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APPARATUS AND METHOD OF DRIVING
BACKLIGHT OF LIQUID CRYSTAL
DISPLAY

[0001] The present application claims the benefit of
Korean Patent Application No. 2006-0057132 filed in Korea
on Jun. 23, 2006 and Korean Patent Application No. 2006-
00120887 filed in Korea on Dec. 1, 2006, which are both
hereby incorporated by reference in their entirety.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] Embodiments of the invention relate to a display
device, and more particularly, to an apparatus and a method
of driving a backlight of a liquid crystal display. Although
embodiments of the invention are suitable for a wide scope
of applications, they are particularly suitable for minimizing
wave noise on a liquid crystal panel generated by a backlight
that uses light emitting diodes (LEDs) as a light source.
[0004] 2. Description of the Related Art

[0005] In general, the application of liquid crystal displays
(hereinafter, simply referred to as “LCDs™) has extended
into office automation equipment, audio/video devices and
the like due to characteristics, such as light weight, small
size, and low power consumption. The LCDs are devices
that display desired images by controlling transmittance of
light generated from a backlight according to image signals
that are applied to a plurality of control switches arranged in
a matrix shape.

[0006] LCDs are not self-luminous displays, and thus each
of the LCDs includes a light source, such as a backlight, that
is disposed at the rear of the LCD. In general, fluorescent
lamps are used as the backlight of the LCD. Light sources
for an LCD are divided into a direct type LCD and a side
type LCD according to the position of the backlight. Light
emitting diodes (LEDs) have been widely used as backlights
of small LCDs in personal digital assistants (PDAs), cellular
phones, notebook computers and the like.

[0007] FIGS. 1(a) and 1() are perspective views illus-
trating a structure of a side type backlight and a structure of
a direct type backlight, respectively. More specifically, FIG.
1(a) is a view illustrating a structure of a side type backlight
in which sets of light emitting diode arrays 12 are formed at
sides of a diffuse film lining cavity 11. Further, FIG. 1(b) is
a view illustrating a structure of a direct type backlight in
which the sets of light emitting diode arrays 12 are formed
at a rear surface of the diffuse film lining cavity 11.
[0008] FIGS. 2 and 3 illustrate arrangements of light
emitting diodes that are used as the backlight in the liquid
crystal display according to the related art. FIGS. 2(a) and
2(b) are schematic views each illustrating a backlight that is
implemented with a few high-power light emitting diodes.
FIG. 3 is a schematic view illustrating a backlight that is
implemented with normal light emitting diodes. FIG. 4 is a
block diagram of a driving circuit of a backlight according
to the related art.

[0009] As shown in FIG. 4, an apparatus for driving a
backlight includes red, green and blue light emitting diode
driving units 41R, 41G, and 41B that drive red, green and
blue light emitting diode arrays 42R, 42G, and 42B, respec-
tively. More specifically, the red, green and blue light
emitting diode arrays 42R, 42G, and 42B are lit by pulse
width modulation signals supplied from the red, green and
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blue light emitting diode driving units 41R, 41G, and 41B,
respectively, so as to emit red, green, and blue light. The
operation of the apparatus for driving a backlight that has the
above-described structure will be described with reference
to FIGS. 5(a), 5(b) and 5(c).

[0010] FIGS. 5(a), 5(b), and 5(c) are waveforms of pulse
width modulation signals for red, green, and blue, respec-
tively. The red, green and blue light emitting diode driving
units 41R, 41G, and 41B respectively drive in a burst mode,
red, green and blue light emitting diode arrays 42R, 42G,
and 42B in which light emitting diodes LED_R, green light
emitting diodes LED_G, and blue light emitting diodes
LED_B are connected in series in their respective array.
Further, the red, green and blue light emitting diode driving
units 41R, 41G, and 41B perform dimming control in the
burst mode with a pulse width modulation signal PWM_R,
PWM_G, and PWM_B for red, green, and blue lights, as
shown in FIGS. 5(a), 5(b), and 5(c).

[0011] When the red, green, and blue light emitting diode
driving units 41R, 41G, and 41B output the pulse width
modulation signals PWM_R, PWM_G, and PWM_B to the
red, green, and blue light emitting diode arrays 42R, 42G,
and 42B, the pulse width modulation signal PWM_R,
PWM_G, and PWM_B for red, green, and blue are syn-
chronized and output, as shown in FIGS. 5(a), 5(b), and 5(c).
Therefore, the red light emitting diodes LED_R, the green
light emitting diodes LED_G, and the blue light emitting
diodes LED_B are lit by the pulse width modulation signal
PWM_R, PWM_G, and PWM_B that are respectively sup-
plied from the red, green, and blue light emitting diode
driving units 41R, 41G, and 41B, such that red, green, and
blue light components are transmitted. The red, green, and
blue light components mix to produce white light, which is
supplied toward the rear surface of the liquid crystal panel.
[0012] As shown in FIGS. 5(a), 5(b) and 5(c), the pulse
width modulation signals PWM_R, PWM_G, and PWM_B
have periods where the signals overlap each other. When the
three pulse width modulation signals PWM_R, PWM_G,
and PWM_B for red, green, and blue light overlap each
other, frequencies generated from the red, green, and blue
light emitting diode driving units 41R, 41G, and 41B affect
data lines of the liquid crystal panel, which causes distortion
in the charging time of the data lines. Wave noise is
generated in the liquid crystal panel due to distortion in the
charging time of the data lines. To prevent the wave noise
from occurring in the liquid crystal panel, a method that
changes PWM dimming frequencies of the red, green, and
blue light emitting diode driving units 41R, 41G, and 41B
has been used. However, this method of removing the wave
noise is fundamentally difficult to implement. Further, since
frequency margins are small, it is difficult to efficiently
prevent the generation of the wave noise.

SUMMARY OF THE INVENTION

[0013] Accordingly, embodiments of the invention is
directed to an apparatus and method of driving a backlight
of a liquid crystal display that substantially obviates one or
more of the problems due to limitations and disadvantages
of the related art.

[0014] An object of embodiments of the invention is to
provide an apparatus and method of driving a backlight that
removes wave noise from the backlight of a liquid crystal
display that uses light emitting diodes as a light source.
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[0015] Additional features and advantages of embodi-
ments of the invention will be set forth in the description
which follows, and in part will be apparent from the descrip-
tion, 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.

[0016] To achieve these and other advantages and in
accordance with the purpose of embodiments of the inven-
tion, as embodied and broadly described herein, there is
provided an apparatus for driving a backlight that includes:
a pulse width modulation signal phase shifting unit that
shifts phases of at least one of red, green, and blue pulse
width signal modulation signals so as to output at least one
of phase-shifted red, green, and blue pulse width signal
modulation signals; red, green, and blue light emitting diode
arrays, each of which includes a plurality of light emitting
diodes; and at least one light emitting diode driving unit
driving one of the red, green, and blue light emitting diode
arrays by using one of the phase-shifted red, green, and blue
pulse width signal modulation signals.

[0017] In another aspect, a method of driving a backlight
includes: shifting phases of at least one of red, green, and
blue pulse width signal modulation signals so as to minimize
overlap among the phase-shifted red, green, and blue pulse
width signal modulation signals; and driving red, green, and
blue light emitting diode arrays respectively using the at
least one of phase-shifted red, green, and blue pulse width
signal modulation signals.

[0018] 1t is to be understood that both the foregoing
general description and the following detailed description
are exemplary and explanatory and are intended to provide
further explanation of embodiments of the invention as
claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019] The accompanying drawings, which are included
to provide a further understanding of the invention and are
incorporated in and constitute a part of this specification,
illustrate embodiments of the invention and together with
the description serve to explain the principles of the inven-
tion. In the drawings:

[0020] FIGS. 1(a) and 1(b) are perspective views respec-
tively illustrating a structure of a side type backlight and a
structure of a direct type backlight according to the related
art;

[0021] FIGS. 2(a) and 2(b) are schematic views each
illustrating a backlight that is implemented with a few
high-power light emitting diodes according to the related art;
[0022] FIG. 3 is a schematic view illustrating a backlight
that is implemented with normal light emitting diodes
according to the related art;

[0023] FIG. 4 is a block diagram of a backlight driving
circuit according to the related art;

[0024] FIGS. 5(a), 5(b), and 5(c) are waveforms of pulse
width modulation signals for red, green, and blue, respec-
tively according to the related art;

[0025] FIG. 6 is a block diagram of an apparatus for
driving a backlight of a liquid crystal display according to an
embodiment of the invention;
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[0026] FIGS. 7(a) to 7(c) are waveforms of red, green, and
blue pulse width modulation signals that have been phase-
shifted amongst each other;

[0027] FIGS. 8(a) to 8(c) are waveforms of pulse width
modulation signals for red, green, and blue that are phase-
shifted for each set of light emitting diode arrays having red,
green and blue diodes amongst a plurality of sets of light
emitting diode arrays; and

[0028] FIGS. 9(a) to 9(c) are waveforms of red, green, and
blue pulse width modulation signals that have been phase-
shifted amongst each other and are phase-shifted for each set
of light emitting diode array having red, green and blue
diodes amongst a plurality of sets of light emitting diode
arrays.

DETAILED DESCRIPTION OF THE
INVENTION

[0029] Reference will now be made in detail to the pre-
ferred embodiments of the invention, examples of which are
illustrated in the accompanying drawings. The invention
may, however, be embodied in many different forms and
should not be construed as being limited to the embodiments
set forth herein; rather, these embodiments are provided so
that this disclosure will be thorough and complete, and will
fully convey the concept of the invention to those skilled in
the art.

[0030] FIG. 6 is a block diagram of an apparatus for
driving a backlight of a liquid crystal display according to an
embodiment of the invention. As shown in FIG. 6, an
apparatus for driving a backlight according to an embodi-
ment of the invention includes a pulse width modulation
signal phase shifting unit 61 that appropriately shifts phases
of red, green, and blue pulse width modulation signals
PWM_R, PWM_G, and PWM_B according to the type of a
backlight so as to output the phase-shifted pulse width
modulation signals, red, green, and blue light emitting diode
driving units 62R, 62G, and 62B that drive the red, green,
and blue light emitting diode arrays 63R, 63G, and 63B,
respectively, by using the phase-shifted red, green, and blue
pulse width modulation signals PWM_R, PWM_G, and
PWM_B, and the red, green, and blue light emitting diode
arrays 63R, 63G, and 63B that are lit by the red, green, and
blue pulse width modulation signals PWM_R, PWM_G;, and
PWM_B, respectively, which are respectively supplied from
the light emitting diode driving units 62R, 62G, and 62B, so
as to emit red, green, and blue light. Hereinafter, the
apparatus for driving a backlight that has the above-de-
scribed structure will be described in detail with reference to
FIGS. 710 9.

[0031] FIGS. 7(a) to 7(c) are waveforms of red, green, and
blue pulse width modulation signals that have been phase-
shifted amongst each other. The pulse width modulation
signal phase shifting unit 61 appropriately shifts the phases
of the red, green, and blue pulse width modulation signals
PWM_R, PWM_G, and PWM_B which are supplied from
the outside, according to the type of the backlight so as to
output red, green, and blue phase-shifted pulse width modu-
lation signals. That is, the pulse width modulation signal
phase shifting unit 61 shifts the phases of the red, green, and
blue pulse width modulation signals PWM_R, PWM_G;, and
PWM_B by calculated values according to whether back-
light is the side type or the direct type so as to output red,
green, and blue phase-shifted pulse width modulation sig-
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nals PWM_R, PWM_G, and PWM_B to the red, green, and
blue light emitting diode driving units 62R, 62G, and 62B.
[0032] There may be various methods by which the pulse
width modulation signal phase shifting unit 61 shifts the
phases of the red, green, and blue pulse width modulation
signals PWM_R, PWM_G, and PWM_B. For example,
when the backlight is the side type using light emitting
diodes, the phases of the red, green, and blue pulse width
modulation signals PWM_R, PWM_G, and PWM_B are
sequentially shifted by a predetermined angle, and the
phase-shifted red, green, and blue pulse width modulation
signals are output, as shown in FIG. 7.

[0033] When the backlight type is the direct type, as
shown in FIG. 1¢, the angle by which each of the phases of
the red, green, and blue pulse width modulation signals
PWM_R, PWM_G, and PWM_B shifted is set by a calcu-
lation based on minimizing overlapping portions among the
red, green, and blue pulse width modulation signals PWM_
R, PWM_G, and PWM_B. For example, as shown in FIG.
7, the pulse width modulation signal PWM_R for red is
output like the related art, the pulse width modulation signal
PWM_G for green is delayed by about 120° and then output,
and the pulse width modulation signal PWM_B for blue is
delayed by about 240° and then output. The calculation is
performed on the basis of waveforms of the red, green, and
blue pulse width modulation signals PWM_R, PWM_G, and
PWM_B applied to the light emitting diodes used for the
side type backlight according to the related art, such that the
overlapping portions among the red, green, and blue pulse
width modulation signals PWM_R, PWM_G, and PWM_B
in a set of red, green, and blue light emitting diode arrays can
be minimized.

[0034] FIGS. 8(a) to 8(c) are waveforms of pulse width
modulation signals for red, green, and blue that are phase-
shifted for each set of light emitting diode arrays having red,
green and blue diodes amongst a plurality of sets of light
emitting diode arrays. When the backlight type is the direct
type, as shown in FIG. 15, phases of the pulse width
modulation signals of each set of the red, green, and blue
light emitting diode arrays are sequentially shifted by a
predetermined angle, and the phase-shifted pulse width
modulation signals for each set of the light emitting diode
arrays are output, as shown in FIG. 8. The angle by which
the phases are shifted is determined by a calculation on the
basis of the number of sets of red, green, and blue light
emitting diode arrays so as to minimize the overlapping
frequencies each set of the light emitting diode arrays. For
example, if there are three or a multiple of three sets of red,
green, and blue light emitting diode arrays, the phases of the
pulse width modulation signals of each set of the red, green,
and blue light emitting diode arrays is shifted by about 120°,
As shown in FIG. 8, frequency overlapping among the red,
green, and blue pulse width modulation signals PWM_R,
PWM_G, and PWM_B between sets of red, green, and blue
light emitting diode arrays is minimized.

[0035] FIGS. 9(a) to 9(c) are waveforms of red, green, and
blue pulse width modulation signals that have been phase-
shifted amongst each other and are phase-shifted for each set
of light emitting diode array having red, green and blue
diodes amongst a plurality of sets of light emitting diode
arrays. According to another embodiment of the invention,
as shown in FIG. 9, the phases of the pulse width modulation
signals amongst sets of red, green, and blue light emitting
diode arrays are sequentially shifted by a predetermined

Dec. 27, 2007

angle, and at the same time, the phases of the respective red,
green, and blue pulse width modulation signals PWM_R,
PWM_G, and PWM_B amongst each other in a light emit-
ting diode array are shifted by a predetermined angle, and
then the resequenced phase-shifted pulse width modulation
signals are output. For example, the phases of the pulse
width modulation signals of three sets of red, green, and blue
light emitting diode arrays are resequenced by a shift of
about 120°, and at the same time, the phase of each of the
red, green, and blue pulse width modulation signals PWM_
R, PWM_G, and PWM_B for red, green, and blue is shifted
by about 120°, and then the resequenced phase-shifted pulse
width modulation signals are output. The angle by which the
phases are shifted is determined by a calculation on the basis
of the number of sets of red, green, and blue light emitting
diode arrays and the frequency of the pulse width modula-
tion signals PWM_R, PWM_G, and PWM_B so as to
minimize the overlapping among the frequencies in each set
of red, green, and blue light emitting diode arrays and among
the sets of red, green, and blue light emitting diode arrays.
As shown in FIG. 9, frequency overlap among the sets of
red, green, and blue light emitting diode arrays and over-
lapping portion among the red, green, and blue pulse width
modulation signals PWM_R, PWM_G, and PWM_B in
each set of red, green, and blue light emitting diode arrays
are minimized. Therefore, the effect of the frequencies
generated from the red, green, and blue light emitting diode
driving units 62R, 62G, and 62B on the data lines of the
liquid crystal panel is minimized, and the distortion of the
charging time of the data lines is minimized. Accordingly,
the wave noise on the liquid crystal panel that occurs when
the light emitting diodes are used in the backlight is mini-
mized.

[0036] Although not shown in the drawings, when the
backlight is implemented by using the high power light
emitting diodes, the phases of the pulse width modulation
signals PWM_R, PWM_G, and PWM_B for red, green and
blue are sequentially shifted by a predetermined angle
amongst themselves like the above-described embodiment.
Further, when the backlight is implemented by arranging the
normal light emitting diodes in the array form, the phases of
the pulse width modulation signals of each set of the red,
green and blue light emitting diode arrays 63R, 63G, and
63B are sequentially shifted by a predetermined angle
amongst themselves and the resequenced pulse width modu-
lation signals are output. The red, green, and blue light
emitting diode driving units 62R, 62G, and 62B are driven
in the burst mode, the red, green, and blue light emitting
diode arrays 63R, 63G, and 63B, in which the red light
emitting diodes LED_R, the green light emitting diodes
LED_G, and the blue light emitting diodes LED_B, are
respectively connected in series to each other, by using the
red, green, and blue pulse width modulation signals PWM_
R, PWM_G, and PWM_B for red, green, and blue, whose
phases are shifted.

[0037] As described above, according to the backlight
type, the phases of the red, green, and blue pulse width
modulation signals PWM_R, PWM_G, and PWM_B are
shifted amongst themselves, or amongst themselves and sets
of light emitting diode arrays such that the wave noise is
efficiently removed. As a result, the frequency margin of the
pulse width modulation signals available is increased as
compared to the related art. That is, when compared to the
method according to the related art that only changes the
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PWM dimming frequencies so as to minimize the wave
noise, the frequency margin is increased according to the
embodiments of the inventions because a range in which the
frequencies can be changed amongst the pulse width modu-
lation signals, or amongst the pulse width modulation sig-
nals and the light emitting diode arrays is wide. Further,
while the method according to the embodiments of the
invention is applied, the method according to the related art
of changing the PWM dimming frequencies may also be
applied. In this case, the margin of the PWM dimming
frequency is also increased two times more than the related
art (e.g. £10 Hz—+20 Hz).

[0038] As described above in detail, according to the
embodiments of the invention, the wave noise can be
efliciently removed by shifting the phases of the pulse width
modulation amongst the pulse width modulation signals
and/or amongst the light emitting diode arrays according to
the backlight types so to output phase-shifted pulse width
modulation signals or resequenced phase-shifted pulse
width modulation signals in the backlight that uses light
emitting diodes as the light source in the liquid crystal
display. In addition, since the wave noise can be efficiently
removed, it is possible to increase the frequency margin of
the pulse width modulation signals to twofold more than the
related art.

[0039] Tt will be apparent to those skilled in the art that
various modifications and variations can be made in the
apparatus and method of driving a backlight of a liquid
crystal display of embodiments of the invention without
departing from the spirit or scope of the invention. Thus, it
is intended that embodiments of the invention cover the
modifications and variations of this invention provided they
come within the scope of the appended claims and their
equivalents.

What is claimed is:

1. An apparatus for driving a backlight comprising:

a pulse width modulation signal phase shifting unit that
shifts phases of at least one of red, green, and blue pulse
width signal modulation signals so as to output at least
one of phase-shifted red, green, and blue pulse width
signal modulation signals;

red, green, and blue light emitting diode arrays, each of
which includes a plurality of light emitting diodes; and

at least one light emitting diode driving unit driving one
of the red, green, and blue light emitting diode arrays
by using one of the phase-shifted red, green, and blue
pulse width signal modulation signals.

2. The apparatus of claim 1, wherein the one of the
phase-shifted red, green, and blue pulse width signal modu-
lation signals have an angle of phase shifting of about 120°.

3. The apparatus of claim 1, wherein the backlight type is
a side type and the pulse width modulation signal phase
shifting unit shifts phases of the red, green, and blue pulse
width signal modulation signals amongst themselves such
that overlapping portions among the red, green, and blue
pulse width signal modulation signals is minimized, and
then the pulse width modulation signal phase shifting unit
outputs the phase-shifted red, green, and blue pulse width
signal modulation signals.

4. The apparatus of claim 1, further comprising sets of red,
green, and blue light emitting diode arrays, wherein the
pulse width modulation signal phase shifting unit shifts
phases of the red, green, and blue pulse width signal
modulation signals amongst the sets of red, green, and blue
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light emitting diode arrays, such that frequency overlap
among the sets of light emitting diode arrays is minimized,
and then the pulse width modulation signal phase shifting
unit outputs the phase-shifted red, green and blue pulse
width signal modulation signals.

5. The apparatus of claim 4, wherein the phase-shifted
red, green, and blue pulse width signal modulation signals
have an angle of phase shifting of about 120°.

6. The apparatus of claim 4, wherein the backlight type is
a direct type.

7. The apparatus of claim 4, wherein the pulse width
modulation signal phase shifting unit shifts phases of the
red, green, and blue pulse width signal modulation signals
amongst themselves in each set of red, green, and blue light
emitting diode arrays such that overlapping portions among
the red, green, and blue pulse width signal modulation
signals is minimized, and then the pulse width modulation
signal phase shifting unit outputs the phase-shifted red,
green, and blue pulse width signal modulation signals.

8. The apparatus of claim 1, wherein the backlight is
implemented using high power light emitting diodes and the
pulse width modulation signal phase shifting unit shifts
phases of the red, green, and blue pulse width signal
modulation signals amongst themselves such that ovetlap-
ping portions among the red, green, and blue pulse width
signal modulation signals are minimized, and then the pulse
width modulation signal phase shifting unit outputs the
phase-shifted red, green, and blue pulse width signal modu-
lation signals.

9. The apparatus of claim 8, wherein the phase-shifted
red, green, and blue pulse width signal modulation signals
have an angle of phase shifting of about 120°.

10. A method of driving a backlight, comprising:

shifting phases of at least one of red, green, and blue pulse

width signal modulation signals so as to minimize
overlap among the phase-shifted red, green, and blue
pulse width signal modulation signals; and

driving red, green, and blue light emitting diode arrays

respectively using the at least one of phase-shifted red,
green, and blue pulse width signal modulation signals.

11. The method of claim 10, wherein the one of the
phase-shifted red, green, and blue pulse width signal modu-
lation signals has an angle of phase shifting of about 120°.

12. The method of claim 10, wherein the backlight type is
a side type and the shifting phases includes phase shifting
the red, green, and blue pulse width signal modulation
signals amongst themselves such that overlapping portions
among the red, green, and blue pulse width signal modula-
tion signals are minimized.

13. The method of claim 10, wherein the backlight type is
a direct type and the shifting phases includes phase shifting
the red, green, and blue pulse width signal modulation
signals amongst sets of red, green, and blue light emitting
diode arrays such that frequency overlap among the sets red,
green, and blue light emitting diode arrays is minimized.

14. The method of claim 13, wherein the phase-shifted
red, green, and blue pulse width signal modulation signals
have an angle of phase shifting of about 120°.

15. The method of claim 13, wherein the shifting phases
includes phase shifting the red, green, and blue pulse width
signal modulation signals amongst themselves in each set of
red, green, and blue light emitting diode arrays such that
frequency overlap among the sets red, green, and blue light
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emitting diode arrays and overlapping portions among the
red, green, and blue pulse width signal modulation signals
are minimized.

16. The method of claim 10, wherein the backlight is
implemented using high power light emitting diodes and the
shifting phases includes phase shifting the red, green, and
blue pulse width signal modulation signals amongst them-
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selves such that overlapping portions among the red, green,
and blue pulse width signal modulation signals are mini-
mized.

17. The method of any one of claim 16, wherein the
phase-shifted red, green, and blue pulse width signal modu-
lation signals have an angle of phase shifting of about 120°.
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