Accordingly, the present invention is directed to an
apparatus and method for driving a liquid crystal display
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device that substantially obviate one or more of the prob-
lems due to limitations and disadvantages of the related art.

[0015] Accordingly, an advantage of the present invention
is to provide an apparatus and method for driving a display
device that improves the brightness of the display device.

[0016] 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.

[0017] To achieve these and other advantages and in
accordance with the purpose of the present invention, as
embodied and broadly described herein, a display device
includes a display panel having a plurality of pixels, each
pixel including R, G, B and W sub-pixels; a color informa-
tion detecting unit receiving R, G and B sub-pixel video data
for each pixel and outputting first and second signals,
wherein the first signal is different from the second signal,
and the color information detecting unit outputs the first
signal when one or two of the R, G and B sub-pixel video
data are null; a color component determining unit counting
a number of the first signal, comparing the number of the
first signal with at least one reference value, and outputting
a control singal; and a light source control unit controlling
an amount of a light source according to the control signal.

[0018] Inanother aspect of the present invention, a display
device includes a display panel having a plurality of pixels,
each pixel including R, G, B and W sub-pixels; a color
information detecting unit receiving R, G and B sub-pixel
video data for each pixel and outputting a detecting signal
when one or two of the R, G and B sub-pixel video data are
null; a color component determining unit receiving the
detecting signals for the entire pixels, operating the detect-
ing signals, comparing the operated detecting signals with at
least one reference value, and outputting a control singal;
and a light source control unit controlling an amount of a
light source according to the control signal.

[0019] In yet another aspect of the present invention, a
method for driving a display device having a plurality of
pixels, each pixel including R, G, B and W sub-pixels, the
method includes receiving R, G and B sub-pixel video data
for each pixel and outputting a detecting signal when one or
two of the R, G and B sub-pixel video data are null; storing
the detecting signals for the entire pixels, operating the
detecting signals, comparing the operated detecting signals
with at least one reference value, and outputting a control
singal; and controlling an amount of a light source according
to the control signal.

[0020] Tt 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

[0021] 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,
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illustrate embodiments of the invention and together with
the description serve to explain the principles of the inven-
tion.

[0022]

[0023] FIG. 1 is a plan view illustrating a pixel structure
of a liquid crystal display device according to a related art;

[0024] FIG. 2 is a plan view illustrating a pixel structure
of a liquid crystal display device according to a related art
in which one pixel includes four sub-pixels;

[0025] FIG. 3 is an exemplary view illustrating a block
construction of a liquid crystal display device according to
the present invention;

[0026] FIG. 4 is an exemplary view illustrating a con-
struction of the color information detecting unit in FIG. 3 in
detail; and

[0027] FIG. 5 is an exemplary view illustrating a con-
struction of the color component determining unit in FIG. 3
in detail.

In the drawings:

DETAILED DESCRIPTION OF THE
ILLUSTRATED EMBODIMENTS

[0028] Reference will now be made in detail to embodi-
ments of the present invention, examples of which are
illustrated in the accompanying drawings.

[0029] FIG. 3 is an exemplary view illustrating a block
construction of a liquid crystal display device according to
the present invention. With reference to FIG. 3, the LCD
device includes a plurality of pixels 320 arranged in a matrix
configuration on a substrate 310, and each pixel 320 has red,
green, blue and white (R, G, B and W) sub-pixels. The LCD
device further includes a color information detecting unit
330, a color component determining unit 340 and a back-
light controlling unit 350.

[0030] The color information detecting unit 330 detects
color information of the R, G, B and W sub-pixels from
video data (DATA [R, G, B and W]). The color component
determining unit 340 extracts data on the number of or a
distribution of the pixels that will display a monochromatic
light or a mixture of two colors based on the color infor-
mation of the R, G and B sub-pixels detected from the color
information detecting unit 330. Then, the color component
determining unit 340 compares the data with at least one
reference value, and outputs a signal according to the result
of such comparison. The back-light controlling unit 350
controls an amount of back-light generated from a back-light
360 according to the signal outputted from the color com-
ponent determining unit 340. Although not shown in FIG. 3,
the reference values may be stored in a look-up table(LUT).

[0031] In the LCD device having such a construction
according to the present invention, each pixel 320 has the R,
G, B and W sub-pixels. When the white light generated from
the back-light 360 passes through the R, G and B sub-pixels,
each of the R, G and B sub-pixels transmits an amout of light
in a corresponding range of wavelength (wavelength ranges
of red, green and blue lights) and absorbs light in other
ranges of wavelength. By controlling the amounts of the
transmitted red, green and blue lights, the LCD device
determines a color to be displayed at the pixels 320. At this
time, the white W sub-pixel controls an amount of the
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transmitted white light generated from the back-light 360 in
accordanced with the white video data (DATA [W]), which
is dependent upon the amounts of the transmitted red, green
and blue lights. That is to say, the W sub-pixel improves the
brightness of the LCD device by increasing the brightness of
the white light in the red, green and blue lights transmitted
from the red, green and blue (R, G and B) sub-pixels.

[0032] Meanwhile, when displaying a monochromatic
light (red light, green light or blue light) or a mixture of two
lights out of red light, green light and blue light at the pixel
320, the transmitted light does not include white light, and
thus the W sub-pixel blocks the white light generated from
the back-light 360 according to the white video data (DATA

[WD.

[0033] FIG. 4 is an exemplary view illustrating a con-
struction of the color information detecting unit 330 in FIG.
3 in detail. With reference to FIG. 4, the color information
detecting unit 330 includes a red detecting unit 331 for
detecting whether the red video data (DATA[R]) has a value
or null, a green detecting unit 332 for detecting whether the
green video data (DATA[G]) has a value or null, and a blue
detecting unit 333 for detecting whether the blue video data
(DATA[B]) has a value or null. The color information
detecting unit 330 further includes a first OR gate OR1, a
second OR gate OR2 and a first AND gate AND 1. The first
OR gate OR1 receives the reversed signals outputted from
the red detecting unit 331, the green detecting unit 332 and
the blue detecting unit 333, and performs OR-function. That
is, the first OR gate OR1 is operated as NOR gate. Similarly,
the second OR gate OR2 reveives the signals outputted from
the red detecting unit 331, the green detecting unit 332 and
the blue detecting unit 333, and performs OR-function. The
first AND gate AND1 receives the outputted signals of the
first and second OR gates (OR1 and OR2), performs AND-
function, and outputs a signal to the color component
determining unit 340. In other words, the red detecting unit
331, the green detecting unit 332 and the blue detecting unit
333 output signals when the pixel 320 will display a color
that requires a red color component, a green color compo-
nent, and a blue color component, respectively, from the
video data.

[0034] For example, the red detecting unit 331 outputs a
LOW signal when a red color component is not required for
the pixel 320 according to the red video data (DATA[R]),
and outputs a HIGH signal when a red color componet is
required for the pixel 320 according to the red video data
(DATA[R]). The green detecting unit 332 outputs a LOW
signal when a green color component is not required for the
pixel 320 according to the green video data (DATA[G]), and
outputs a HIGH signal when a green color componet is
required for the pixel 320 according to the green video data
(DATA[GY)). The blue detecting unit 333 outputs a LOW
signal when a blue color component is not required for the
pixel 320 according to the blue video data (DATA[B]), and
outputs a HIGH signal when a blue color componet is
required for the pixel 320 according to the blue video data

(DATA[B))

[0035] The first OR gate OR1 receives the reversed signals
of the red detecting unit 331, the green detecting unit 332
and the blue detecting unit 333, and performs OR-function.
That is, the first OR gate OR1 outputs a HIGH signal when
at least one of the red, green and blue video data(DATA[R,G
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and B)) is null or when all of the red, green and blue video
data(DATA[R,G and B]) are null, and outputs a LOW signal
when none of the red, green and blue is null. The second OR
gate OR2 reveives the signals outputted from the red detect-
ing unit 331, the green detecting unit 332 and the blue
detecting unit 333, and performs OR-function. That is, the
second OR gate OR2 outputs a LOW signal when none of
the red, green and blue video data has a value, and outputs
a HIGH signal when at least one of the red, green and blue
video data has a value.

[0036] The first AND gate AND 1 receives the outputted
signals of the first and second OR gates (OR1 and OR2),
performs AND-function, and outputs a signal to the color
component determining unit 340. That is, the first AND gate
AND 1 outputs a LOW signal when none of the red, green
and blue video data has a value, or when all of the red, green
and blue video data have a value, and outputs a HIGH signal
when one or two of the red, green and blue video data has
a value. In other words, the first AND gate AND1 outputs a
HIGH signal when the pixel 320 having the four sub-pixels
will display a color that requires a single color component or
two color components.

[0037] As a result, the color information detecting unit
330 recevies the video data (DATA [R,G and B]) and
performs Exclusive-OR(XOR) function. The color informa-
tion detecting unit 330 outputs a LOW signal when all of the
red, green and blue video data are null or when none of the
red, green and blue video data are null, and outputs a HIGH
signal when the pixel 320 having the four sub-pixels will
display a color that requires a single color component or two
color components.

[0038] FIG. 5 is an exemplary view illustrating a con-
struction of the color component determining unit 340 in
FIG. 3 in detail. With reference to FIG. 5, the color
component determining unit 340 includes an operating unit
341 for receiving output signals of the color information
detecting unit 330 and extracting data on the number of or
adistribution of the pixels that will display a monochromatic
light or a mixture of two lights, and a comparing unit 342 for
comparing the data with at least one reference value and
outputting a control signal to the back-light controlling unit
350. Accordingly, the color component determining unit 340
operates the output signals of the color information detecting
unit 330, extracts data on the number of or a distribution of
the pixels that will display a monochromatic light or a
mixture of two lights for the entire image, compares the data
with the reference value, and outputs the control signal
according to a result of such a comparison to the back-light
controlling unit 350 through the comparing unit 342. The
entire image may be image of one or more frames.

[0039] The back-light controlling unit 350 controls an
amount of light of the back-light 360 according to the
control signal outputted from the color component deter-
mining unit 340. At this time, the back-light controlling unit
350 carries out pulse operated by pulse width modulation
(PWM) and thus can control an amount of back-light
generated from the back-light 360.

[0040] As a result, when the number or a distribution of
the pixels 320 that will display a monochromatic light (red
light, green light or blue light) or a mixture of two lights out
of red light, green light and blue light is, for example, greater
than the reference value, the color component determining
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unit 340 outputs the control signal to the back-light control-
ling unit 350 so as to increase an amount of back-light
generated from the back-light 360, thereby increasing the
brightness of the LCD device. On the contrary, the number
of the pixels 320 or a distribution of the pixels 320 that will
display a monochromatic light (red light, green light or blue
light) or a mixture of two lights out of red light, green light
and blue light is less than the reference value, the color
component determining unit 340 outputs the control signal
to the back-light controlling unit 350 so as to decrease an
amount of back-light generated from the back-light 360,
thereby decreasing the brightness of the LCD device. At this
point, it should be understood that when the LCD device
includes a pluarity of back-lights, such as a plurality of
LEDs (Light Emitting Diode), the data on the distribution of
the pixels for the entire image that will display a monochro-
matic light or a mixture of two lights can be used to
efficiently control the back-light for each panel area in order
to futher improve the brightness of the LCD.

[0041] As so far described, in the present invention, an
apparatus and method for driving a liquid crystal display
device having four sub-pixels [R,G, B and W] improves the
brightness by increasing an amount of back-light when the
number or a distribution of the pixels 320 that display a
monochromatic light (red light, green light or blue light) or
a mixture of two lights out of red light, green light and blue
light is, for example, greater than the reference value,

[0042] Tt will be apparent to those skilled in the art that
various modifications and variation can be made in the
present invention without departing from the spirit or scope
of the invention. Thus, it is intended that the present inven-
tion 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 display device comprising:

a display panel having a plurality of pixels, each pixel
including R, G, B and W sub-pixels;

a color information detecting unit receiving R, G and B
sub-pixel video data for each pixel and outputting first
and second signals, wherein the first signal is different
from the second signal, and the color information
detecting unit outputs the first signal when one or two
of the R, G and B sub-pixel video data are null;

a color component determining unit counting the number
of the first signal, comparing the number of the first
signal with at least one reference value, and outputting
a control singal; and

a light source control unit controlling an amount of light

according to the control signal.

2. The device according to claim 1, wherein the display
device is a liquid crystal display device.

3. The device according to claim 1, wherein the reference
value is stored in a look-up table(LUT).

4. The device according to claim 1, wherein the color
information detecting unit includes an Exclusive-OR logic
gate.

5. The device according to claim 4, wherein the Exclu-
sive-OR logic gate includes a NOR gate, an OR gate and an
AND gate.
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6. The device according to of claim 1, wherein the color
information detecting unit comprises:

a red detecting unit for detecting whether the red sub-
pixel video data has a value or null;

a green detecting unit for detecting whether the green
sub-pixel video data has a value or null;

a blue detecting unit for detecting whether the blue
sub-pixel video data has a value or null,

a first OR gate for reversing and receiving signals out-
putted from the red, green and blue detecting units and
for performing OR-function;

a second OR gate for receiving signals outputted from the
red, green and blue detecting units and for performing
OR-function; and

a first AND gate for receiving the signals outputted from
the first and second OR gates, performing AND-func-
tion, and outputting the first or second signals to the
color component determining unit.

7. The device according to claim 1, wherein the color

component determining unit comprises:

an operating unit for receiving the first or second signals
from the color information detecting unit and counting
the number of the first signals for an entire image; and

a comparing unit for comparing the number of the first
signals with at least one reference value, and outputting
a control singal to the light source control unit.

8. The device according to claim 1, wherein the light
source control unit carries out pulse operated by pulse width
modulation (PWM) and controls an amount of light.

9. A display device comprising:

a display panel having a plurality of pixels, each pixel
including R, G, B and W sub-pixels;

a color information detecting unit receiving R, G and B
sub-pixel video data for each pixel and outputting a
detecting signal when one or two of the R, G and B
sub-pixel video data are null;

a color component determining unit receiving the detect-
ing signals for the entire pixels, operating the detecting
signals, comparing the operated detecting signals with
at least one reference value, and outputting a control
singal; and

a light source control unit controlling an amount of light

according to the control signal.

10. The device according to claim 9, wherein the refer-
ence value is stored in a look-up table(LUT).

11. The device according to claim 9, wherein the color
information detecting unit includes an Exclusive-OR logic
gate.

12. The device according to claim 11, wherein the Exclu-
sive-OR logic gate includes a NOR gate, an OR gate and an
AND gate.

13. The device according to claim 9, wherein the display
device is a liquid crystal display device.

14. The device according to claim 9, wherein the light
source includes an LED (Light Emitting Diode).
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15. A method for driving a display device having a
plurality of pixels, each pixel including R, G, B and W
sub-pixels, the method comprising:

receiving R, G and B sub-pixel video data for each pixel
and outputting a detecting signal when one or two of
the R, G and B sub-pixel video data are null;

receiving the detecting signals for the entire pixels, oper-
ating the detecting signals, comparing the operated
detecting signals with at least one reference value, and
outputting a control singal; and

controlling an amount of light according to the control
signal.
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16. The method according to claim 15, wherein the
reference value is stored in a look-up table(LUT).

17. The method according to claim 15, wherein the
display device is a liquid crystal display device.

18. The method according to claim 15, wherein the light
source includes an LED (Light Emitting Diode).

19. The method according to claim 15, wherein the

operating the detecting signals is counting the number of the
detecting signals.
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