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(537 ABSTRACT

A liquid crystal display device includes: a light emitting diode
array unit including at least two groups of light emitting diode
arrays for emitting light; a light emitting diode driving unit for
supplying at least two pulse width modulation signals having
different phases from each other to the at least two groups of
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LIQUID CRYSTAL DISPLAY DEVICE
INCLUDING BACKLIGHT UNIT AND
METHOD OF DRIVING THE SAME

[0001] This application claims the benefit of Korean Patent
Application No. 2007-0102500, filed on Oct. 11, 2007 and
Korean Patent Application No. 2008-0038197, filed on Apr.
24,2008, which are both hereby incorporated by references in
their entirety.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The embodiments of the invention relate to a liquid
crystal display device, and more particularly, to a liquid crys-
tal display device including a backlight unit and a method of
driving the liquid crystal display device.

[0004] 2. Discussion of the Related Art

[0005] A liquid crystal display (LCD) device includes a
liquid crystal display panel and a backlight unit. The liquid
crystal display panel includes a plurality ofliquid crystal cells
disposed in matrix and a plurality of thin film transistors
(TFTs) through which image signals are supplied. Rotation
angles of liquid crvstal molecules in each liquid crystal cell as
well as transmittance through each liquid crystal cell are
controlled according to the image signals so as to display
images on the liquid crystal display panel.

[0006] A cold cathode fluorescent lamp (CCFL) is used as
a light source for the backlight unit of an LCD device. The
backlight unit should be designed to have a thin profile and
light weight while providing a large amount of light to the
liquid crystal display panel. Accordingly, a light emitting
diode (LED) has been suggested for use in a backlight due to
an LED having the characteristics of low power consumption,
light weight and high brightness compared to a CCFL.
[0007] FIG.11saview showing an edge type backlight unit
according to the related art. As shown in FIG. 1, a backlight
unit includes a plurality of LED arrays 10 each having a
plurality of LEDs 12 and an LED driving unit 20. A pulse
width modulation (PWM) signal is supplied to the LED driv-
ing unit 20 from an external circuit unit (not shown). The
plurality of LED arrays 10 are turned ON/OFF according to a
power supplied synchronous with an ON time period of the
PWM signal while the liquid crystal display panel displays
images. The plurality of LED arrays 10 driven by the PWM
signal (PWM driving) has advantages in power consumption
and in color rendering over a plurality of LED arrays that are
always turned ON by driving with a constant direct current
(DC) voltage, otherwise known as DC driving.

[0008] Since the single PWM signal is supplied to the LED
driving unit 20 and the plurality of LED arrays 10 are con-
trolled by the single PWM signal, the plurality of LED arrays
are simultaneously turned ON/OFF. Each TFT in the liquid
crystal display panel is formed of amorphous silicon. When
light enters the amorphous silicon, a photo leakage current
corresponding to the intensity of the light from the LED
arrays 10 is generated in the amorphous silicon so as to affect
the OFF current in each TFT. Accordingly, when the plurality
of LED arrays 10 is switched ON and OFF by the PWM
signal, each TFT of the liquid crystal display panel will have
variations in their OFF current. For example, the OFF current
of each TFT when the plurality of LED arrays 10 are turned
ON will vary to be greater than the OFF current of each TFT
when the plurality of LED arrays 10 are turned OFF. The
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variations in the OFF current in the TFTs cause deterioration
in the image display quality of the liquid crystal display panel.
For example, the deterioration can be waviness or noise in
portions of the liquid crystal display panel displaying darker
images and/or in other portions of the liquid crystal display
panel displaying brighter images.

SUMMARY OF THE INVENTION

[0009] Accordingly, embodiments of the invention are
directed to a liquid crystal display device including a back-
light unit and a method of driving the liquid crystal display
device that substantially obviates one or more ofthe problems
due to limitations and disadvantages of the related art.
[0010] An object of embodiments of the invention is to
provide a liquid crystal display device and a method of driv-
ing the liquid crystal display device that prevents deteriora-
tions in display quality, such as wavy noise.

[0011] Another object of embodiments of the invention is
to provide a liquid crystal display device and a method of
driving the liquid crystal display device by PWM driving of a
backlight without reducing luminance of the backlight unit.
[0012] 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.

[0013] To achieve these and other advantages and in accor-
dance with the purpose of embodiments of the invention, as
embodied and broadly described, a liquid crystal display
device includes: a light emitting diode array unit including at
least two groups of light emitting diode arrays for emitting
light; a light emitting diode driving unit for supplying at least
two pulse width modulation signals having different phases
from each other to the at least two groups of light emitting
diode arrays, respectively; a liquid crystal display panel for
displaying images using the light from the light emitting
diode array unit; and a timing controller for controlling the
light emitting diode driving unit and the liquid crystal display
panel.

[0014] Inanother aspect, a method of driving a liquid crys-
tal display device includes: supplying at least two pulse width
modulation signals having different phases from each other to
at least two groups of light emitting diode arrays, respec-
tively; providing light from the at least two groups of light
emitting diode arrays according to the at least two pulse width
modulation signals into liquid crystal display panel; and dis-
playing images on the liquid crystal display panel using the
light from the at least two groups of light emitting diode
arrays.

[0015] Itisto be understood that both the foregoing general
description and the following detailed description are exem-
plary and explanatory and are intended to provide further
explanation of embodiments of the invention as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] The accompanying drawings, which are included to
provide a further understanding of embodiments of the inven-
tion and are incorporated in and constitute a part of this
specification, illustrate embodiments of the invention and
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together with the description serve to explain the principles of
embodiments of the invention.

[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.

[0018] FIG.11saview showing an edge type backlight unit
according to the related art.

[0019] FIG. 2 is a block diagram showing a liquid crystal
display device representative of embodiments of the inven-
tion.

[0020] FIG. 3 is a block diagram showing a light emitting
diode array unit of a backlight unit for the liquid crystal
display device shown in FIG. 2.

[0021] FIG. 4A is a block diagram of an LED array unit of
a backlight unit for a liquid crystal display device according
to an embodiment of the invention having two groups of
arrays.

[0022] FIG. 4B isatimingchart of two PWM signals for the
backlight unit shown in FIG. 4A.

[0023] FIG. 5A shows the resulting luminance for a related
art backlight unit from a single PWM signal having a duty
ratio of about 10%.

[0024] FIG.5B shows the resulting luminance for the back-
light unit shown in FIG. 4A from two PWM signals having a
phase difference of about 180° and a duty ratio of about 10%.
[0025] FIG. 6A shows the resulting luminance for a related
art backlight unit from a single PWM signal having a duty
ratio of about 50%.

[0026] FIG. 6B shows resulting luminance for the backlight
unit shown in F1G. 4A from two PWM signals having a phase
difference of about 180° and a duty ratio of about 50%.
[0027] FIG. 7A shows the resulting luminance for a related
art backlight unit from a single PWM signal having a duty
ratio of about 90%.

[0028] FIG.7B shows the resulting luminance for the back-
light unit shown in FIG. 4A from two PWM signals having a
phase difference of about 180° and a duty ratio of about 90%.
[0029] FIG. 8A is a block diagram of an LED array unit of
a backlight unit for a liquid crystal display device according
to an embodiment of the invention having three groups of
arrays.

[0030] FIG. 8B is a timing chart of three PWM signals for
the backlight unit shown in FIG. 8A.

[0031] FIG. 9A shows the resulting luminance for a related
art backlight unit from a single PWM signal having a duty
ratio of about 10%.

[0032] FIG.9B shows the resulting luminance for the back-
light unit shown in FIG. 8A from three PWM signals having
a phase difference of about 120° and a duty ratio of about
10%.

[0033] FIG. 10A shows the resulting luminance for a
related art backlight unit from a single PWM signal having a
duty ratio of about 33.3%.

[0034] FIG. 10B shows the resulting luminance for the
backlight unit shown in FIG. 8A from three PWM signals
having a phase difference of about 120° and a duty ratio of
about 33.3%.

[0035] FIG. 11A shows the resulting luminance for a
related art backlight unit from a single PWM signal having a
duty ratio of about 50%.
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[0036] FIG. 11B shows the resulting luminance for the
backlight unit shown in FIG. 8A from three PWM signals
having a phase difference of about 120° and a duty ratio of
about 50%.

[0037] FIG. 12A shows the resulting luminance for a
related art backlight unit from a single PWM signal having a
duty ratio of about 90%.

[0038] FIG. 12B shows the resulting luminance for the
backlight unit shown in FIG. 8A from three PWM signals
having a phase difference of about 120° and a duty ratio of
about 90%.

[0039] FIG. 13A is a block diagram of an LED array unit of
a backlight unit for a liquid crystal display device according
to an embodiment of the invention having six groups of
arrays.

[0040] FIG. 13B is a timing chart of six PWM signals for
the backlight unit shown in FIG. 13A.

[0041] FIG. 14A shows the resulting luminance for a
related art backlight unit from a single PWM signal having a
duty ratio of about 10%.

[0042] FIG. 14B shows the resulting luminance for the
backlight unit shown in FIG. 13A from six PWM signals
having a phase difference of about 60° and a duty ratio of
about 10%.

[0043] FIG. 15A shows the resulting luminance for a
related art backlight unit from a single PWM signal having a
duty ratio of about 16.7%.

[0044] FIG. 15B shows the resulting luminance for the
backlight unit shown in FIG. 13A from six PWM signals
having a phase difference of about 60° and a duty ratio of
about 16.7%.

[0045] FIG. 16A shows a single PWM signal having a duty
ratio of about 50% and the resulting luminance for a related
art backlight unit.

[0046] FIG. 16B the resulting luminance for the backlight
unit shown in FIG. 13 A from six PWM signals having a phase
difference of about 60° and a duty ratio of about 50%.
[0047] FIG. 17A shows a single PWM signal having a duty
ratio of about 90% and the resulting luminance for a related
art backlight unit.

[0048] FIG. 17B shows the resulting luminance for the
backlight unit shown in FIG. 13A from six PWM signals
having a phase difference of about 60° and a duty ratio of
about 90%.

[0049] FIG. 18A is a block diagram of an LED array unit of
a backlight unit for a liquid crystal display device according
to an embodiment of the invention having eight groups of
arrays.

[0050] FIG. 18B is a timing chart of eight PWM signals for
the backlight unit shown in FIG. 18A.

[0051] FIG. 19A shows the resulting luminance for a
related art backlight unit from a single PWM signal having a
duty ratio of about 10%.

[0052] FIG. 19B shows the resulting luminance for the
backlight unit shown in FIG. 18A from eight PWM signals
having a phase difference of about 45° and a duty ratio of
about 10%.

[0053] FIG. 20A shows the resulting luminance for a
related art backlight unit from a single PWM signal having a
duty ratio of about 12.5%.

[0054] FIG. 20B shows the resulting luminance for the
backlight unit shown in FIG. 18A from eight PWM signals
having a phase difference of about 45° and a duty ratio of
about 12.5%.
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[0055] FIG. 21A shows the resulting luminance for a
related art backlight unit from a single PWM signal having a
duty ratio of about 50%.

[0056] FIG. 21B shows the resulting luminance for the
backlight unit shown in FIG. 18A from eight PWM signals
having a phase difference of about 45° and a duty ratio of
about 50%.

[0057] FIG. 22A shows the resulting luminance for a
related art backlight unit from a single PWM signal having a
duty ratio of about 90%.

[0058] FIG. 22B shows the resulting luminance for the
backlight unit shown in FIG. 18A from eight PWM signals
having a phase difference of about 45° and a duty ratio of
about 90%.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0059] Reference will now be made in detail to embodi-
ments which are illustrated in the accompanying drawings.
Wherever possible, similar reference numbers will be used to
refer to the same or similar parts.

[0060] FIG. 2 is a block diagram showing a liquid crystal
display device representative of embodiments of the inven-
tion and FIG. 3 is a block diagram showing a light emitting
diode array unit of a backlight unit for the liquid crystal
display device shown in FIG. 2. As shown in FIG. 2, a liquid
crystal display device includes a liquid crystal display panel
50, a gate driving unit 60, a data driving unit 70, a light
emitting diode (LED) array unit 80, an LED driving unit 90
and a timing controller 100. Although not shown in FIG. 2, the
liquid crystal display panel includes first and second sub-
strates facing and spaced apart from each other with a liquid
crystal layer interposed between the first and second sub-
strates. FIG. 2 also does not show gate lines and data lines
crossing each other on the first substrate to define pixel
regions, nor a thin film transistor (TFT) in each pixel region
connected to a gate line and a data line.

[0061] The gate driving unit 60 supplies gate signals to the
gate lines to control ON/OFF of the TFTss in the pixel regions.
The data driving unit 70 supplies data signals to the data lines
in synchronization with the gate signals. As a result of this
synchronization, the data signals are applied to the liquid
crystal layers in the pixel regions through the TFTs so that the
liquid crystal display panel 50 can display images.

[0062] As shown in FIG. 3, the LED array unit 80 includes
a plurality of LED arrays 80a, 805, 80¢ and 80d. Each LED
array 80a, 805, 80¢ and 804 includes a plurality of LEDs that
can emit white-colored light. In an edge-type backlight unit,
for example, the LED array unit 80 is disposed at a side of the
liquid crystal display panel 50 so that the liquid crystal dis-
play device has a thin profile and light emission can be easily
controlled. In a direct-type backlight unit, the LED array is
disposed directly behind a liquid crystal display panel and
supplies light upwardly toward the back of the liquid crystal
panel 50.

[0063] The LED array unit 80 is separated into at least two
groups in which at least two pulse width modulation (PWM)
signals are respectively applied to the at least two groups in
the plurality of LED arrays 80a, 804, 80c and 804. The at least
two PWM signals are applied to the at least two groups,
respectively such that a single PWM signal is applied to LED
arrays belonging to a single group. The at least two groups can
include the same number of LED arrays as each other or each
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group can have only one LED array. Accordingly, each PWM
signal is applied to at least one LED array.

[0064] The LED arrays belonging to a single group are
connected to each other through an electrical connection cir-
cuit. For example, the LED array unit 80 in FIG. 3 is separated
into first and second groups A and B. The first group A
includes first and third LED arrays 80a and 80c, and the
second group B includes second and fourth LED arrays 805
and 80d. The first and second PWM signals PWM1 and
PWM2 are supplied to the first and second groups A and B,
respectively. Thus, the first PWM signal PWM1 is applied to
the first and third LED arrays 80a and 80c, and the second
PWM signal PWM2 is applied to the second and fourth LED
arrays 805 and 80d.

[0065] Referring again to FIG. 2, the LED driving unit 90
supplies the at least two PWM signals to control light emis-
sion of the LED array unit 80. The LED driving unit 90 can
either generate the at least two PWM signals or receive the at
least two PWM signals from an external circuit (not shown).
The at least two PWM signals can have the same frequency
and voltage as each other but will have different phases from
each other. For example, the at least two PWM signals can
have phase differences of about 60°, about 90°, about 120° or
about 180°. In addition, the LED driving unit 90 can include
a phase shifter for generating the at least two PWM signals
having different phases. The timing controller 100 generates
a plurality of control signals to control the gate driving umt
60, the data driving unit 70 and the LED driving unit 90.
[0066] As shown in FIG. 3, the LED array unit 80 includes
the plurality of LED arrays 80a, 805, 80c and 804, and the
LED driving unit 90 for supplying two PWM signals to the
plurality of LED arrays 80a, 805, 80¢ and 804 to control light
emission of each LED array. The plurality of LED arrays 80a,
804, 80¢ and 804 are separated into two groups. Each of the
LEDarrays in a group of FIG. 3 are electrically connected and
driven by a single PWM signal. Since the LED arrays belong-
ing to the two groups are driven by two PWM signals having
different phases, respectively, one of the LED arrays belong-
ing to one of the two groups are turned ON at different times
than the LED arrays belonging to the other of the two groups.
Accordingly, the number of LED arrays turned ON at a one
time by the two PWM signals is reduced and change in the
instant luminance of the backlight unit is reduced, as com-
pared to all of the LED arrays being turned ON at the same
time by a single PWM signal. As a result of respectively
driving at least two groups of arrays with at least two PWM
signals, the deterioration in the display quality of the liquid
crystal display panel, such as a wavy noise, due to variations
in the OFF current of each TFT of the liquid crystal panel is
improved without a reduction in overall brightness from the
backlight unit.

[0067] FIG. 4A is a block diagram of an LED array unit of
a backlight unit for a liquid crystal display device according
to an embodiment of the invention having two groups of
arrays. FIG. 4B is a timing chart of two PWM signals for the
backlight unit shown in FIG. 4A. As shown in FIG. 4A, an
LED array unit includes first to twenty-fourth LED arrays
LAl to LA24. The first to twenty-fourth LED arrays LAI to
LA24 are separated into first and second groups GR1 and
GR2. Asaresult, the first, third, fifth . . . and twenty-third LED
arrays LA1, LA3, LAS ... and LA23 of the first group GR1
are electrically connected to each other, and the second,
fourth, sixth . . . and twenty-fourth LED arrays LA2, L. A4,
LAG6 ...and LA24 of the second group GR2 are electrically
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connected to each other. In addition, a first PWM signal
PWMI1 is supplied to the first, third, fifth. . . and twenty-third
LED arrays LA1,LA3, LAS5 .. . and LA23 of the first group
GR1, and a second PWM signal PWM2 is supplied to the
second, fourth, sixth . .. and twenty-fourth LED arrays LA2,
LA4,LAG6 ...and LA24 of the second group GR2.

[0068] As shown in FIG. 4B, both the first and second
PWM signals PWM1 and PWM2 have a duty ratio of about
50% and an identical frequency. In addition, since the phase
difference between the first and second PWM signals PWM1
and PWM2 is about 180°, the first PWM signal PWM1 is an
inverse to the second PWM signal PWM2. Although the duty
ratio of the first and second PWM signals PWM1 and PWM2
of FIG. 4B is about 50%, the duty ratio of the at least two
PWM signals can be selected from values in a range of about
1% to about 99%.

[0069] Because the first and second groups GR1 and GR2
are driven by the first and second PWM signals PWMI1 and
PWM2, respectively, the first, third, fifth . . . and twenty-third
LED arrays LA1,LA3, LAS . .. and LA23 of the first group
GR1 are turned ON/OFF alternately with the second, fourth,
sixth . . . and twenty-fourth LED arrays LA2, LA4, LAG . ..
and 1.A24 of the second group GR2. Accordingly, the first,
third, fifth . . . and twenty-third LED arrays LA1, LA3, LAS
... and LLA23 of the first group GR1 emit light at different
timings from the second, fourth, sixth . . . and twenty-fourth
LED arrays LA2, LA4, LAG6 . . . and [LA24 of the second
group GR2. Since the number (i.e., 12) of the LED arrays
emitting light at one time from the backlight unit using the
first and second PWM signals PWM1 and PWM2 of FIG. 4B
1s smaller than the number (i.¢., 24) of the LED arrays emit-
ting light at one time of a related backlight unit using a single
PWM signal, an instant luminance of the backlight unit using
the first and second PWM signals PWM1 and PWM2 is about
half of an instant luminance of the backlight unit using the
single PWM signal. As a result, the variation in the OFF
current of each TFT in the liquid crystal display panel is
reduced due to reducing the change in the instant luminance
of the incident light from the backlight unit. Thus, deteriora-
tion in the display quality of the liquid crystal display panel,
such as a wavy noise, due to the variation in the OFF current
of each TFT is improved.

[0070] Although an instant luminance of the first to twenty-
fourth LED arrays LA1 to LA24 alternately turned ON/OFF
by the first and second PWM signals PWM1 and PWM2 can
be about half of the instant luminance of first to twenty-fourth
LED arrays LA1 to LA24 simultaneously turned ON/OFF by
a single PWM signal, total luminance of the first to twenty-
fourth LED arrays LA1 to LA24 alternately turned ON/OFF
is substantially the same as the total luminance of the first to
twenty-fourth LED arrays LAl to LA24 simultaneously
turned ON/OFF because the backlight unit using the first and
second PWM signals PWM1 and PWM2 emits light more
frequently. Accordingly, the LCD devicehaving the backlight
unit according to embodiments of the invention has no reduc-
tion in brightness, as compared to an LCD device having the
related art backlight unit.

[0071] The backlight unit according to embodiments of the
invention can have various duty ratios. FIG. SA shows the
resulting luminance for a related art backlight unit from a
single PWM signal having a duty ratio of about 10%. FIG. 5B
shows the resulting luminance for the backlight unit shown in
FIG. 4A from two PWM signals having a phase difference of
about 180° and a duty ratio of about 10%. As shown in FIG.
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5A, asingle zeroth PWM signal PWMO having a duty ratio of
about 10% can be supplied to a related art backlight unit
having first to twenty-fourth LED arrays LAl to LA24. The
single zeroth PWM signal PWMO of FIG. 5A has a predeter-
mined frequency and a predetermined voltage. Since the first
to twenty-fourth LED arrays LAl to LA24 are simulta-
neously turned ON/OFF according to the zeroth PWM signal
PWMO of FIG. 5A, the luminance of the first to twenty-fourth
LED arrays LA1 to [.A24 has avalue of 0 or 1. The luminance
can be measured as an electric signal by using a photo diode.
The maximum and minimum values in luminance are repre-
sented as 1 and 0, respectively, for comparison purposes.
[0072] Asshownin FIG. 5B, firstand second PWM signals
PWM1 and PWM2 each having a duty ratio of about 10% are
supplied to a backlight unit of FIG. 4A having first to twenty-
fourth LED arrays LA1 to LA24. As a result, the first, third,
fifth . . . and twenty-third LED arrays LA1,LLA3,LAS5 .. . and
LA23 of a first group GR1 of FIG. 4A are turned ON/OFF
according to the first PWM signal PWM1 of FIG. 5B, and the
second, fourth, sixth . . . and twenty-fourth LED arrays LA2,
LA4,LAG6...and LA24 of FIG. 4A of a second group GR2
of FIG. 4A are turned ON/OFF according to the second PWM
signal PWM2 of FIG. 5B.

[0073] The first and second PWM signals PWM1 and
PWM2 of FIG. 5B have the same frequency, the same voltage
and the same duty ratio as the single zeroth PWM signal
PWMO in FIG. SA. In addition, the first and second PWM
signals PWM1 and PWM2 of FIG. 5B have a phase difference
of about 180°. Accordingly, the first, third, fifth . . . and
twenty-third LED arrays LA1,1LA3,LAS ... and LA23 of the
first group GR1 are alternately turned ON/OFF with the sec-
ond, fourth, sixth . . . and twenty-fourth LED arrays LA2,
LA4,LAG6...and LA24 of the second group GR2.

[0074] In the instant of emitting light, since the number
(i.e,, 12) of emitting LED arrays of the backlight unit in FIG.
4A by one of the first and second PWM signals PWMI1 and
PWM2 of FIG. 5B is half of the number (i.e., 24) of emitting
LED arrays in arelated art backlight unit driven by the zeroth
PWM signal PWMO0 of FIG. 5A, the instant luminance of the
backlight unit of FIG. 4A driven by one of the first and second
PWM signals PWM1 and PWM2 of FIG. 5B is substantially
half of the instant luminance of the related art backlight unit
driven by the zeroth PWM signal PWMO0 of FIG. 5A. During
a predetermined time period, however, the number of emis-
sion times of the backlight unit of FIG. 4A driven by the first
and second PWM signals PWM1 and PWM2 of FIG. 5B is
twice the number of emission times of the related art back-
light unit driven by the zeroth PWM signal PWMO0 of FIG.
5A. Thus, the total luminance of the backlight unit of FIG. 4 A
driven by the first and second PWM signals PWM1 and
PWM2 of FIG. 5B is substantially the same as the total
luminance of the related art backlight unit driven by only the
single PWM signal of F1IG. 5A. In FIGS. 5A and 5B, the total
luminance is calculated from the sum of areas corresponding
to protruding rectangles of the luminance graph.

[0075] FIG. 6A shows the resulting luminance for a related
art backlight unit from a single PWM signal having a duty
ratio of about 50%. FIG. 6B shows resulting luminance for
the backlight unit shown in FIG. 4A from two PWM signals
having a phase difference of about 180° and a duty ratio of
about 50%. As shown in FIG. 6A, a single zeroth PWM signal
PWMO having a duty ratio of about 50% can be supplied to a
related art backlight unit having first to twenty-fourth LED
arrays LAl to LA24. The single zeroth PWM signal PWMO0
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of FIG. 6A has a predetermined frequency and a predeter-
mined voltage. Since the first to twenty-fourth LED arrays
LA1 to LA24 are simultaneously turned ON/OFF according
to the zeroth PWM signal PWMO of FIG. 6A, the luminance
of the first to twenty-fourth LED arrays LAl to L A24 has a
value of 0 or 1. The luminance is measured as an electric
signal by using a photo diode. The maximum and minimum
values in luminance are represented as 1 and 0, respectively,
for comparison.

[0076] As shown in FIG. 6B, firstand second PWM signals
PWM1 and PWM2 each having a duty ratio of about 50% are
supplied to the backlight unit in FIG. 4A having first to
twenty-fourth LED arrays LA1 to LA24. As a result, the first,
third, fifth . . . and twenty-third LED arrays LA1, LA3, LAS
...and LA23 of a first group GR1 of FIG. 4A are turned
ON/OFF according to the first PWM signal PWM1 of FIG.
6B, and the second, fourth, sixth . . . and twenty-fourth LED
arrays LA2, LA4,LA6 ... and LA24 of a second group GR2
of FIG. 4A are turned ON/OFF according to the second PWM
signal PWM2 of FIG. 6B.

[0077] The first and second PWM signals PWMI1 and
PWM2 of FIG. 6B have the same frequency, the same voltage
and the same duty ratio as the single zeroth PWM signal
PWMO of FIG. 6A. In addition, the first and second PWM
signals PWM1 and PWM2 of FIG. 6B havea phase difference
of about 180°. Accordingly, the first, third, fifth . . . and
twenty-third LED arrays LA1,1LA3,LAS .. .and LA23 ofthe
first group GR1 are alternately turned ON/OFF with the sec-
ond, fourth, sixth . . . and twenty-fourth LED arrays L.A2,
LA4,LAG6 .. .and LA24 of the second group GR2.

[0078] In the instant of emitting light, since the number
(i.e, 12) of emitting LED arrays of the backlight unit in FIG.
4A by one of the first and second PWM signals PWMI and
PWM2 of FIG. 6B is half of the number (i.e., 24) of emitting
LED arrays in the related art backlight unit driven by the
zeroth PWM signal PWMO of FIG. 6A, the instant luminance
of the backlight unit of FIG. 4A driven by one of the first and
second PWM signals PWM1 and PWM2 of FIG. 6B is sub-
stantially half of the instant luminance of the related art back-
light unit driven by the zeroth PWM signal PWMO of FIG.
6A. During a predetermined time period, however, the num-
ber of emission times of the backlight unit of FIG. 4A driven
by the first and second PWM signals PWMI1 and PWM2 of
FIG. 6B is twice the number of emission times of the related
art backlight unit driven by the zeroth PWM signal PWMO0 of
FIG. 6A. Thus, the total luminance of the backlight unit of
FIG. 4A driven by the first and second PWM signals PWM1
and PWM2 of FIG. 6B is substantially the same as the total
luminance of the related art backlight unit driven by only the
single PWM signal of FIG. 6A. In FIGS. 6 A and 6B, the total
luminance is calculated from the sum of areas corresponding
to protruding rectangles of the luminance graph.

[0079] Specifically, since the instant luminance of the
backlight unit of FIG. 6B is a constant value of about 0.5 at
any timing of the whole time period, the backlight unit sup-
plies light without a variation in luminance to the liquid
crystal display panel. As a result, the variation in the OFF
current of each TFT of the liquid crystal display panel is
eliminated so that deterioration in the image display quality
of the liquid crystal display panel, such as a wavy noise, is
prevented.

[0080] FIG. 7A shows the resulting luminance for a related
art backlight unit from a single PWM signal having a duty
ratio of about 90%. FIG. 7B shows the resulting luminance

Apr. 16,2009

for the backlight unit shown in FIG. 4A from two PWM
signals having a phase difference of about 180° and a duty
ratio of about 90%. As shown in FIG. 7A, a single zeroth
PWM signal PWM0 having a duty ratio of about 90% is
supplied to a related art backlight unit having first to twenty-
fourth LED arrays LA1 to LA24. The single zeroth PWM
signal PWMO of FIG. 7A has a predetermined frequency and
apredetermined voltage. Since the first to twenty-fourth LED
arrays LAl to LA24 are simultaneously turned ON/OFF
according to the zeroth PWM signal PWMO of FIG. 7A, the
luminance of the first to twenty-fourth LED arrays LAl to
L.A24 has a value of 0 or 1. The luminance may be measured
as an electric signal by using a photo diode. The maximum
and minimum values in luminance are represented as 1 and 0,
respectively, for comparison purposes.

[0081] Asshownin FIG. 7B, firstand second PWM signals
PWM1 and PWM2 each having a duty ratio of about 90% are
supplied to a backlight unit in FIG. 4A having first to twenty-
fourth LED arrays LA1 to LA24. As a result, the first, third,
fifth . . . and twenty-third LED arrays LA1,LA3,LA5 .. . and
LA23 of a first group GR1 of FIG. 4A are turned ON/OFF
according to the first PWM signal PWM1 of FIG. 7B, and the
second, fourth, sixth . .. and twenty-fourth LED arrays LA2,
LA4,LAG6...and LA24 of a second group GR2 of FIG. 4A
are turned ON/OFF according to the second PWM signal
PWM2 of FIG. 7B.

[0082] The first and second PWM signals PWM1 and
PWM2 of FIG. 7B have the same frequency, the same voltage
and the same duty ratio as the single zeroth PWM signal
PWMO of FIG. 7A. In addition, the first and second PWM
signals PWM1 and PWM?2 have a phase difference of about
180°. Accordingly, the first, third, fifth . . . and twenty-third
LED arrays LA1,LA3, LA5 .. . and LA23 of the first group
GR1 are alternately turned ON/OFF with the second, fourth,
sixth . . . and twenty-fourth LED arrays LA2, LA4, LA6. ..
and L.A24 of the second group GR2.

[0083] In the instant of emitting light, since the number
(i.e., 12) of emitting LED arrays of the backlight unit in FIG.
4A by one of the first and second PWM signals PWMI1 and
PWM2 of FIG. 7B is half of the number (i.e., 24) of emitting
LED arrays in the related art backlight unit driven by the
zeroth PWM signal PWMO of FIG. 7A, the instant luminance
of the backlight unit of FIG. 4A driven by one of the first and
second PWM signals PWM1 and PWM2 of FIG. 7B is sub-
stantially half of the instant luminance of the related art back-
light unit driven by the zeroth PWM signal PWMO of FIG.
7A. During a predetermined time period, however, the num-
ber of emission times of the backlight unit of F1G. 4A driven
by the first and second PWM signals PWMI1 and PWM?2 of
FIG. 7B is twice the number of emission times of the related
art backlight unit driven by the zeroth PWM signal PWMO of
FIG. 7A. Thus, the total luminance of the backlight unit of
FIG. 4A driven by the first and second PWM signals PWM1
and PWM2 of FIG. 7B is substantially the same as the total
luminance of the related art backlight unit driven by only the
single PWM signal of FIG. 7A. In FIGS. 7A and 7B, the total
luminance is calculated from the sum of areas corresponding
to protruding rectangles of the luminance graph.

[0084] In the backlight unit of FIG. 4A, a plurality of LED
arrays are separated into two groups driven by two PWM
signals having phase differences, as shown in FIGS. 5B, 6B
and 7B. As a result, deterioration in the image display quality
of the liquid crystal display panel, such as a wavy noise, due
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to the variation in the OFF current of each TFT of the liquid
crystal display panel is prevented without a reduction in total
luminance.

[0085] FIG. 8A is a block diagram of an LED array unit of
a backlight unit for a liquid crystal display device according
to an embodiment of the invention having three groups of
arrays and FIG. 8B is a timing chart of three PWM signals for
the backlight unit shown in FIG. 8 A. As shown in FIG. A, an
LED array unit includes first to twenty-fourth LED arrays
LA1 to LA24. The first to twenty-fourth LED arrays LAl to
L A24 are separated into first, second and third groups GR1,
GR2 and GR3. The first, fourth, seventh . . . and twenty-
second LED arrays LA1, LA4,LA7...and LA22 of the first
group GR1 are electrically connected to each other. Similarly,
the second, fifth, eighth . .. and twenty-third LED arrays LA2,
LA4, LA8 . . . and LA23 of the second group GR2 are
electrically connected to each other, and the third, sixth, ninth
... and twenty-fourth LED arrays LA3, LA6, LA9 . .. and
LA24 of the third group GR3 are electrically connected to
each other. In addition, a first PWM signal PWMI1 is supplied
to the first, fourth, seventh. .. and twenty-second LED arrays
LA1,LA4,LA7... and[LA22 ofthe first group GR1, a second
PWM signal PWM2 is supplied to the second, fifth, eighth ..
.and twenty-third LED arrays LA2, 1.A4, LA8 ... and LA23
of the second group GR2, and a third PWM signal PWM3 is
supplied to the third, sixth, ninth . . . and twenty-fourth LED
arrays LA3, LA6,LA9. .. and L.A24 of the third group GR3.

[0086] As shown in FIG. 8B, the first, second and third
PWM signals PWM1, PWM2 and PWM3 have a duty ratio of
about 33% and an identical frequency. In addition, the phase
difference between two of the first, second and third PWM
signals PWM1, PWM2 and PWM3 is about 120°. Although
the duty ratio of the first, second and third PWM signals
PWM1, PWM2 and PWM3 of FIG. 8B is about 33%, the duty
ratio of the first, second and third PWM signals PWMI,
PWM2 and PWM3 can be selected from values in a range of
about 1% to about 99%.

[0087] Because the first, second and third groups GR1,
GR2 and GR3 are driven by the first, second and third PWM
signals PWM1, PWM2 and PWM3, respectively, the first
group GR1 including the first, fourth, seventh . .. and twenty-
second LED arrays LA1,1.A4,LA7... and LA22, the second
group GR2 including the second, fifth, eighth . . . and twenty-
third LED arrays LA2,LA4, LAS8 ... and [LA23 and the third
group GR3 including the third, sixth, ninth . . . and twenty-
fourth LED arrays LA3, LA6,LA9 ... and [ A24 are turned
ON/OFF alternately with one another. Accordingly, the sec-
ond, fifth, eighth .. . and twenty-third LED arrays LA2,[LA4,
LAS8...and LA23 of the second group GR2 are turned ON
after the first, fourth, seventh . . . and twenty-second LED
arrays LA1,LA4,LA7 . ..and LA22 of the first. group GR1
are turned OFF, and the third, sixth, ninth . . . and twenty-
fourth LED arrays LA3, LA6,LA9 ... and LA24 of the third
group GR3 are turned ON after second, fifth, eighth . . . and
twenty-third LED arrays LA2,1.A4, A8 ...and LA23 ofthe
second group GR2 are turned OFF. In addition, after the third,
sixth, ninth . .. and twenty-fourth LED arrays LA3,1.A6, LA9
... and LA24 of the third group GR3 are turned OFF, the first,
fourth, seventh .. . and twenty-second LED arrays LA1, LA4,
LA7...and LA22 ofthe first group GR1 are turned ON again.
Since the number (i.e., 8) of the LED arrays emitting light at
one time of a backlight unit using the first, second and third
PWM signals PWM1, PWM2 and PWM3 of FIG. 8A is
smaller than the number (i.e., 24) of the LED arrays emitting
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light at one time of a related art backlight unit using a single
PWM signal of FIG. 1, an instant luminance of the backlight
unit using the first, second and third PWM signals PWMI,
PWM2 and PWMS3 is about one third of an instant luminance
of the backlight unit using the single PWM signal. As a result,
the variation in the OFF current of each TFT in the liquid
crystal display panel is reduced due to reducing the change in
the instant luminance of the incident light from the backlight
unit. Thus, deterioration in the display quality of the liquid
crystal display panel, such as a wavy noise, due to the varia-
tion in the OFF current of each TFT is prevented.

[0088] Although the instant luminance of the first to
twenty-fourth LED arrays LA1 to 1.A24 alternately turned
ON/OFF by the first, second and third PWM signals PWM1,
PWM2 and PWM3 is about one third of the instant luminance
of the first to twenty-fourth LED arrays LA1 to LA24 simul-
taneously turned ON/OFF by the single PWM signal, a total
luminance of the first to twenty-fourth LED arrays LA1 to
L A24 alternately turned ON/OFF is substantially the same as
atotal luminance of the first to twenty-fourth LED arrays LA1
to LA24 simultaneously turned ON/OFF because the back-
light unit using the first, second and third PWM signals
PWM1, PWM2 and PWM3 emits light more frequently.
Accordingly, the LCD device having the backlight unit
according to embodiments of the invention has no reduction
in brightness as compared to an LCD device having the
related art backlight unit.

[0089] FIG. 9A shows the resulting luminance for a related
art backlight unit from a single PWM signal having a duty
ratio of about 10%. FIG. 9B shows the resulting luminance
for the backlight unit shown in FIG. 8A from three PWM
signals having a phase difference of about 120° and a duty
ratio of about 10%. As shown in FIG. 9A, a single zeroth
PWM signal PWMO0 having a duty ratio of about 10% is
supplied to a comparison purposes backlight unit having first
to twenty-fourth LED arrays LA1 to LA24. The single zeroth
PWM signal PWMO of FIG. 9A has a predetermined fre-
quency and a predetermined voltage. Since the first to twenty-
fourth LED arrays LAl to LA24 are simultaneously turned
ON/OFF according to the zeroth PWM signal PWMO of FIG.
9A, the luminance of the first to twenty-fourth LED arrays
LA1 to LA24 has a value of 0 or 1. The luminance may be
measured as an electric signal by using a photo diode. The
maximum and minimum values in luminance are represented
as 1 and 0, respectively, for comparison purposes.

[0090] As shown in FIG. 9B, first, second and third PWM
signals PWM1, PWM2 and PWM3 each having a duty ratio
of about 10% are supplied to a backlight unit of FIG. 8A
having first to twenty-fourth LED arrays LA1 to LA24
according to another embodiment of the present invention. As
aresult, the first, fourth, seventh . . . and twenty-second LED
arrays LA1, LA4,LA7 ... and LA22 of a first group GR1 of
FIG. 8A are turned ON/OFF according to the first PWM
signal PWM1, the second, fifth, eighth . . . and twenty-third
LED arrays LA2, LA4, LAS8 . .. and LA23 of the second
group GR2 of FIG. 8A are turned ON/OFF according to the
second PWM signal PWM2, and the third, sixth, ninth . . . and
twenty-fourth LED arrays LA3, LA6, LA9 .. .and LA24 of
the third group GR3 of FIG. 8A are turned ON/OFF accord-
ing to the third PWM signal PWM3.

[0091] The first, second and third PWM signals PWMI,
PWM2 and PWM3 have the same frequency, the same volt-
age and the same duty ratio as the single zeroth PWM signal
PWMO of FIG. 9A. In addition, the first, second and third
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PWM signals PWM1, PWM2 and PWM3 have a phase dif-
ference of about 120° with one another. As a result, the second
PWM signal PWM2 has a phase delayed by about 120° with
respect to the first PWM signal PWM1, and the third PWM
signal PWM3 has a phase delayed by about 240° with respect
to the first PWM signal PWMI. Accordingly, the first group
GR1 including first, fourth, seventh . . . and twenty-second
LED arrays LA1,LA4,LA7 ... and LA22, the second group
GR2 including the second, fifth, eighth . . . and twenty-third
LEDarrays LA2,1.A4,1.A8...and LA23 and the third group
GR3 including the third, sixth, ninth . . . and twenty-fourth
LED arrays LA3, LA6, LA9 . . . and LA24 are alternately
turned ON/OFF.

[0092] In the instant of emitting light, since the number
(i.e., 8) of emitting LED arrays of the backlight unit of FIG.
8A driven by one of the first, second and third PWM signals
PWM1, PWM2 and PWM3 of FIG. 9B is one third of the
number (i.e., 24) of emitting LED arrays of the related art
backlight unit driven by the zeroth PWM signal PWMO0 of
FIG. 9A, the instant luminance of the backlight unit of FIG.
8A driven by one of the first, second and third PWM signals
PWM1, PWM2 and PWM3 of FIG. 9B is substantially a third
of the instant luminance of the related art backlight unit
driven by the zeroth PWM signal PWMO of FIG. 9A. During
a predetermined time period, however, the number of emis-
sion times of the backlight unit of FIG. 8A driven by the first,
second and third PWM signals PWM1, PWM2 and PWM3 of
FIG. 9B is three times the number of emission times of a
related art backlight unit driven by the zeroth PWM signal
PWMO of FIG. 9A. Thus, the total luminance of the backlight
unit driven by the first, second and third PWM signals
PWM1, PWM2 and PWM3 of FIG. 9B is substantially the
same total luminance as the related art backlight unit driven
by only the single PWM signal of FIG. 9A. In FIGS. 9A and
9B, the total luminance is calculated from the sum of areas
corresponding to protruding rectangles of the luminance
graph.

[0093] FIG. 10A shows the resulting luminance for a
related art backlight unit from a single PWM signal having a
duty ratio of about 33.3%. FIG. 10B shows the resulting
luminance for the backlight unit shown in FIG. 8A from three
PWM signals having a phase difference of about 120° and a
duty ratio of about 33.3%. As shown in FIG. 104, a single
zeroth PWM signal PWMO0 having a duty ratio of about
33.3% is supplied to a related art backlight unit having first to
twenty-fourth LED arrays LAl to LA24. The single zeroth
PWM signal PWMO0 has a predetermined frequency and a
predetermined voltage. Since the first to twenty-fourth LED
arrays LAl to LA24 are simultaneously turned ON/OFF
according to the zeroth PWM signal PWMO of FIG. 10A, the
luminance of the first to twenty-fourth LED arrays LA1 to
L.A24 has a value of 0 or 1. The luminance may be measured
as an electric signal by using a photo diode. The maximum
and minimum values in luminance are represented as 1 and 0,
respectively, for comparison purposes.

[0094] As shown in FIG. 10B, first, second and third PWM
signals PWM1, PWM2 and PWM3 each having a duty ratio
of about 33.3% are supplied to a backlight unit of FIG. 8A
having first to twenty-fourth LED arrays LAl to LA24. As a
result, the first, fourth, seventh . . . and twenty-second LED
arrays LA1,1L.A4, LA7 ... and LA22 of a first group GR1 of
FIG. 8A are turned ON/OFF according to the first PWM
signal PWM1, the second, fifth, eighth . . . and twenty-third
LED arrays LA2, LA4, LA8 . .. and LA23 of the second
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group GR2 of FIG. 8A are turned ON/OFF according to the
second PWM signal PWM2, and the third, sixth, ninth ... and
twenty-fourth LED arrays LA3, LA6, LA9 .. .and LA24 of
the third group GR3 of FIG. 8A are turned ON/OFF accord-
ing to the third PWM signal PWM3.

[0095] The first, second and third PWM signals PWMI,
PWM2 and PWM3 have the same frequency, the same volt-
age and the same duty ratio as the zeroth PWM signal PWM0
of FIG. 10A. In addition, the first, second and third PWM
signals PWM1, PWM2 and PWM3 have a phase difference of
about 120° with one another. As a result, the second PWM
signal PWM2 has a phase delayed by about 120° with respect
to the first PWM signal PWM1, and the third PWM signal
PWM3 has a phase delayed by about 240° with respect to the
first PWM signal PWM1. Accordingly, the first group GR1
including first, fourth, seventh . . . and twenty-second LED
arrays LA1,LA4,LA7 ... and LA22, the second group GR2
including the second, fifth, eighth . . . and twenty-third LED
arrays LA2, 1.A4,LA8...and LA23 and the third group GR3
including the third, sixth, ninth . . . and twenty-fourth LED
arrays LA3, LA6, LA9 . . . and LA24 are alternately turned
ON/OFF.

[0096] In the instant of emitting light, since the number
(i.e., 8) of emitting LED arrays of the backlight unit of FIG.
8A driven by one of the first, second and third PWM signals
PWMI1, PWM2 and PWM3 of FIG. 10B is one third of the
number (i.e., 24) of emitting LED arrays of the related art
backlight unit driven by the zeroth PWM signal PWMO0 of
FIG. 10A, the instant luminance of the backlight unit of FIG.
8A driven by one of the first, second and third PWM signals
PWM1, PWM2 and PWM3 of FIG. 10B is substantially a
third of the instant luminance of the related art backlight unit
driven by the zeroth PWM signal PWMO of FIG. 10A. During
a predetermined time period, however, the number of emis-
sion times of the backlight unit of FIG. 8 A driven by the first,
second and third PWM signals PWM1, PWM2 and PWM3 of
FIG. 10B is three times the number of emission times of a
related art backlight unit driven by the zeroth PWM signal
PWMO of FIG. 10A. Thus, the total luminance of the back-
light unit driven by the first, second and third PWM signals
PWM1, PWM2 and PWM3 of FIG. 10B is substantially the
same total luminance as the related art backlight unit driven
by only the single PWM signal of FIG. 10A. In FIGS. 10A
and 10B, the total luminance is calculated from the sum of
areas corresponding to protruding rectangles of the lumi-
nance graph.

[0097] Specifically, since the instant luminance of the
backlight unit of FIG. 10B is a constant value of about 0.33 at
any time of the whole time period, the backlight unit supplies
light without a change in luminance to the liquid crystal
display panel. As a result, the variation in the OFF current of
each TFT of the liquid crystal display panel is eliminated so
that deterioration in the image display quality of the liquid
crystal display panel, such as a wavy noise, is prevented.
[0098] FIG. 11A shows the resulting luminance for a
related art backlight unit from a single PWM signal having a
duty ratio of about 50%. FIG. 11B shows the resulting lumi-
nance for the backlight unit shown in FIG. 8A from three
PWM signals having a phase difference of about 120° and a
duty ratio of about 50%. As shown in FIG. 114, a single
zeroth PWM signal PWMO having a duty ratio of about 50%
is supplied to a related art backlight unit having first to
twenty-fourth LED arrays LA1 to LA24. The single zeroth
PWM signal PWMO of FIG. 11A has a predetermined fre-
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quency and a predetermined voltage. Since the first to twenty-
fourth LED arrays LAl to LA24 are simultaneously turned
ON/OFF according to the zeroth PWM signal PWMO of FIG.
11A, the luminance of the first to twenty-fourth LED arrays
LAl to LA24 has a value of 0 or 1. The luminance can be
measured as an electric signal by using a photo diode. The
maximum and minimum values in luminance are represented
as 1 and 0, respectively, for comparison purposes.

[0099] As shown in FIG. 11B, first, second and third PWM
signals PWM1, PWM2 and PWM3 each having a duty ratio
of about 50% are supplied to the backlight unit of FIG. 8A
having first to twenty-fourth LED arrays LAl to LA24. As a
result, the first, fourth, seventh . . . and twenty-second LED
arrays LA1,LA4, LA7 ... and LA22 of a first group GR1 of
FIG. 8A are turned ON/OFF according to the first PWM
signal PWM1, the second, fifth, eighth . . . and twenty-third
LED arrays LA2, LA4, LAS . . . and LA23 of the second
group GR2 of FIG. 8A are turned ON/OFF according to the
second PWM signal PWM2, and the third, sixth, ninth . . . and
twenty-fourth LED arrays LA3, LA6, LA9 .. .and LA24 of
the third group GR3 of FIG. 8A are turned ON/OFF accord-
ing to the third PWM signal PWM3.

[0100] The first, second and third PWM signals PWMI,
PWM2 and PWM3 have the same frequency, the same volt-
age and the same duty ratio as the zeroth PWM signal PWMO0
of FIG. 11A. In addition, the first, second and third PWM
signals PWM1,PWM2 and PWM3 have a phase difference of
about 120° with one another. As a result, the second PWM
signal PWM2 has a phase delayed by about 120° with respect
to the first PWM signal PWM1, and the third PWM signal
PWMS3 has a phase delayed by about 240° with respect to the
first PWM signal PWM1. Accordingly, the first group GR1
including first, fourth, seventh . . . and twenty-second LED
arrays LA1,LA4,LA7 ... and LA22, the second group GR2
including the second, fifth, eighth . . . and twenty-third LED
arrays LA2,1.A4,LA8. .. and[LA23 and the third group GR3
including the third, sixth, ninth . . . and twenty-fourth LED
arrays LA3, LA6, LA9 . . . and LA24 are alternately turned
ON/OFF.

[0101] In the instant of emitting light, since the number
(i.e., 8) of emitting LED arrays of the backlight unit of FIG.
8A driven by one of the first, second and third PWM signals
PWM1, PWM2 and PWM3 of FIG. 11B is one third of the
number (i.e., 24) of emitting LED arrays of the related art
backlight unit driven by the zeroth PWM signal PWM0 of
FIG. 11A, the instant luminance of the backlight unit of FIG.
8A driven by one of the first, second and third PWM signals
PWM1, PWM2 and PWM3 of FIG. 11B is substantially a
third of the instant luminance of the related art backlight unit
driven by the zeroth PWM signal PWMO of FIG. 11 A. During
a predetermined time period, however, the number of emis-
sion times of the backlight unit of FIG. 8A driven by the first,
second and third PWM signals PWM1, PWM2 and PWM3 of
FIG. 11B is three times the number of emission times of a
related art backlight unit driven by the zeroth PWM signal
PWMO of FIG. 11A. Thus, the total luminance of the back-
light unit driven by the first, second and third PWM signals
PWM1, PWM2 and PWMS3 of FIG. 11B is substantially the
same total luminance as the related art backlight unit driven
by only the single PWM signal of FIG. 11. In FIGS. 11A and
11B, the total luminance is calculated from the sum of areas
corresponding to protruding rectangles of the luminance
graph.
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[0102] FIG. 12A shows the resulting luminance for a
related art backlight unit from a single PWM signal having a
duty ratio of about 90%. FIG. 12B shows the resulting lumi-
nance for the backlight unit shown in FIG. 8A from three
PWM signals having a phase difference of about 120° and a
duty ratio of about 90%. As shown in FIG. 124, a single
zeroth PWM signal PWMO having a duty ratio of about 90%
is supplied to a related art backlight unit having first to
twenty-fourth LED arrays LA1 to LA24. The single zeroth
PWM signal PWMO has a predetermined frequency and a
predetermined voltage. Since the first to twenty-fourth LED
arrays LAl to LA24 are simultaneously turned ON/OFF
according to the single zeroth PWM signal PWMO of FIG.
12A, the luminance of the first to twenty-fourth LED arrays
LAl to LA24 has a value of 0 or 1. The luminance can be
measured as an electric signal by using a photo diode. The
maximum and minimum values in luminance are represented
as 1 and 0, respectively, for comparison purposes.

[0103] As shown in FIG. 12B, first, second and third PWM
signals PWM1, PWM2 and PWM3 each having a duty ratio
of about 90% are supplied to a backlight unit of FIG. 8A
having first to twenty-fourth LED arrays LAl to LA24. As a
result, the first, fourth, seventh . . . and twenty-second LED
arrays LA1, LA4,LA7 . .. and LA22 ofa first group GR1 of
FIG. 8A are turned ON/OFF according to the first PWM
signal PWM1, the second, fifth, eighth . . . and twenty-third
LED arrays LA2, LA4, LAS . . . and LA23 of the second
group GR2 of FIG. 8A are turned ON/OFF according to the
second PWM signal PWM2, and the third, sixth, ninth . .. and
twenty-fourth LED arrays LA3, LA6, LA9 .. .and LA24 of
the third group GR3 of FIG. 8A are turned ON/OFF accord-
ing to the third PWM signal PWM3.

[0104] The first, second and third PWM signals PWMI,
PWM2 and PWM3 have the same frequency, the same volt-
age and the same duty ratio as the single zeroth PWM signal
PWMO of FIG. 12A. In addition, the first, second and third
PWM signals PWM1, PWM2 and PWM3 have a phase dif-
ference of about 120° with one another. As aresult, the second
PWM signal PWM2 has a phase delayed by about 120° with
respect to the first PWM signal PWMI, and the third PWM
signal PWM3 has a phase delayed by about 240° with respect
to the first PWM signal PWMI. Accordingly, the first group
GR1 including first, fourth, seventh . . . and twenty-second
LED arrays LA1,1.A4,LA7 ...and LA22, the second group
GR2 including the second, fifth, eighth . . . and twenty-third
LEDarrays LA2,1.A4,1.A8...and LA23 and the third group
GR3 including the third, sixth, ninth . . . and twenty-fourth
LED arrays LA3, LA6, LA9 . . . and L.A24 are alternately
turned ON/OFF.

[0105] In the instant of emitting light, since the number
(i.e., 8) of emitting LED arrays of the backlight unit of FIG.
8A driven by one of the first, second and third PWM signals
PWM1, PWM2 and PWM3 of FIG. 12B-is one third of the
number (i.e., 24) of emitting LED arrays of the related art
backlight unit driven by the zeroth PWM signal PWMO0 of
FIG. 12A, the instant luminance of the backlight unit of FIG.
8A driven by one of the first, second and third PWM signals
PWM1, PWM2 and PWM3 of FIG. 12B is substantially a
third of the instant luminance of the related art backlight unit
driven by the zeroth PWM signal PWMO of FIG. 12A. During
a predetermined time period, however, the number of emis-
sion times of the backlight unit of FIG. 8 A driven by the first,
second and third PWM signals PWM1, PWM2 and PWM3 of
FIG. 12B is three times the number of emission times of a
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related art backlight unit driven by the zeroth PWM signal
PWMO of FIG. 12A. Thus, the total luminance of the back-
light unit driven by the first, second and third PWM signals
PWM1, PWM2 and PWM3 of FIG. 12B is substantially the
same total luminance as the related art backlight unit driven
by only the single PWM signal of FIG. 12A. In FIGS. 12A
and 12B, the total luminance is calculated from the sum of
areas corresponding to protruding rectangles of the lumi-
nance graph.

[0106] In the backlight unit of FIG. 8A, a plurality of LED
arrays are separated into three groups driven by three PWM
signals having phase differences, as shown in FIGS. 9B, 10B,
11B and 12B. As a result, deterioration in the image display
quality of the liquid crystal display panel, such as a wavy
noise, due to the variation in the OFF current of each TFT of
the liquid crystal display panel is prevented without a reduc-
tion in total luminance.

[0107] FIG.13Ais ablock diagram of an LED array unit of
a backlight unit for a liquid crystal display device according
to an embodiment of the invention having six groups of
arrays. FIG. 13B is a timing chart of six PWM signals for the
backlight unit shown in FIG. 13A. As shown in FIG. 13A, an
LED array unit includes first to twenty-fourth LED arrays
LAl to LA24. The first to twenty-fourth LED arrays LAl to
[.A24 are separated into first to sixth groups GR1 to GR6. As
aresult, the first, seventh . . . and nineteenth LED arrays LA1,
LA7 ... and LA19 of the first group GR1 are electrically
connected to each other, and the second, eighth . . . and
twentieth LED arrays LA2,LA8 . .. and [LA20 of the second
group GR2 are electrically connected to each other. Similarly,
the third, ninth .. . and twenty-first LED arrays LA3, LA9 ..
.and LA21 of the third group GR3 are electrically connected
to each other, and the fourth, tenth . . . and twenty-second LED
arrays LA4, LA10 . .. and LA22 of the fourth group GR4 are
electrically connected to each other. Further, the fifth, elev-
enth . . . and twenty-third LED arrays LA5, LA11 . . . and
LA23 of the fifth group GRS are electrically connected to
each other, and the sixth, twelfth . . . and twenty-fourth LED
arrays LA6, LA12 . . . LA24 of the sixth group GR6 are
electrically connected to each other.

[0108] A first PWM signal PWM1 is supplied to the first,
seventh . . . and nineteenth LED arrays LA1, LA7 . . . and
LA19 of the first group GR1, and a second PWM signal
PWM2 is supplied to the second, eighth . . . and twentieth
LED arrays LA2, LA8 . . . and LA20 of the second group
GR2. Similarly, a third PWM signal PWMS3 is supplied to the
third, ninth . . . and twenty-first LED arrays LA3,LA9 ... and
LA21 of the third group GR3, and a fourth PWM signal
PWM4 is supplied to the fourth, tenth . . . and twenty-second
LED arrays LA4, LA10 . . . and LA22 of the fourth group
GRA4. Further, a fifth PWM signal PWMS is supplied to the
fifth, eleventh . . . and twenty-third LED arrays LAS, LAL ..
. and LA23 of the fifth group GRS, and a sixth PWM signal
PWM64 is supplied to the sixth, twelfth . . . and twenty-fourth
LED arrays LA6, LA12 . .. LA24 of the sixth group GR6.
[0109] As shown in FIG. 13B, the first to sixth PWM sig-
nals PWMI to PWMS6 have a duty ratio of about 17% and an
identical frequency. In addition, the phase difference between
neighboring two of the first to sixth PWM signals PWMI to
PWMBS is about 60°. Although the duty ratio of the first to
sixth PWM signals PWM1 to PWMS6 of FIG. 13B is about
17%, the duty ratio of t the first to sixth PWM signals PWM1
to PWMS6 can be selected from values in a range of about 1%
to about 99%.

Apr. 16,2009

[0110] Since the first to sixth groups GR1 to GR6 are driven
by the first to sixth PWM signals PWMI to PWMS, respec-
tively, the first group GR1 including the first, seventh . . . and
nineteenth LED arrays LA1, LA7 . . . and LA19, the second
group GR2 including the second, eighth . . . and twentieth
LED arrays LA2, LA8 . . . and LA20, the third group GR3
including the third, ninth . . . and twenty-first LED arrays
LA3,LA9...and LA21, the fourth group GR4 including the
fourth, tenth . . . and twenty-second LED arrays LA4, LA10
...and LA?22, the fifth group GRS including the fifth, eleventh
... and twenty-third LED arrays LAS, LAl ...and LA23 and
the sixth group GR6 including the sixth, twelfth . . . and
twenty-fourth LED arrays LA6, LA12 ... LA24 are turned
ON/OFF alternately with one another. Accordingly, the sec-
ond, eighth . . . and twentieth LED arrays LA2, LAS . .. and
LA20 of the second group GR2 are turned ON after the first,
seventh . . . and nineteenth LED arrays LA1, LA7 . . . and
LA19 of the first group GR1 are turned OFF, and the third,
ninth ... and twenty-first LED arrays LA3,LA9 ... and LA21
of the third group GR3 are turned ON after the second, eighth
...and twentieth LED arrays LA2, LA8 . .. and LA20 ofthe
second group GR2 are turned OFF. Similarly, the fourth, tenth
...and twenty-second LED arrays LA4,1.A10...and LA22
of the fourth group GR4 are turned ON after the third, ninth .
..and twenty-first LED arrays LA3,1.A9 ...and LA21 of the
third group GR3 are turned OFF, and the fifth, eleventh . . . and
twenty-third LED arrays LAS, LA11 .. .and LA23 of the fifth
group GRS are turned ON after the fourth, tenth . . . and
twenty-second LED arrays LA4, LA10 . .. and LA22 of the
fourth group GR4 are turned OFF. Further, the sixth, twelfth
... and twenty-fourth LED arrays LA6, LA12...LA24 ofthe
sixth group GR6 are turned ON after the fifth, eleventh .. . and
twenty-third LED arrays LAS, LA11 .. .and LA23 of the fifth
group GRS are turned OFF. After the sixth, twelfth . . . and
twenty-fourth LED arrays LA6, LA12 .. .1.A24 of the sixth
group GR6 are turned OFF, the first, seventh . . . and nine-
teenth LED arrays LA1, LA7 ... and LA19 of the first group
GR1 are turned ON again.

[0111] Because the number (i.c., 4) of the LED arrays emit-
ting light at one time in the backlight unit using the first to
sixth PWM signals PWM1 to PWM6 of FIG. 13 A is smaller
than the number (i.e., 24) of the LED arrays emitting light at
one time in a backlight unit using a single PWM signal, such
as in FIG. 1, an instant luminance of the backlight unit using
the first to sixth PWM signals PWM1 to PWMG6 is about one
sixth of an instant luminance of the backlight unit using the
single PWM signal. As a result, the variation in the OFF
current of each TFT in the liquid crystal display panel is
reduced due to a reduction in the change of instant luminance
of the incident light from the backlight unit. Thus, deteriora-
tion in the display quality of the liquid crystal display panel,
such as a wavy noise, due to the variation in the OFF current
of each TFT is prevented.

[0112] Although the instant luminance of the first to
twenty-fourth LED arrays LA1 to 1.A24 alternately turned
ON/OFF by the first to sixth PWM signals PWM1 to PWM6
is about one sixth of the instant luminance of the first to
twenty-fourth LED arrays LAl to LA24 simultaneously
turned ON/OFF by the single PWM signal, a total luminance
of the first to twenty-fourth LED arrays LA1 to LA24 alter-
nately turned ON/OFF is substantially the same as a total
luminance of the first to twenty-fourth LED arrays LA1 to
LA24 simultaneously turned ON/OFF because the backlight
unit using the first to sixth PWM signals PWM1 to PWM6
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emits light more frequently. Accordingly, the LCD device
having the backlight unit according to embodiments of the
invention has no reduction in brightness as compared to an
LCD device having the related art backlight unit.

[0113] FIG. 14A shows the resulting luminance for a
related art backlight unit from a single PWM signal having a
duty ratio of about 10%. FIG. 14B shows the resulting lumi-
nance for the backlight unit shown in FIG. 13A from six
PWM signals having a phase difference of about 60° and a
duty ratio of about 10%. As shown in FIG. 14A, a single
zeroth PWM signal PWMO having a duty ratio of about 10%
is supplied to a related art backlight unit having first to
twenty-fourth LED arrays LAl to LA24. The single zeroth
PWM signal PWMO0 has a predetermined frequency and a
predetermined voltage. Since the first to twenty-fourth LED
arrays LAl to LA24 are simultaneously turned ON/OFF
according to the single zeroth PWM signal PWMO0, the lumi-
nance of the first to twenty-fourth LED arrays LA1 to LA24
has a value of 0 or 1. The luminance can be measured as an
electric signal by using a photo diode. The maximum and
minimum values in luminance are represented as 1 and 0,
respectively, for comparison purposes.

[0114] As shown in FIG. 14B, first to sixth PWM signals
PWM1 to PWMS6 each having a duty ratio of about 10% are
supplied to a backlight unit having first to twenty-fourth LED
arrays LA1 to LA24. As a result, the first, seventh . . . and
nineteenth LED arrays LA1, LA7 . . . and LA19 of the first
group GR1 of FIG. 13 A are turned ON/OFF according to the
first PWM signal PWM1, and the second, eighth . . . and
twentieth LED arrays LA2,LA8 . .. and LA20 ofthe second
group GR2 of FIG. 13 A are turned ON/OFF according to the
second PWM signal PWM2. Similarly, the third, ninth . . . and
twenty-first LED arrays LA3, LA9 . .. and LA21 of the third
group GR3 of FIG. 13 A are turned ON/OFF according to the
third PWM signal PWM3, and the fourth, tenth . . . and
twenty-second LED arrays LA4, LA10 . . . and LA22 of the
fourth group GR4 of FIG. 13 A are turned ON/OFF according
to the fourth PWM signal PWM4. Further, the fifth, eleventh
... and twenty-third LED arrays LAS, LA11 .. .and LA23 of
the fifth group GRS of FIG. 13A are turned ON/OFF accord-
ing to the fifth PWM signal PWMS, and the sixth, twelfth . .
. and twenty-fourth LED arrays LA6, LA12 ... LA24 of the
sixth group GR6 of FIG. 13A are turned ON/OFF according
to the sixth PWM signal PWMS6.

[0115] The first to sixth PWM signals PWM1 to PWM6 of
FIG. 14B have the same frequency, the same voltage and the
same duty ratio as the zeroth PWM signal PWMO of FIG.
14A. In addition, neighboring two of the first to sixth PWM
signals PWM1 to PWM6 have a phase difference of about 60°
with each another. As a result, the second PWM signal PWM?2
has a phase delayed by about 60° with respect to the first
PWM signal PWMI1, and the third PWM signal PWM3 has a
phase delayed by about 120° with respect to the first PWM
signal PWM1. Further, the fourth PWM signal PWM4 has a
phase delayed by about 180° with respect to the first PWM
signal PWMI, the fifth PWM signal PWMS5 has a phase
delayed by about 240° with respect to the first PWM signal
PWMI1 and the sixth PWM signal PWM6 has a phase delayed
by about 300° with respect to the first PWM signal PWMI.
Accordingly, the first group GR1 including the first, seventh
.. .and nineteenth LED arrays LA1, LA7 .. . and LA19, the
second group GR2 including the second, eighth . . . and
twentieth LED arrays LA2, LA8 . . . and LA20, the third
group GR3 including the third, ninth . . . and twenty-first LED
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arrays LA3,LA9 ... and LA21, the fourth group GR4 includ-
ing the fourth, tenth . . . and twenty-second LED arrays LA4,
LA10...and L.A22, the fifth group GRS including the fifth,
eleventh. . . and twenty-third LED arrays LAS, LA1l ... and
[L.A23, and the sixth group GR6 including the sixth, twelfth .
.. and twenty-fourth LED arrays LA6, LA12 ... LA24 are
alternately turned ON/OFF.

[0116] In the instant of emitting light, since the number
(i.e., 4) of emitting LED arrays of the backlight unit of FIG.
13 A driven by one of the first to sixth PWM signals PWM1 to
PWMB6 of FIG. 14B is one sixth of the number (i.e., 24) of
emitting LED arrays of the related art backlight unit driven by
the zeroth PWM signal PWMO of FIG. 14A, the instant lumi-
nance of the backlight unit of FIG. 13A driven by one of the
first to sixth PWM signals PWM1 to PWM6 of FIG. 14B is
substantially one sixth of the luminance of the related art
backlight unit. During a predetermined time period, however,
since the number of emission times of the backlight unit of
FIG. 13A driven by one of the first to sixth PWM signals
PWMI1 to PWM6 of FIG. 14B is six times the number of
emission times of the related art backlight unit driven by the
zeroth PWM signal PWMO of FIG. 14 A, the total luminance
of the backlight unit driven by one of the first to sixth PWM
signals PWM1 to PWMB6 of FIG. 14B is substantially the
same as the total luminance of the related art backlight unit
driven by the zeroth PWM signal PWMO0 of FIG. 14A. In
FIGS. 14A and 14B, the total luminance is calculated from
the sum of areas corresponding to protruding rectangles of the
luminance graph.

[0117] FIG. 15A shows the resulting luminance for a
related art backlight unit from a single PWM signal having a
duty ratio of about 16.7%. FIG. 15B shows the resulting
luminance for the backlight unit shown in FIG. 13 A from six
PWM signals having a phase difference of about 60° and a
duty ratio of about 16.7%. As shown in FIG. 15A, a single
zeroth PWM signal PWMO having a duty ratio of about
16.7% is supplied to a related art backlight unit having first to
twenty-fourth LED arrays LA1 to LA24. The single zeroth
PWM signal PWMO has a predetermined frequency and a
predetermined voltage. Since the first to twenty-fourth LED
arrays LAl to LA24 are simultaneously turned ON/OFF
according to the zeroth PWM signal PWMO, the luminance of
the first to twenty-fourth LED arrays A1 to LA24 has a value
of Oor 1. The luminance can be measured as an electric signal
by using a photo diode. The maximum and minimum values
in luminance are represented as 1 and 0, respectively, for
comparison.

[0118] As shown in FIG. 15B, first to sixth PWM signals
PWM1 to PWM6 each having a duty ratio of about 16.7% are
supplied to a backlight unit having first to twenty-fourth LED
arrays LA1 to LA24. As a result, the first, seventh . . . and
nineteenth LED arrays LA1, LA7 . .. and LA19 of the first
group GR1 of FIG. 13A are turned ON/OFF according to the
first PWM signal PWM1, and the second, eighth . . . and
twentieth LED arrays LA2, LA8 . .. and LA20 of the second
group GR2 of FIG. 13A are turned ON/OFF according to the
second PWM signal PWM2. Similarly, the third, ninth .. . and
twenty-first LED arrays LA3, LA9 ... and LA21 of the third
group GR3 of FIG. 13A are turned ON/OFF according to the
third PWM signal PWM3, and the fourth, tenth . . . and
twenty-second LED arrays LA4, LA10 . .. and LA22 of the
fourth group GR4 of FIG. 13 A are turned ON/OFF according
to the fourth PWM signal PWM4. Further, the fifth, eleventh
... and twenty-third LED arrays LAS, LA11 ...and LA23 of
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the fifth group GR5 of FIG. 13 A are turned ON/OFF accord-
ing to the fifth PWM signal PWMS, and the sixth, twelfth . .
. and twenty-fourth LED arrays LA6, LA2 ... 1.A24 of the
sixth group GR6 of FIG. 13A are turned ON/OFF according
to the sixth PWM signal PWMe.

[0119] The first to sixth PWM signals PWM1 to PWM6
have the same frequency, the same voltage and the same duty
ratio as the zeroth PWM signal PWMO0 of FIG. 15A. In
addition, neighboring two of the first to sixth PWM signals
PWM1 to PWM6 have a phase difference of about 60° with
each another. As aresult, the second PWM signal PWM2 has
a phase delayed by about 60° with respect to the first PWM
signal PWMI1, and the third PWM signal PWM3 has a phase
delayed by about 120° with respect to the first PWM signal
PWML. Further, the fourth PWM signal PWM4 has a phase
delayed by about 180° with respect to the first PWM signal
PWML1, the fifth PWM signal PWMS has a phase delayed by
about 240° with respect to the first PWM signal PWM1 and
the sixth PWM signal PWMS6 has a phase delayed by about
300° with respect to the first PWM signal PWM1. Accord-
ingly, the first group GR1 including the first, seventh . . . and
nineteenth LED arrays LA1, LA7 ... and LA19, the second
group GR2 including the second, eighth . . . and twentieth
LED arrays LA2, LA8 . . . and LA20, the third group GR3
including the third, ninth . . . and twenty-first LED arrays
LA3,LA9...and LA21, the fourth group GR4 including the
fourth, tenth . . . and twenty-second LED arrays LA4, LA10
...and LA22, the fifth group GRS including the fifth, eleventh
... and twenty-third LED arrays LAS, LA11 .. . and LA23,
and the sixth group GR6 including the sixth, twelfth . . . and
twenty-fourth LED arrays LA6, LA12 . . . LA24 are alter-
nately turned ON/OFF.

[0120] In the instant of emitting light, since the number
(i-e., 4) of emitting LED arrays of the backlight unit of FIG.
13 A driven by one of the first to sixth PWM signals PWMI1 to
PWMB6 of FIG. 15B is one sixth of the number (i.e., 24) of
emitting LED arrays of the related art backlight unit driven by
the zeroth PWM signal PWMO of FIG. 15A, the instant lumi-
nance of the backlight unit of FIG. 13A driven by one of the
first to sixth PWM signals PWM1 to PWM6 of FIG. 15B is
substantially one sixth of the luminance of the related art
backlight unit. During a predetermined time period, however,
since the number of emission times of the backlight unit of
FIG. 13A driven by one of the first to sixth PWM signals
PWM1 to PWMB6 of FIG. 15B is six times the number of
emission times of the related art backlight unit driven by the
zeroth PWM signal PWMO of FIG. 1SA, the total luminance
of the backlight unit driven by one of the first to sixth PWM
signals PWM1 to PWMS6 of FIG. 15B is substantially the
same as the total luminance of the related art backlight unit
driven by the zeroth PWM signal PWMO of FIG. 15A. In
FIGS. 15A and 15B, the total luminance is calculated from
the sum of areas corresponding to protruding rectangles of the
luminance graph.

[0121] Specifically, since the instant luminance of the
backlight unit of FIG. 15B is a constant value of about 0.167
at any time during the whole time period, the backlight umt
supplies light without a change in luminance to the liquid
crystal display panel. As a result, the variation in the OFF
current of each TFT of the liquid crystal display panel is
eliminated and deterioration in the image display quality,
such as a wavy noise, is prevented.

[0122] FIG.16A shows a single PWM signal having a duty
ratio of about 50% and the resulting luminance for a related
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art backlight unit. FIG. 16B the resulting luminance for the
backlight unit shown in FIG. 13A from six PWM signals
having a phase difference of about 60° and a duty ratio of
about 50%. As shown in FIG. 16A, a single zeroth PWM
signal PWMO having a duty ratio of about 50% is supplied to
a related art backlight unit having first to twenty-fourth LED
arrays LA1 to LA24. The zeroth PWM signal PWMO0 has a
predetermined frequency and a predetermined voltage. Since
the first to twenty-fourth LED arrays LA1 to 1.A24 are simul-
taneously turned ON/OFF according to the single zeroth
PWM signal PWMO, the luminance of the first to twenty-
fourth LED arrays LA1 to LA24 has a value of 0 or 1. The
luminance can be measured as an electric signal by using a
photo diode. The maximum and minimum values in lumi-
nanceare represented as 1 and 0, respectively, for comparison

purposes.
[0123] As shown in FIG. 16B, first to sixth PWM signals
PWMI to PWMS6 each having a duty ratio of about 50% are
supplied to a backlight unit having first to twenty-fourth LED
arrays LA1 to LA24. As a result, the first, seventh . . . and
nineteenth LED arrays LA1, LA7 . .. and LA19 of the first
group GR1 of FIG. 13A are turned ON/OFF according to the
first PWM signal PWM1, and the second, eighth . . . and
twentieth LED arrays LA2, LA8 . .. and LA20 of the second
group GR2 of FIG. 13A are turned ON/OFF according to the
second PWM signal PWM2. Similarly, the third, ninth .. . and
twenty-first LED arrays LA3, LA9 ... and [L.A21 of the third
group GR3 of FIG. 13A are turned ON/OFF according to the
third PWM signal PWM3, and the fourth, tenth . . . and
twenty-second LED arrays LA4, LA10 . .. and LA22 of the
fourth group GR4 of FIG. 13 A are turned ON/OFF according
to the fourth PWM signal PWM4. Further, the fifth, eleventh
... and twenty-third LED arrays LAS, LAl .. . and LA23 of
the fifth group GR5 of FIG. 13A are turned ON/OFF accord-
ing to the fifth PWM signal PWMS, and the sixth, twelfth . .
.and twenty-fourth LED arrays LA6, LA12 ... LA24 of the
sixth group GR6 of FIG. 13A are turned ON/OFF according
to the sixth PWM signal PWMS6.

[0124] The first to sixth PWM signals PWMI1 to PWM6
have the same frequency, the same voltage and the same duty
ratio as the zeroth PWM signal PWMO0 of FIG. 16A. In
addition, neighboring two of the first to sixth PWM signals
PWMI to PWMB6 have a phase difference of about 60° with
each another. As aresult, the second PWM signal PWM2 has
a phase delayed by about 60° with respect to the first PWM
signal PWM1, and the third PWM signal PWM3 has a phase
delayed by about 120° with respect to the first PWM signal
PWMI1. Further, the fourth PWM signal PWM4 has a phase
delayed by about 180° with respect to the first PWM signal
PWMI1, the fifth PWM signal PWMS has a phase delayed by
about 240° with respect to the first PWM signal PWM1 and
the sixth PWM signal PWMS6 has a phase delayed by about
300° with respect to the first PWM signal PWM1. Accord-
ingly, the first group GR1 including the first, seventh . . . and
nineteenth LED arrays LA1, LA7 . .. and LA19, the second
group GR2 including the second, eighth . . . and twentieth
LED arrays LA2, LAS8 . . . and LA20, the third group GR3
including the third, ninth . . . and twenty-first LED arrays
LA3,LA9... and LA21, the fourth group GR4 including the
fourth, tenth . . . and twenty-second LED arrays LA4, LA10
...and LA22, the fifth group GRS including the fifth, eleventh
... and twenty-third LED arrays LAS5, LA11 .. .and LA23,
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and the sixth group GR6 including the sixth, twelfth . . . and
twenty-fourth LED arrays LA6, LA12 . . . LA24 are alter-
nately turned ON/OFF.

[0125] In the instant of emitting light, since the number
(i.e., 4) of emitting LED arrays of the backlight unit of FIG.
13 A driven by one of the first to sixth PWM signals PWMI1 to
PWMBS of FIG. 16B is one sixth of the number (i.e., 24) of
emitting LED arrays of the related art backlight unit driven by
the zeroth PWM signal PWMO of FIG. 16 A, the instant lumi-
nance of the backlight unit of FIG. 13A driven by one of the
first to sixth PWM signals PWM1 to PWMG6 of FIG. 16B is
substantially one sixth of the luminance of the related art
backlight unit. During a predetermined time period, however,
since the number of emission times of the backlight unit of
FIG. 13A driven by one of the first to sixth PWM signals
PWMI 1o PWMS6 of FIG. 16B is six times the number of
emission times of the related art backlight unit driven by the
zeroth PWM signal PWMO of FIG. 16 A, the total luminance
of the backlight unit driven by one of the first to sixth PWM
signals PWM1 to PWMS6 of FIG. 16B is substantially the
same as the total luminance of the related art backlight unit
driven by the zeroth PWM signal PWMO of FIG. 16A. In
FIGS. 16A and 16B, the total luminance is calculated from
the sum of areas corresponding to protruding rectangles of the
luminance graph.

[0126] Specifically, since the instant luminance of the
backlight unit of FIG. 16B is a constant value of about 0.5 at
any time during the whole time period, the backlight unit
supplies light without a change in luminance to the liquid
crystal display panel. As a result, the variation in the OFF
current of each TFT of the liquid crystal display panel is
eliminated and deterioration in the image display quality,
such as a wavy noise, is prevented.

[0127] FIG.17A shows a single PWM signal having a duty
ratio of about 90% and the resulting luminance for a related
art backlight unit. FIG. 17B shows the resulting luminance for
the backlight unit shown in FIG. 13A from six PWM signals
having a phase difference of about 60° and a duty ratio of
about 90%. As shown in FIG. 17A, a single zeroth PWM
signal PWMO having a duty ratio of about 90% is supplied to
arelated art backlight unit having first to twenty-fourth LED
arrays LA1 to LA24. The single zeroth PWM signal PWMO0
has a predetermined frequency and a predetermined voltage.
Since the first to twenty-fourth LED arrays LA1 to LA24 are
simultaneously turned ON/OFF according to the single
zeroth PWM signal PWMO, the luminance of the first to
twenty-fourth LED arrays LA1 to LA24 has a value of O or 1.
The luminance can be measured as an electric signal by using
a photo diode. The maximum and minimum values in lumi-
nance are represented as 1 and 0, respectively, for comparison
purposes.

[0128] As shown in FIG. 17B, first to sixth PWM signals
PWM1 to PWMS6 each having a duty ratio of about 90% are
supplied to a backlight unit having first to twenty-fourth LED
arrays LA1 to LA24. As a result, the first, seventh . . . and
nineteenth LED arrays LA1, LA7 . .. and LA19 of the first
group GR1 of FIG. 13 A are turned ON/OFF according to the
first PWM signal PWM1, and the second, eighth . . . and
twentieth LED arrays LA2,LA8 . .. and LA20 of the second
group GR2 of FIG. 13 A are turned ON/OFF according to the
second PWM signal PWM2. Similarly, the third, ninth .. . and
twenty-first LED arrays LA3, LA9 . .. and LA21 of the third
group GR3 of FIG. 13 A are turned ON/OFF according to the
third PWM signal PWM3, and the fourth, tenth . . . and
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twenty-second LED arrays LA4, LA10 . . . and LA22 of the
fourth group GR4 of FIG. 13 A are turned ON/OFF according
to the fourth PWM signal PWM4. Further, the fifth, eleventh
... and twenty-third LED arrays LAS, LA11 .. .and LA23 of
the fifth group GRS of FIG. 13A are turned ON/OFF accord-
ing to the fifth PWM signal PWMS, and the sixth, twelfth . .
. and twenty-fourth LED arrays LA6, LA12 ... LA24 of the
sixth group GR6 of FIG. 13A are turned ON/OFF according
to the sixth PWM signal PWM§6.

[0129] The first to sixth PWM signals PWMI1 to PWM6
have the same frequency, the same voltage and the same duty
ratio as the zeroth PWM signal PWMO of FIG. 17A. In
addition, neighboring two of the first to sixth PWM signals
PWMI1 to PWM6 have a phase difference of about 60° with
each another. As a result, the second PWM signal PWM2 has
a phase delayed by about 60° with respect to the first PWM
signal PWM]1, and the third PWM signal PWM3 has a phase
delayed by about 120° with respect to the first PWM signal
PWMI1. Further, the fourth PWM signal PWM4 has a phase
delayed by about 180° with respect to the first PWM signal
PWMI1, the fifth PWM signal PWMS has a phase delayed by
about 240° with respect to the first PWM signal PWM1 and
the sixth PWM signal PWMS6 has a phase delayed by about
300° with respect to the first PWM signal PWM1. Accord-
ingly, the first group GR1 including the first, seventh . . . and
nineteenth LED arrays LA1, LA7 ... and LA19, the second
group GR2 including the second, eighth . . . and twentieth
LED arrays LA2, LAS8 . . . and LA20, the third group GR3
including the third, ninth . . . and twenty-first LED arrays
LA3,LA9... and LA21, the fourth group GR4 including the
fourth, tenth . . . and twenty-second LED arrays LA4, LA10
...and LA22, the fifth group GRS including the fifth, eleventh
... and twenty-third LED arrays LA5, LA11 .. . and LA23,
and the sixth group GR6 including the sixth, twelfth . . . and
twenty-fourth LED arrays 1LA6, LA12 . . . LA24 are alter-
nately turned ON/OFF.

[0130] In the instant of emitting light, since the number
(i.e.,, 4) of emitting LED arrays of the backlight unit of FIG.
13 A driven by one of the first to sixth PWM signals PWM1 to
PWMB6 of FIG. 17B is one sixth of the number (i.e., 24) of
emitting LED arrays of the related art backlight unit driven by
the zeroth PWM signal PWMO of FIG. 17 A, the instant lumi-
nance of the backlight unit of FIG. 13A driven by one of the
first to sixth PWM signals PWM1 to PWM6 of FIG. 17B is
substantially one sixth of the luminance of the related art
backlight unit. During a predetermined time period, however,
since the number of emission times of the backlight unit of
FIG. 13A driven by one of the first to sixth PWM signals
PWM1 to PWM6 of FIG. 17B is six times the number of
emission times of the related art backlight unit driven by the
zeroth PWM signal PWMO of FIG. 17A, the total luminance
of the backlight unit driven by one of the first to sixth PWM
signals PWM1 to PWMB6 of FIG. 17B is substantially the
same as the total luminance of the related art backlight unit
driven by the zeroth PWM signal PWMO0 of FIG. 17A. In
FIGS. 17A and 17B, the total luminance is calculated from
the sum of areas corresponding to protruding rectangles of the
luminance graph.

[0131] Inthebacklight unitof FIG. 13A, a plurality of LED
arrays are separated into six groups driven by six PWM sig-
nals having phase differences, as shown in FIGS. 14B, 15B,
16B and 17B. As a result, deterioration in the image display
quality of the liquid crystal display panel, such as a wavy
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noise, due to the variation in the OFF current of each TFT of
the liquid crystal display panel is prevented without a reduc-
tion in total luminance.

[0132] FIG. 18A is ablock diagram of an LED array unit of
a backlight unit for a liquid crystal display device according
to an embodiment of the invention having eight groups of
arrays. FIG. 18B is a timing chart of eight PWM signals for
the backlight unit shown in FIG. 18A. As shown in FIG. 18A,
an LED array unit includes first to twenty-fourth LED arrays
LA1 to LA24. The first to twenty-fourth LED arrays LAl to
L A24 are separated into firstto eighth groups GR1to GR8. As
aresult, the first, ninth and seventeenth LED arrays LA1, LA9
and LA17 of the first group GR1 are electrically connected to
each other, and the second, tenth and eighteenth LED arrays
LA2,LA10 and LA18 of the second group GR2 are electri-
cally connected to each other. Similarly, the third, eleventh
and nineteenth LED arrays LA3, LA11 and LA19 of the third
group GR3 are electrically connected to each other, and the
fourth, twelfth and twentieth LED arrays LA4, LA12 and
LA20 of the fourth group GR4 are electrically connected to
each other. Further, the fifth, thirteenth and twenty-first LED
arrays A5, LA13 and LA21 of the fifth group GRS are
electrically connected to each other, the sixth, fourteenth and
twenty-second LED arrays L A6, [LA14 and [LA22 of the sixth
group GR6 are electrically connected to each other, the sev-
enth, fifteenth and twenty-third LED arrays LA7, LA15 and
L A23 of the seventh group GR7 are electrically connected to
each other, and the eighth, sixteenth and twenty-fourth LED
arrays LAS, LA16 and LA24 of the eighth group GRS are
electrically connected to each other.

[0133] A first PWM signal PWMI1 is supplied to the first,
ninth and seventeenth LED arrays LA1,LA9 and LA17 of the
first group GR1, and a second PWM signal PWM2 is supplied
to the second, tenth and eighteenth LED arrays LA2, LA10
and [LA18 of the second group GR2. Similarly, a third PWM
signal PWM3 is supplied to the third, eleventh and nineteenth
LED arrays LA3, LA11 and LA19 of the third group GR3,
and a fourth PWM signal PWM4 is supplied to the fourth,
twelfth and twentieth LED arrays LA4, LA12 and LA20 of
the fourth group GR4. Further, a fifth PWM signal PWMS is
supplied to the fifth, thirteenth and twenty-first LED arrays
LAS5, LA13 and LA21 of the fifth group GRS, a sixth PWM
signal PWM64 is supplied to the sixth, fourteenth and twenty-
second LED arrays LA6, LA14 and I.A22 of the sixth group
GRS, a seventh PWM signal PWM7 is supplied to the sev-
enth, fifteenth and twenty-third LED arrays LA7, LA15 and
LA23 of the seventh group GR7, and an eighth PWM signal
PWMS is supplied to the eighth, sixteenth and twenty-fourth
LED arrays LA8, LA16 and 1.A24 of the eighth group GRS.
[0134] As shown in FIG. 18B, the first to eighth PWM
signals PWM1 to PWM8 have a duty ratio ofabout 12.5% and
an identical frequency. In addition, the phase difference
between neighboring two of the first to eighth PWM signals
PWMI1 to PWMS8 is about 45°. Although the duty ratio of the
first to eighth PWM signals PWM1 to PWM8 of FIG. 18B is
about 12.5%, the duty ratio of t the first to eighth PWM
signals PWM1 to PWMS8 can be selected from values in a
range of about 1% to about 99%.

[0135] Since the first to eighth groups GR1 to GRS are
driven by the first to eighth PWM signals PWM1 to PWMS,
respectively, the first group GR1 including the first, ninth and
seventeenth LED arrays LA1, LA9 and LA17, the second
group GR2 including the second, tenth and eighteenth LED
arrays LA2, LA10 and LA18, the third group GR3 including
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the third, eleventh and nineteenth LED arrays LA3, LA11 and
LA19, the fourth group GR4 including the fourth, twelfth and
twentieth LED arrays L A4, LA12 and LA20, the fifth group
GRS including the fifth, thirteenth and twenty-first LED
arrays LAS, LA13 and L A21, the sixth group GR6 including
the sixth, fourteenth and twenty-second LED arrays LA,
LA14 and LA22, the seventh group GR7 including the sev-
enth, fifteenth and twenty-third LED arrays LA7, LA15 and
LA23, and the eighth group GR8 including the eighth, six-
teenth and twenty-fourth LED arrays A8, LA16 and [LA24
are turned ON/OFF alternately with one another. Accord-
ingly, the second, tenth and eighteenth LED arrays LA2,
LA10and LA18 of the second group GR2 are turned ON after
the first, ninth and seventeenth LED arrays L.A1, LA9 and
LA17 of the first group GR1 are turned OFF, and the third,
eleventh and nineteenth LED arrays LA3, LA11and LA19 of
the third group GR3 are turned ON after the second, tenth and
eighteenth LED arrays LA2, LA10 and [LA18 of the second
group GR2 are turned OFF. Similarly, the fourth, twelfth and
twentieth LED arrays LA4, LA12 and LA20 of the fourth
group GR4 are turned ON after the third, eleventh and nine-
teenth LED arrays [.A3, LA11 and LA19 of the third group
GR3 are turned OFF, and the fifth, thirteenth and twenty-first
LED arrays LAS5, LA13 and LA21 of the fifth group GR5 are
turned ON after the fourth, twelfth and twentieth LED arrays
LA4, LA12 and LA20 of the fourth group GR4 are turned
OFF. Further, the sixth, fourteenth and twenty-second LED
arrays LA6, LA14 and LA22 of the sixth group GR6 are
turned ON after the fifth, thirteenth and twenty-first LED
arrays LAS, LA13 and LA21 ofthe fifth group GRS5 are turned
OFF, the seventh, fifteenth and twenty-third LED arrays LA7,
LA15 and LA23 of the seventh group GR7 are turned ON
after the sixth, fourteenth and twenty-second LED arrays
LA6,.A14 and LA22 ofthe sixth group GR6 are turned OFF,
and the eighth, sixteenth and twenty-fourth LED arrays LA8S,
LA16 and LA24 of the eighth group GR8 are turned ON after
the seventh, fifteenth and twenty-third LED arrays LA7,
LA15 and [.A23 of the seventh group GR7 are turned OFF.
After the eighth, sixteenth and twenty-fourth LED arrays
L A8, LA16 of the eighth group GRS are turned OFF, the first,
ninth and seventeenth LED arrays LA1, LA9 and LA17 ofthe
first group GR1 are turned ON again.

[0136] Because the number (i.e., 3) of the LED arrays emit-
ting light at a time of the backlight unit using the first to eighth
PWM signals PWM1 to PWMS of FIG. 18A is smaller than
the number (i.e., 24) of the LED arrays emitting lightat a time
of the backlight unit using a single PWM signal of FIG. 1, an
instant luminance of the backlight unit using the first to eighth
PWM signals PWM1 to PWMS is about one eighth of an
instant luminance of the backlight unit using the single PWM
signal. As a result, the variation in the OFF current of each
TFT in the liquid crystal display panel is reduced due to
reducing the change of instant luminance of the incident light
from the backlight unit. Thus, deterioration in the display
quality of the liquid crystal display panel, such as a wavy
noise, due to the variation in the OFF current of each TFT is
prevented.

[0137] In addition, although the instant luminance of the
first to twenty-fourth LED arrays LA1 to LA24 alternately
turned ON/OFF by the first to eighth PWM signals PWMI to
PWMS8 is about one eighth of the instant luminance of the first
to twenty-fourth LED arrays LA1 to LA24 simultaneously
turned ON/OFF by the single PWM signal, a total luminance
of the first to twenty-fourth LED arrays LA1 to LA24 alter-
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nately turned ON/OFF is substantially the same as a total
luminance of the first to twenty-fourth LED arrays LA1 to
[.A24 simultaneously turned ON/OFF because the backlight
unit using the first to eighth PWM signals PWM1 to PWM8
emits light more frequently. Accordingly, the LCD device
having the backlight unit according to embodiments of the
invention has no reduction in brightness as compared to a
LCD device having the related art backlight unit.

[0138] FIG. 19A shows the resulting luminance for a
related art backlight unit from a single PWM signal having a
duty ratio of about 10%. FIG. 19B shows the resulting lumi-
nance for the backlight unit shown in FIG. 18A from eight
PWM signals having a phase difference of about 45° and a
duty ratio of about 10%. As shown in FIG. 19A, a single
zeroth PWM signal PWMO having a duty ratio of about 10%
is supplied to a related art backlight unit having first to
twenty-fourth LED arrays LAl to LA24. The single zeroth
PWM signal PWMO0 has a predetermined frequency and a
predetermined voltage. Since the first to twenty-fourth LED
arrays LAl to LA24 are simultaneously turned ON/OFF
according to the zeroth PWM signal PWMO, the luminance of
the first to twenty-fourth LED arrays LA1to [.A24 has a value
of Oor 1. The luminance can be measured as an electric signal
by using a photo diode. The maximum and minimum values
in luminance are represented as 1 and 0, respectively, for
comparison purposes.

[0139] As shown in FIG. 19B, first to eighth PWM signals
PWM1 to PWMS8 each having a duty ratio of about 10% are
supplied to a backlight unit having first to twenty-fourth LED
arrays LA1 to LA24. As a result, the first, ninth and seven-
teenth LED arrays LA1, LA9 and LA17 of the first group
GR1 of FIG. 18A are turned ON/OFF according to the first
PWM signal PWMI, and the second, tenth and eighteenth
LED arrays LA2, LA10 and LA18 of the second group GR2
of FIG. 18A are turned ON/OFF according to the second
PWM signal PWM2. Similarly, the third, eleventh and nine-
teenth LED arrays LA3, LA11 and LA19 of the third group
GR3 of FIG. 18A are turned ON/OFF according to the third
PWM signal PWM3, and the fourth, twelfth and twentieth
LED arrays [LA4,1.A12 and LA20 of the fourth group GR4 of
FIG. 18A are turned ON/OFF according to the fourth PWM
signal PWM4. Further, the fifth, thirteenth and twenty-first
LED arrays LAS5, LA13 and LA21 of the fifth group GR5 of
FIG. 18A are turned ON/OFF according to the fifth PWM
signal PWMS5, and the sixth, fourteenth and twenty-second
LED arrays LA6, LA14 and .A22 of the sixth group GR6 of
FIG. 18A are turned ON/OFF according to the sixth PWM
signal PWMB6, the seventh, fifteenth and twenty-third LED
arrays LA7, LA15 and [.A23 of the seventh group GR7 of
FIG. 18A are turned ON/OFF according to the seventh PWM
signal PWM7, and the eighth, sixteenth and twenty-fourth
LED arrays LA8, LA16 and LA24 of the eighth group GR8
are turned ON/OFF according to the eighth PWM signal
PWMS.

[0140] The first to eighth PWM signals PWM1 to PWM8
have the same frequency, the same voltage and the same duty
ratio as the zeroth PWM signal PWMO of FIG. 19A. In
addition, neighboring two of the first to eighth PWM signals
PWM1 to PWMS have a phase difference of about 45° with
each another. As a result, the second PWM signal PWM2 has
a phase delayed by about 45° with respect to the first PWM
signal PWMI1, and the third PWM signal PWM3 has a phase
delayed by about 90° with respect to the first PWM signal
PWMI. Further, the fourth PWM signal PWM4 has a phase
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delayed by about 135° with respect to the first PWM signal
PWML1, the fifth PWM signal PWMS has a phase delayed by
about 180° with respect to the first PWM signal PWM1, the
sixth PWM signal PWM§6 has a phase delayed by about 225°
with respect to the first PWM signal PWMI, the seventh
PWM signal PWM7 has a phase delayed by about 270° with
respect to the first PWM signal PWMI1, and the eighth PWM
signal PWMS8 has a phase delayed by about 315° with respect
to the first PWM signal PWMI. Accordingly, the first group
GR1 including the first, ninth and seventeenth LED arrays
LA1, LA9 and LA17, the second group GR2 including the
second, tenth and eighteenth LED arrays LA2, .A10 and
LA18, the third group GR3 including the third, eleventh and
nineteenth LED arrays LA3, LA11 and LA19, the fourth
group GR4 including the fourth, twelfth and twentieth LED
arrays LA4, LA12 and LA20, the fifth group GRS including
the fifth, thirteenth and twenty-first LED arrays LAS5, LA13
and L.A21, the sixth group GR6 including the sixth, four-
teenth and twenty-second LED arrays LA6, LA14 and LA22,
the seventh group GR7 including the seventh, fifteenth and
twenty-third LED arrays LA7, LA15 and L.A23, and the
eighth group GR8 including the eighth, sixteenth and twenty-
fourth LED arrays LA8, LA16 and [LA24 are alternately
turned ON/OFF.

[0141] In the instant of emitting light, since the number
(i.e,, 3) of emitting LED arrays of the backlight unit of FIG.
18A driven by one of the first to eighth PWM signals PWM1
to PWMS of FIG. 19B is one eighth of the number (i.e., 24) of
emitting LED arrays of a related art backlight unit driven by
the zeroth PWM signal PWMO of FIG. 19 A, the instant lumi-
nance of the backlight unit of FIG. 18A driven by one of the
first to eighth PWM signals PWM1 to PWMS8 of FIG. 19B is
substantially one eighth of the luminance of the related art
backlight unit driven by the zeroth PWM signal PWMO0 of
FIG. 19A. During a predetermined time period, however,
since the number of emission times of the backlight unit of
FIG. 18A driven by the first to eighth PWM signals PWMI1 to
PWMS of FIG. 19B is substantially eight times the number of
emission times of the related art backlight unit driven by the
zeroth PWM signal PWMO of FIG.19A, the total luminance
of the backlight unit of FIG.18A driven by the first to eighth
PWM signals PWMI1 to PWMS8 of FIG. 19B is substantially
the same as the total luminance of the related art backlight
unit driven by the zeroth PWM signal PWMO0 of FIG. 19A. In
FIGS. 19A and 19B, the total luminance is calculated from
the sum of areas corresponding to protruding rectangles of the
luminance graph.

[0142] FIG. 20A shows the resulting luminance for a
related art backlight unit from a single PWM signal having a
duty ratio of about 12.5%. FIG. 20B shows the resulting
luminance for the backlight unit shown in FIG.18A from
eight PWM signals having a phase difference of about 45°
and a duty ratio of about 12.5%. As shown in FIG. 204, a
single zeroth PWM signal PWM0 having a duty ratio of about
50% is supplied to a related art backlight unit having first to
twenty-fourth LED arrays LA1 to LA24. The single zeroth
PWM signal PWMO has a predetermined frequency and a
predetermined voltage. Since the first to twenty-fourth LED
arrays LAl to LA24 are simultaneously turned ON/OFF
according to the zeroth PWM signal PWMO, the luminance of
the first to twenty-fourth LED arrays LA1 to LA24 has a value
of 0 or 1. The luminance can be measured as an electric signal
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by using a photo diode. The maximum and minimum values
in luminance are represented as 1 and 0, respectively, for
comparison purposes.

[0143] As shown in FIG. 20B, first to eighth PWM signals
PWMI to PWMS8 each having a duty ratio of about 50% are
supplied to a backlight unit having first to twenty-fourth LED
arrays LA1 to LA24. As a result, the first, ninth and seven-
teenth LED arrays LA1, LA9 and LA17 of the first group
GR1 of FIG. 18A are turned ON/OFF according to the first
PWM signal PWMI, and the second, tenth and eighteenth
LED arrays LA2, LA10 and LLA18 of the second group GR2
of FIG. 18A are turned ON/OFF according to the second
PWM signal PWM2. Similarly, the third, eleventh and nine-
teenth LED arrays LA3, LA11 and LA19 of the third group
GR3 of FIG. 18A are turned ON/OFF according to the third
PWM signal PWM3, and the fourth, twelfth and twentieth
LED arrays [LA4,1.A12 and LA20 of the fourth group GR4 of
FIG. 18A are turned ON/OFF according to the fourth PWM
signal PWM4. Further, the fifth, thirteenth and twenty-first
LED arrays LAS, LA13 and LA21 of the fifth group GRS of
FIG. 18A are turned ON/OFF according to the fifth PWM
signal PWMS5, and the sixth, fourteenth and twenty-second
LED arrays LA6, LA14 and LA22 of the sixth group GR6 of
FIG. 18A are turned ON/OFF according to the sixth PWM
signal PWMB6, the seventh, fifteenth and twenty-third LED
arrays LA7, LA15 and [.A23 of the seventh group GR7 of
FIG. 18A are turned ON/OFF according to the seventh PWM
signal PWM7, and the eighth, sixteenth and twenty-fourth
LED arrays [LA8, LA16 and [.A24 of the eighth group GR8
are turned ON/OFF according to the eighth PWM signal
PWMS.

[0144] The first to eighth PWM signals PWM1 to PWM8
have the same frequency, the same voltage and the same duty
ratio as the zeroth PWM signal PWMO of FIG. 20A. In
addition, neighboring two of the first to eighth PWM signals
PWM1 to PWMS have a phase difference of about 45° with
each another. As aresult, the second PWM signal PWM2 has
a phase delayed by about 45° with respect to the first PWM
signal PWMI1, and the third PWM signal PWM3 has a phase
delayed by about 90° with respect to the first PWM signal
PWMI1. Further, the fourth PWM signal PWM4 has a phase
delayed by about 135° with respect to the first PWM signal
PWMI, the fifth PWM signal PWMS has a phase delayed by
about 180° with respect to the first PWM signal PWMI, the
sixth PWM signal PWM6 has a phase delayed by about 225°
with respect to the first PWM signal PWMI, the seventh
PWM signal PWM?7 has a phase delayed by about 270° with
respect to the first PWM signal PWM1, and the eighth PWM
signal PWMS8 has a phase delayed by about 315° with respect
to the first PWM signal PWMI. Accordingly, the first group
GR1 including the first, ninth and seventeenth LED arrays
LAL, LA9 and LA17, the second group GR2 including the
second, tenth and eighteenth LED arrays LA2, .A10 and
LA18, the third group GR3 including the third, eleventh and
nineteenth LED arrays LA3, LA11 and LA19, the fourth
group GR4 including the fourth, twelfth and twentieth LED
arrays LA4, LA12 and LA20, the fifth group GRS including
the fifth, thirteenth and twenty-first LED arrays LAS, LA13
and L.A21, the sixth group GRé including the sixth, four-
teenth and twenty-second LED arrays LA6, LA14 and LA22,
the seventh group GR7 including the seventh, fifteenth and
twenty-third LED arrays LA7, LA15 and 1.A23, and the
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eighth group GR8 including the eighth, sixteenth and twenty-
fourth LED arrays LA8, LA16 and [.A24 are alternately
turned ON/OFF.

[0145] In the instant of emitting light, since the number
(i.e., 3) of emitting LED arrays of the backlight unit of FIG.
18A driven by one of the first to eighth PWM signals PWM1
to PWMS of FIG. 20B is one eighth of the number (i.e., 24) of
emitting LED arrays of a related art backlight unit driven by
the zeroth PWM signal PWMO of FIG. 20A, the instant lumi-
nance of the backlight unit of FIG. 18A driven by one of the
first to eighth PWM signals PWM1 to PWMS of FIG. 20B is
substantially one eighth of the luminance of the related art
backlight unit driven by the zeroth PWM signal PWMO0 of
FIG. 20A. During a predetermined time period, however,
since the number of emission times of the backlight unit of
FIG. 18A driven by the first to eighth PWM signals PWMI1 to
PWMS of FIG. 20B is substantially eight times the number of
emission times of the related art backlight unit driven by the
zeroth PWM signal PWMO of FIG. 20A, the total luminance
of the backlight unit of FIG. 18 A driven by the first to eighth
PWM signals PWM1 to PWMS8 of FIG. 20B is substantially
the same as the total luminance of the related art backlight
unit driven by the zeroth PWM signal PWMO0 of FIG. 20A. In
FIGS. 20A and 20B, the total luminance is calculated from
the sum of areas corresponding to protruding rectangles of the
luminance graph.

[0146] Specifically, since the instant luminance of the
backlight unit of FIG. 20B is a constant value of about 0.125
at anytime, the backlight unit supplies light without a varia-
tion in luminance to the liquid crystal display panel. As a
result, the variation in the OFF current of each TFT of the
liquid crystal display panel is eliminated and deterioration in
the image display quality of the liquid crystal display panel,
such as a wavy noise, is prevented.

[0147] FIG. 21A shows the resulting luminance for a
related art backlight unit from a single PWM signal having a
duty ratio of about 50%. FIG. 21B shows the resulting lumi-
nance for the backlight unit shown in FIG. 18A from eight
PWM signals having a phase difference of about 45° and a
duty ratio of about 50%. As shown in FIG. 21A, a single
zeroth PWM signal PWMO having a duty ratio of about 50%
is supplied to a related art backlight unit having first to
twenty-fourth LED arrays LA1 to LA24. The single zeroth
PWM signal PWMO has a predetermined frequency and a
predetermined voltage. Since the first to twenty-fourth LED
arrays LAl to LA24 are simultaneously turned ON/OFF
according to the single zeroth PWM signal PWMO, the lumi-
nance of the first to twenty-fourth LED arrays LA1 to LA24
has a value of 0 or 1. The luminance can be measured as an
electric signal by using a photo diode. The maximum and
minimum values in luminance are represented as 1 and 0,
respectively, for comparison purposes.

[0148] As shown in FIG. 21B, first to eighth PWM signals
PWMI1 to PWMS each having a duty ratio of about 50% are
supplied to a backlight unit having first to twenty-fourth LED
arrays LA1 to LA24. As a result, the first, ninth and seven-
teenth LED arrays LA1, LA9 and LA17 of the first group
GR1 of FIG. 18A are turned ON/OFF according to the first
PWM signal PWMI, and the second, tenth and eighteenth
LED arrays LA2, LA10 and LLA18 of the second group GR2
of FIG. 18A are turned ON/OFF according to the second
PWM signal PWM2. Similarly, the third, eleventh and nine-
teenth LED arrays LA3, LA11 and LA19 of the third group
GR3 of FIG. 18A are turned ON/OFF according to the third
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PWM signal PWM3, and the fourth, twelfth and twentieth
LED arrays [.A4,1.A12 and [LA20 of the fourth group GR4 of
FIG. 18A are turned ON/OFF according to the fourth PWM
signal PWM4. Further, the fifth, thirteenth and twenty-first
LED arrays LAS, LA13 and LA21 of the fifth group GRS of
FIG. 18A are turned ON/OFF according to the fifth PWM
signal PWMS5, and the sixth, fourteenth and twenty-second
LED arrays LA6, LA14 and .A22 of the sixth group GR6 of
FIG. 18A are turned ON/OFF according to the sixth PWM
signal PWMB, the seventh, fifteenth and twenty-third LED
arrays LA7, LA15 and LA23 of the seventh group GR7 of
FIG. 18A are turned ON/OFF according to the seventh PWM
signal PWM7, and the eighth, sixteenth and twenty-fourth
LED arrays LA8, LA16 and [LA24 ofthe eighth group GR8 of
FIG. 18A are turned ON/OFF according to the eighth PWM
signal PWMS.

[0149] The first to eighth PWM signals PWM1 to PWM8
have the same frequency, the same voltage and the same duty
ratio as the zeroth PWM signal PWMO0 of FIG. 21A. In
addition, neighboring two of the first to eighth PWM signals
PWMI1 to PWMS have a phase difference of about 45° with
each another. As a result, the second PWM signal PWM2 has
a phase delayed by about 45° with respect to the first PWM
signal PWMI1, and the third PWM signal PWM3 has a phase
delayed by about 90° with respect to the first PWM signal
PWML. Further, the fourth PWM signal PWM4 has a phase
delayed by about 135° with respect to the first PWM signal
PWML1, the fifth PWM signal PWMS has a phase delayed by
about 180° with respect to the first PWM signal PWMI, the
sixth PWM signal PWM6 has a phase delayed by about 225°
with respect to the first PWM signal PWMI, the seventh
PWM signal PWM?7 has a phase delayed by about 270° with
respect to the first PWM signal PWM1, and the eighth PWM
signal PWMS8 has a phase delayed by about 315° with respect
to the first PWM signal PWMI. Accordingly, the first group
GR1 including the first, ninth and seventeenth LED arrays
LA1, LA9 and LA17, the second group GR2 including the
second, tenth and eighteenth LED arrays LA2, .A10 and
LA18, the third group GR3 including the third, eleventh and
nineteenth LED arrays LA3, LA11 and LA19, the fourth
group GR4 including the fourth, twelfth and twentieth LED
arrays LA4, LA12 and LA20, the fifth group GRS including
the fifth, thirteenth and twenty-first LED arrays LAS5, LA13
and L.A21, the sixth group GRé including the sixth, four-
teenth and twenty-second LED arrays LA6, L A14 and LA22,
the seventh group GR7 including the seventh, fifteenth and
twenty-third LED arrays LA7, LA15 and 1.A23, and the
eighth group GR8 including the eighth, sixteenth and twenty-
fourth LED arrays LA8, LA16 and [LA24 are alternately
turned ON/OFF.

[0150] In the instant of emitting light, since the number
(i.e,, 3) of emitting LED arrays of the backlight unit of FIG.
18 A driven by one of the first to eighth PWM signals PWM1
to PWMBS of FIG. 21B is one eighth of the number (i.e., 24) of
emitting LED arrays of a related art backlight unit driven by
the zeroth PWM signal PWMUO of FIG. 21 A, the instant lumi-
nance of the backlight unit of FIG. 18A driven by one of the
first to eighth PWM signals PWM1 to PWMS8 of FIG. 21B is
substantially one eighth of the luminance of the related art
backlight unit driven by the zeroth PWM signal PWMO0 of
FIG. 21A. During a predetermined time period, however,
since the number of emission times of the backlight unit of
FIG. 18A driven by the first to eighth PWM signals PWM1 to
PWMS of FIG. 21B is substantially eight times the number of
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emission times of the related art backlight unit driven by the
zeroth PWM signal PWMO of FIG. 21A, the total luminance
of the backlight unit of FIG. 18 A driven by the first to eighth
PWM signals PWM1 to PWMS8 of FIG. 21B is substantially
the same as the total luminance of the related art backlight
unit driven by the zeroth PWM signal PWMO0 of FIG. 21A. In
FIGS. 21A and 21B, the total luminance is calculated from
the sum of areas corresponding to protruding rectangles of the
luminance graph.

[0151] Specifically, since the instant luminance of the
backlight unit of FIG. 21B is a constant value of about 0.5 at
anytime, the backlight unit supplies light without a variation
in luminance to the liquid crystal display panel. As a result,
the variation in the OFF current of each TFT of the liquid
crystal display panel is eliminated and deterioration in the
image display quality of the liquid crystal display panel, such
as a wavy noise, is prevented.

[0152] FIG. 22A shows the resulting luminance for a
related art backlight unit from a single PWM signal having a
duty ratio of about 90%. FIG. 22B shows the resulting lumi-
nance for the backlight unit shown in FIG. 18A from eight
PWM signals having a phase difference of about 45° and a
duty ratio of about 90%. As shown in FIG. 22A, a single
zeroth PWM signal PWMO having a duty ratio of about 90%
is supplied to a related art backlight unit having first to
twenty-fourth LED arrays LA1 to LA24. The single zeroth
PWM signal PWMO has a predetermined frequency and a
predetermined voltage. Since the first to twenty-fourth LED
arrays LAl to LA24 are simultaneously turned ON/OFF
according to the zeroth PWM signal PWMO, the luminance of
the first to twenty-fourth LED arrays LA1 to LA24 has avalue
of O or 1. The luminance can be measured as an electric signal
by using a photo diode. The maximum and minimum values
in luminance are represented as 1 and 0, respectively, for
comparison purposes.

[0153] As shown in FIG. 22B, first to eighth PWM signals
PWM1 to PWMS8 each having a duty ratio of about 90% are
supplied to a backlight unit having first to twenty-fourth LED
arrays LA1 to LA24. As a result, the first, ninth and seven-
teenth LED arrays LA1, LA9 and LA17 of the first group
GR1 of FIG. 18A are turned ON/OFF according to the first
PWM signal PWMI, and the second, tenth and eighteenth
LED arrays LA2, LA10 and LA18 of the second group GR2
of FIG. 18A are turned ON/OFF according to the second
PWM signal PWM2. Similarly, the third, eleventh and nine-
teenth LED arrays LA3, LA11 and LA19 of the third group
GR3 of FIG. 18A are turned ON/OFF according to the third
PWM signal PWM3, and the fourth, twelfth and twentieth
LED arrays LA4, LA12 and [LA20 of the fourth group GR4 of
FIG. 18A are turned ON/OFF according to the fourth PWM
signal PWM4. Further, the fifth, thirteenth and twenty-first
LED arrays LAS, LA13 and LA21 of the fifth group GRS of
FIG. 18A are turned ON/OFF according to the fifth PWM
signal PWMS5, and the sixth, fourteenth and twenty-second
LED arrays LA6, LA14 and .A22 of the sixth group GR6 of
FIG. 18A are turned ON/OFF according to the sixth PWM
signal PWMB®, the seventh, fifteenth and twenty-third LED
arrays LA7, LA15 and LA23 of the seventh group GR7 of
FIG. 18A are turned ON/OFF according to the seventh PWM
signal PWM7, and the eighth, sixteenth and twenty-fourth
LED arrays LA8, LA16 and [LA24 of the eighth group GR8 of
FIG. 18A are turned ON/OFF according to the eighth PWM
signal PWMS.
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[0154] The first to eighth PWM signals PWM1 to PWM8
have the same frequency, the same voltage and the same duty
ratio as the zeroth PWM signal PWMO of FIG. 21A. In
addition, neighboring two of the first to eighth PWM signals
PWM1 to PWMS have a phase difference of about 45° with
each another. As a result, the second PWM signal PWM2 has
a phase delayed by about 45° with respect to the first PWM
signal PWMI1, and the third PWM signal PWM3 has a phase
delayed by about 90° with respect to the first PWM signal
PWML. Further, the fourth PWM signal PWM4 has a phase
delayed by about 135° with respect to the first PWM signal
PWM1, the fifth PWM signal PWMS has a phase delayed by
about 180° with respect to the first PWM signal PWMI, the
sixth PWM signal PWM6 has a phase delayed by about 225°
with respect to the first PWM signal PWMI, the seventh
PWM signal PWM7 has a phase delayed by about 270° with
respect to the first PWM signal PWMI1, and the eighth PWM
signal PWMS8 has a phase delayed by about 315° with respect
to the first PWM signal PWMI. Accordingly, the first group
GR1 including the first, ninth and seventeenth LED arrays
LA1, LA9 and LA17, the second group GR2 including the
second, tenth and eighteenth LED arrays LA2, T.A10 and
LA18, the third group GR3 including the third, eleventh and
nineteenth LED arrays LA3, LA11 and LA19, the fourth
group GR4 including the fourth, twelfth and twentieth LED
arrays LA4, LA12 and LA20, the fifth group GRS including
the fifth, thirteenth and twenty-first LED arrays LAS, LA13
and [LA21, the sixth group GRé including the sixth, four-
teenth and twenty-second LED arrays LA6, LA14 and LA22,
the seventh group GR7 including the seventh, fifteenth and
twenty-third LED arrays LA7, LA15 and LA23, and the
eighth group GR8 including the eighth, sixteenth and twenty-
fourth LED arrays A8, LA16 and [LA24 are alternately
turned ON/OFF.

[0155] In the instant of emitting light, since the number
(i-e., 3) of emitting LED arrays of the backlight unit of FIG.
18 A driven by one of the first to eighth PWM signals PWM1
to PWMS of FIG. 22B is one eighth of the number (i.e., 24) of
emitting LED arrays of a related art backlight unit driven by
the zeroth PWM signal PWMO of FIG. 22 A, the instant lumi-
nance of the backlight unit of FIG. 18A driven by one of the
first to eighth PWM signals PWM1 to PWM8 of FIG. 22B is
substantially one eighth of the luminance of the related art
backlight unit driven by the zeroth PWM signal PWMO0 of
FIG. 22A. During a predetermined time period, however,
since the number of emission times of the backlight unit of
FIG. 18 A driven by the first to eighth PWM signals PWM1 to
PWMS8 of FIG. 22B is substantially eight times the number of
emission times of the related art backlight unit driven by the
zeroth PWM signal PWMO of FIG. 22A, the total luminance
of the backlight unit of FIG. 18 A driven by the first to eighth
PWM signals PWMI1 to PWMS of FIG. 22B is substantially
the same as the total luminance of the related art backlight
unit driven by the zeroth PWM signal PWMO0 of FIG. 22A. In
FIGS. 22A and 22B, the total luminance is calculated from
the sum of areas corresponding to protruding rectangles of the
luminance graph.

[0156] Inthebacklight unit of FIG. 18A, a plurality of LED
arrays are separated into eight groups driven by eight PWM
signals having phase differences shown in FIGS. 19B, 20B,
21B and 22B. As a result, deterioration in the image display
quality of the liquid crystal display panel, such as a wavy
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noise, due to the variation in the OFF current of each TFT of
the liquid crystal display panel is prevented without a reduc-
tion in total luminance.

[0157] Inan LCD device according to an embodiments of
the invention, a plurality of LED arrays of a backlight unit are
separated into at least two groups and are driven by at least
two PWM signals having different phases. Accordingly, the
number of LED arrays turned ON at one time is reduced and
variations in instant luminance of the backlight unit are
reduced without a reduction in a total luminance. As a result,
deterioration in the image display quality of the LCD device,
such as a wavy noise, due to variation in an OFF current of
TFT in the liquid crystal display panel is prevented.

[0158] Asillustrated in the exemplary embodiments shown
in FIGS. 6B, 10B, 15B and 20B, when the plurality of LED
arrays of the backlight unit are separated into first to n-th
groups, the at least two PWM signals include first to n-th
PWM signals having a phase difference of about 360°/n and
applied to the first to n-th groups, respectively, and the first to
n-th PWM signals have a duty ratio of about 100/n % so that
the instant luminance of the backlight unit has a uniform
value at anytime. Accordingly, the deterioration in image
display quality, such as a wavy noise, is prevented.

[0159] Asillustrated in the exemplary embodiments shown
in FIGS. 6B, 16B and 21B, when the plurality of LED arrays
are separated into first to n-th groups, n is an even number, the
at least two PWM signals include first to n-th PWM signals
having a phase difference of about 360°/n and applied to the
first to n-th groups, respectively, and the first to n-th PWM
signals have a duty ratio so that the instant luminance of the
backlight unit has a uniform value at any time during a time
period. Accordingly, the deterioration in image display qual-
ity, such as a wavy noise, is prevented. For these embodi-
ments, each of the first to n-th PWM signals correspond to an
instant value of 1/n in comparison with an instant value of 1 of
a backlight unit having a single PWM signal. Since a half
(1/2) of the first to n-th PWM signals has a high level voltage
at anytime, the instant luminance of the backlight unit is
calculated from the equation, i.e., (1/n+1/n+ . . . +1/n)=(1/n)
*n/2)=1=0.5.

[0160] It will be apparent to those skilled in the art that
various modifications and variations can be made in the liquid
crystal display device including a backlight unit and a method
of driving the liquid crystal display device shown in the above
embodiments of the invention without departing from the
spirit or scope of the invention. Thus, it is intended that the
invention cover the modifications and variations of this inven-
tion provided they come within the scope of the appended
claims and their equivalents.

What is claimed is:
1. A liquid crystal display device, comprising:
a light emitting diode array unit including at least two
groups of light emitting diode arrays for emitting light;
alight emitting diode driving unit for supplying at least two
pulse width modulation signals having different phases
from each other to the at least two groups of light emit-
ting diode arrays, respectively;
a liquid crystal display panel for displaying images using
the light from the light emitting diode array unit; and
a timing controller for controlling the light emitting diode
driving unit and the liquid crystal display panel.
2. The device according to claim 1, wherein the at least two
pulse width modulation signals have a same frequency and a
same voltage as each other.
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3. The device according to claim 1, wherein the plurality of
light emitting diode arrays are separated into first and second
groups, wherein the at least two pulse width modulation sig-
nals include first and second pulse width modulation signals
having aphase difference ofabout 180° and applied to the first
and second groups, respectively, and wherein the first and
second pulse width modulation signals have a duty ratio of
about 1% to about 99%.
4. The device according to claim 1, wherein the plurality of
light emitting diode arrays are separated into first, second and
third groups, wherein the at least two pulse width modulation
signals include first, second and third pulse width modulation
signals having a phase difference of about 120° and applied to
the first, second and third groups, respectively, and wherein
the first, second and third pulse width modulation signals
have a duty ratio of about 1% to about 99%.
5. The device according to claim 1, wherein the plurality of
light emitting diode arrays are separated into first to sixth
groups, wherein the at least two pulse width modulation sig-
nals include first to sixth pulse width modulation signals
having a phase difference of about 60° and applied to the first
to sixth groups, respectively, and wherein the first to sixth
pulse width modulation signals have a duty ratio of about 1%
to about 99%.
6. The device according to claim 1, wherein the plurality of
light emitting diode arrays are separated into first to eighth
groups, wherein the at least two pulse width modulation sig-
nals include first to eighth pulse width modulation signals
having a phase difference of about 45° and applied to the first
to eighth groups, respectively, and wherein the first to eighth
signals have a duty ratio of about 1% to about 99%.
7. The device according to claim 1, further comprising a
phase shifter generating the at least two pulse width modula-
tion signals.
8. The device according to claim 1, wherein the plurality of
light emitting diode arrays are separated into first to n-th
groups, wherein the at least two pulse width modulation sig-
nals include first to n-th pulse width modulation signals hav-
ing a phase difference of about 360°/n and applied to the first
to n-th groups, respectively, and wherein the first to n-th pulse
width modulation signals have a duty ratio of about 100/n %.
9. The device according to claim 1, wherein the plurality of
light emitting diode arrays are separated into first to n-th
groups, wherein n is an even number, wherein the at least two
pulse width modulation signals include first to n-th pulse
width modulation signals having a phase difference of about
360°/n and applied to the first to n-th groups, respectively, and
wherein the first to n-th pulse width modulation signals have
a duty ratio so that the instant luminance of the backlight unit
has a uniform value at anytime.
10. The device according to claim 9, wherein n/2 of the first
to n-th pulse width modulation signals has a high level voltage
at anytime.
11. A method of driving a liquid crystal display device,
comprising:
supplying at least two pulse width modulation signals hav-
ing different phases from each other to at least two
groups of light emitting diode arrays, respectively;

providing light from the at least two groups of light emit-
ting diode arrays according to the at least two pulse
width modulation signals into liquid crystal display
panel; and
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displaying images on the liquid crystal display panel using
the light from the at least two groups of light emitting
diode arrays.

12. The method according to claim 11, wherein the at least
two groups have a same number of light emitting diode arrays
as each other.

13. The method according to claim 11, wherein the at least
two pulse width modulation signals have a same frequency
and a same voltage as each other.

14. The method according to claim 11, wherein the at least
two groups include first and second groups, wherein the at
least two pulse width modulation signals include first and
second pulse width modulation signals having a phase differ-
ence of about 180° and applied to the first and second groups,
respectively, and wherein the first and second pulse width
modulation signals have a duty ratio of about 1% to about
99%.

15. The method according to claim 11, wherein the at least
two groups include first, second and third groups, wherein the
at least two pulse width modulation signals include first,
second and third pulse width modulation signals having a
phase difference of about 120° and applied to the first, second
and third groups, respectively, and wherein the first, second
and third pulse width modulation signals have a duty ratio of
about 1% to about 99%.

16. The method according to claim 11, wherein the at least
two groups include first to sixth groups, wherein the at least
two pulse width modulation signals include first to sixth pulse
width modulation signals having a phase difference of about
60° and applied to the first to sixth groups, respectively, and
wherein the first to sixth pulse width modulation signals have
a duty ratio of about 1% to about 99%.

17. The method according to claim 11, wherein the at least
two groups include first to eighth groups, wherein the at least
two pulse width modulation signals include first to eighth
pulse width modulation signals having a phase difference of
about 45° and applied to the first to eighth groups. respec-
tively, and wherein the first to eighth pulse width modulation
signals have a duty ratio of about 1% to about 99%.

18. The method according to claim 11, wherein the plural-
ity of light emitting diode arrays are separated into first to n-th
groups, wherein the at least two pulse width modulation sig-
nals include first to n-th pulse width modulation signals hav-
ing a phase difference of about 360°/n and applied to the first
to n-th groups, respectively, and wherein the first to n-th pulse
width modulation signals have a duty ratio of about 100/n %.

19. The method according to claim 11, wherein the plural-
ity of light emitting diode arrays are separated into first to n-th
groups, wherein n is an even number, wherein the at least two
pulse width modulation signals include first to n-th pulse
width modulation signals having a phase difference of about
360°/n and applied to the first to n-th groups, respectively, and
wherein the first to n-th pulse width modulation signals have
a duty ratio so that the instant luminance of the backlight unit
has a uniform value at anytime.

20. The method according to claim 19, wherein n/2 of the
first to n-th pulse width modulation signals has a high level
voltage at anytime.
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