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based on a comparison result between an input period of an
input synchronization signal and a previous output period of
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METHOD AND CIRCUIT FOR
SYNCHRONIZING INPUT AND OUTPUT
SYNCHRONIZATION SIGNALS, BACKLIGHT
DRIVER OF LIQUID CRYSTAL DISPLAY
DEVICE USING THE SAME AND METHOD
FOR DRIVING THE BACKLIGHT DRIVER

[0001] This application claims the benefit of Korean Patent
Application No. 10-2011-0127998, filed Dec. 1, 2011, 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 method and circuit
for synchronizing input and output synchronization signals
and more particularly, to a method and circuit for synchro-
nizing input and output synchronization signals, which can
synchronize an output synchronization signal based on fre-
quency change of an input synchronization signal and limit
input and output periods, thereby preventing flickering, a
backlight driver of a liquid crystal display device using the
same, and a method for driving the backlight driver.

[0004] 2. Discussion of the Related Art

[0005] Representative examples of flat panel display
devices that display images using digital data include Liquid
Crystal Display (LCD) devices using liquid crystals, Plasma
Display Panels (PDPs) using discharge of inert gas, and
Organic Light Emitting Diode (OLED) display devices using
OLEDs. Among these, LCD devices have been widely
applied to a variety of fields, such as TVs, monitors, laptop
computers and cellular phones.

[0006] A liquid crystal display device is configured to dis-
play images via a matrix of pixels that use electrical and
optical properties of liquid crystals having anisotropy, such as
refraction and permittivity. Each pixel of the liquid crystal
display device performs gradation by adjusting transmittance
oflight through a polarizing plate via change in the alignment
direction of liquid crystals depending on data signals. Such a
liquid crystal display device includes a liquid crystal panel to
display images via a matrix of pixels, a drive circuit to drive
the liquid crystal panel, a backlight unit to irradiate light to the
liquid crystal panel, and a backlight driver to drive the back-
light unit.

[0007] Recently, an LED backlight unit whose light source
is light emitting diodes (hereinafter, referred to as LEDs) has
been used because LEDs have advantages of more rapid
lighting operation, higher brightness and lower power con-
sumption than conventional lamps. The LED backlight unit
emits white light generated using white LEDs or a combina-
tion of red/green/blue LEDs. Moreover, the LED backlight
unit can advantageously perform not only global dimming
that controls backlight brightness throughout the backlight
unit, but also local dimming that controls backlight brightness
on a per position basis, i.e. on a per split block basis.

[0008] A backlight driver to drive the LED backlight unit
functions to generate a Pulse Width Modulation (PWM) sig-
nal having a duty ratio corresponding to a dimming value
input from an external system, such as a TV set, or a timing
controller, and adjust a turn-on/turn-off time of the LED
backlight unit based on the PWM signal to control brightness
of the LED backlight unit.

[0009] The backlight driver utilizes a Vertical Synchroni-
zation (VSYNC) signal that divides a frame of image data
input from the external system to synchronize the LED back-
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light unit with a liquid crystal panel. In this case, to respond to
frequency change of the input VSYNC signal, the backlight
driver sets an output period by calculating an input period of
the VSYNC signal on a per frame basis and generates internal
clocks required to generate duty of the PWM signal using the
output period of the VSYNC signal.

[0010] However, with regard to calculation of the input and
output periods of the VSYNC signal on a per frame basis, if
sudden frequency change of the VSYNC signal occurs, con-
ventional backlight drivers may fail to set an output period
depending on the suddenly changed input period, thereby
having difficulty in generating the internal clocks. This causes
the duty ratio of a PWM signal to deviate from a desired value.
Consequently, the LED backlight unit exhibits brightness
fluctuation, thereby suffering from deterioration of image
quality, such as occurrence of flickering on a screen.

SUMMARY OF THE INVENTION

[0011] Accordingly, the present invention is directed to a
method and circuit for synchronizing input and output syn-
chronization signals, a backlight driver of a liquid crystal
display device using the same, and a method for driving the
backlight driver that substantially obviate one or more prob-
lems due to limitations and disadvantages of the related art.
[0012] One object of the present invention is to provide a
method and circuit for synchronizing input and output syn-
chronization signals, which may generate stabilized internal
clocks depending on an output synchronization signal even
during an operation of synchronizing input and output syn-
chronization signals based on frequency change of the input
synchronization signal, a backlight driver of a liquid crystal
display device using the same, and a method for driving the
backlight driver.

[0013] Another object of the present invention is to provide
a method and circuit for synchronizing input and output syn-
chronization signals, which may prevent an output synchro-
nization signal from being suddenly changed due to fre-
quency change of an input synchronization signal, thereby
preventing flickering, a backlight driver of a liquid crystal
display device using the same, and a method for driving the
backlight driver.

[0014] 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 out in the written
description and claims hereof as well as the appended draw-
ings.

[0015] To achieve these objects and other advantages and in
accordance with the purpose of the invention, as embodied
and broadly described herein, a method for synchronizing
input and output synchronization signals, includes generating
an output synchronization signal whose output period is set
based on a comparison result between an input period of an
input synchronization signal and a previous output period of
the output synchronization signal, and limiting the output
period of the output synchronization signal within a pre-
defined limit range from the previous output period.

[0016] The limiting the output period of the output syn-
chronization signal may include comparing the output period
with the limit range, maintaining and outputting the output
period if the output period is within the limit range, and
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setting the output period to a minimum value or a maximum
value of the limit range to output the set output period if the
output period deviates from the limit range.

[0017] The limit range of the output period may be preset to
“the previous output period=a critical value”, and the critical
value may be set to be less than the previous output period.
[0018] The output period may be set to the minimum value
of'the limit range and the output period of the minimum value
may be output if the output period is less than the limit range,
and the output period may be set to the maximum value of the
limit range and the output period of the maximum value may
be output if the output period is greater than the limit range.
[0019] The generating the output synchronization signal
may include detecting an N input period of the input syn-
chronization signal, where N is a positive integer, judging
whether or not the detected N input period is equal to a
previous N-17 input period of the output synchronization
signal, detecting a difference between an end time of the
N-17 output period and an end time of the N input period if
the detected N input period is not equal to the N-1% output
period, performing calculation between the detected differ-
ence and the N input period, and setting the calculated value
to an N7 output period, and generating and outputting an
output synchronization signal having the set N” output
period.

[0020] After the detecting the N? input period, the method
may further include judging whether or not the detected N
input period is within a preset reference range, and generating
and outputting an output synchronization signal having the
N-1? output period if the N input period deviates from the
reference range, and the method may proceed to the judging
whether or not the N input period is equal to the N-17 output
period if the N input period is within the reference range.
[0021] Ifthe N input period is equal to the N-1? output
period, the method may further include setting the N” input
period to the N output period and outputting the N output
period.

[0022] The setting the calculated value to the N output
period may include setting a value, obtained by adding the
detected difference to the N input period, to the N? output
period if the N input period becomes greater than the N—17
output period, and setting a value, obtained by subtracting the
detected difference from the N? input period, to the N* out-
put period if the N input period becomes less than the N—1%
output period.

[0023] TheN” input period and the N* output period of the
synchronization signals may have a time difference of at least
one period.

[0024] The input period of the input synchronization signal
may be a filtering input period obtained by low pass filtering
a plurality of adjacent input periods.

[0025] In accordance with another aspect of the invention,
a method for synchronizing input and output synchronization
signals, includes low pass filtering a plurality of adjacent
input periods of an input synchronization signal to output a
filtering input period, and generating an output synchroniza-
tion signal whose output period is set based on a comparison
result between the filtering input period and a previous output
period of the output synchronization signal.

[0026] The filtering input period may be obtained by apply-
ing weights to a current input period of the input synchroni-
zation signal and a plurality of pervious input periods adja-
cent to the current input period respectively and summing the
results.
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[0027] In accordance with another aspect of the invention,
a circuit for synchronizing input and output synchronization
signals, includes an internal synchronization signal generat-
ing unit to generate an output synchronization signal whose
output period is set based on a comparison result between an
input period of an input synchronization signal and a previous
output period of the output synchronization signal, and a
period limiter to limit the output period of the output synchro-
nization signal within a predefined limit range from the pre-
vious output period.

[0028] The period limiter may compare the output period
with the limit range, may maintain and output the output
period if the output period is within the limit range, and may
set the output period to a minimum value or a maximum value
of'the limit range to output the set output period if the output
period deviates from the limit range.

[0029] The internal synchronization signal generating unit
may detect an N input period of the input synchronization
signal, where N is a positive integer, may judge whether or not
the detected N* input period is equal to a previous N-17 input
period of the output synchronization signal, may detect a
difference between an end time of the N— 17 output period and
an end time of the N input period if the detected N input
period is not equal to the N-1? output period, may perform
calculation between the detected difference and the N? input
period, sets the calculated value to an N output period, and
may generate and output the output synchronization signal
having the set N’ output period.

[0030] The internal synchronization signal generating unit
may judge whether or not the detected N” input period is
within a preset reference range after the detecting the N
input period, and may generate and output the output syn-
chronization signal having the N-1? output period if the N
input period deviates from the reference range, and may judge
whether or not the N” input period is equal to the N-17 output
period if the N” input period is within the reference range.
[0031] The internal synchronization signal generating unit
may set the N* input period to the N* output period to output
the N output period if the N” input period is equal to the
N-17 output period, may set a value, obtained by adding the
detected difference to the N input period, to the N* output
period if the N” input period becomes greater than the N-17
output period, and may set a value, obtained by subtracting
the detected difference from the N input period, to the N*
output period if the N? input period becomes less than the
N-1? output period.

[0032] The circuit for synchronizing input and output syn-
chronization signals may further include a low pass filter to
supply the input period, which is a filtering input period
obtained by low pass filtering a plurality of adjacent input
periods of the input synchronization signal, to the internal
synchronization signal generating unit.

[0033] In accordance with another aspect of the invention,
a circuit for synchronizing input and output synchronization
signals, includes a low pass filter to perform low pass filtering
of a plurality of adjacent input periods of an input synchro-
nization signal to output a filtering input period, and an inter-
nal synchronization signal generating unit to generate an
output synchronization signal whose output period is set
based on a comparison result between the filtering input
period and a previous output period of the output synchroni-
zation signal.

[0034] The low pass filter may be a finite impulse response
(FIR) filter which applies weights to a current input period of
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the input synchronization signal and a plurality of pervious
input periods adjacent to the current input period respectively
and summing the results.

[0035] In accordance with another aspect of the invention,
a method for driving a backlight driver of a liquid crystal
display device, includes generating and outputting an output
vertical synchronization signal which is synchronized based
on change of an input period of an input vertical synchroni-
zation signal using the method for synchronizing input and
output synchronization signals, generating internal clocks
based on an output period of the output vertical synchroniza-
tion signal, and generating a pulse width modulation signal
having a predetermined duty ratio using the internal clocks to
drive a backlight unit.

[0036] Inaccordance with a further aspect of the invention,
a backlight driver of a liquid crystal display device includes a
synchronization circuit to generate and output an output ver-
tical synchronization signal which is synchronized based on
change of an input period of an input vertical synchronization
signal using the circuit for synchronizing input and output
synchronization signals, a clock generating unit to generate
internal clocks based on an output period of the output verti-
cal synchronization signal from the synchronization circuit,
and a pulse width modulation signal generating unit to gen-
erate a pulse width modulation signal having a predetermined
duty ratio using the internal clocks to drive a backlight unit.
[0037] Itistobeunderstood 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

[0038] 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:

[0039] FIG.1is a block diagram schematically illustrating
aliquid crystal display device according to an embodiment of
the present invention;

[0040] FIG. 2 is a block diagram illustrating an internal
configuration of a backlight driver according to a first
embodiment of the present invention;

[0041] FIG. 3 is a flowchart illustrating the sequence of a
method for synchronizing input and output signals of the
backlight driver illustrated in FIG. 2;

[0042] FIG. 4 is a flowchart illustrating an operation of
generating an internal vertical synchronization signal illus-
trated in FIG. 3 in detail;

[0043] FIG. 5 is a waveform diagram illustrating synchro-
nization of input and output synchronization signals and
change of an output period in the case in which the frequency
becomes fast in the backlight driver illustrated in FIG. 2;
[0044] FIG. 6 is a waveform diagram illustrating synchro-
nization of input and output synchronization signals and
change of an output period in the case in which the frequency
becomes slow in the backlight driver illustrated in FIG. 2;
[0045] FIG. 7 is a block diagram illustrating an internal
configuration of a backlight driver according to a second
embodiment of the present invention;

[0046] FIG. 8 is a block diagram illustrating an exemplary
configuration of an FIR filter illustrated in FIG. 7;
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[0047] FIG. 9 is a block diagram illustrating an internal
configuration of a backlight driver according to a third
embodiment of the present invention;

[0048] FIG.10is a waveform diagram illustrating synchro-
nization of input and output synchronization signals and
change of an output period in the case in which the frequency
becomes fast in the backlight driver illustrated in FIG. 9;
[0049] FIG.11 is a waveform diagram illustrating synchro-
nization of input and output synchronization signals and
change of an output period in the case in which the frequency
becomes slow in the backlight driver illustrated in FIG. 9; and
[0050] FIG.12 is a waveform diagram illustrating synchro-
nization of input and output synchronization signals and
change of an output period in the case in which the frequency
is repeatedly changed in the backlight driver illustrated in
FIG. 9.

DETAILED DESCRIPTION OF THE INVENTION

[0051] FIG. 1 is a block diagram schematically illustrating
aliquid crystal display device according to an embodiment of
the present invention.

[0052] The liquid crystal display device illustrated in FIG.
1 includes a liquid crystal panel 28, a backlight unit 50, a
panel drive unit 22 including a data driver 24 and a gate driver
26 to drive the liquid crystal panel 28, a backlight driver 30 to
drive the backlight unit 50, and a timing controller 20 to
control driving of the panel drive unit 22 and the backlight
driver 30.

[0053] The timing controller 20 functions to correct data
input from the outside using a variety of data processing
methods for the sake of enhancement in image quality and
reduction of power consumption and output the corrected
data to the data driver 24 of the panel drive unit 22. For
example, assuming that the backlight unit 50 using LEDs is
driven by a local dimming method, the timing controller 20
determines a local dimming value, required to control bright-
ness of the backlight unit 50 on a per block basis, via data
analysis and compensates for data by reduced brightness via
local dimming to output the compensated data. To enhance
the response speed of liquid crystals, the timing controller 20
may correct input data into overdriving data using an over-
shoot value or an undershoot value selected from a look-up
table based on a data difference between adjacent frames to
output the corrected data. In addition, the timing controller 20
generates data control signals to control driving timing of the
data driver 24 and gate control signals to control driving
timing of the gate driver 26 using a plurality of synchroniza-
tion signals input from the outside, i.e. vertical synchroniza-
tion signals and horizontal synchronization signals, data
enable signals and dot clocks. The timing controller 20 out-
puts the generated data control signals and gate control sig-
nals respectively to the data driver 24 and the gate driver 26.
The data control signals may include source start pulses and
source sampling clocks to control a latch of data signals,
polarity control signals to control a polarity of data signals,
and source output enable signals to control an output duration
of data signals. The gate control signals may include gate start
pulses and gate shift clocks to control scanning of gate sig-
nals, and gate output enable signals to control an output
duration of gate signals.

[0054] The panel drive unit 22 includes the data driver 24 to
drive a plurality of data lines DL of the liquid crystal panel 28
and the gate driver 26 to drive a plurality of gate lines GL of
the liquid crystal panel 28.
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[0055] The data driver 24 supplies image data from the
timing controller 20 to the plurality of data lines DL of the
liquid crystal panel 28 in response to the data control signals
from the timing controller 20. The data driver 24 converts
digital data input from the timing controller 20 into positive
polarity/negative polarity analog data signals using a gamma
voltage and supplies the data signals to the data lines DL
whenever each of the gate lines GL is driven. The data driver
24 takes the form of at least one data Integrated Circuit (IC).
Thus, the data driver 24 may be mounted on a circuit film,
such as a Tape Carrier Package (TCP), Chip On Film (COF)
and Flexible Printed Circuit (FPC) film and may be attached
to the liquid crystal panel 28 using a Tape Automatic Bonding
(TAB) method, or may be mounted on the liquid crystal panel
28 using a Chip On Glass (COG) method.

[0056] The gate driver 26 sequentially drives the plurality
of gate lines GL formed at a thin film transistor array of the
liquid crystal panel 28 in response to the gate control signals
from the timing controller 20. The gate driver 26 supplies a
gate on voltage of a scan pulse during every corresponding
scan duration of each gate line GL and supplies a gate off
voltage during the remaining period for which the other gate
lines GL are driven. The gate driver 26 takes the form of at
least one gate IC. Thus, the data driver 24 may be mounted on
a circuit film, such as a Tape Carrier Package (TCP), Chip On
Film (COF) and Flexible Printed Circuit (FPC) film and may
be attached to the liquid crystal panel 28 using a Tape Auto-
matic Bonding (TAB) method, or may be mounted on the
liquid crystal panel 28 using a Chip On Glass (COG) method.
In addition, the gate driver 26 may be embedded in the liquid
crystal panel 28 using a Gate In Panel (GIP) method and may
be formed on a thin film transistor substrate along with a pixel
array.

[0057] The liquid crystal panel 28 includes a color filter
substrate on which a color filter array is formed, a thin film
transistor substrate on which a thin film transistor array is
formed, a liquid crystal layer between the color filter substrate
and the thin film transistor substrate, and polarizing plates
attached respectively to outer surfaces of the color filter sub-
strate and the thin film transistor substrate. The liquid crystal
panel 28 displays images via a matrix of a plurality of pixels.
Each pixel generates a desired color via a combination of red,
green and blue sub pixels that adjust light transmittance by
changing alignment of liquid crystals based on data signals.
Each sub pixel includes a thin film transistor TF'T connected
to the corresponding gate line GL and data line DL, and a
liquid crystal capacitor Clc and a storage capacitor Cst which
are connected in parallel to the thin film transistor TFT. The
liquid crystal capacitor Clc is charged with a difference volt-
age between the data signal supplied to a pixel electrode
through the thin film transistor TFT and a common voltage
Vcom supplied to a common electrode, and drives liquid
crystals using the charged voltage to adjust light transmit-
tance. The storage capacitor Cst assists in stably maintaining
the voltage charged to the liquid crystal capacitor Clc. The
liquid crystal layer may be driven by a vertical electric field,
such as in a Twisted Nematic (TN) mode or a Vertical Align-
ment (VA) mode, or may be driven by a horizontal electric
field, such as in an In-Plane Switching (IPS) mode or a Fringe
Field Switching (FFS) mode.

[0058] The backlight unit 50 includes a vertical type or
edge type LED backlight, which is split-driven into a plurality
of blocks by the backlight driver 30 to irradiate light to the
liquid crystal panel 28. In the case of the vertical type LED
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backlight, an LED array is arranged throughout a display
region to face the liquid crystal panel 28. In the case of the
edge type LED backlight, an LED array is arranged to face at
least two edges of a light guide plate that faces the liquid
crystal panel 28, such that light irradiated from the LED array
is converted into planar light via the light guide plate to
thereby be directed to the liquid crystal panel 28.

[0059] The backlight driver 30 drives the LED backlight
unit 50 on a per LED block basis based on a dimming value
from an external system or the timing controller 20, thereby
controlling brightness on a per block basis. Assuming that the
backlight unit 50 is split-driven into a plurality of port areas,
a plurality of backlight drivers 30 may be provided to inde-
pendently drive the plurality of port areas. The backlight
driver 30 drives the backlight unit 50 by generating a Pulse
Width Modulation (PWM) signal, which has a duty ratio
corresponding to the dimming value, on a per block basis and
supplying an LED drive signal corresponding to the gener-
ated PWM signal on a per LED block basis. In this case, to
synchronize the LED backlight unit 50 with the liquid crystal
panel 28, the backlight driver 30 generates the PWM signal
using a vertical synchronization signal (hereinafter referred
to as “VSYNC”), which is a frame dividing signal input from
the external system or the timing controller 20.

[0060] In particular, to adaptively respond to frequency
change of the input VSYNC, the backlight driver 30 generates
and outputs an internal VSYNC whose output period is set
based on a comparison result between an input period of the
input VSYNC on a per frame basis (on a per period basis) and
aprevious output period of the internal VSYNC. A method for
synchronizing an input VSYNC and an output VSYNC with
each other is disclosed in detail in Korean Patent Application
No. 10-2010-0140615 (filed on Dec. 31, 2010) by the appli-
cant of the invention.

[0061] Inthe synchronization method disclosed in the prior
patent application, to synchronize an input VSYNC and an
output VSYNC with each other, the backlight driver 30
detects an input period of an input VSYNC on a per frame
basis (on a per period basis), and compares the detected input
period with a previous output period of an internal VSYNC. If
the input period of the input VSYNC is equal to the previous
output period of the internal VSYNC, the backlight driver 30
generates and outputs an internal VSYNC whose output
period is equal to the input period (i.e. the previous output
period). On the other hand, if the input period of the input
VSYNC is not equal to the previous output period of the
internal VSYNC, the backlight driver 30 detects a difference
between an end time of the input period and an end time of the
previous output period (i.e. a time when the previous output
period will end), and adjusts the input period by the differ-
ence. The backlight driver 30 sets the adjusted input period to
an output period, thereby generating and outputting an inter-
nal VSYNC having the set output period.

[0062] Additionally, to prevent the output period from
being suddenly changed due to sudden change in the input
period of the input VSYNC, the backlight driver 30 further
limits the input period and/or the output period. As a method
for limiting the period of the internal VSYNC, the backlight
driver 30 adopts a method for limiting a current output period
within a predefined range from a previous output period and/
or a method for limiting an input period via Finite Impulse
Response (FIR) filtering in which weights are applied to a
plurality of adjacent input periods to reflect the results in a
current input period. In this way, the backlight driver 30 may
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generate a stabilized internal VSYNC whose output period
has a limited change width even if the frequency (period) of
an input VSYNC is suddenly changed.

[0063] Next, the backlight driver 30 generates internal
clocks required to generate duty of a PWM signal based on
the output period of the internal (output) VSYNC. The back-
light driver 30 generates a PWM signal whose duty ratio is
preset or is adjusted based on adjustment of exterior bright-
ness by counting the generated internal clocks, thereby driv-
ing the backlight unit 50 using the PWM signal. The PWM
signal has the same period as the output period of the internal
VSYNC.

[0064] As described above, by setting the output period of
the internal VSYNC based on the comparison result between
the input period of the input VSYNC and the previous output
period of the internal VSYNC and limiting the input and
output periods within a predefined range, the backlight driver
30 may perform synchronization of the input and output
periods even while preventing sudden change of the output
period even if the input period is suddenly or repeatedly
changed and also, may generate and output a stabilized output
synchronization signal even during synchronization. As a
result, the backlight driver 30 may prevent omission of inter-
nal clocks and synchronization breakage due to frequency
change of the input VSYNC, may stably generate the PWM
signal having a desired duty ratio, and may prevent flickering.
[0065] Meanwhile, to obtain a calculation time required to
compare the input period of the input VSYNC and the previ-
ous output period of the internal VSYNC, adjust the input
period based on the comparison result and utilize the adjusted
input period as the output period, the backlight unit 30 gen-
erates and outputs the internal VSYNC to make sure that the
internal VSYNC has a delay time of about at least one frame
(one period) with the input VSYNC.

[0066] The backlight unit 30 may additionally perform an
operation of comparing the detected input period with a ref-
erence range including a preset minimum limit value MIN
and a preset maximum limit value MAX, prior to synchro-
nizing the input VSYNC and output VSYNC with each other,
namely, prior to comparing the input period of the input
VSYNC with the previous output period of the internal
VSYNC and then, may selectively perform an operation of
synchronizing the input VSYNC and the internal VSYNC
with each other based on the comparison result.

[0067] Forexample, ifthe detected input period of the input
VSYNC is within the reference range, the backlight driver 30
compares the input period of the input VSYNC with the
previous output period of the internal VSYNC, and precedes
synchronization of the input VSYNC and the internal
VSYNC based on the comparison result. On the other hand, if
the detected input period of the input VSYNC deviates from
the reference range, the backlight driver 30 generates and
outputs the internal VSYNC that continuously maintains the
previous output period without synchronization of the input
VSYNC and the internal VSYNC. The reference range with
respect to the period of the VSYNC is preset by a designer and
is stored in an inner register of the backlight driver 30.
[0068] Inthisway, the backlight driver 30 may generate and
output a stabilized internal VSYNC even if the input VSYNC
deviates from the reference range and is unstable due to
external noise, etc.

[0069] FIG. 2 is a block diagram illustrating an internal
configuration of a backlight driver according to a first
embodiment of the present invention, and FIG. 3 is a flow-
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chart illustrating the sequence of a method for synchronizing
an input VSYNC and an output VSYNC of the backlight
driver illustrated in FIG. 2.

[0070] Thebacklight driver 30 illustrated in FIG. 2 includes
an internal VSYNC generating unit 52, a period limiter 54, an
internal clock (hereinafter, referred to as PCLK) generating
unit 56, and a PWM generating unit 58, which are connected
to one another in series.

[0071] The internal VSYNC generating unit 52 detects an
input period of an input VSYNC I_VSYNC on a per period
basis, compares the detected input period with a previous
output period, and generates and outputs an internal VSYNC
O_VSYNC_A whose output period is set based on the com-
parison result (S100).

[0072] More particularly, the internal VSYNC generating
unit 52 detects an input period of an input VSYNCI_VSYNC
input from the external system or the timing controller 20, and
judges whether or not the detected input period is within a
preset period reference range MIN~MAX. If the input period
deviates from the reference range MIN~MAX, the internal
VSYNC generating unit 52 generates and outputs an internal
VSYNC O_VSYNC that maintains a previous output period.
If the input period is within the reference range MIN~MAX,
the internal VSYNC generating unit 52 judges whether or not
the input period is equal to the previous output period. If the
input period of the input VSYNC I_VSYNC is equal to the
previous output period of the internal VSYNC O_VSYNC,
the internal VSYNC generating unit 52 sets the input period
of the input VSYNC I_VSYNC to an output period, and
generates and outputs an internal VSYNC O_VSYNC_A
having the set output period. On the other hand, if the input
period of the input VSYNC I_VSYNC is not equal to the
previous output period of the internal VSYNC O_VSYNC,
the internal VSYNC generating unit 52 detects a difference
between an end time of the input period and an end time of the
previous output period (i.e. a time when the previous output
period will end), sets a value obtained by calculating (adding
or subtracting) the detected difference and the input period to
an output period, and generates and outputs an internal
VSYNC O_VSYNC_A having the set output period.

[0073] The period limiter 54 limits the output period of the
internal VSYNC O_VSYNC_A supplied from the internal
VSYNC generating unit 52 within a predefined range from
the previous output period, to output the limited output period
(5200 to S204).

[0074] More specifically, the period limiter 54 compares a
current output period O_VSYNC[n] of the internal VSYNC
O_VSYNC with a predefined limit range O_VSYNC[n-1]
+LMT from a previous output period O_VSYNC|[n-1],
where LMT is a critical value (S200). If it is judged that the
current output period O_VSYNC[n] is within the limit range
O_VSYNC[n-1]+LMT, the period limiter 54 generates and
outputs an internal VSYNC O_VSYNC_B having the current
output period O_VSYNC|n] (S202). On the other hand, ifitis
judged that the current output period O_VSYNC]|n] of the
internal VSYNC O_VSYNC deviates from the limit range
O_VSYNC[n-1]+LMT, the period limiter 54 sets the limit
range O_VSYNC[n-1]+LMT, i.e. “the previous output
period O_VSYNC[n-1]+the critical value LMT” to an output
period, and generates and outputs an internal VSYNC
O_VSYNC_B having the set output period. If the current
output period O_VSYNC]|n] is less than the limit range
O_VSYNC[n-1]+LMT, the output period is set to “the pre-
vious output period O_VSYNC[n-1]-the critical value
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LMT”. On the other hand, if the current output period
O_VSYNC]|n] is greater than the limit range O_VSYNC|[n-
1]xLMT, the output period is set to “the previous output
period O_VSYNC|[n-1]+the critical value LMT”. Here, the
critical value LMT to limit the output period of the internal
VSYNC O_VSYNC is experimentally preset to an appropri-
ate value within the range of the previous output period by a
designer and is stored in the inner register. For example, the
critical value LMT to limit the output period of the internal
VSYNC O_VSYNC may be set within +10% of the previous
output period. The period limiter 54 outputs the internal
VSYNC O_VSYNC_B to the PCLK generating unit 56. In
addition, if a plurality of backlight drivers is cascade con-
nected, the period limiter 54 may output the internal VSYNC
O_VSYNC_B to a backlight driver of a next stage.

[0075] The PCLK generating unit 56 generates and outputs
internal clocks PCLK based on the output period of the inter-
nal VSYNC O_VSYNC_B supplied from the period limiter
54.

[0076] The PWM generating unit 58 generates a PWM
signal having a duty ratio depending on a dimming value
input from the external system or the timing controller 20
using the internal clocks PCLK supplied from the PCLK
generating unit 56, and outputs the PWM signal to the back-
light unit 50.

[0077] FIG. 4 is a flowchart illustrating the internal
VSYNC generating operation 5100 illustrated in FIG. 3 in
detail.

[0078] In operation S2, the internal VSYNC generating
unit 52 detects a current N period of an input VSYNC
I_VSYNC, where N is a positive integer. The input period of
the internal VSYNC I_VSYNC is detected by counting sys-
tem clocks SCLK generated in the backlight driver 30. The
internal VSYNC generating unit 52 stores the detected N
input period in the inner register. The internal VSYNC gen-
erating unit 52 detects the input period on a per period basis to
update the input period stored in the inner register.

[0079] In operation S4, the internal VSYNC generating
unit 52 compares the N* input period of the input VSYNC
I_VSYNC detected in operation S2 with a preset period ref-
erence range MIN~MAX, and judges whether or not the N
input period is within the period reference range MIN~MAX.
The period reference range MIN~MAX with respect to the
input VSYNC I_VSYNC is preset by a designer to prevent
noise, etc. and is stored in the inner register of the backlight
driver 30.

[0080] If it is judged in operation S4 that the N input
period of the input VSYNC I_VSYNC deviates from the
period reference range MIN~MAX (NO), the internal
VSYNC generating unit 52 proceeds to operation S6. In
operation S6, the internal VSYNC generating unit 52 gener-
ates and outputs an N” internal VSYNC O_VSYNC_A
whose output period is equal to a previous N-1% output
period stored in the inner register. In other words, if it is
judged that the N” input period of the input VSYNC
I_VSYNC is less than the lower limit value MIN of the
reference range MIN~MAX or greater than the upper limit
value MAX of the reference range MIN~MAX, the internal
VSYNC generating unit 52 sets the previous N-17 output
period to an N” output period, thereby stably generating and
outputting the N internal VSYNC O_VSYNC_A. Accord-
ingly, the internal VSYNC generating unit 52 may generate
and output the stabilized internal VSYNC O_VSYNC even if
the input VSYNC I_VSYNC is unstable due to exterior noise,
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etc. The internal VSYNC generating unit 52 stores the N
output period of the generated internal VSYNC
O_VSYNC_A and utilizes it as a previous period value in the
next period.

[0081] On the other hand, ifit is judged in operation S4 that
the N* input period of the input VSYNC I_VSYNC is within
the period reference range MIN~MAX (YES), the internal
VSYNC generating unit 52 proceeds to operation S8. In
operation S8, the internal VSYNC generating unit 52 com-
pares the N input period of the input VSYNC I_VSYNC
stored in the register with the previous N—1? output period of
the internal VSYNC O_VSYNC_A, and judges whether or
not the N* input period is equal to the previous N-1% output
period.

[0082] If it is judged in operation S8 that the N input
period ofthe input VSYNCI_VSYNC is equal to the previous
N-17 output period of the internal VSYNC O_VSYNC_A
(YES), the internal VSYNC generating unit 52 proceeds to
operation S10. In operation S10, the internal VSYNC gener-
ating unit 52 sets the N input period to the N output period
and stores the set N” output period in the inner register.
Thereby, the internal VSYNC generating unit 52 generates
and outputs the N internal VSYNC O_VSYNC_A having
the stored output period.

[0083] On the other hand, ifit is judged in operation S8 that
the N input period of the input VSYNC I_VSYNC is not
equal to the previous N-1% output period of the internal
VSYNC O_VSYNC (NO), the internal VSYNC generating
unit 52 proceeds to operation S12. In operation S12, the
internal VSYNC generating unit 52 judges whether or not the
N-17 output period of the internal VSYNC O_VSYNC ends
before the N input period of the input VSYNC I_VSYNC
ends. In other words, the internal VSYNC generating unit 52
judges whether or not the N input period of the input
VSYNC I_VSYNC is greater than the N-1? output period,
namely, whether or not the frequency of the input VSYNC
I_VSYNC increases.

[0084] If it is judged in operation S12 that the previous
N-17# output period of the internal VSYNC O_VSYNC_A
ends before the N input period of the input VSYNC
I_VSYNC is calculated (ends) (YES), in other words, if the
N7 input period becomes greater than the N—1 output period
(i.e., the frequency of the input VSYNC I_VSYNC
increases), the internal VSYNC generating unit 52 proceeds
to operation S14. In operation S14, the internal VSYNC gen-
erating unit 52 detects a difference between a time when the
N-1? output period of the internal VSYNC O_VSYNC_A
will end and an end time of the N input period of the input
VSYNC I_VSYNC. Here, the time when the N-1 output
period of the internal VSYNC O_VSYNC_A will end is
predictable from an N-1? output period value stored in the
register.

[0085] In operation S16, the internal VSYNC generating
unit 52 adds the difference between the time when the N-1”
output period of the internal VSYNC O_VSYNC_A will end
and the end time of the N input period of the input VSYNC
I_VSYNC, detected in operation S14, to the N input period,
and sets the sum to an N? output period. Then, the internal
VSYNC generating unit 52 proceeds to operation S10,
thereby generating and outputting an internal VSYNC
O_VSYNC_A having the N” output period set in operation
S16.

[0086] If it is judged in operation S12 that the previous
N-17 output period of the internal VSYNC O_VSYNC_A



US 2013/0141479 Al

does not end before the N” input period of the input VSYNC
I_VSYNC is calculated (ends) (NO), in other words, if the N**
input period becomes less than the N-17 output period (i.e.,
the frequency of the input VSYNC I_VSYNC decreases), the
internal VSYNC generating unit 52 proceeds to operation
S18. Inoperation S18, the internal VSYNC generating unit 52
detects a difference between a time when the N-1? output
period of the internal VSYNC O_VSYNC_A ended and the
end time of the N input period of the input VSYNC
I_VSYNC.

[0087] In operation S20, the internal VSYNC generating
unit 52 subtracts the difference between the time when the
N-1? output period of the internal VSYNC O_VSYNC_A
ended and the end time of the N? input period of the input
VSYNC I_VSYNC, detected in operation S18, from the N
input period and sets the result to an N output period. Then,
the internal VSYNC generating unit 52 proceeds to operation
S10, thereby generating and outputting an internal VSYNC
O_VSYNC_A having the N” output period set in operation
S20.

[0088] FIG. 5 is a waveform diagram illustrating synchro-
nization of the input VSYNC and the output VSYNC and
change of the output period in the case in which the frequency
of the input VSYNC becomes fast in the backlight driver
illustrated in FIG. 2, and FIG. 6 is a waveform diagram
illustrating synchronization of the input VSYNC and the out-
put VSYNC and change of the output period in the case in
which the frequency of the input VSYNC becomes slow in the
backlight driver illustrated in FIG. 2.

[0089] Referring to FIGS. 5 and 6, it will be appreciated
that, although the internal VSYNC O_VSYNC_A generated
in the internal VSYNC generating unit 52 rapidly follows the
input VSYNC to thereby be synchronized with the input
VSYNC when the input VSYNC becomes fast or slow, there
is a risk of flickering because the change width of the period
is relatively large. On the other hand, it will also be appreci-
ated that, when the period limiter 54 limits the output period
within a predefined range from the previous output period, the
change width of the period is relatively small although syn-
chronization of the internal VSYNC O_VSYNC_B and the
input VSYNC is performed slowly, which may prevent flick-
ering due to sudden change of the period.

[0090] FIG. 7 is a block diagram illustrating an internal
configuration of a backlight driver according to a second
embodiment of the present invention, and FIG. 8 is a block
diagram illustrating an exemplary configuration of an FIR
filter 51 illustrated in FIG. 7.

[0091] The backlight driver illustrated in FIG. 7 is substan-
tially the same as the backlight driver illustrated in FIG. 2
except that, instead of the period limiter 54, the FIR filter 51
is provided at an input end of the VSYNC generating unit 52
and thus, a detailed description of configurations overlapped
with FIG. 2 is omitted.

[0092] TheFIR filter 51 is a low pass filter. The FIR filter 51
outputs an average value with respect to a plurality of input
periods by applying weights to a current input period of an
input VSYNC I_VSYNC and a plurality of adjacent previous
input periods to reflect the results in the current input period,
thereby reducing the change width of the input period. The
FIR filter 51 may further effectively reduce the change width
ofthe input period in the case in which the input period of the
input VSYNC I_VSYNC is periodically changed.

[0093] For example, the FIR filter 51, as illustrated in FIG.
8, includes first to third flip-flops FF1 to FF3 which sequen-
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tially delay and output an input period I_VSYNCJn] of an
input VSYNC I_VSYNC (where n is a positive integer), first
to fourth multipliers 61, 62, 63 and 64 which respectively
apply weights a_0, a_1, a_2 and a_3 to the current input
period I_VSYNC[n] of the input VSYNC I-VSYNC and
previous input periods I_VSYNC[n-1],I_VSYNC|n-2] and
1_VSYNC]n-3] output from the first to third flip-flops FF1 to
FF3, and an adder 65 which sums the plurality of previous
input periods to which the weights have been applied in the
first to fourth multipliers 61, 62 63 and 64, to output a filtering
input period I_VSYNC_FIR. The filtering input period
I_VSYNC_FIR of the input VSYNC I_VSYNC output from
the adder 65 is represented as follows:
I_VSYNC_FIR=a_0xI_VSYNC[nj+a_1xI_VSYNC

[n-1]+a_2xI VSYNC[n-2]+a_3xI VSYNC
[#-3]

[0094] In the above description, the weights a_0,a_1,a_2
and a_3, which are applied respectively to the current input
period I_VSYNC]n] of the input VSYNC I-VSYNC and the
plurality of previous input periods I_VSYNC[n-1],
I_VSYNC|[n-2] and I_VSYNC|[n-3], may be preset to be the
same, or may be preset to increase or decrease closer to the
current input period. In one example, the weights a_0, a_1,
a_2 and a_3 may be equally set to %4. In another example, the
weights a_0 and a_1 may be set to Y%, the weight a_2 may be
set to Y4, and the weight a_3 may be set to V2.

[0095] The internal VSYNC generating unit 52 compares
the filtering input period I_VSYNC_FIR from the FIR filter
51 with a previous output period, and generates and outputs
an internal VSYNC O_VSYNC whose output period is set
based on the comparison result. A detailed description of this
method is replaced by the above description of FIG. 4. Since
the internal VSYNC generating unit 52 utilizes the input
period I_VSYNC_FIR whose change width is reduced via
FIR filtering, it is possible to limit the change width of the
output period of the internal VSYNC O_VSYNC, similar to
the case of using the period limiter 54 according to the first
embodiment.

[0096] ThePCLK generating unit 56 generates and outputs
internal clocks PCLK based on the output period of the inter-
nal VSYNC O_VSYNC supplied from the internal VSYNC
generating unit 52.

[0097] The PWM generating unit 58 generates a PWM
signal having a duty ratio depending on a dimming value
input from the external system or the timing controller 20
using the internal clocks PCLK supplied from the PCLK
generating unit 56, and outputs the PWM signal to the back-
light unit 50.

[0098] FIG. 9 is a block diagram illustrating an internal
configuration of a backlight driver according to a third
embodiment of the present invention.

[0099] The backlight driver of the third embodiment illus-
trated in FIG. 9 is a combination of the backlight driver of the
first embodiment illustrated in FIG. 2 and the backlight driver
of the second embodiment illustrated in FIG. 7 and thus
includes the FIR filter 51 and the period limiter respectively
provided at input and output ends of the VSYNC generating
unit 52. A detailed description of configurations overlapped
with the above embodiments is omitted.

[0100] The FIR filter 51 outputs a filtering input period
I_VSYNC_FIR, which has an average value with respecttoa
plurality of input periods, by applying weights to a current
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input period of an input VSYNC I_VSYNC and a plurality of
adjacent previous input periods to reflect the results in the
current input period.

[0101] The internal VSYNC generating unit 52 compares
the filtering input period I_VSYNC_FIR from the FIR filter
51 with a previous output period, and generates and outputs
aninternal VSYNC O_VSYNC_A whose output period is set
based on the comparison result.

[0102] The period limiter 54 limits an output period of the
internal VSYNC O_VSYNC_A supplied from the internal
VSYNC generating unit 52 within a predefined range from
the previous output period, and outputs an internal VSYNC
O_VSYNC_B having the limited output period. A method for
limiting the output period is the same as the above description
of FIG. 3.

[0103] ThePCLK generating unit 56 generates and outputs
internal clocks PCLK based on the output period of the inter-
nal VSYNC O_VSYNC_B supplied from the period limiter
54.

[0104] The PWM generating unit 58 generates a PWM
signal having a duty ratio depending on a dimming value
input from the external system or the timing controller 20
using the internal clocks PCLK supplied from the PCLK
generating unit 56, and outputs the PWM signal to the back-
light unit 50.

[0105] Inthis way, the backlight driver limits the input and
output periods of the input VSYNC and the internal VSYNC
using the FIR limiter 51 and the period limiter 54 respectively
provided at the input and output ends of the internal VSYNC
generating unit 52, thereby preventing synchronization
breakage of the input VSYNC and output VSYNC when the
period of the input VSYNC is periodically changed.

[0106] FIG.10 is a waveform diagram illustrating synchro-
nization of the input VSYNC and output VSYNC and change
of the output period in the case in which the frequency
becomes fast in the backlight driver illustrated in FIG. 9, FIG.
11 is a waveform diagram illustrating synchronization of the
input VSYNC and output VSYNC and change of the output
period in the case in which the frequency becomes slow in the
backlight driver illustrated in FIG. 9, and FIG. 12 is a wave-
form diagram illustrating synchronization of the input
VSYNC and output VSYNC and change of the output period
in the case in which the frequency of the input VSYNC is
repeatedly changed in the backlight driver illustrated in FIG.
9

[0107] Referring to FIGS. 10 and 11, it will be appreciated
that, similar to the case in which the period limiter 54 except
for the FIR filter 51 limits the output period of the internal
VSYNC O_VSYNC_A, as a result of limiting the input and
output periods of the internal VSYNC O_VSYNC_A using
the FIR filter 51 and the period limiter 54 when the input
VSYNC becomes fast or slow, it is possible to achieve a
relatively small change width of the period as well as syn-
chronization of the internal VSYNC O_VSYNC_A and the
input VSYNC, which may prevent flickering due to sudden
change of the period. Here, with regard to the FIR filter 51 in
FIG. 8, the weights a_0 and a_1 are set to %4, the weighta_2
is set to Y4, and the weight a_3 is set to Y4.

[0108] Referring to FIG. 12. it will be appreciated that,
when the input VSYNC repeatedly becomes fast or slow, i.e.
when frequency change is periodically repeated, limiting
only the output period of the internal VSYNC O_VSYNC_A
using the period limiter 54 except for the FIR filter 51 may
cause the input VSYNC and the output VSYNC to be in
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discord with each other by a constant period Tc. On the other
hand, it will be appreciated that, when limiting both the input
and output periods of the internal VSYNC O_VSYNC_A
using the FIR filter 51 and the period limiter 54, the internal
VSYNC O_VSYNC_B is synchronized with the input
VSYNC as the period of the internal VSYNC O_VSYNC_B
is repeatedly changed following that of the input VSYNC.
[0109] As is apparent from the above description, in a
method and circuit for synchronizing input and output syn-
chronization signals, a backlight driver of a liquid crystal
display device using the same, and a method for driving the
backlight driver according to the present invention, as a result
of setting an output period based on a comparison result
between an input period and a previous output period of
synchronization signals and limiting input and output periods
within a predefined range, it is possible to realize synchroni-
zation of input and output periods while preventing sudden
change of the output period even if the input period is sud-
denly or repeatedly changed, and to generate and output a
stabilized output synchronization signal even during syn-
chronization. Accordingly, it is possible to prevent flickering
by generating internal clocks based on the stabilized output
period and stably generating a PWM signal having a desired
duty ratio so as to drive a backlight unit.

[0110] Although the embodiments of the present invention
describe only the method for synchronizing an input VSYNC
and an internal VSYNC with each other using the backlight
driver by way of example, the above described method for
synchronizing the input VSYNC and the internal VSYNC
with each other may be applied to other devices using
VSYNC signals and may also be applied to other methods for
synchronizing input and output synchronization signals
except for VSYNC signals.

[0111] Tt 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 spirit or scope of
the inventions. Thus, it is intended that the present invention
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 method for synchronizing input and output synchro-
nization signals, the method comprising:

generating an output synchronization signal whose output

period is set based on a comparison result between an
input period of an input synchronization signal and a
previous output period of the output synchronization
signal; and

limiting the output period of the output synchronization

signal within a predefined limit range from the previous
output period.

2. The method according to claim 1, wherein the limiting
the output period of the output synchronization signal
includes:

comparing the output period with the limit range;

maintaining and outputting the output period if the output

period is within the limit range; and

setting the output period to a minimum value or a maxi-

mum value of the limit range to output the set output
period if the output period deviates from the limit range.

3. The method according to claim 2, wherein the limit
range of the output period is preset to “the previous output
period=+a critical value”, and the critical value is less than the
previous output period.



US 2013/0141479 Al

4. The method according to claim 3, wherein:

the output period is set to the minimum value of the limit
range and the output period of the minimum value is
output if the output period is less than the limit range;
and

the output period is set to the maximum value of the limit

range and the output period of the maximum value is
output if the output period is greater than the limit range.

5. The method according to claim 1, wherein the generating
the output synchronization signal includes:

detecting an N” input period of the input synchronization

signal, where N is a positive integer;

judging whether or not the detected N? input period is

equal to a previous N-1? input period of the output
synchronization signal;

detecting a difference between an end time of the N—-17

output period and an end time of the N input period if
the detected N input period is not equal to the N-17
output period;

performing calculation between the detected difference

and the N” input period, and setting the calculated value
to an N output period; and

generating and outputting an output synchronization signal

having the set N” output period.

6. The method according to claim 5, after the detecting the
N7 input period, further comprising:

judging whether or not the detected N? input period is

within a preset reference range; and

generating and outputting an output synchronization signal

having the N-17 output period if the N” input period
deviates from the reference range,

wherein the method proceeds to the judging whether or not

the N input period is equal to the N-1? output period if
the N” input period is within the reference range.

7. The method according to claim 5, further comprising
setting the N input period to the N output period and out-
putting the N output period if the N” input period is equal to
the N-1? output period,

wherein the setting the calculated value to the N output

period includes:

setting a value, obtained by adding the detected difference

to the N input period, to the N” output period if the N”*
input period becomes greater than the N-17 output
period; and

setting a value, obtained by subtracting the detected differ-

ence from the N” input period, to the N output period
if the N input period becomes less than the N—17
output period.

8. The method according to claim 5, wherein the N input
period and the N output period of the synchronization sig-
nals have a time difference of at least one period.

9. The method according to claim 5, wherein the input
period of the input synchronization signal is a filtering input
period obtained by low pass filtering a plurality of adjacent
input periods.

10. The method according to claim 9, wherein the filtering
input period is obtained by applying weights to a current input
period of the input synchronization signal and a plurality of
pervious input periods adjacent to the current input period
respectively and summing the results.

11. A method for synchronizing input and output synchro-
nization signals, the method comprising:
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low pass filtering a plurality of adjacent input periods of an
input synchronization signal to output a filtering input
period; and

generating an output synchronization signal whose output

period is set based on a comparison result between the
filtering input period and a previous output period of the
output synchronization signal.

12. The method according to claim 11, wherein the filtering
input period is obtained by applying weights to a current input
period of the input synchronization signal and a plurality of
pervious input periods adjacent to the current input period
respectively and summing the results.

13. A circuit for synchronizing input and output synchro-
nization signals, the circuit comprising:

an internal synchronization signal generating unit to gen-

erate an output synchronization signal whose output
period is set based on a comparison result between an
input period of an input synchronization signal and a
previous output period of the output synchronization
signal; and

a period limiter to limit the output period of the output

synchronization signal within a predefined limit range
from the previous output period.

14. The circuit according to claim 13, wherein the period
limiter compares the output period with the limit range, main-
tains and outputs the output period if the output period is
within the limit range, and sets the output period to a mini-
mum value or a maximum value of the limit range to output
the set output period if the output period deviates from the
limit range.

15. The circuit according to claim 14, wherein the limit
range of the output period is preset to “the previous output
period=a critical value”, and the critical value is less than the
previous output period.

16. The circuit according to claim 15, wherein:

the output period is set to the minimum value of the limit

range and the output period of the minimum value is
output if the output period is less than the limit range,
and the; and

the output period is set to the maximum value of the limit

range and the output period of the maximum value is
output if the output period is greater than the limit range.

17. The circuit according to claim 13, wherein the internal
synchronization signal generating unit detects an N input
period of the input synchronization signal, where N is a
positive integer, judges whether or not the detected N? input
period is equal to a previous N-1? input period of the output
synchronization signal, detects a difference between an end
time of the N-1? output period and an end time of the N
input period if the detected N* input period is not equal to the
N-17 output period, performs calculation between the
detected difference and the N input period, sets the calcu-
lated value to an N output period, and generates and outputs
the output synchronization signal having the set N” output
period.

18. The circuit according to claim 17, wherein:

the internal synchronization signal generating unit judges

whether or not the detected N* input period is within a
preset reference range after the detecting the N input
period; and

the internal synchronization signal generating unit gener-

ates and outputs the output synchronization signal hav-
ing the N—17 output period if the N input period devi-
ates from the reference range, and judges whether or not
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the N” input period is equal to the N-1” output period if

the N? input period is within the reference range.

19. The circuit according to claim 18, wherein:

the internal synchronization signal generating unit sets the
N7 input period to the N output period to output the N
output period if the N* input period is equal to the N-17%
output period;

the internal synchronization signal generating unit sets a
value, obtained by adding the detected difference to the
N7 input period, to the N output period if the N” input
period becomes greater than the N-1% output period;
and

the internal synchronization signal generating unit sets a
value, obtained by subtracting the detected difference
from the N input period, to the N output period if the
N7 input period becomes less than the N-17 output
period.

20. The circuit according to claim 17, wherein the N input
period and the N output period of the synchronization sig-
nals have a time difference of at least one period.

21. The circuit according to claim 17, further comprising a
low pass filter to supply the input period, which is a filtering
input period obtained by low pass filtering a plurality of
adjacent input periods of the input synchronization signal, to
the internal synchronization signal generating unit.

22. The circuit according to claim 21, wherein the low pass
filter is a finite impulse response (FIR) filter which applies
weights to a current input period of the input synchronization
signal and a plurality of pervious input periods adjacent to the
current input period respectively and summing the results.

23. A circuit for synchronizing input and output synchro-
nization signals, the circuit comprising:

a low pass filter to perform low pass filtering of a plurality
of adjacent input periods of an input synchronization
signal to output a filtering input period; and

an internal synchronization signal generating unit to gen-
erate an output synchronization signal whose output
period is set based on a comparison result between the
filtering input period and a previous output period of the
output synchronization signal.

24. The circuit according to claim 23, wherein the low pass
filter is a finite impulse response (FIR) filter which applies
weights to a current input period of the input synchronization
signal and a plurality of pervious input periods adjacent to the
current input period respectively and summing the results.

25. A method for driving a backlight driver of a liquid
crystal display device, the method comprising:

generating and outputting an output vertical synchroniza-
tion signal which is synchronized based on change of an
input period of an input vertical synchronization signal;

generating internal clocks based on an output period of the
output vertical synchronization signal; and

generating a pulse width modulation signal having a pre-
determined duty ratio using the internal clocks to drive a
backlight unit,

wherein the generating and outputting the output vertical
synchronization signal comprises:

generating the output vertical synchronization signal
whose output period is set based on a comparison result
between an input period of the input vertical synchroni-
zation signal and a previous output period of the output
vertical synchronization signal; and

Jun. 6, 2013

limiting and outputting the output period of the output
vertical synchronization signal within a predefined limit
range from the previous output period.

26. The method according to claim 25, wherein the limiting
the output period of the output vertical synchronization signal
includes:

comparing the output period with the limit range;

maintaining and outputting the output period if the output

period is within the limit range; and

setting the output period to a minimum value or a maxi-

mum value of the limit range to output the set output
period if the output period deviates from the limit range.

27. The method according to claim 26, wherein the limit
range of the output period is preset to “the previous output
period=a critical value”, and the critical value is less than the
previous output period.

28. The method according to claim 27, wherein:

the output period is set to the minimum value of the limit

range and the output period of the minimum value is
output if the output period is less than the limit range;
and

the output period is set to the maximum value of the limit

range and the output period of the maximum value is
output if the output period is greater than the limit range.

29. The method according to claim 25, wherein the gener-
ating the output vertical synchronization signal includes:

detecting an N input period of the input vertical synchro-

nization signal, where N is a positive integer;

judging whether or not the detected N input period is

equal to a previous N-1% input period of the output
vertical synchronization signal;

detecting a difference between an end time of the N—

output period and an end time of the N input period if
the detected N input period is not equal to the N-17
output period;

performing calculation between the detected difference

and the N” input period, and setting the calculated value
to an N” output period; and

generating and outputting the output vertical synchroniza-

tion signal having the set N” output period.

30. The method according to claim 29, after the detecting
the N input period, further comprising:

judging whether or not the detected N input period is

within a preset reference range; and

generating and outputting the output vertical synchroniza-

tion signal having the N-17 output period if the N input
period deviates from the reference range,

wherein the method proceeds to the judging whether or not

the N input period is equal to the N—-1? output period if
the N” input period is within the reference range.

31. The method according to claim 29, further comprising
setting the N” input period to the N output period and out-
putting the N output period if the N input period is equal to
the N-17 output period,

wherein the setting the calculated value to the N* output

period includes:

setting a value, obtained by adding the detected difference

to the N input period, to the N output period if the N
input period becomes greater than the N-17 output
period; and

setting a value, obtained by subtracting the detected differ-

ence from the N input period, to the N” output period
if the N input period becomes less than the N-1%
output period.

lth
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32. The method according to claim 29, wherein the N
input period and the N output period of the vertical synchro-
nization signals have a time difference of at least one period.

33. The method according to claim 25, wherein the input
period of the input vertical synchronization signal is a filter-
ing input period obtained by low pass filtering a plurality of
adjacent input periods.

34. The method according to claim 33, wherein the filtering
input period is obtained by applying weights to a current input
period of the input vertical synchronization signal and a plu-
rality of pervious input periods adjacent to the current input
period respectively and summing the results.

35. A method for driving a backlight driver of a liquid
crystal display device, the method comprising:

generating and outputting an output vertical synchroniza-
tion signal which is synchronized based on change of an
input period of an input vertical synchronization signal
using synchronizing input and output vertical synchro-
nization signals;

generating internal clocks based on an output period of the
output vertical synchronization signal; and

generating a pulse width modulation signal having a pre-
determined duty ratio using the internal clocks to drive a
backlight unit,

wherein the generating and outputting the output vertical
synchronization signal comprises:

low pass filtering a plurality of adjacent input periods of the
input vertical synchronization signal to output a filtering
input period; and

generating and outputting the output vertical synchroniza-
tion signal whose output period is set based on a com-
parison result between the filtering input period and a
previous output period of the output vertical synchroni-
zation signal.

36. The method according to claim 35, wherein the filtering
input period is obtained by applying weights to a current input
period of the input vertical synchronization signal and a plu-
rality of pervious input periods adjacent to the current input
period respectively and summing the results.

37. A backlight driver of a liquid crystal display device, the
backlight driver comprising:

a synchronization circuit to generate and output an output
vertical synchronization signal which is synchronized
based on change of an input period of an input vertical
synchronization signal;

aclock generating unit to generate internal clocks based on
an output period of the output vertical synchronization
signal from the synchronization circuit; and

apulse width modulation signal generating unit to generate
a pulse width modulation signal having a predetermined
duty ratio using the internal clocks to drive a backlight
unit,

wherein the synchronization circuit comprises:

an internal synchronization signal generating unit to gen-
erate the output vertical synchronization signal whose
output period is set based on a comparison result
between an input period of the input vertical synchroni-
zation signal and a previous output period of the output
vertical synchronization signal; and

a period limiter to limit the output period of the output
vertical synchronization signal within a predefined limit
range from the previous output period.

38. The backlight driver according to claim 37, wherein the

period limiter compares the output period with the limit

Jun. 6, 2013

range, maintains and outputs the output period if the output
period is within the limit range, and sets the output period to
a minimum value or a maximum value of the limit range to
output the set output period if the output period deviates from
the limit range.

39. The backlight driver according to claim 38, wherein the
limit range of the output period is preset to “the previous
output period=a critical value”, and the critical value is less
than the previous output period.

40. The backlight driver according to claim 39, wherein:

the output period is set to the minimum value of the limit

range and the output period of the minimum value is
output if the output period is less than the limit range,
and the; and

the output period is set to the maximum value of the limit

range and the output period of the maximum value is
output if the output period is greater than the limit range.

41. The backlight driver according to claim 39, wherein the
internal synchronization signal generating unit detects an N
input period of the input vertical synchronization signal,
where N is a positive integer, judges whether or not the
detected N input period is equal to a previous N-17 input
period of the output vertical synchronization signal, detects a
difference between an end time of the N- 17 output period and
an end time of the N” input period if the detected N input
period is not equal to the N-17 output period, performs cal-
culation between the detected difference and the N input
period, sets the calculated value to an N output period, and
generates and outputs the output vertical synchronization
signal having the set N output period.

42. The backlight driver according to claim 41, wherein:

the internal synchronization signal generating unit judges

whether or not the detected N input period is within a
preset reference range after the detecting the N input
period; and

the internal synchronization signal generating unit gener-

ates and outputs the output vertical synchronization sig-
nal having the N1 output period if the N input period
deviates from the reference range, and judges whether or
not the N? input period is equal to the N-17 output
period if the N” input period is within the reference
range.

43. The backlight driver according to claim 41, wherein:

the internal synchronization signal generating unit sets the

N” input period to the N” output period to output the N
output period if the N input period is equal to the N-17
output period;

the internal synchronization signal generating unit sets a

value, obtained by adding the detected difference to the
N7 input period, to the N” output period if the N input
period becomes greater than the N-17 output period;
and

the internal synchronization signal generating unit sets a

value, obtained by subtracting the detected difference
from the N input period, to the N* output period if the
N” input period becomes less than the N-17 output
period.

44. The backlight driver according to claim 41, wherein the
N? input period and the N output period of the vertical
synchronization signals have a time difference of at least one
period.

45. The backlight driver according to claim 41, further
comprising a low pass filter to supply the input period, which
is a filtering input period obtained by low pass filtering a
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plurality of adjacent input periods of the input vertical syn-
chronization signal, to the internal synchronization signal
generating unit.

46. The backlight driver according to claim 45, wherein the
low pass filter is a finite impulse response (FIR) filter which
applies weights to a current input period of the input synchro-
nization signal and a plurality of pervious input periods adja-
cent to the current input period respectively and summing the
results.

47. A backlight driver of a liquid crystal display device, the
backlight driver comprising:

a synchronization circuit to generate and output an output
vertical synchronization signal which is synchronized
based on change of an input period of an input vertical
synchronization signal;

a clock generating unit to generate internal clocks based on
an output period set by the synchronization circuit; and
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a pulse width modulation signal generating unit to generate
a pulse width modulation signal having a predetermined
duty ratio using the internal clocks to drive a backlight
unit,

wherein the synchronization circuit comprises:

a low pass filter to perform low pass filtering of a plurality
of adjacent input periods of the input vertical synchro-
nization signal to output a filtering input period; and

an internal synchronization signal generating unit to gen-
erate the output synchronization signal whose output
period is set based on a comparison result between the
filtering input period and a previous output period of the
output vertical synchronization signal.

48. The backlight driver according to claim 47, wherein the
low pass filter is a finite impulse response (FIR) filter which
applies weights to a current input period of the input vertical
synchronization signal and a plurality of pervious input peri-
ods adjacent to the current input period respectively and sum-
ming the results.
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