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A backlight control unit for a liquid crystal display device
includes a liquid crystal panel for displaying an image, a
backlight for providing light to the liquid crystal panel, a
gate driving unit and a data driving unit for driving the liquid
crystal panel, a timing controller for outputting signals to
control the gate driving unit and the data driving unit, and for
outputting a dimming control signal to control a light output
amount of the backlight according to representative grada-

(22) Filed: Jun. 28, 2006 tion values obtained by analyzing red, green, and blue
gradations included in inputted image data, and an inverter
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BACKLIGHT CONTROL UNIT AND LIQUID
CRYSTAL DISPLAY DEVICE HAVING THE SAME

[0001] The present invention claims the benefit of Korean
Patent Application No. P2005-0056586 filed in Korea on
Jun. 28, 2005, which is hereby incorporated by reference in
its entirety.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to a display device,
and more particularly, to a backlight control unit and a liquid
crystal display (LCD) device having the same. Although the
present invention is suitable for a wide scope of applications,
it is particularly suitable for controlling an optical output of
a backlight according to an image.

[0004]

[0005] Generally, an LCD device includes a liquid crystal
panel with a plurality of pixels arranged in a matrix form,
and a driving unit for driving the pixels. The liquid crystal
panel includes a color filter substrate, a thin film transistor
(TFT) array substrate attached to the color filter substrate,
and a liquid crystal layer interposed therebetween. A com-
mon electrode and a pixel electrode are formed on the color
filter substrate and the TFT array substrate, respectively,
through which an electric field is applied across the liquid
crystal layer.

2. Description of the Background Art

[0006] FIG. 1 is a plan view showing red, green and blue
pixels arranged on a liquid crystal panel in accordance with
the related art. The red (R), green (G), and blue (B) pixels
sequentially arranged on a substrate 110 in a matrix form, as
shown in FIG. 1. Since the LCD device is not a light
emitting device but rather an optical modulation device, a
backlight is provided at a rear surface of the substrate 110.
The amount of light emitted from the backlight transmitted
through the R, G, and B pixels is controlled, to thereby
display a desired image. More specifically, the R, G, and B
pixels of the LCD device transmit R, G, and B wavelengths
of light emitted from the backlight and absorb other wave-
lengths, respectively. Thus, the LCD device has brightness
lower than a related art color cathode ray tube. Therefore, an
LCD device having four sub pixels for implementing a white
pixel (W) in addition to the R, G, and B pixels has been
proposed.

[0007] FIG. 2 is a plan view showing red, green, blue, and
white pixels arranged on a liquid crystal panel in accordance
with the related art. The red (R), green (G), blue (B), and
white (W) pixels are sequentially arranged on a substrate
210 in a matrix form, as shown in FIG. 2. As aforemen-
tioned, the R, G, and B pixels of the LCD device transmit R,
G, and B wavelengths of light emitted from the backlight
and absorb other wavelengths, respectively. The white pixel
(W) increases brightness of a white color component that is
also collectively generated by the R, G, and B pixels,
thereby enhancing an entire brightness of the LCD device.

[0008] Each amount of light that passes through the R, G,
and B pixels is determined according to an alignment
direction of liquid crystal corresponding to the R, G, and B
pixels. The alignment direction of liquid crystal is controlled
by R, G, and B gradations constituting image data. The
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gradation is a value representing brightness of light that
passes through each of the respective R, G and B pixels.

[0009] A white gradation implemented by the white pixel
(W) 1s determined according to the R, G, and B gradations
of the image data. For instance, the white gradation can be
determined by applying a minimum value among the R, G,
and B gradations or a squared value of the minimum value
to the white pixel. However, there is a limitation as to how
much the entire brightness of the LCD device can be
enhanced by using white (W) pixels.

[0010] The limitation is due to the amount of space
occupied by the white (W) pixel, which is a % of the entire
area among the R, G, and B pixels. Since the white pixel is
very narrow, an overall light output amount of white light
emitted through the white pixel is not very substantial.
According to the conventional algorithm for determining a
white gradation, if one or two of R, G, and B gradations is
a minimum value, the minimum value is applied as a white
gradation. Such an algorithm may result in the entire bright-
ness of an LCD device having R, G, B, and W pixels being
lower than that of an LCD device composed of R, G, and B
pixels. Further, such an algorithm may result in only primary
colors, such as red, green, blue, magenta, yellow, and cyan,
being displayed if one or two of the R, G, and B gradations
is at a very low value.

SUMMARY OF THE INVENTION

[0011] Accordingly, the present invention is directed to a
backlight control unit and a liquid crystal display device
having the same that substantially obviate one or more of the
problems due to limitations and disadvantages of the related
art.

[0012] An object of the present invention is to provide a
backlight control unit for displaying a brighter and clearer
image.

[0013] Another object of the present invention is to mini-
mize power consumption.

[0014] To achieve these and other advantages and in
accordance with the purpose of the present invention, as
embodied and broadly described herein, there is provided a
liquid crystal display (LCD) including a liquid crystal panel
for displaying an image, a backlight for providing light to
the liquid crystal panel, a gate driving unit and a data driving
unit for driving the liquid crystal panel, a timing controller
for outputting signals to control the gate driving unit and the
data driving unit, and for outputting a dimming control
signal to control a light output amount of the backlight
according to representative gradation values obtained by
analyzing red, green, and blue gradations included in input-
ted image data, and an inverter for controlling the backlight
to control a light output amount from the backlight accord-
ing to the dimming control signal outputted from the timing
controller.

[0015] According to another aspect of the present inven-
tion, there is provided a liquid crystal display device includ-
ing a liquid crystal panel and a backlight control unit for
controlling a light output amount transmitted to the liquid
crystal panel, in which the backlight control unit includes a
gate driving unit and a data driving unit for driving the liquid
crystal panel, a timing controller for outputting signals to
control the gate driving unit and the data driving unit, and



US 2006/0290648 A1

outputting a dimming control signal to control a light output
amount of the backlight according to representative grada-
tion values obtained by analyzing red, green, and blue
gradations in inputted image data, and an inverter for
controlling the backlight to output a corresponding light
output amount from the backlight according to the dimming
control signal outputted from the timing controller.

[0016] The foregoing and other objects, features, aspects
and advantages of the present invention will become more
apparent from the following detailed description of the
present invention when taken in conjunction with the
accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] The accompanying drawings, which are included
to provide a further understanding of the invention and are
incorporated in and constitute a part of this specification,
illustrate embodiments of the invention and together with
the description serve to explain the principles of the inven-
tion. In the drawings:

[0018] FIG. 1 is a plan view showing red, green and blue
pixels arranged on a liquid crystal panel in accordance with
the related art;

[0019] FIG. 2 is a plan view showing red, green, blue, and
white pixels arranged on a liquid crystal panel in accordance
with the related art;

[0020] FIG. 3 is a block diagram showing a liquid crystal
display device according to an embodiment of the present
invention; and

[0021] FIG. 4 is a scale showing brightness variation of a
backlight according to a color of an image in the LCD device
according to an embodiment of the present invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

[0022] 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. Here-
inafter, a liquid crystal display (LCD) device according to
the present invention will be explained with reference to the
attached drawings.

[0023] FIG. 3 is a block diagram showing a liquid crystal
display device according to an embodiment of the present
invention. As shown in FIG. 3, the LCD device includes a
liquid crystal panel 310 for displaying an image, a backlight
350 for providing light to the liquid crystal panel 310, a gate
driving unit 321 and a data driving unit 322 for driving the
liquid crystal panel 310, a timing controller 330 for obtain-
ing each representative gradation value by analyzing R, G,
and B gradations of image data provided from the outside
and outputting a dimming control signal (DCS) to control a
light output amount from the backlight according to two
representative gradation values among the three representa-
tive gradation values, and an inverter 340 for controlling the
backlight 350 according to the dimming control signal
(DCS) and thereby outputting a corresponding a light output
amount from the backlight. More specifically, the timing
controller 330 includes an image data analyzer 331 for
calculating each representative gradation value by analyzing
R, G, and B gradations of image data inputted from outside
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and outputting two representative gradation values among
the three representative gradation values, and a dimming
signal outputting unit 332 for outputting a dimming control
signal (DCS) corresponding to a backlight duty ratio (%)
determined according to the representative gradation values
provided from the image data analyzer 331 to the inverter
340. In the alternative, the image data analyzer 331 and the
dimming signal outputting unit 332 can be positioned out-
side of the timing controller 330.

[0024] Image data (R, G, and B) is consecutively inputted
to the image data analyzer 331 as a frame unit. The image
data analyzer 331 analyzes R, G, and B gradations included
in the image data of one frame unit and then outputs a
representative gradation value for each of the R, G, and B
gradations. For instance, the image data analyzer 331 cal-
culates an average gradation value from red gradations
corresponding to each red pixel included in the image data
(R, G, and B) of one frame, thereby outputting it as a
representative gradation value of the red gradation. Like-
wise, the image data analyzer 331 outputs each representa-
tive gradation value for a green gradation and a blue
gradation.

[0025] The image data analyzer 331 calculates each rep-
resentative gradation value for a red gradation, a green
gradation, and a blue gradation by analyzing image data (R,
G, and B) of one frame, and then provides two representative
gradation values among the three representative gradation
values to the dimming signal outputting unit 332. The two
representative gradation values provided to the dimming
signal outputting unit 332 are a maximum gradation value
(Gmax) and a minimum gradation value (Gmin) among the
three representative gradation values for R, G, and B.

[0026] The dimming signal outputting unit 332 outputs a
dimming control signal (DCS) to control a backlight duty
ratio corresponding to the maximum gradation value
(Gmax) and the minimum gradation value (Gmin). The
dimming signal outputting unit 332 is provided with an
algorithm for determining a backlight duty ratio by applying
the maximum gradation value (Gmax) and the minimum
gradation value (Gmin) therein. More specifically, the dim-
ming signal outputting unit 332 applies different methods for
determining backlight duty ratios according to each differ-
ence between the maximum gradation value (Gmax) and the
minimum gradation value (Gmin).

[0027] The inverter 340 sets a backlight duty ratio accord-
ing to the dimming control signal (DCS) provided from the
dimming signal outputting unit 332. A current amount
supplied to the backlight 350 per unit hour increases in
correspondence with the set backlight duty ratio. Therefore,
as the set backlight duty ratio increases, the light output from
the backlight 350 increases.

[0028] The dimming signal outputting unit 332 determines
a backlight duty ratio (%) by applying the following for-
mulas according to a range of a difference between the
maximum gradation value (Gmax) and the minimum gra-
dation value (Gmin).
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Gmax + Gmin [Formula 1]

Backlight duty ratio(%) = #0.5+0.51%100

2
255

[0029] The formula 1 is applied when the difference
between the maximum gradation value (Gmax) and the
minimum gradation value (Gmin) is less than 15 gradations,
in which a weight value is 0.5.

Gmax + Gmin [Formula 2]

2 L04+05|.100

Backlight duty ratio(%) = 553

[0030] The formula 2 is applied when the difference
between the maximum gradation value (Gmax) and the
minimum gradation value (Gmin) is in a range of 16~64, in
which a weight value is 0.4.

Gmax + Gmin [Formula 3]

Backlight duty ratio(%) = «03+0.5]+100

2
255

[0031] The formula 3 is applied when the difference
between the maximum gradation value (Gmax) and the
minimum gradation value (Gmin) is in a range of 64~128,
in which a weight value is 0.3.

Gmax + Gmin
2
255

[Formula 4]

Backlight duty ratio(%) = *0.4+05]100

[0032] The formula 4 is applied when the difference
between the maximum gradation value (Gmax) and the
minimum gradation value (Gmin) is in a range of 128~191,
in which a weight value is 0.4.

Gmax + Gmin
2
255

[Formula 5]

Backlight duty ratio(%) = x05+05]100

[0033] The formula 5 is applied when the difference
between the maximum gradation value (Gmax) and the
minimum gradation value (Gmin) is more than 191, in which
a weight value is 0.5.

[0034] The formulas 1 to 5 are algorithms used in the
dimming signal outputting unit 332 for determining each
backlight duty ratio according to each difference between
the maximum gradation value (Gmax) and the minimum
gradation value (Gmin). The dimming signal outputting unit
332 determines each backlight duty ratio by applying one of
the formulas 1 to 5 to which each weight value correspond-
ing to 0.3~0.5 is applied according to each difference
between the maximum gradation value (Gmax) and the
minimum gradation value (Gmin). However, the application
range can be more extended and more minutely control the
brightness of the backlight.
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[0035] Backlight duty ratios are determined by applying
different weight values to the corresponding formulas
according to each difference between the maximum grada-
tion value (Gmax) and the minimum gradation value
(Gmin). For instance, when a difference between the maxi-
mum gradation value (Gmax) and the minimum gradation
value (Gmin) is less than 15 gradations, the maximum
gradation value (Gmax) and the minimum gradation value
(Gmin) have similar gradation values and thus an image
having a color almost closer to an achromatic color is
displayed on a liquid crystal panel.

[0036] The more that a red gradation value, a green
gradation value, and a blue gradation value are similar to one
another, the closer an image is to an achromatic color (gray)
a color. In this case, brightness of the image is lower than
that of a general color (a middle gradation). Therefore, the
dimming signal outputting unit 332 determines a duty ratio
of the backlight 350 to be comparatively high by applying a
greatest value, 0.5 in the range of 0.3~0.5, thereby increas-
ing a light output amount of the backlight 350, enhancing a
brightness of the image, and thus displaying a brighter and
clearer image.

[0037] If the difference between the maximum gradation
value (Gmax) and the minimum gradation value (Gmin) is
more than 191 gradation, an image displayed on the liquid
crystal panel 310 has a color closer to a primary color. For
instance, in a normally black mode LCD device to which
256 gradations are applied, a minimum gradation represent-
ing the darkest black is O gradation, and a maximum
gradation representing the brightest white is 255 gradation.
If ared gradation, a green gradation, and a blue gradation are
respectively 255, 200, and 5, the image has a primary color
resulting from that red and green mixed with each other. In
this case, brightness of the image is lower than that of a
general color (a middle gradation). Therefore, the dimming
signal outputting unit 332 determines a duty ratio of the
backlight 350 to be comparatively high by applying a
greatest value, 0.5 in the range of 0.3~0.5, thereby increas-
ing a light output amount of the backlight 350, enhancing a
brightness of the image, and thus displaying a brighter and
clearer image. The dimming signal outputting unit 332
determines each backlight duty ratio with regard to each
color that belongs to a region between the achromatic color
region and the primary color region by applying one of the
formulas 2 to 4

[0038] FIG. 4 is a scale showing brightness variation of a
backlight according to a color of an image in the LCD device
according to an embodiment of the present invention. When
a color of an image displayed on the liquid crystal panel 310
is closer to an achromatic color or a primary color, a duty
ratio of the backlight 350 is increased by the dimming signal
outputting unit 332 and thus a light output of the backlight
350 is increased. Consequently, when a color of an image
displayed on the liquid crystal panel 310 is closer to an
achromatic color or a primary color, a brightness of the
image is increased and displayed more brightly.

[0039] As aforementioned, in the LCD device in embodi-
ments of the present invention, different backlight duty
ratios are set according to each representative gradation
value calculated by analyzing R, G, and B gradations of
image data. Therefore, if an image displayed on the liquid
crystal panel has a color closer to a primary color or an
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achromatic color, a light output amount of the backlight is
increased to enhance a picture quality. Further, since image
data is analyzed and an light output the backlight is con-
trolled by the analyzed result, power consumption is
reduced.

[0040] Tt will be apparent to those skilled in the art that
various modifications and variations can be made in the
backlight control unit and the liquid crystal display device
having the same of the present invention without departing
from the spirit or scope of the invention. Thus, it is intended
that the present invention cover the modifications and varia-
tions of this invention provided they come within the scope
of the appended claims and their equivalents.

What is claimed is:
1. A backlight control unit for a liquid crystal display
device, comprising:

a liquid crystal panel for displaying an image;
a backlight for providing light to the liquid crystal panel;

a gate driving unit and a data driving unit for driving the
liquid crystal panel;

a timing controller for outputting signals to control the
gate driving unit and the data driving unit, and for
outputting a dimming control signal to control a light
output amount of the backlight according to represen-
tative gradation values obtained by analyzing red,
green, and blue gradations included in inputted image
data; and

an inverter for controlling the backlight to control a light
output amount from the backlight according to the
dimming control signal outputted from the timing con-
troller.

2. The backlight control unit of claim 1, wherein the
timing controller outputs a dimming control signal to set a
backlight duty ratio to be higher when an image to be
implemented by the image data has a color closer to an
achromatic color or a primary color.

3. The backlight control unit of claim 1, wherein the
timing controller includes:

an image data analyzer for calculating each representative
gradation value by analyzing red, green, and blue
gradations of the image data of one frame unit, and
outputting two representative gradation values among
three representative gradation values as first data and
second data; and

a dimming signal outputting unit for outputting a dim-
ming control signal to control the light output amount
of the backlight according to the first and second data
provided from the image data analyzer.

4. The backlight control unit of claim 3, wherein the
representative gradation values are average gradation values
of the red, green, and blue gradations.

5. The backlight control unit of claim 3, wherein the first
data and the second data are respectively a maximum
gradation value and a minimum gradation value among the
representative gradation values of the red, green, and blue
gradations.

6. The backlight control unit of claim 3, wherein the
dimming signal outputting unit sets a weight value for
determining a backlight duty ratio differently according to a
difference between the first data and the second data.
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7. The backlight control unit of claim 6, wherein when the
difference between the first data and the second data is less
than 15 gradations, the backlight duty ratio is determined by
a following formula,

Gmax + Gmin

2

Backlight duty(%) = 55—

x*0.5+ 0.5]=100.

8. The backlight control unit of claim 6, wherein when the
difference between the first data and the second data is in a
range of 16~64 gradations, the backlight duty ratio is
determined by a following formula,

Gmax + Gmin

2 L04+05|«100.

Backlight duty(%) = 755

9. The backlight control unit of claim 6, wherein when the
difference between the first data and the second data is in a
range of 64~128 gradations, the backlight duty ratio is
determined by a following formula,

Gmax + Gmin

Backlight duty(%) = x0.3+0.5]x100.

-2
255

10. The backlight control unit of claim 6, wherein when
the difference between the first data and the second data is
in a range of 128~191 gradations, the backlight duty ratio is
determined by a following formula,

Gmax + Gmin

2 04+05|«100.

Backlight duty(%) = 753

11. The backlight control unit of claim 6, wherein when
the difference between the first data and the second data is
more than 191 gradations, the backlight duty ratio is deter-
mined by a following formula,

Gmax + Gmin

Backlight duty(%) = x0.5+ 0.5]=100.

2
255

12. A liquid crystal display (LCD) device, comprising:
a liquid crystal panel; and

a backlight control unit for controlling a light output
amount transmitted to the liquid crystal panel, in which
the backlight control unit includes:

a gate driving unit and a data driving unit for driving the
liquid crystal panel;

a timing controller for outputting signals to control the
gate driving unit and the data driving unit, and output-
ting a dimming control signal to control a light output
amount of the backlight according to representative
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gradation values obtained by analyzing red, green, and
blue gradations in inputted image data; and

an inverter for controlling the backlight to output a
corresponding light output amount from the backlight
according to the dimming control signal outputted from
the timing controller.

13. The LCD device of claim 12, wherein the timing
controller outputs a dimming control signal to set a backlight
duty ratio higher when an image to be implemented by the
image data has a color closer to an achromatic color or a
primary color.

14. The LCD device of claim 12, wherein the timing
controller includes:

an image data analyzer for calculating each representative
gradation value by analyzing red, green, and blue
gradations of the image data of one frame unit, and
outputting two representative gradation values among
the three representative gradation values as first data
and second data; and

a dimming signal outputting unit for outputting a dim-
ming control signal to control a light output amount of
the backlight according to the first and second data
provided from the image data analyzer.

15. The LCD device of claim 14, wherein the represen-
tative gradation values are average gradation values of the
red, green, and blue gradations.

16. The LCD device of claim 14, wherein the first data and
the second data are respectively a maximum gradation value
and a minimum gradation value among the representative
gradation values of the red, green, and blue gradations.

17. The LCD device of claim 14, wherein the dimming
signal outputting unit sets a weight value for determining a
backlight duty ratio differently according to a difference
between the first data and the second data.

18. The LCD device of c¢laim 17, wherein when the
difference between the first data and the second data is less
than 15 gradations, the backlight duty ratio is determined by
a following formula,

Gmax + Gmin

2

Backlight duty (%) = 753

#0.5+ 0.5} 100.
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19. The LCD device of claim 17, wherein when the
difference between the first data and the second data is in a
range of 16~64 gradations, the backlight duty ratio is
determined by a following formula,

Gmax + Gmin

2

755 x0.4+0.5)%100.

Backlight duty (%) =

20. The LCD device of claim 17, wherein when the
difference between the first data and the second data is in a
range of 64~128 gradations, the backlight duty ratio is
determined by a following formula,

Gmax + Gmin

2 .03+05|«100.

Backlight duty (%) = 753

21. The LCD device of claim 17, wherein when the
difference between the first data and the second data is in a
range of 128~191 gradations, the backlight duty ratio is
determined by a following formula,

Gmax + Gmin

Backlight duty (%) = x*0.4+ 0.5]=100.

2
255

22. The LCD device of claim 17, wherein when the
difference between the first data and the second data is more
than 191 gradations, the backlight duty ratio is determined
by a following formula,

Gmax + Gmin

2

55— #0.5+ 0.5 100.

Backlight duty (%) =
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