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FIG. 2 (PRIOR ART)

— U CCLE

C2
C3

Vizio Ex. 1021
IPR Petition - USP 7,843,148



Patent Application Publication  Nov. 8,2007 Sheet 3 of 8 US 2007/0257869 A1

- |

2 =

~ M

=

pr—

= e =

= =

< =

; =

[ ]

= —t
=% L

PWM DRIVING CRCUIT

3820

300
\

Vizio Ex. 1021
IPR Petition - USP 7,843,148



Patent Application Publication  Nov. 8,2007 Sheet 4 of 8 US 2007/0257869 A1

( SWRI )

GENERATING A P SIGNAL TO DRIVE. A PLURALITY
(OF LIGHT SOURCES T0 ILLUMNATE -\ $401

DETECTING THE BRIGRTNESS OF THE LIGHT SOURCES
10 GENERATE A DETECTION RESULT [\ 5403

ADJUSTING THE BASE FREQUENCY OF THE PWM
SIGNAL ACCORDNG T0 THE DETECTION RESULT ™\ g45
UNDER A FIXED DUTY CYCLE OF THE PWM SIGNALS,
S0°AS TO CONTROL THE BRIGHTNESS OF THE LIGHT
SOURCES

END

FIG. 4

Vizio Ex. 1021
IPR Petition - USP 7,843,148



Nov. 8,2007 Sheet 5 of 8 US 2007/0257869 A1l

Patent Application Publication

g OId
T 0
| |
916 —_| _
| L. Jv40} | Wmd}
| v |
g |
f _
| _ I
_ | [
19 (20
o)
07g —~- N\ e | | |
B Gis— | ALY _ Liod)
Tty T T ;m/Nm | NN e
I i .
¥0§ \L"/\ LN SRR m ﬁ | $
| AL-SSH | pT | | | 0cg
08¢ -~ =
I 2057 ™
L _

Vizio Ex. 1021

IPR Petition - USP 7,843,148



Nov. 8,2007 Sheet 6 of 8 US 2007/0257869 A1l

Patent Application Publication

-~~~ 08

||||| wad)

T T T T T T T T T T T T T T
||||| I |
B oI _T

| |

i ?H_“ ! ! 0ig |

| I “ “

| R |

. e

| Lo A 809" | |

T | fng o | |
IR + w209

| Lo 3@/ |

! A _ ,

0g =1 1T M__ widp |

i R I !

| |

X

o o “

| |

| 509 ) |

e m_l_ub llllllllll -

Vizio Ex. 1021

IPR Petition - USP 7,843,148



Patent Application Publication  Nov. 8, 2007 Sheet 7 of 8 US 2007/0257869 A1

GENERATE. A DETECTING FREQUENCY SIGNAL ACCORDING | S701
T0 THE BRIGHTNESS OF THE LIGHT SOURCES

" COUNT THE DETECTNG FREQUENEY SIHAL T0
~ S703
CENERATE A COUNT FRECUENCY VALUE |

5705

' COUNT VALUE FREQUENCY
LESS THAN [ LARGER THAN
S707 FQUALTO  S709 S711
| P | — ~
INCREASE THE BASE FREQUENCY KEEP THE BASE FREQUENCY OF _ REDUCE THE BASE FREQUENCY
(F THE PWAI SIGNAL THE PWM SIGNAL CONSTANT OF THE PWM SIGNAL

FIG. 7

Vizio Ex. 1021
IPR Petition - USP 7,843,148



Patent Application Publication  Nov. 8, 2007 Sheet 8 of 8 US 2007/0257869 A1
DUTY CYCLE
BASE FREQUENCY
FIG. 8
ADAISTNG THE BRIGHTNESS OF THE LIGHT
SOURCES T0 THE OPTIMAL BRIGHTNESS N\ 5901
CONVERT THE OPTMAL BRIGHTNESS OF THE LIGHT
SOURCES INTO A DETECTING FREQUENCY SIGNAL | — S903
0N THE DETECTIVG FREQUENCY SIRVAL GENERATED BY
THE OPTIVAL BRGHTAESS OF THE UGHT SOIROES 10 |~ gqe
GENERATE A REFERENCE FREQUENCY VALUE
STORE THE REFERENCE FREGUENCY VALE  \~_ o7

FIG. 9

Vizio Ex. 1021
IPR Petition - USP 7,843,148



US 2007/0257869 Al

BACKLIGHT DEVICE AND METHOD FOR
CONTROLLING LIGHT SOURCE
BRIGHTNESS THEREOF

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims the priority benefit of Tai-
wan application serial no. 95116005, filed on May 5, 2006.
All disclosure of the Taiwan application is incorporated
herein by reference.

BACKGROUND OF THE INVENTION

[0002] 1. Field of Invention

[0003] The present invention relates to a method for
controlling light source. More particularly, the present
invention relates to a method for controlling the light source
brightness of a backlight device.

[0004] 2. Description of Related Art

[0005] Before being dispatched from the factory, light-
emitting diode (LED) backlight devices should be adjusted
to the optimum by the manufacturer. However, the property
of LEDs varies along with temperature and service life, such
that the driving current designed by the manufacturer for
driving the LED cannot make the backlight device to
generate desired luminous effect. Therefore, many patents
directed to solve the above problem are issued, such as US
Patent Publication No. U.S. Pat. No. 6,894,442, U.S. Pat.
No. 6,127,783, and U.S. Pat. No. 6,495,964.

[0006] FIG. 1 is a circuit block diagram of the conven-
tional backlight device. Referring to FIG. 1, a backlight
device 100 comprises a light source module 110 having a
plurality of LED light sources 112 and a PWM unit 122 for
generating a PWM signal Vp to drive the light source
module 110.

[0007] In the conventional backlight device 100, a detec-
tion module 130 is used to detect the luminous brightness of
the light source module 110, and generates a current Id
signal to an analog-to-digital converter (ADC) 144 via a
limited current circuit 142. In general, the detection module
130 has a plurality of light detectors 132.

[0008] When receiving the output of the limited current
circuit 142, the ADC 144 converts the analog current signal
into a digital control signal D1 and sends the digital control
signal D1 to the control unit 146. Then, the control unit 146
converts the digital control signal into an analog control
voltage Ve and sends the analog control voltage Vc to an
input end of a comparator 148. At this time, the comparator
148 compares the control voltage Vc with a comparison
voltage Vs from a variable resistor is 152 connected in series
to the light source module 110 and sends the comparison
result to the PWM unit 122.

[0009] The PWM unit 122 generates the PWM signal Vp
according to the output of a phase lock loop (PLL) 150. The
PWM unit 122 adjusts the duty cycle range of the PWM
signal Vp according to the output of the comparator 148. As
shown in FIG. 2, C1 indicates an original PWM signal.
When the brightness of the light source module 110 is
weakened, the control voltage Vc is less than the comparison
voltage Vs. At this time, the PWM unit 122 increases the
duty cycle of the PWM signal Vp as shown by C2, so as to
increase the driving current of the light source module 110.
On the contrary, the PWM unit 122 can also reduce the duty
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cycle of the PWM signal Vp as shown by C3, so as to reduce
the driving current of the light source module 110.

SUMMARY OF THE INVENTION

[0010] Accordingly, the present invention provides a cir-
cuit for controlling the light source brightness, so as to
dynamically adjust the brightness of the backlight device
applied to a liquid crystal panel. As for an LED backlight
device, the PWM signal for driving the LED belongs to a
frequency domain signal, so the present invention directly
adjusts the base frequency of the PWM signal instead of
adjusting the duty cycle of the PWM signal in the conven-
tional art, so as to control the brightness of the backlight
device.

[0011] In another viewpoint, the present invention pro-
vides a backlight device, which adopts the aforementioned
control circuit.

[0012] In another viewpoint, the present invention pro-
vides a method for controlling the light source brightness,
which can also be used to dynamically control the brightness
of the backlight device.

[0013] The circuit for controlling the light source bright-
ness of the present invention comprises a comparator, a PLL,
and a PWM unit. The comparator is used to receive a
detecting signal and a reference value, and the detecting
signal is obtained by detecting the brightness of a plurality
of light sources. The PLL generates a control signal to the
PWM unit according to the output of the comparator, such
that the PWM unit adjusts the base frequency of the PWM
signal according to the control signal without adjusting the
duty cycle of the PWM signal, so as to control the brightness
of the light sources.

[0014] The backlight device provided by the present
invention comprises a light source module having a plurality
of light sources, a detecting circuit, a control unit, and a
PWM driving circuit. The detecting circuit is used for
detecting the brightness of the light source module and
generating a detecting signal to the control unit, such that the
control unit outputs a control signal according to the detect-
ing signal. In addition, the PWM driving circuit is used for
generating a PWM signal for driving the light source mod-
ule. In the present invention, the PWM driving circuit
adjusts the base frequency of the PWM signal according to
the control signal without adjusting the duty cycle of the
PWM signal, so as to control the brightness of the light
sources.

[0015] The method for controlling the light source bright-
ness provided by the present invention comprises generating
a PWM signal to drive a plurality of light sources. Further,
the brightness of the light sources is detected to generate a
detection result, such that the present invention can adjust
the base frequency of the PWM signal according to the
detection result without adjusting the duty cycle of the PWM
signal, so as to control the brightness of the light sources.

[0016] In an embodiment of the present invention, the
above-mentioned light sources can be LEDs including red,
green and blue LEDs.

[0017] As the base frequency of the PWM signal is
directly controlled in the present invention, processes of
analog-to-digital and digital-to-analog conversions are omit-
ted. Therefore, the cost of the backlight device can be
reduced.

[0018] In order to make the aforementioned and other
objects, features and advantages of the present invention
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comprehensible, preferred embodiments accompanied with
figures are described in detail below.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019] FIG. 1 is a circuit block diagram of the conven-
tional backlight device.

[0020] FIG. 2 is a timing diagram of adjusting the duty
cycle of the PWM signal.

[0021] FIG. 3 is a circuit block diagram of a backlight
device according to a preferred embodiment of the present
invention.

[0022] FIG. 4 is a flow chart of the method for controlling
the light source brightness according to a preferred embodi-
ment of the present invention.

[0023] FIG. 5 is a circuit block diagram of the detecting
circuit and the control unit in FIG. 3 according to a preferred
embodiment of the present invention.

[0024] FIG. 6 is a circuit block diagram of the PWM
driving circuit in FIG. 3 according to a preferred embodi-
ment of the present invention.

[0025] FIG. 7 is a flow chart for adjusting the base
frequency of the PWM signal according to a preferred
embodiment of the present invention.

[0026] FIG. 8 is a schematic view of increasing the base
frequency of the PWM signal according to a preferred
embodiment of the present invention.

[0027] FIG. 9 is aflow chart for setting the reference value
according to a preferred embodiment of the present inven-
tion.

DESCRIPTION OF EMBODIMENTS

[0028] FIG. 3 is a circuit block diagram of the backlight
device according to a preferred embodiment of the present
invention. Referring to FIG. 3, a backlight device 300
provided by the present invention comprises a light source
module 310 having a plurality of light sources 312, a PWM
driving circuit 320, a detecting circuit 330, and a control unit
340.

[0029] FIG. 4 is a flow chart of the method for controlling
the light source brightness according to a preferred embodi-
ment of the present invention. Referring to FIGS. 3 and 4
together, in Step S401, the PWM driving circuit 320 gen-
erates a PWM signal to drive the light sources 312 in the
light source module 310 to illuminate. In other preferred
embodiments, the light sources 312 can be LEDs of different
colors, such as red, blue, and green LEDs.

[0030] When the light source module 310 is driven, the
detecting circuit 330 detects the luminous brightness of the
light source module 310 as described in Step S403, and the
detected brightness is converted into a detecting signal fs to
the control unit 340. The control unit 340 then outputs a
control signal fpwm to the PWM driving circuit 320 accord-
ing to the detecting signal fs, such that the PWM driving
circuit 320 can adjust the base frequency of the PWM signal
according to the control signal fpwm under the fixed duty
cycle of the PWM signal as described in Step S405, so as to
control the brightness of the light source module 310.
[0031] FIG. 5 is a circuit block diagram of the detecting
circuit and the control unit in FIG. 3 according to a preferred
embodiment of the present invention. Referring to FIG. 5,
the detecting circuit 330 comprises an light detector 502 and
a brightness-to-frequency converter 504. The light detector
502 is used to detect the brightness of the light source
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module 310 and generate a current Id. The brightness-to-
frequency converter 504 is used to receive and convert the
current Id into the detecting signal fs to the control unit 340.
Therefore, the detecting signal fs varies along with the
current Id, and the current Id further varies along with the
brightness of the light source module 310 detected by the
light detector 502.

[0032] When the detecting signal fs is sent by the detect-
ing circuit 330 to the control unit 340, a counter 512 in the
control unit 340 begins to count the detecting signal fs and
generates a count value C1 to a comparator 514. At this time,
the comparator 514 compares the count value C1 with the
reference value C2 stored in the memory 515, and outputs a
comparison result Af to a PLL 516, such that the PLL 516
can output a control signal fpwm to the PWM driving circuit
320. The reference value C2 can correspond to a preset
frequency fo, and the reference value C2 is a factory default
of the light source device. In the present embodiment, the
control signal fpwm is generated by mixing the factory
default fo and the comparison result Af.

[0033] FIG. 6 is a circuit block diagram of the PWM
driving circuit in FIG. 3 according to a preferred embodi-
ment of the present invention. Referring to FIG. 6, the PWM
driving circuit 320 has a PWM unit 602 for generating a
PWM signal Vpwm to a gate of a transistor 604. In the
present embodiment, a first source/drain of the transistor 604
is connected to ground and a second source/drain thereof is
coupled to the light source module 310 for generating a
driving voltage Vx to the light source module 310. In
addition, the second source/drain of the transistor 604 is
coupled to a voltage source Vdd via an inductor 605 and is
connected to ground via a capacitor 607.

[0034] When the control signal fpwm is sent to the PWM
driving circuit 320, the PWM unit 602 adjusts the base
frequency of the PWM signal Vpwm according to the
control signal fpwm under the fixed duty cycle of the PWM
signal Vpwm, such that the value of the driving voltage Vx
generated by the transistor 604 can be controlled. At this
time, as the voltage drop of the LED light sources is a
constant value, the operating voltage Vy thereof varies, such
that a current Ip (which is the driving current of the light
source module in the present embodiment) flowing through
a resistor 314 varies accordingly, so as to control the
brightness of the light source module 310.

[0035] FIG. 7 is a flow chart illustrating the steps of
adjusting the PWM signal according to a preferred embodi-
ment of the present invention. Referring to FIG. 7, when the
detecting circuit 330 of FIG. 5 generates a detecting signal
fs according to the brightness of the light sources 312 as
described in Step S701, the counter 512 counts the detecting
signal fs and generates a count value C1 to the comparator
514 as described in Step S703. At this time, the comparator
514 compares the count value C1 with a reference value C2.
When the comparison result shows the count value C1 being
less than the reference value C2, the brightness of the light
source module 310 has been gradually reduced. At this time,
for example, the PWM unit 602 of FIG. 6 increases the base
frequency of the PWM signal as described in Step S707. As
shown in FIG. 8, the driving current Ip of the light source
module 310 can be increased by increasing the base fre-
quency of the PWM signal.

[0036] Further, if the comparison result shows that the
count value C1 is equal to the reference value C2, the PWM
unit 602 keeps the base frequency of the PWM signal
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constant as described in Step S709. At this time, the value of
the driving current Ip of the light source module 310 keeps
constant. Similarly, if the count value C1 is larger than the
reference value C2, the PWM unit 602 reduces the base
frequency of the PWM signal as described in Step S711.
[0037] FIG.9is a flow chart illustrating the steps of setting
the reference value according to a preferred embodiment of
the present invention. Referring to FIGS. 6 and 9 together,
the PWM driving circuit 320 further comprises a switch 608
for deciding whether the output of the comparator 610 is
coupled to the PWM unit 602 or not. In addition, one input
end of the comparator 610 receives the operating voltage Vy
of the light source module 310 and the other input end
receives a reference voltage Vref.

[0038] When the backlight device 300 is being dispatched
from the factory, the testing technician can at first turn on the
switch 608. Then, Step S901 is performed by adjusting the
variable resistor 314, i.e., adjusting the brightness of the
light sources to the optimal brightness. The control unit 340
outputs a preset base frequency fo of the PWM signal as the
output of the fpwm. At this time, for example, the detecting
circuit 330 of FIG. 5 detects the optimal brightness and
generates a detecting signal fs to the counter 512 as
described in Step S903. The counter 512 then counts the
detecting signal fs generated by the optimal brightness of the
light source module 310 and generates a reference value C2
as described in Step S905. Next, the counter 512 stores the
reference value C2 into the memory 515, and the value C2
corresponds to the factory default of the base frequency of
the PWM signal of the backlight device. Then, the testing
technician can turn off the switch 608.

[0039] In view of the above, as the present invention
directly adjusts the base frequency of the PWM signal to
control the brightness of the light source module, the con-
tinual analog-to-digital conversions are not required. Thus,
the signals processed in the present invention are almost
digital signals, so the control unit in the present invention
can be accomplished in the manner of digital form, thereby
effectively saving the cost of the backlight device of the
present invention.

[0040] Though the present invention has been disclosed
above by the preferred embodiments, they are not intended
to limit the present invention. Anybody skilled in the art can
make some modifications and variations without departing
from the spirit and scope of the present invention. Therefore,
the protecting range of the present invention falls in the
appended claims.

1. A circuit for controlling the light source brightness,

comprising:

a frequency comparator, for receiving a detecting fre-
quency signal and a reference frequency value, wherein
the detecting frequency signal is obtained by detecting
the brightness of a plurality of light sources;

a phase lock loop (PLL), generating a control frequency
signal according to an output of the frequency com-
parator; and

a frequency-varied pulse width modulation (FPWM) unit,
for outputting a PWM signal to drive the light sources,
wherein the FPWM unit adjusts a base frequency of the
PWM signal according to the control frequency signal
under a fixed duty cycle of the PWM signal, so as to
control the brightness of the light sources.
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2. The circuit for controlling the light source brightness
according to claim 1, wherein the light sources comprise
LEDs of different colors.

3. The circuit for controlling the light source brightness
according to claim 2, wherein the light sources comprise red,
blue, and green LEDs.

4. The circuit for controlling the light source brightness
according to claim 1, further comprising a memory for
storing a reference frequency value.

5. A backlight device, comprising:

a light source module, having a plurality of light sources;

a detecting circuit, for detecting the brightness of the light
source module and generating a detecting frequency
signal;

a control unit, for outputting a control frequency signal
according to the detecting frequency signal; and

a PWM driving circuit, for generating a PWM signal to
drive the light source module, wherein the PWM driv-
ing circuit adjusts the base frequency of the PWM
signal according to the control frequency signal under
the fixed duty cycle of the PWM signal, so as to control
the brightness of the light sources.

6. The backlight device according to claim 5, wherein the

light sources comprise red, blue, and green LEDs.

7. The backlight device according to claim 5, wherein the
detecting circuit comprises:

a light detector, for detecting the brightness of the light

sources; and

a brightness-to-frequency converter, for receiving the
output of the light detector and generating the detecting
frequency signal to the control unit.

8. The backlight device according to claim 5, wherein the

control unit comprises:

a counter, for counting the detecting frequency signal and
generating a count frequency value;

a memory, for storing a first reference frequency value;

a first frequency comparator, for receiving the output of
the counter and the memory and comparing the count
frequency value with the first reference frequency
value; and

a PLL, for generating the control frequency signal to the
PWM driving circuit according to the output of the first
frequency comparator.

9. The backlight device according to claim 5, wherein the

PWM driving circuit comprises:

a FPWM unit, for adjusting the base frequency of the
PWM signal according to the control frequency signal;

a transistor, having a gate receiving the PWM signal, a
first source/drain connected to ground, and a second
source/drain coupled to the light source module;

an inductor, having a first end coupled to a voltage source,
and a second end coupled to the second source/drain of
the transistor; and

a capacitor, having a first end coupled to the second
source/drain of the transistor and a second end con-
nected to ground.

10. The backlight device according to claim 9, wherein

the PWM driving circuit further comprises:

a second frequency comparator, for receiving an operating
voltage and a second reference frequency value of the
light source module; and

a switch, for deciding whether the output of the second
frequency comparator is coupled to the FPWM unit or
not.

Vizio Ex. 1021
IPR Petition - USP 7,843,148



US 2007/0257869 Al

11. A method for controlling the light source brightness,
comprising:

generating a PWM signal to drive a plurality of light

sources;

detecting the brightness of the light sources and generat-

ing a detection result; and

adjusting the base frequency of the PWM signal accord-

ing to the detection result under the fixed duty cycle of
the PWM signal, so as to control the brightness of the
light sources.

12. The method for controlling the light source brightness
according to claim 11, wherein the step of adjusting the base
frequency of the PWM signal comprises:

generating a detecting frequency signal according to the

brightness of the light sources;

counting the detecting frequency signal to generate a

count frequency value;

detecting whether the count frequency value is less than

a reference frequency value or not, wherein the refer-
ence frequency value indicates the optimal brightness
of the light sources;
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when the count frequency value is less than the reference
frequency value, increasing the base frequency of the
PWM signal;

when the count frequency value equals to the reference
frequency value, keeping the base frequency of the
PWM signal constant; and

when the count frequency value is larger than the refer-
ence frequency value, reducing the base frequency of
the PWM signal.

13. The method for controlling the light source brightness
according to claim 12, wherein the step of generating the
reference frequency value comprises:

adjusting the brightness of the light sources to the optimal

brightness;

converting the optimal brightness of the light sources into

the detecting frequency signal;

counting the detecting frequency signal generated by the

optimal brightness of the light sources to generate the
reference frequency value; and

storing the reference frequency value.

#* #* #* #* #*
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