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BACKLIGHT DRIVER OF LIQUID CRYSTAL
DISPLAY DEVICE AND METHOD FOR
DRIVING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims the benefit of Korean Patent
Application No. 10-2012-0056839, filed on May 29, 2012,
which is hereby incorporated by reference as if fully set forth
herein.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to a backlight driver of
a liquid crystal display device, and more particularly, to a
backlight driver of a liquid crystal display device and a
method for driving the same so as to prevent backlight flicker
by properly filtering an input pulse width modulation (PWM)
signal.

[0004] 2. Discussion of the Related Art

[0005] Representative examples of a flat panel display
apparatus for displaying an image using digital data include a
liquid crystal display (LCD) device using liquid crystal, a
plasma display panel (PDP) using discharge of inert gas, a
organic light emitting diode (OLED) display device using an
OLED, and the like. Among these, the LCD device has been
widely used in various application fields such as in a televi-
sion (TV), a monitor, a laptop computer, and a portable
phone.

[0006] An LCD device displays an image through a pixel
matrix using the electrical and optical properties of liquid
crystals having anisotropic properties with respect to refrac-
tive index, dielectric constant, and the like. Each pixel of the
LCD device implements a gray level by adjusting optical
transmittance with respect to a polarization plate using varia-
tion in liquid crystal orientation direction according to a data
signal. The LCD device includes a liquid crystal panel for
displaying an image through the pixel matrix, a drive circuit
for driving the liquid crystal panel, a backlight unit for irra-
diating light to the liquid crystal panel, and a backlight driver
for driving the backlight unit.

[0007] The backlight driver for drive of the backlight unit
controls the brightness of the backlight unit by adjusting
on/off time of the backlight unit according to a duty ratio of a
pulse width modulation (PWM) signal input from a TV set or
a timing controller.

[0008] In this case, the backlight driver detects the duty
ratio of the input PWM signal and reflects the detected duty
ratio to a vertical synchronization signal input from a timing
controller to generate and use an output PWM signal for
control of the backlight unit in orderto drive the backlight unit
according to the liquid crystal panel.

[0009] However, since there occurs a specific period in
which a duty ratio becomes unstable when a frequency of an
input PWM signal is changed, the duty ratio of the output
PWM signal is changed, resulting in backlight flicker.
[0010] Forexample, if a frequency of the input PWM signal
having the duty ratio of 10% is changed from 60 Hz to 50 Hz
as exemplarily shown in FIG. 1, there may occur a specific
period having an unstable duty ratio of 8.35% during the
frequency change process. In this case, the unstable duty ratio
is reflected in the output PWM signal without change so as to
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change backlight luminance, resulting in the occurrence of
image quality deterioration such as flicker on the screen.

SUMMARY OF THE INVENTION

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

[0012] An object of the present invention is to provide a
backlight driver and a method for driving the same that
remove an unstable duty ratio by filtering an input PWM
signal so as to prevent backlight flicker despite the input
PWM signal becoming unstable.

[0013] Additional advantages, objects, and features of the
invention will be set forth in part in the description which
follows and in part will become apparent to those having
ordinary skill in the art upon examination of the following or
may be learned from practice of the invention. The objectives
and other advantages of the invention may be realized and
attained by the structure particularly pointed outin the written
description and claims hereof as well as the appended draw-
ings.

[0014] To achieve theseobjects and other advantages and in
accordance with the purpose of the invention, as embodied
and broadly described herein, a backlight driver includes a
duty ratio detector for detecting a duty ratio of an input pulse
width modulation (PWM) signal; a duty ratio filter for detect-
ing a difference between a current duty ratio received from the
duty ratio detector and a previous duty ratio, determining
whether the detected duty ratio difference satisfies a preset
reference condition, selecting one of the current duty ratio
and the previous duty ratio, and outputting the selected duty
ratio; and a PWM generator for generating an output PWM
signal obtained when a selected duty ratio from the duty ratio
filter is reflected in an input synchronization signal, and out-
putting the output PWM signal to a backlight unit.

[0015] The duty ratio filter may select/output the current
duty ratio when the duty ratio difference satisfies the refer-
ence condition, and may select/output the previous duty ratio
when the duty ratio difference exceeds the reference condi-
tion.

[0016] The duty ratio filter may feed back the selected duty
ratio, and use the fed back duty ratio as the previous duty ratio.
[0017] The duty ratio filter may include: a duty ratio com-
parator for comparing the previous duty ratio with a current
duty ratio so as to detect the duty ratio difference; a duty ratio
determination unit for comparing the duty ratio difference
from the duty ratio comparator with the reference condition
so as to output a flag signal indicating whether the reference
condition is satisfied; and an output multiplexer for selecting
one of a previous duty ratio from the duty ratio comparator
and a current duty ratio in response to the flag signal from the
duty ratio determination unit, and outputting the selected duty
ratio.

[0018] The backlight driver may further include: a buffer
for delaying a current duty ratio from the duty ratio detector
by one frame, and outputting the delayed result; and an input
multiplexer for selecting one of the delayed duty ratio from
the buffer and the selected duty ratio from the output multi-
plexer in response to a flag signal from the duty ratio deter-
mination signal, and outputting the selected duty ratio as the
previous duty ratio.
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[0019] Ifthe duty ratio difference is less than a preset mini-
mum reference value or is higher than a preset maximum
reference value, the duty ratio determination unit may deter-
mine that the current duty ratio is stable; and if the duty ratio
difference is equal to or higher than the minimum reference
value or is equal to or less than the maximum reference value,
the duty ratio determination unit may determine that the cur-
rent duty ratio is unstable.

[0020] If the duty ratio difference is between a minimum
reference value and a maximum reference value, the duty
ratio determination unit may determine that the current duty
ratio is stable; and if the duty ratio difference is not between
the minimum reference value and the maximum reference
value, the duty ratio determination unit may determine that
the current duty ratio is unstable.

[0021] The input PWM signal may be a PWM signal
received from a host set or a timing controller, and the syn-
chronization signal may be a vertical synchronization signal
received from the timing controller.

[0022] Inanother aspect of the present invention, a method
for driving a backlight driver includes: detecting a duty ratio
of an input pulse width modulation (PWM) signal; detecting
a difference between the detected current duty ratio and a
previous duty ratio, determining whether the detected duty
ratio difference satisfies a preset reference condition, select-
ing one of the current duty ratio and the previous duty ratio,
and outputting the selected duty ratio; and generating an
output PWM signal obtained when a selected duty ratio from
the duty ratio filter is reflected in an input synchronization
signal, and outputting the output PWM signal to a backlight
unit.

[0023] Selecting the duty ratio may include: selecting/out-
putting the current duty ratio when the duty ratio difference
satisfies the reference condition, and selecting/outputting the
previous duty ratio when the duty ratio difference exceeds the
reference condition.

[0024] The method may further include: feeding back the
selected duty ratio, and using the fed back duty ratio as the
previous duty ratio.

[0025] Selecting the duty ratio may include: detecting the
duty ratio difference by comparing the previous duty ratio
with a current duty ratio; comparing the duty ratio difference
from the duty ratio comparator with the reference condition,
and outputting a flag signal indicating whether the reference
condition is satisfied; and selecting one of a previous duty
ratio from the duty ratio comparator and a current duty ratio in
response to the flag signal from the duty ratio determination
unit, and outputting the selected duty ratio.

[0026] Selecting the duty ratio may include: delaying a
current duty ratio from the duty ratio detector by one frame,
and outputting the delayed result; feeding back the selected
duty ratio, and using it as the previous duty ratio; selecting
one of the delayed duty ratio and the fed back duty ratio in
response to the flag signal, and outputting the selected duty
ratio as the previous duty ratio.

[0027] Outputting the flag signal may include: if the duty
ratio difference is less than a preset minimum reference value
or is higher than a preset maximum reference value, the duty
ratio determination unit determines that the current duty ratio
is stable; and if the duty ratio difference is equal to or higher
than the minimum reference value or is equal to or less than
the maximum reference value, the duty ratio determination
unit determines that the current duty ratio is unstable.
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[0028] If the duty ratio difference is between a minimum
reference value and a maximum reference value, the duty
ratio determination unit may determine that the current duty
ratio is stable; and if the duty ratio difference is not between
the minimum reference value and the maximum reference
value, the duty ratio determination unit may determine that
the current duty ratio is unstable.

[0029] Itisto be understood that both the foregoing general
description and the following detailed description of the
present invention are exemplary and explanatory and are
intended to provide further explanation of the invention as
claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0030] The accompanying drawings, which are included to
provide a further understanding of the invention and are
incorporated in and constitute a part of this application, illus-
trate embodiment(s) of the invention and together with the
description serve to explain the principle of the invention. In
the drawings:

[0031] FIG. 1is a waveform diagram showing a process of
the related art in which a frequency of a pulse width modu-
lation (PWM) signal varies;

[0032] FIG. 2 is a schematic block diagram of a liquid
crystal display device including a backlight driver according
to an embodiment of the present invention;

[0033] FIG. 3 is a block diagram of an internal structure of
the backlight driver shown in FIG. 2;

[0034] FIG. 4 exemplarily shows a method for filtering a
duty ratio of a backlight driver shown in FIG. 3;

[0035] FIG. 5isaschematic block diagram of the duty ratio
filter shown in FIG. 3 according to another embodiment of the
present invention; and

[0036] FIG. 6 exemplarily shows a method for filtering a
duty ratio of a duty ratio filter shown in FIG. 5.

DETAILED DESCRIPTION OF THE INVENTION

[0037] Reference will now be made in detail to the exem-
plary embodiments of the present invention, examples of
which are illustrated in the accompanying drawings. Wher-
ever possible, the same reference numbers will be used
throughout the drawings to refer to the same or like parts.
[0038] FIG. 2 is a schematic block diagram of a liquid
crystal display device including a backlight driver according
to an embodiment of the present invention.

[0039] The liquid crystal display device shown in FIG. 2
includes a liquid crystal panel 28, a backlight unit 50, a panel
driver 22 including a data driver 24 and a gate driver 26 for
driving the liquid crystal panel 28, a backlight driver 30 for
driving the backlight unit 50, a timing controller 20 for con-
trolling drive of a panel driver 22 and the backlight driver 30,
and a host set connected to the timing controller 20 and the
backlight driver 30. Here, the backlight driver 30 may be
internally installed in the timing controller 20.

[0040] The host set 10 scales image data input from an
external source according to resolution of the liquid crystal
panel 28 and supplies the image data to the timing controller
20 together with a plurality of synchronization signals. The
plurality of synchronization signals include at least a dot
clock and adata enable signal and further include ahorizontal
synchronization signal and a vertical synchronization signal.
In addition, the host set 10 supplies a pulse width modulation
(PWM) signal having a duty ratio thatis preset according to a
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design value or is set according to user brightness adjustment
to the backlight driver 30 or to the backlight driver 30 through
the timing controller 20.

[0041] Thetiming controller 20 corrects data input from the
host set 10 using various data processing methods for increas-
ing image quality and reducing power consumption to output
the data to the data driver 24 of the panel driver 22. For
example, in order to increase a response speed of liquid crys-
tal, the timing controller 20 may apply an overshoot or under-
shoot value selected from a lookup table according to a data
difference between adjacent frames and may correct the input
data into overdriving data to output the overdriving data. In
addition, in order to increase a contrast ratio or to reduce
power consumption, the timing controller 20 may analyze
brightness of the input data, may control brightness of the
backlight unit 50 according to the brightness analysis result,
and may also correct and output the data. When the timing
controller 20 controls the brightness of the backlight unit 50,
the timing controller 20 may repeat the PWM signal from the
host set 10 or may reflect a dimming value based on the
brightness analysis result to adjust a duty ratio of the input
PWM signal, and may supply the PWM signal, the duty ratio
of which is adjusted, to the backlight unit 50.

[0042] Inaddition, the timing controller 20 generates a data
control signal for control of drive timing of the data driver 24
and a gate control signal for control of drive timing of the gate
driver 26 using the plurality of synchronization signals input
from the host set 10. When the synchronization signal from
the host set 10 includes a dot signal and a data enable signal,
the timing controller 20 may generate and use a horizontal
synchronization signal and a vertical synchronization signal
(hereinafter, referred to as Vsync) via frequency analysis of
the input data using the dot clock and the data enable signal.
The timing controller 20 supplies the data control signal and
the gate control signal to the data driver 24 and the gate driver
26, respectively. The data control signal includes a source
start pulse and source sampling clock for controlling latch of
a data signal, a polarity control signal for controlling polarity
of the data signal, a source output enable signal for control-
ling an output period of the data signal, and the like. The gate
control signal includes a gate start pulse and gate shift clock
for control of scanning of a gate signal, a gate output enable
signal for control of an output period of the gate signal, and
the like. In addition, the timing controller 20 supplies the
vertical synchronization signal (Vsync) to the backlight
driver 30 for synchronization of the liquid crystal panel 28
and the backlight unit 50.

[0043] The panel driver 22 includes the data driver 24 for
driving a data line DL formed on a thin film transistor (TFT)
array of the liquid crystal panel 28, and the gate driver 26 for
driving a gate line GL formed on the TFT array of the liquid
crystal panel 28.

[0044] The data driver 24 supplies the image data from the
timing controller 20 to a plurality of data lines DL of the
liquid crystal panel 28 in response to the data control signal
from the timing controller 20. The data driver 24 converts
digital data input from the timing controller 20 into a positive/
negative analog data signal using a gamma voltage and sup-
plies the data signal to the data line DL whenever each gate
line GL is driven. The data driver 24 may include at least one
data IC, may be mounted on a circuit film such as a tape
carrier package (TCP), a chip on film (COF), a flexible
printed circuit (FPC), or the like, and may be attached to the
liquid crystal panel 28 using a tape automatic bonding (TAB)
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method or may be mounted on the liquid crystal panel 28
using a chip on glass (COG) method.

[0045] Thegatedriver 26 sequentially drives gate lines GLs
of the liquid crystal panel 28 in response to the gate control
signal from the timing controller 20. The gate driver 26 sup-
plies a scan pulse of a gate-on voltage to each gate line GL
every corresponding scan period and supplies a gate-off volt-
age for the remaining period when the other gate lines GLs are
driven. The gate driver 26 may include at least one gate IC,
may be mounted on a circuit film such as a TCP, a COF, aFPC,
or the like, and may be attached to the liquid crystal panel 28
using a TAB method or may be mounted on the liquid crystal
panel 28 using a COG method. On the other hand, the gate
driver 26 may be formed on a TFT substrate together with the
TFT array using the same process and may be internally
installed in the liquid crystal panel 28 using a gate in panel
(GIP) method.

[0046] The liquid crystal panel 28 includes a color filter
substrate on which a color filter array is formed, a thin film
transistor (TFT) substrate on which a TFT array is formed, a
liquid crystal layer between the color filter substrate and the
TFT substrate, and polarizing plates attached to external sur-
faces of the color filter substrate and TFT substrate. The liquid
crystal panel 28 displays an image through a pixel matrix on
whicha plurality of pixels is arranged. Each pixel implements
desired color by combinations of red R, green G, and blue B
sub-pixels which adjust optical transmittance using variation
in liquid crystal arrangement according to a data signal. Each
sub-pixel includes a thin film transistor TFT connected to the
gate line GL and the data line DL, and a liquid crystal capaci-
tor Clc and a storage capacitor Cst that are connected in
parallel to the thin film transistor TFT. The liquid crystal
capacitor Cle is charged with a difference voltage between the
data signal applied to a pixel electrode through the thin film
transistor TFT and a common voltage Vcom applied to a
commor electrode, and drives liquid crystal according to the
charged voltage to adjust optical transmittance. The storage
capacitor Cst stably maintains the voltage charged in the
liquid crystal capacitor Clc. The liquid crystal layer is driven
by a vertical magnetic field, for example, in a twisted nematic
(TN) mode or a vertical alignment (VA) mode or by a hori-
zontal magnetic field, for example, in an in-plane switching
(IPS) mode or a fringe field switching (FFS) mode.

[0047] The backlight unit 50 may use a direct type or edge
type backlight including, as a light source, a fluorescent lamp
driven by the backlight driver 30, such as a cold cathode
fluorescent lamp (CCFL), an external electrode fluorescent
lamp (EEFL), or thelike, or a light emitting diode (LED). The
direct type backlight includes light sources that are arranged
over an entire display region so as to face a bottom surface of
the liquid crystal panel 28 and a plurality of optical sheets
arranged over the light sources, and is configured in such a
way that light emitted from the light sources is irradiated to
the liquid crystal panel 28 through the plurality of optical
sheets. The edge type backlight includes a light guide plate
facing the bottom surface of the liquid crystal panel 28, a light
source disposed to face at least one edge of the light guide
plate, and a plurality of optical sheets disposed on the light
guide plate, and is configured in such a way that light emitted
from the light source is converted into light of a surface light
source and is irradiated to the liquid crystal panel 28 through
the plurality of optical sheets.

[0048] The backlight driver 30 drives the backlight unit 50
and also controls brightness of the backlight unit 50 in
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response to a duty ratio ofthe PWM signal input from the host
set 10 or the timing controller 20. When the backlight unit 50
is divided into a plurality of regions and is driven, a plurality
of backlight drivers 30 may be used to independently drive the
plurality of regions.

[0049] The backlight driver 30 samples the PWM signal
input from the host set 10 or the timing controller 20 to detect
a duty ratio of the PWM signal. The backlight driver 30
generates an output PWM signal using the Vsync and the
detected duty ratio and drives the backlight unit 50 using the
generated output PWM signal.

[0050] When the backlight driver 30 filters an input duty
ratio detected from an input PWM signal, if the input duty
ratio is detected to exceed a preset reference (or a reference
range), that is, if the input duty ratio is detected to correspond
to an unstable case, the backlight driver 30 may exclude the
unstable input duty ratio and may select and output a stable
input duty ratio of a previous period, thereby removing the
unstable duty ratio.

[0051] The backlight driver 30 may select only the stable
duty ratio by filtering the input duty ratio even if the input
PWM signal is unstable, and an output PWM signal having a
stable duty ratio is generated such that the backlight unit 50
may be driven, thereby preventing backlight flicker caused by
an unstable input PWM signal. Therefore, although the input
PWM signal is unable, the backlight driver 30 selects only a
stable duty ratio through filtering of the input duty ratio,
generates an output PWM signal having a stable duty ratio,
and may drive the backlight unit 50 using the generated PWM
signal, resulting in prevention of backlight flicker caused by
an unstable input PWM signal.

[0052] FIG. 3 is a block diagram of an internal structure of
the backlight driver 30 shown in FIG. 2. The backlight driver
30 shown in FIG. 3 includes a duty ratio detector 32 for
sampling and counting an input PWM signal to detect an
input duty ratio; a duty ratio filter 34 for selecting/outputting
a stable duty ratio by filtering an input duty ratio of the duty
ratio detector 32; and a PWM generator 36 for generating an
output PWM signal obtained when the duty ratio selected
from the duty ratio filter 34 is reflected in the input vertical
synchronization signal, and outputting the generated PWM
signal to the backlight unit 50.

[0053] The duty ratio detector 32 samples the PWM signal
input from the host set 10 or the timing controller 20 to detect
the input duty ratio. The duty ratio detector 32 detects each
period (P) of the input PWM signal and also detects a high
pulse width (A) of each period (P) by sampling and counting
the input PWM signal using an internal clock. In addition, the
duty ratio detector 32 calculates a ratio of the high pulse width
(A) to the period (P) detected per period as a percentage to
detect and output the input duty ratio every period of the input
PWM signal.

[0054] The duty ratio filter 34 eliminates an unstable duty
ratio by filtering an input duty ratio from the duty ratio detec-
tor 32, selecting a stable duty ratio, and outputting the
selected duty ratio. In more detail, as exemplarily shown in
FIG. 4, the duty ratio filter 34 calculates a difference between
a previous duty ratio and a current duty ratio for each frame,
and compares a difference between the calculated adjacent
duty ratios with a preset reference value. If a difference
between the duty ratios exceeds the reference value, the duty
ratio filter 34 determines a current duty ratio to be an unstable
duty ratio, selects a previous stable duty ratio instead of the
current unstable duty ratio, and outputs the selected duty ratio
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as a current duty ratio. In addition, the duty ratio filter feeds
back the selected duty ratio, and uses the duty ratio as a
previous duty ratio compared with a current duty ratio from
the duty ratio detector 32 in the next frame. Therefore, the
duty ratio filter 34 may exclude the unstable duty ratio, select
the stable duty ratio, and output the selected duty ratio. A
reference value of the input duty ratio may be obtained by
presetting an appropriate range to a corresponding liquid
crystal display device through a plurality of experiments by a
designer and storing the appropriate range in an internal
memory of the liquid crystal display device, and may be
updated as necessary.

[0055] The PWM generator 36 reflects the duty ratio
selected from the duty ratio filter 34 into the vertical synchro-
nization signal (Vsync) from the timing controller 20, such
that it generates a Vsync period and an output PWM signal
having the selected duty ratio, and outputs them to the back-
light unit 50. For example, the PWM generator 36 detects the
Vsync period, generates an internal clock based on the
detected Vsync period, generates the PWM signal having the
selected duty ratio using the internal clock, and outputs the
PWM signal to the backlight unit 50.

[0056] The Vsync filter may be further connected to an
input stage of the PWM generator 36. The Vsync filter
excludes an unstable vertical synchronization signal (Vsync)
exceeding a reference range by filtering the vertical synchro-
nization signal (Vsync) from the timing controller 20, and
supplies a stable vertical synchronization signal (Vsync) con-
tained in the reference range to the PWM generator 36.

[0057] FIG. 4 exemplarily shows a method for filtering a
duty ratio of a backlight driver shown in FIG. 3. Referring to
FIG. 4, when a frequency of an input PWM signal is changed
from 60 Hz to 50 Hz in response to change of the frame
frequency, there occurs a specific period in which the duty
ratio of the input PWM signal drops from 10% to 8.35% and
then returns to 10%. For example, if a reference value of the
duty ratio filter 34 is set to 1.5% and a difference in duty ratio
is higher than the reference value, this means that a current
input duty ratio is unstable.

[0058] In the N+1 frame, since there is no difference
between a previous duty ratio of 10% and a current duty ratio
of 10%, the current duty ratio of 10% is considered stable so
that the current duty ratio of 10% is selected and output. The
selected duty ratio of 10% 1s fed back and is used as a previous
duty ratio in the next N+2 frame.

[0059] Inthe N+2 frame, since a difference 1.65% between
a previous duty ratio 10% and a current duty ratio 8.35% is
higher than a reference value 1.5%, the current input duty
ratio of 8.35% is considered unstable so that the 8.35% duty
ratio is excluded. As a result, the previous duty ratio of 10% is
selected and output, and the selected duty ratio of 10% is fed
back and is used as a previous duty ratio in the next (N+3)
frame.

[0060] In the N+3 frame, since there is no difference
between a previous duty ratio of 10% and a current duty ratio
of 10%, the current duty ratio of 10% is considered stable so
that the current duty ratio of 10% is selected and output. The
selected duty ratio of 10%1s fed back and is used as a previous
duty ratio in the next frame.

[0061] Therefore, although there occurs an abnormal
period in which the duty ratio of an input PWM signal
becomes unstable in the frequency change process, the duty
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ratio filter 34 selects/outputs a stable previous duty ratio
instead of a current unstable duty ratio, thereby excluding the
unstable duty ratio.

[0062] FIG.51isaschematic block diagram of the duty ratio
filter 34 shown in FIG. 3 according to another embodiment of
the present invention. Referring to FIG. 5, the duty ratio filter
34 includes a buffer 340 for delaying an input duty ratio from
the duty ratio detector 32 shown in FIG. 32 by one frame; an
input multiplexer 342 for selecting one of'a duty ratio from the
buffer 340 and a fed back duty ratio in response to a flag
signal, and outputting the selected duty ratio as a previous
duty ratio; a duty ratio comparator 344 for comparing a pre-
vious duty ratio from the input multiplexer 342 with a current
duty ratio from the duty ratio detector 32 so as to detect a
difference in duty ratio; a duty ratio determination unit 346
for comparing the duty-ratio difference from the duty ratio
comparator 344 with a preset reference value (or a reference
range) so as to output a flag signal indicating whether the
current duty ratio is stable; and a multiplexer 348 for selecting
one of a previous duty ratio from the duty ratio comparator
344 and a current duty ratio in response to a flag signal from
the duty ratio determination unit 346, and outputting the
selected duty ratio.

[0063] The buffer 340 delays the input duty ratio from the
duty ratio detector 32 shown in FIG. 3 by one frame, and
outputs the delayed result to the input multiplexer 342.
[0064] Upon receiving the flag signal from the duty ratio
determination unit 346, the input multiplexer 342 selects one
of aprevious input duty ratio from the buffer 340 and another
duty ratio fed back from the output stage of the output mul-
tiplexer 348 as a previous duty ratio, and outputs the selected
duty ratio to the duty ratio comparator 344. If the flag signal
from the duty ratio determination unit 346 indicates a stable
state of the current duty ratio, the input multiplexer 342
selects a previous input duty ratio from the buffer 340 as a
previous duty ratio, and outputs the selected duty ratio to the
duty ratio comparator 344. On the other hand, if the flag signal
from the duty ratio determination unit 346 indicates an
unstable state of the current duty ratio, the input multiplexer
342 selects the duty ratio fed back from the output stage of the
output multiplexer 348 as a previous duty ratio, and outputs
the selected duty ratio to the comparator 344.

[0065] The duty ratio comparator 344 compares a previous
duty ratio from the input multiplexer 342 with a current duty
ratio from the duty ratio detector 32 so as to detect adifference
in duty ratio, outputs the detected duty-ratio difference to the
duty ratio determination unit 346, and outputs the previous
duty ratio and the current duty ratio to the output multiplexer
348.

[0066] The duty ratio determination unit 346 compares the
duty-ratio difference from the duty ratio comparator 344 with
a preset reference value (or a reference range), and generates/
outputs a flag signal indicating whether the current duty ratio
is stable. In more detail, the duty ratio determination unit 346
compares the duty-ratio difference from the duty ratio com-
parator 344 with a preset minimum reference value A and a
preset maximum reference value B. If the duty ratio differ-
ence 1s less than the minimum reference value A or is higher
than the maximum reference value B, the current duty ratio is
determined to be stable, and the flag signal ““1” indicating the
stable state is output to the first and output multiplexers 342
and 348. On the other hand, assuming that the duty ratio
difference is equal to or higher than the minimum reference
value A or is equal to or less than the maximum reference
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value B, the duty ratio determination unit 346 determines that
the current duty ratio is unstable. The flag signal “0” indicat-
ing the unstable state is output to the first and output multi-
plexers 342 and 348.

[0067] Incontrast,ifthe duty ratio difference is equal to or
higher than the minimum reference value A or is equal to or
less than the maximum reference value B, the duty ratio
determination unit 346 may determine that the current duty
ratio is stable. If the duty ratio difference is less than the
minimum reference value A or higher than the maximum
reference value B, the duty ratio determination unit 346 may
determine that the current duty ratio is unstable.

[0068] The minimum and maximum reference values A
and B serving as threshold values of the duty ratio determi-
nation unit 346 are preset according to a corresponding liquid
crystal display device by a designer and are pre-stored in an
EEPROM 40 that is an internal memory of the liquid crystal
display device. The host set 10 may update the minimum and
maximum reference values A and B stored in the EEPROM
40 to auser-desired value, that is, an intended value of the host
set 10 via 12C communication, thereby increasing a freedom
degree of adjustment of the reference values A and B. As a
result, variation of the duty ratio ofa PWM signal intended by
the host set 10 may be achieved.

[0069] The output multiplexer 348 selects one of a previous
duty ratio from the duty ratio comparator 344 and a current
duty ratio in response to a flag signal from the duty ratio
determination unit 346, and outputs the selected duty ratio to
the PWM generator 36 and the input multiplexer 342. If the
flag signal from the duty ratio determination unit 346 indi-
cates a stable state of the current duty ratio, the output mul-
tiplexer 348 selects a current duty ratio from the duty ratio
comparator 344, and outputs the selected duty ratio to the
PWM generator 36 and the input multiplexer 342. On the
other hand, ifthe flag signal from the duty ratio determination
unit 346 indicates an unstable state of the current duty ratio,
the output multiplexer 348 selects a previous duty ratio from
the duty ratio comparator 344, and outputs the selected duty
ratio to the PWM generator 36 and the input multiplexer 342.

[0070] In one embodiment, the buffer 340 and the input
multiplexer 342 may be omitted from the duty ratio filter 34
illustrated in FIG. 5. In this case, the duty ratio comparator
344 may use the selected duty ratio fed back from the output
stage from the output multiplexer 348 as a previous duty ratio.

[0071] FIG. 6 exemplarily shows the duty-ratio filtering
method for use in the duty ratio filter 34 shown in FIG. 5.
Referring to FIG. 6, when a frequency of an input PWM
signal is changed from 60 Hz to 50 Hz in response to change
of the frame frequency, there occurs a specific period in which
the duty ratio of the input PWM signal drops from 10% to
8.35% and then returns to 10%. As illustrated in FIG. 6, the
duty ratio of the input PWM signal is changed from 10% to
20%, or is changed from 20% to 19%. For example, if a
minimum reference value A of the duty ratio filter 346 is set to
1.5% and amaximum reference value B thereof is set to 8.5%,
and if a difference in duty ratio is less than the minimum
reference value A or is higher than the maximum reference
value B, this means that a current input duty ratio is stable.

[0072] In the N+1 frame, since there is no difference
between a previous duty ratio of 10% and a current duty ratio
of 10%, the current duty ratio of 10% is considered stable. In
response to the flag signal “1” indicating the stable state, the
current duty ratio of 10% is selected and output.
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[0073] 1Inthe N+2 frame, in response to the flag signal “1”
indicating the stable state in the N+1 frame, the 10% duty
ratio delayed by one frame is selected as a previous duty ratio.
Since a difference 1.65% between a previous duty ratio 10%
and a current duty ratio 8.35% is higher than a minimum
reference value (A) 1.5%, the current input duty ratio of
8.35% is considered unstable, so that the current duty ratio of
8.35% is considered unstable. As a result, the previous duty
ratio of 10% is selected and output in response to the flag
signal “0” indicating the unstable state.

[0074] Inthe N+3 frame, in response 1o the flag signal “0”
indicating the unstable state in the N+2 frame, the 10% fed
back duty ratio is selected as a previous duty ratio. Since there
1s no difference between a previous duty ratio of 10% and a
current duty ratio of 10%, the current duty ratio of 10% is
considered stable so that the current duty ratio of 10% is
selected and output in response to the flag signal (1) indicat-
ing the stable state.

[0075] Inthe N+4 frame, in response to the flag signal “1”
indicating the stable state in the N+3 frame, the 10% duty
ratio delayed by one frame is selected as a previous duty ratio.
Since a difference 10% between a previous duty ratio 10%
and a current duty ratio 20% is higher than a maximum
reference value (B) 8.5%, the current duty ratio of 20% is
considered stable. As a result, the current duty ratio of 20% is
selected and output in response to the flag signal ““1” indicat-
ing the stable state.

[0076] Inthe N+5 frame, in response to the flag signal “1”
indicating the stable state in the N+4 frame, the 20% duty
ratio delayed by one frame is selected as a previous duty ratio.
Since a difference 1% between a previous duty ratio 20% and
a current duty ratio 19% is less than a minimum reference
value (A) 1.5%, the current duty ratio of 19% is considered
stable. As a result, the current duty ratio of 19% is selected
and output in response to the flag signal “1” indicating the
stable state.

[0077] Therefore, although there occurs an abnormal
period in which the duty ratio of an input PWM signal
becomes unstable in the frequency change process, the duty
ratio filter 34 selects/outputs a stable previous duty ratio
instead of a current unstable duty ratio, thereby excluding the
unstable duty ratio.

[0078] As described above, the backlight driver and the
method for driving the same according to the present inven-
tion compare a previous duty ratio with a current duty ratio
every period of an input PWM signal. If a current duty ratio is
unstable, the backlight driver and the method for driving the
same may select and output a stable duty ratio, may generate
an output PWM signal having a stable duty ratio even if an
input PWM signal is unstable, and may drive the backlight
unit 50 using the generated PWM signal, resulting in preven-
tion of backlight flicker caused by an unstable input PWM
signal.

[0079] As is apparent from the above description, a back-
light driver and a method for driving the same according to the
embodiments of the present invention remove an unstable
duty ratio by filtering an input PWM signal, maintain a stable
duty ratio, and generate a stable output PWM signal irrespec-
tive of an unstable input PWM signal input, thereby prevent-
ing backlight flicker by controlling a backlight unit.

[0080] It will be apparent to those skilled in the art that
various modifications and variations can be made in the
present invention without departing from the spiritor scope of
the inventions. Thus, it is intended that the present invention
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covers the modifications and variations of this invention pro-
vided they come within the scope of the appended claims and
their equivalents.

What is claimed is:

1. A backlight driver conmprising:

a duty ratio detector for detecting a duty ratio of an input
pulse width modulation (PWM) signal;

a duty ratio filter for detecting a difference between a
current duty ratio received from the duty ratio detector
and a previous duty ratio, determining whether the
detected duty ratio difference satisfies a preset reference
condition, selecting one of the current duty ratio and the
previous duty ratio, and outputting the selected duty
ratio; and

a PWM generator for generating an output PWM signal
obtained when a selected duty ratio from the duty ratio
filter is reflected in an input synchronization signal, and
outputting the output PWM signal to a backlight unit.

2. The backlight driver according to claim 1, wherein the
duty ratio filter selects/outputs the current duty ratio when the
duty ratio difference satisfies the reference condition, and
selects/outputs the previous duty ratio when the duty ratio
difference exceeds the reference condition.

3. The backlight driver according to claim 2, wherein the
duty ratio filter feeds back the selected duty ratio, and uses the
fed back duty ratio as the previous duty ratio.

4. The backlight driver according to claim 2, wherein the
duty ratio filter includes:

a duty ratio comparator for comparing the previous duty
ratio with a current duty ratio so as to detect the duty
ratio difference;

aduty ratio determination unit for comparing the duty ratio
difference from the duty ratio comparator with the ref-
erence condition so as to output a flag signal indicating
whether the reference condition is satisfied; and

an output multiplexer for selecting one of a previous duty
ratio from the duty ratio comparator and a current duty
ratio in response to the flag signal from the duty ratio
determination unit, and outputting the selected duty
ratio.

5. The backlight driver according to claim 4, further com-

prising:

abuffer for delaying a current duty ratio from the duty ratio
detector by one frame, and outputting the delayed duty
ratio; and

an input multiplexer for selecting one of the delayed duty
ratio from the buffer and the selected duty ratio from the
output multiplexer in response to a flag signal from the
duty ratio determination signal, and outputting the
selected duty ratio as the previous duty ratio.

6. The backlight driver according to claim 4, wherein:

if the duty ratio difference is less than a preset minimum
reference value or is higher than a preset maximum
reference value, the duty ratio determination unit deter-
mines that the current duty ratio is stable; and

if the duty ratio difference is equal to or higher than the
minimum reference value or is equal to or less than the
maximum reference value, the duty ratio determination
unit determines that the current duty ratio is unstable.

7. The backlight driver according to claim 5, wherein:

ifthe duty ratio difference is between a minimum reference
value and a maximum reference value, the duty ratio
determination unit determines that the current duty ratio
is stable; and



US 2013/0321254 Al

if the duty ratio difference is not between the minimum
reference value and the maximum reference value, the
duty ratio determination unit determines that the current
duty ratio is unstable.

8. The backlight driver according to claim 1, wherein the
input PWM signal is a PWM signal received from a host set or
a timing controller, and the synchronization signal is a verti-
cal synchronization signal received from the timing control-
ler.

9. A method for driving a backlight driver, the method
comprising:

detecting a duty ratio of an input pulse width modulation

(PWM) signal,

detecting a difference between the detected current duty

ratio and a previous duty ratio;

determining whether the detected duty ratio difference sat-

isfies a preset reference condition;

selecting one of the current duty ratio and the previous duty

ratio;

outputting the selected duty ratio;

generating an output PWM signal obtained when a selected

duty ratio from the duty ratio filter is reflected in an input
synchronization signal; and

outputting the output PWM signal to a backlight unit.

10. The method according to claim 9, wherein selecting the
duty ratio includes:

selecting the current duty ratio when the duty ratio differ-

ence satisfies the reference condition; and

selecting the previous duty ratio when the duty ratio dif-

ference exceeds the reference condition.

11. The method according to claim 9, further comprising:

feeding back the selected duty ratio, and using the fed back

duty ratio as the previous duty ratio.

12. The method according to claim 9, wherein selecting the
duty ratio includes:

detecting the duty ratio difference by comparing the pre-

vious duty ratio with a current duty ratio;
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comparing the duty ratio difference from the duty ratio
comparator with the reference condition;

outputting a flag signal indicating whether the reference
condition is satisfied;

selecting one of a previous duty ratio from the duty ratio
comparator and a current duty ratio in response to the
flag signal from the duty ratio determination unit; and

outputting the selected duty ratio.

13. The method according to claim 12, wherein selecting

the duty ratio includes:

delaying a current duty ratio from the duty ratio detector by
one frame;

outputting the delayed duty ratio;

feeding back the selected duty ratio, and using it as the
previous duty ratio;

selecting one of the delayed duty ratio and the fed back
duty ratio in response to the flag signal; and

outputting the selected duty ratio as the previous duty ratio.

14. The method according to claim 12, wherein outputting

the flag signal includes:

if the duty ratio difference is less than a preset minimum
reference value or is higher than a preset maximum
reference value, determining that the current duty ratio is
stable; and

if the duty ratio difference is equal to or higher than the
minimum reference value or is equal to or less than the
maximum reference value, determining that the current
duty ratio is unstable.

15. The method according to claim 12, wherein:

ifthe duty ratio difference is between a minimum reference
value and a maximum reference value, determining that
the current duty ratio is stable; and

if the duty ratio difference is not between the minimum
reference value and the maximum reference value,
determining that the current duty ratio is unstable.
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