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(54) Controllers, systems and methods for controlling dimming of light sources

(57) A controller for controlling dimming of an LED
light source includes a control terminal and dimming con-
trol circuitry coupled to the control terminal. The control
terminal provides a driving signal to control a control
switch coupled to the LED light source, thereby control-

ling the dimming of the LED light source. The dimming
control circuitry generates the driving signal according to
a set of operations of a power switch that transfers an
AC signal. The dimming control circuitry further adjusts
the driving signal by counting multiple waves of the AC
signal to control the dimming of the LED light source.
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Description

RELATED APPLICATIONS

[0001] This application is a continuation-in-part of U.S.
Patent Application Serial No.12/415,028, filed on March
31, 2009, which itself is a continuation-in-part of U.S.
Patent Application Serial No. 12/316,480, filed Decem-
ber 12, 2008, and both of which are fully incorporated
herein by reference. This application is also a continua-
tion-in-part of U.S. Patent Application Serial No.
12/761,681, filed on April 16, 2010, which is hereby in-
corporated by reference in its entirety.

BACKGROUND

[0002] In recent years, light sources such as light emit-
ting diodes (LEDs) have been improved through techno-
logical advances in material and manufacturing process-
es. LED possesses relatively high efficiency, long life,
vivid colors and can be used in a variety of industries
including the automotive, computer, telecom, military and
consumer goods, etc. One example is an LED lamp which
uses LEDs to replace traditional light sources such as
electrical filament.
[0003] FIG. 1 shows a schematic diagram of a conven-
tional LED driving circuit 100. The LED driving circuit 100
utilizes an LED string 106 as a light source. The LED
string 106 includes a group of LEDs connected in series.
A power converter 102 converts an input voltage Vin to
a desired output DC voltage Vout for powering the LED
string 106. A switch 104 coupled to the power converter
102 can enable or disable the input voltage Vin to the
LED string 106, and therefore can turn on or turn off the
LED lamp. The power converter 102 receives a feedback
signal from a current sensing resistor Rsen and adjusts
the output voltage Vout to make the LED string 106 gen-
erate a desired light output. One of the drawbacks of this
solution is that a desired light output is predetermined.
In operation, the light output of the LED string 106 is set
to a predetermined level and may not be adjusted by
users.
[0004] FIG. 2 illustrates a schematic diagram of anoth-
er conventional LED driving circuit 200. A power convert-
er 102 converts an input voltage Vin to a desired output
DC voltage Vout for powering the LED string 106. A
switch 104 coupled to the power converter 102 can en-
able or disable the input voltage Vin to the LED string
106, and therefore can turn on or turn off the LED lamp.
The LED string 106 is coupled to a linear LED current
regulator 208. Operational amplifiers 210 in the linear
LED current regulator 208 compares a reference signal
REF and a current monitoring signal from current sensing
resistor Rsen, and generates a control signal to adjust
the resistance of transistor Q1 in a linear mode. There-
fore, the LED current flowing through the LED string 106
can be adjusted accordingly. In this solution, in order to
control the light output of the LED string 106, users may

need to use a dedicated apparatus, such as a specially
designed switch with adjusting buttons or a switch that
can receive a remote control signal, to adjust the refer-
ence signal REF.

SUMMARY

[0005] In one embodiment, a controller for controlling
dimming of an LED light source includes a control termi-
nal and dimming control circuitry coupled to the control
terminal. The control terminal provides a driving signal
to control a control switch coupled to the LED light source,
thereby controlling the dimming of the LED light source.
The dimming control circuitry generates the driving signal
according to a set of operations of a power switch that
transfers an AC signal. The dimming control circuitry fur-
ther adjusts the driving signal by counting multiple waves
of the AC signal to control the dimming of the LED light
source.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006] Features and advantages of embodiments of
the claimed subject matter will become apparent as the
following detailed description proceeds, and upon refer-
ence to the drawings, wherein like numerals depict like
parts, and in which:
[0007] FIG. 1 shows a schematic diagram of a conven-
tional LED driving circuit.
[0008] FIG. 2 shows a schematic diagram of another
conventional LED driving circuit.
[0009] FIG. 3 shows a block diagram of a light source
driving circuit, in accordance with one embodiment of the
present invention.
[0010] FIG. 4 shows a schematic diagram of a light
source driving circuit, in accordance with one embodi-
ment of the present invention.
[0011] FIG. 5 shows a structure of a dimming controller
in FIG. 4, in accordance with one embodiment of the
present invention.
[0012] FIG. 6 illustrates signal waveforms in the analog
dimming mode, in accordance with one embodiment of
the present invention.
[0013] FIG. 7 illustrates signal waveforms in the burst
dimming mode, in accordance with one embodiment of
the present invention.
[0014] FIG. 8 illustrates a diagram illustrating an oper-
ation of a light source driving circuit which includes the
dimming controller in FIG. 5, in accordance with one em-
bodiment of the present invention.
[0015] FIG. 9 shows a flowchart of a method for ad-
justing power of a light source, in accordance with one
embodiment of the present invention.
[0016] FIG. 10 shows a schematic diagram of a light
source driving circuit, in accordance with one embodi-
ment of the present invention.
[0017] FIG. 11 shows a structure of a dimming control-
ler in FIG. 10, in accordance with one embodiment of the

1 2 



EP 2 498 579 A2

3

5

10

15

20

25

30

35

40

45

50

55

present invention.
[0018] FIG. 12 illustrates a diagram illustrating an op-
eration of a light source driving circuit which includes the
dimming controller in FIG. 11, in accordance with one
embodiment of the present invention.
[0019] FIG. 13 shows a flowchart of a method for ad-
justing power of a light source, in accordance with one
embodiment of the present invention.
[0020] FIG. 14A shows a schematic diagram of an ex-
ample of an LED light source driving system, in accord-
ance with one embodiment of the present invention.
[0021] FIG. 14B shows an example of a power switch
in FIG. 14A, in accordance with one embodiment of the
present invention.
[0022] FIG. 15 shows a structure diagram of an exam-
ple of a dimming controller in FIG. 14A, in accordance
with one embodiment of the present invention.
[0023] FIG. 16 shows a structure diagram of an exam-
ple of a dimmer in FIG. 15, in accordance with one em-
bodiment of the present invention.
[0024] FIG. 17 illustrates an example of a diagram il-
lustrating an operation of an LED light source driving sys-
tem, in accordance with one embodiment of the present
invention.
[0025] FIG. 18 illustrates an example of a diagram il-
lustrating an operation of an LED light source driving sys-
tem, in accordance with one embodiment of the present
invention.
[0026] FIG. 19 shows a schematic diagram of an ex-
ample of an LED light source driving system, in accord-
ance with one embodiment of the present invention.
[0027] FIG. 20 shows a structure diagram of an exam-
ple of a dimming controller in FIG. 19, in accordance with
one embodiment of the present invention.
[0028] FIG. 21 shows a block diagram of an example
of an LED light source driving system, in accordance with
one embodiment of the present invention.
[0029] FIG. 22 shows a flowchart of an example of a
method for controlling dimming of an LED light source,
in accordance with one embodiment of the present in-
vention.

DETAILED DESCRIPTION

[0030] Reference will now be made in detail to the em-
bodiments of the present invention. While the invention
will be described in conjunction with these embodiments,
it will be understood that they are not intended to limit
the invention to these embodiments. On the contrary, the
invention is intended to cover alternatives, modifications
and equivalents, which may be included within the spirit
and scope of the invention as defined by the appended
claims.
[0031] Furthermore, in the following detailed descrip-
tion of the present invention, numerous specific details
are set forth in order to provide a thorough understanding
of the present invention. However, it will be recognized
by one of ordinary skill in the art that the present invention

may be practiced without these specific details. In other
instances, well known methods, procedures, compo-
nents, and circuits have not been described in detail as
not to unnecessarily obscure aspects of the present in-
vention.
[0032] FIG. 3 shows an example of a block diagram of
a light source driving circuit 300, in accordance with one
embodiment of the present invention. In one embodi-
ment, the light source driving circuit 300 includes an
AC/DC converter 306 for converting an AC input voltage
VIN from a power source to a DC voltage VOUT, a power
switch 304 coupled between the power source and the
AC/DC converter 306 for selectively coupling the power
source to the light source driving circuit 300, a power
converter 310 coupled to the AC/DC converter 306 for
providing an LED string 312 with a regulated power, a
dimming controller 308 coupled to the power converter
310 for receiving a switch monitoring signal indicative of
an operation of the power switch 304 and for adjusting
the regulated power from the power converter 310 ac-
cording to the switch monitoring signal, and a current
sensor 314 for sensing an LED current flowing through
the LED string 312. In one embodiment, the power switch
304 can be an on/off switch mounted on the wall.
[0033] In operation, the AC/DC converter 306 converts
the input AC voltage VIN to the output DC voltage VOUT.
The power converter 310 receives the DC voltage VOUT
and provides the LED string 312 with a regulated power.
The current sensor 314 generates a current monitoring
signal indicating a level of an LED current flowing through
the LED string 312. The dimming controller 308 monitors
the operation of the power switch 304, receives the cur-
rent monitoring signal from the current sensor 314, and
is operable for controlling the power converter 310 to
adjust power of the LED string 312 in response to the
operation of the power switch 304. In one embodiment,
the dimming controller 308 operates in an analog dim-
ming mode and adjusts the power of the LED string 312
by adjusting a reference signal indicating a peak value
of the LED current. In another embodiment, the dimming
controller 308 operates in a burst dimming mode and
adjusts the power of the LED string 312 by adjusting a
duty cycle of a pulse width modulation (PWM) signal. By
adjusting the power of the LED string 312, the light output
of the LED string 312 can be adjusted accordingly.
[0034] FIG. 4 shows an example of a schematic dia-
gram of a light source driving circuit 400, in accordance
with one embodiment of the present invention. FIG. 4 is
described in combination with FIG. 3. Elements labeled
the same as in FIG. 3 have similar functions and will not
be detailed described herein.
[0035] The light source driving circuit 400 includes a
power converter 310 (shown in FIG. 3) coupled to a power
source and coupled to an LED string 312 for receiving
power from the power source and for providing a regu-
lated power to the LED string 312. In the example of FIG.
4, the power converter 310 can be a buck converter in-
cluding an inductor L1, a diode D4 and a control switch
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Q16. In the embodiment shown in FIG. 4, the control
switch Q16 is implemented outside the dimming control-
ler 308. In another embodiment, the control switch Q16
can be integrated in the dimming controller 308.
[0036] A dimming controller 308 is operable for receiv-
ing a switch monitoring signal indicative of an operation
of a power switch, e.g., a power switch 304 coupled be-
tween the power source and the light source driving cir-
cuit, and for adjusting the regulated power from the power
converter 310 (including the inductor L1, the diode D4
and the control switch Q16) by controlling the control
switch Q16 coupled in series with the LED string 312
according to the switch monitoring signal. The light
source driving circuit 400 can further include an AC/DC
converter 306 for converting an AC input voltage VIN to
a DC output voltage VOUT, and a current sensor 314 for
sensing an LED current flowing through the LED string
312. In the example of FIG. 4, the AC/DC converter 306
can be a bridge rectifier including diodes D1, D2, D7, D8,
D10, and a capacitor C9. The current sensor 314 can
include a current sensing resistor R5.
[0037] In one embodiment, terminals of the dimming
controller 308 can include HV_GATE, SEL, CLK, RT,
VDD, CTRL, MON and GND. The terminal HV_GATE is
coupled to a switch Q27 through a resistor R3 for con-
trolling a conductance status, e.g., ON/OFF status, of the
switch Q27 coupled to the LED string 312. A capacitor
C11 is coupled between the terminal HV_GATE and
ground for regulating a gate voltage of the switch Q27.
[0038] A user can select a dimming mode, e.g., an an-
alog dimming mode or a burst dimming mode, by coupling
the terminal SEL to ground through a resistor R4 (as
shown in FIG. 4), or coupling the terminal SEL to ground
directly.
[0039] The terminal CLK is coupled to the AC/DC con-
verter 306 through a resistor R3, and is coupled to ground
through a resistor R6. The terminal CLK can receive a
switch monitoring signal indicating an operation of the
power switch 304. In one embodiment, the switch mon-
itoring signal can be generated at a common node be-
tween the resistor R3 and the resistor R6. A capacitor
C12 is coupled to the resistor R6 in parallel for filtering
undesired noises. The terminal RT is coupled to ground
through a resistor R7 for determining a frequency of a
pulse signal generated by the dimming controller 308.
[0040] The terminal VDD is coupled to the switch Q27
through a diode D9 for supplying power to the dimming
controller 308. In one embodiment, an energy storage
unit, e.g., a capacitor C10, coupled between the terminal
VDD and ground can power the dimming controller 308
when the power switch 304 is turned off. In an alternate
embodiment, the energy storage unit can be integrated
in the dimming controller 308. The terminal GND is cou-
pled to ground.
[0041] The terminal CTRL is coupled to the control
switch Q16. The control switch Q16 is coupled in series
with the LED string 312 and the switch Q27, and is cou-
pled to ground through the current sensing resistor R5.

The dimming controller 308 is operable for adjusting the
regulated power from the power converter 310 by con-
trolling a conductance status, e.g., ON and OFF status,
of the control switch Q16 using a control signal via the
terminal CTRL. The terminal MON is coupled to the cur-
rent sensing resistor R5 for receiving a current monitoring
signal indicating an LED current flowing through the LED
string 312. When the switch Q27 is turned on, the dim-
ming controller 308 can adjust the LED current flowing
through the LED string 312 to ground by controlling the
control switch Q16.
[0042] In operation, when the power switch 304 is
turned on, the AC/DC converter 306 converts an input
AC voltage VIN to a DC voltage VOUT. A predetermined
voltage at the terminal HV_GATE is supplied to the switch
Q27 through the resistor R3 so that the switch Q27 is
turned on.
[0043] If the dimming controller 308 turns on the control
switch Q16, the DC voltage VOUT powers the LED string
312 and charges the inductor L1. An LED current flows
through the inductor L1, the LED string 312, the switch
Q27, the control switch Q16, the current sensing resistor
R5 to ground. If the dimming controller 308 turns off the
control switch Q16, an LED current flows through the
inductor L1, the LED string 312 and the diode D4. The
inductor L1 is discharged to power the LED string 312.
As such, the dimming controller 308 can adjust the reg-
ulated power from the power converter 310 by controlling
the control switch Q16.
[0044] When the power switch 304 is turned off, the
capacitor C10 is discharged to power the dimming con-
troller 308. A voltage across the resistor R6 drops to zero,
therefore a switch monitoring signal indicating a turn-off
operation of the power switch 304 can be detected by
the dimming controller 308 through the terminal CLK.
Similarly, when the power switch 304 is turned on, the
voltage across the resistor R6 rises to a predetermined
voltage, therefore a switch monitoring signal indicating a
turn-on operation of the power switch 304 can be detect-
ed by the dimming controller 308 through the terminal
CLK. If a turn-off operation is detected, the dimming con-
troller 308 can turn off the switch Q27 by pulling the volt-
age at the terminal HV_GATE to zero such that the LED
string 312 can be turned off after the inductor L1 com-
pletes discharging. In response to the turn-off operation,
the dimming controller 308 can adjust a reference signal
indicating a target light output of the LED string 312.
Therefore, when the power switch 304 is turned on next
time, the LED string 312 can generate a light output ac-
cording to the adjusted target light output. In other words,
the light output of the LED string 312 can be adjusted by
the dimming controller 308 in response to the turn-off
operation of the power switch 304.
[0045] FIG. 5 shows an example of a structure of the
dimming controller 308 in FIG. 4, in accordance with one
embodiment of the present invention. FIG. 5 is described
in combination with FIG. 4. Elements labeled the same
as in FIG. 4 have similar functions and will not be detailed
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described herein.
[0046] The dimming controller 308 includes a trigger
monitoring unit 506, a dimmer 502 and a pulse signal
generator 504. The trigger monitoring unit 506 is coupled
to ground through a Zener diode ZD1. The trigger mon-
itoring unit 506 can receive a switch monitoring signal
indicating an operation of the external power switch 304
through the terminal CLK and can generate a driving sig-
nal for driving a counter 526 when an operation of the
external power switch 304 is detected at the terminal
CLK. The trigger monitoring unit 506 is further operable
for controlling a conductance status of the switch Q27.
The dimmer 502 is operable for generating a reference
signal REF to adjust power of the LED string 312 in an
analog dimming mode, or generating a control signal 538
for adjusting a duty cycle of a PWM signal PWM1 to adjust
the power of the LED string 312. The pulse signal gen-
erator 504 is operable for generating a pulse signal which
can turn on a control switch Q16. The dimming controller
308 can further include a start up and under voltage lock-
out (UVL) circuit 508 coupled to the terminal VDD for
selectively turning on one or more components of the
dimming controller 308 according to different power con-
dition.
[0047] In one embodiment, the start up and under volt-
age lockout circuit 508 is operable for turning on all the
components of the dimming controller 308 when the volt-
age at the terminal VDD is greater than a first predeter-
mined voltage. When the power switch 304 is turned off,
the start up and under voltage lockout circuit 508 is op-
erable for turning off other components of the dimming
controller 308 except the trigger monitoring unit 506 and
the dimmer 502 when the voltage at the terminal VDD is
less than a second predetermined voltage, in order to
save energy. The start up and under voltage lockout cir-
cuit 508 is further operable for turning off the trigger mon-
itoring unit 506 and the dimmer 502 when the voltage at
the terminal VDD is less than a third predetermined volt-
age. In one embodiment, the first predetermined voltage
is greater than the second predetermined voltage and
the second predetermined voltage is greater than the
third predetermined voltage. Because the dimming con-
troller 308 can be powered by the capacitor C10 through
the terminal VDD, the trigger monitoring unit 506 and the
dimmer 502 can still operate for a time period after the
power switch 304 is turned off.
[0048] In the dimming controller 308, the terminal SEL
is coupled to a current source 532. Users can choose a
dimming mode by configuring the terminal SEL, e.g., by
coupling the terminal SEL directly to ground or coupling
the terminal SEL to ground via a resistor. In one embod-
iment, the dimming mode can be determined by meas-
uring a voltage at the terminal SEL. If the terminal SEL
is directly coupled to ground, the voltage at the terminal
SEL is approximately equal to zero. A control circuit can
in turn switch on a switch 540, switch off a switch 541
and switch off a switch 542. Therefore, the dimming con-
troller 308 can work in an analog dimming mode and can

adjust the power of the LED string 312 (shown in FIG. 4)
by adjusting a reference signal REF. In one embodiment,
if the terminal SEL is coupled to ground via a resistor R4
having a predetermined resistance (as shown in FIG. 4),
the voltage at the terminal SEL can be greater than zero.
The control circuit can in turn switch off the switch 540,
switch on the switch 541 and switch on the switch 542.
Therefore, the dimming controller 308 can work in a burst
dimming mode and can adjust the power of the LED string
312 (shown in FIG. 4) by adjusting a duty cycle of a PWM
signal PWM1. In other words, different dimming modes
can be selected by controlling the ON/OFF status of the
switch 540, switch 541 and switch 542. The ON/OFF sta-
tus of the switch 540, switch 541 and switch 542 can be
determined by the voltage at the terminal SEL.
[0049] The pulse signal generator 504 is coupled to
ground through the terminal RT and the resistor R7 for
generating a pulse signal 536 which can turn on the con-
trol switch Q16. The pulse signal generator 504 can have
different configurations and is not limited to the configu-
ration as shown in the example of FIG. 5.
[0050] In the pulse signal generator 504, the non-in-
verting input of an operational amplifier 510 receives a
predetermined voltage V1. Thus, the voltage of the in-
verting input of the operational amplifier 510 can be
forced to V1. A current IRT flows through the terminal RT
and the resistor R7 to ground. A current I1 flowing through
a MOSFET 514 and a MOSFET 515 is equal to IRT.
Because the MOSFET 514 and a MOSFET 512 consti-
tute a current mirror, a current I2 flowing through the
MOSFET 512 is also substantially equal to IRT. The out-
put of a comparator 516 and the output of a comparator
51 8 are respectively coupled to the S input and the R
input of an SR flip-flop 520. The inverting input of the
comparator 516 receives a predetermined voltage V2.
The non-inverting input of the comparator 518 receives
a predetermined voltage V3. V2 is greater than V3, and
V3 is greater than zero, in one embodiment. A capacitor
C4 is coupled between the MOSFET 512 and ground,
and has one end coupled to a common node between
the non-inverting input of the comparator 516 and the
inverting input of the comparator 518. The Q output of
the SR flip-flop 520 is coupled to the switch Q15 and the
S input of an SR flip-flop 522. The switch Q15 is coupled
in parallel with the capacitor C4. A conductance status,
e.g., ON/OFF status, of the switch Q15 can be deter-
mined by the Q output of the SR flip-flop 520.
[0051] Initially, the voltage across the capacitor C4 is
approximately equal to zero which is less than V3. There-
fore, the R input of the SR flip-flop 520 receives a digital
1 from the output of the comparator 518. The Q output
of the SR flip-flop 520 is set to digital 0, which turns off
the switch Q15. When the switch Q15 is turned off, the
voltage across the capacitor C4 increases as the capac-
itor C4 is charged by I2. When the voltage across C4 is
greater than V2, the S input of the SR flip-flop 520 re-
ceives a digital 1 from the output of the comparator 516.
The Q output of the SR flip-flop 520 is set to digital 1,
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which turns on the switch Q15. When the switch Q15 is
turned on, the voltage across the capacitor C4 decreases
as the capacitor C4 discharges through the switch Q15.
When the voltage across the capacitor C4 drops below
V3, the comparator 518 outputs a digital 1, and the Q
output of the SR flip-flop 520 is set to digital 0, which
turns off the switch Q15. Then the capacitor C4 is charged
by I2 again. As such, through the process described
above, the pulse signal generator 504 can generate a
pulse signal 536 which includes a series of pulses at the
Q output of the SR flip-flop 520. The pulse signal 536 is
sent to the S input of the SR flip-flop 522.
[0052] The trigger monitoring unit 506 is operable for
monitoring an operation of the power switch 304 through
the terminal CLK, and is operable for generating a driving
signal for driving the counter 526 when an operation of
the power switch 304 is detected at the terminal CLK. In
one embodiment, when the power switch 304 is turned
on, the voltage at the terminal CLK rises to a level that
is equal to a voltage across the resistor R6 (shown in
FIG. 4). When the power switch 304 is turned off, the
voltage at the terminal CLK drops to zero. Therefore, a
switch monitoring signal indicating the operation of the
power switch 304 can be detected at the terminal CLK.
In one embodiment, the trigger monitoring unit 506 gen-
erates a driving signal when a turn-off operation is de-
tected at the terminal CLK.
[0053] The trigger monitoring unit 506 is further oper-
able for controlling a conductance status of the switch
Q27 through the terminal HV_GATE. When the power
switch 304 is turned on, a breakdown voltage across the
Zener diode ZD1 is applied to the switch Q27 through
the resistor R3. Therefore, the switch Q27 can be turned
on. The trigger monitoring unit 506 can turn off the switch
Q27 by pulling the voltage at the terminal HV_GATE to
zero. In one embodiment, the trigger monitoring unit 506
turns off the switch Q27 when a turn-off operation of the
power switch 304 is detected at the terminal CLK and
turns on the switch Q27 when a turn-on operation of the
power switch 304 is detected at the terminal CLK.
[0054] In one embodiment, the dimmer 502 includes
a counter 526 coupled to the trigger monitoring unit 506
for counting operations of the power switch 304, a digital-
to-analog converter (D/A converter) 528 coupled to the
counter 526. The dimmer 502 can further include a PWM
generator 530 coupled to the D/A converter 528. The
counter 526 can be driven by the driving signal generated
by the trigger monitoring unit 506. More specifically, when
the power switch 304 is turned off, the trigger monitoring
unit 506 detects a negative edge of the voltage at the
terminal CLK and generates a driving signal, in one em-
bodiment. The counter value of the counter 526 can be
increased, e.g., by 1, in response to the driving signal.
The D/A converter 528 reads the counter value from the
counter 526 and generates a dimming signal (e.g., con-
trol signal 538 or reference signal REF) based on the
counter value. The dimming signal can be used to adjust
a target power level of the power converter 310, which

can in turn adjust the light output of the LED string 312.
[0055] In the burst dimming mode, the switch 540 is
off, the switch 541 and the switch 542 are on. The invert-
ing input of the comparator 534 receives a reference sig-
nal REF1 which can be a DC signal having a predeter-
mined substantially constant voltage. The voltage of
REF1 can determine a peak value of the LED current,
which can in turn determine the maximum light output of
the LED string 312. The dimming signal can be a control
signal 538 which is applied to the PWM generator 530
for adjusting a duty cycle of the PWM signal PWM1. By
adjusting the duty cycle of PWM1, the light output of the
LED string 312 can be adjusted no greater than the max-
imum light output determined by REF1. For example, if
PWM1 has a duty cycle of 100%, the LED string 312 can
have the maximum light output. If the duty cycle of PWM1
is less than 100%, the LED string 312 can have a light
output that is lower than the maximum light output.
[0056] In the analog dimming mode, the switch 540 is
on, the switch 541 and the switch 542 are off, and the
dimming signal can be an analog reference signal REF
having an adjustable voltage. The D/A converter 528 can
adjust the voltage of the reference signal REF according
to the counter value of the counter 526. The voltage of
REF can determine a peak value of the LED current,
which can in turn determine an average value of the LED
current. As such, the light output of the LED string 312
can be adjusted by adjusting the reference signal REF.
[0057] In one embodiment, the D/A converter 528 can
decrease the voltage of REF in response to an increase
of the counter value. For example, if the counter value is
0, the D/A converter 528 adjusts the reference signal
REF to have a voltage V4. If the counter value is in-
creased to 1 when a turn-off operation of the power switch
304 is detected at the terminal CLK by the trigger moni-
toring unit 506, the D/A converter 528 adjusts the refer-
ence signal REF to have a voltage V5 that is less than
V4. Yet in another embodiment, the D/A converter 528
can increase the voltage of REF in response to an in-
crease of the counter value.
[0058] In one embodiment, the counter value will be
reset to zero after the counter 526 reaches its maximum
counter value. For example, if the counter 526 is a 2-bit
counter, the counter value will increase from 0 to 1, 2, 3
and then return to zero after four turn-off operations have
been detected. Accordingly, the light output of the LED
string 312 can be adjusted from a first level to a second
level, then to a third level, then to a fourth level, and then
back to the first level.
[0059] The inverting input of a comparator 534 can se-
lectively receive the reference signal REF and the refer-
ence signal REF1. For example, the inverting input of the
comparator 534 receives the reference signal REF
through the switch 540 in the analog dimming mode, and
receives the reference signal REF1 through the switch
541 in the burst dimming mode. The non-inverting input
of the comparator 534 is coupled to the resistor R5
through the terminal MON for receiving a current moni-
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toring signal SEN from the current sensing resistor R5.
The voltage of the current monitoring signal SEN can
indicate an LED current flowing through the LED string
312 when the switch Q27 and the control switch Q16 are
turned on.
[0060] The output of the comparator 534 is coupled to
the R input of the SR flip-flop 522. The Q output of the
SR flip-flop 522 is coupled to an AND gate 524. The PWM
signal PWM1 generated by the PWM generator 530 is
applied to the AND gate 524. The AND gate 524 outputs
a control signal to control the control switch Q16 through
the terminal CTRL.
[0061] If the analog dimming mode is selected, the
switch 540 is turned on and the switches 541 and 542
are turned off. The control switch Q16 is controlled by
the SR flip-flop 522. In operation, when the power switch
304 is turned on, the breakdown voltage across the Zener
diode ZD1 turns on the switch Q27. The SR flip-flop 522
generates a digital 1 at the Q output to turn on the control
switch Q16 in response to the pulse signal 536 generated
by the pulse generator 504. An LED current flowing
through the inductor L1, the LED string 312, the switch
Q27, the control switch Q16, the current sensing resistor
R5 to ground. The LED current gradually increases be-
cause the inductor resists a sudden change of the LED
current. As a result, the voltage across the current sens-
ing resistor R5, that is, the voltage of the current moni-
toring signal SEN can be increased. When the voltage
of SEN is greater than that of the reference signal REF,
the comparator 534 generates a digital 1 at the R input
of the SR flip-flop 522 so that the SR flip-flop 522 gener-
ates a digital 0 to turn off the control switch Q16. After
the control switch Q16 is turned off, the inductor L1 is
discharged to power the LED string 312. An LED current
which flows through the inductor L1, the LED string 312
and the diode D4 gradually decreases. The control switch
Q16 is turned on when the SR flip-flop 522 receives a
pulse at the S input again, and then the LED current flows
through the current sensing resistor R5 to ground again.
When the voltage of the current monitoring signal SEN
is greater than that of the reference signal REF, the con-
trol switch Q16 is turned off by the SR flip-flop 522. As
described above, the reference signal REF determines
a peak value of the LED current, which can in turn deter-
mine the light output of the LED string 312. By adjusting
the reference signal REF, the light output of the LED
string 312 can be adjusted.
[0062] In the analog dimming mode, when the power
switch 304 is turned off, the capacitor C10 (shown in FIG.
4) is discharged to power the dimming controller 308.
The counter value of the counter 526 can be increased
by 1 when the trigger monitoring unit 506 detects a turn-
off operation of the power switch 304 at the terminal CLK.
The trigger monitoring unit 506 can turn off the switch
Q27 in response to the turn-off operation of the power
switch 304. The D/A converter 528 can adjust the voltage
of the reference signal REF from a first level to a second
level in response to the change of the counter value.

Therefore, the light output of the LED string 312 can be
adjusted in accordance with the adjusted reference sig-
nal REF when the power switch 304 is turned on.
[0063] If the burst dimming mode is selected, the
switch 540 is turned off and the switches 541 and 542
are turned on. The inverting input of the comparator 534
receives a reference signal REF1 having a predeter-
mined voltage. The control switch Q16 is controlled by
both of the SR flip-flop 522 and the PWM signal PWM1
through the AND gate 524. The reference signal REF1
can determine a peak value of the LED current, which
can in turn determine a maximum light output of the LED
string 312. The duty cycle of the PWM signal PWM1 can
determine the on/off time of the control switch Q16. When
the PWM signal PWM1 is logic 1, the conductance status
of the control switch Q16 is determined by the Q output
of the SR flip-flop 522. When the PWM signal PWM1 is
logic 0, the control switch Q16 is turned off. By adjusting
the duty cycle of the PWM signal PWM1, the power of
the LED string 312 can be adjusted accordingly. As such,
the combination of the reference signal REF1 and the
PWM signal PWM1 can determine the light output of the
LED string 312.
[0064] In the burst dimming mode, when the power
switch 304 is turned off, a turn-off operation of the power
switch 304 can be detected by the trigger monitoring unit
506 at the terminal CLK. The trigger monitoring unit 506
turns off the switch Q27 and generates a driving signal.
The counter value of the counter 526 can be increased,
e.g., by 1, in response of the driving signal. The D/A con-
verter 528 can generate the control signal 538 to adjust
the duty cycle of the PWM signal PWM1 from a first level
to a second level. Therefore, when the power switch 304
is turned on next time, the light output of the LED string
312 can be adjusted to follow a target light output which
is determined by the reference signal REF1 and the PWM
signal PWM1.
[0065] FIG. 6 illustrates examples of signal waveforms
of an LED current 602 flowing through the LED string
312, the pulse signal 536, V522 which indicates the out-
put of the SR flip-flop 522, V524 which indicates the out-
put of the AND gate 524, and the ON/OFF status of the
control switch Q16 in the analog dimming mode. FIG. 6
is described in combination with FIG. 4 and FIG. 5.
[0066] In operation, the pulse signal generator 504
generates pulse signal 536. The SR flip-flop 522 gener-
ates a digital 1 at the Q output in response to each pulse
of the pulse signal 536. The control switch Q16 is turned
on when the Q output of the SR flip-flop 522 is digital 1.
When the control switch Q16 is turned on, the inductor
L1 ramps up and the LED current 602 increases. When
the LED current 602 reaches the peak value Imax, which
means the voltage of the current monitoring signal SEN
is substantially equal to the voltage of the reference signal
REF, the comparator 534 generates a digital 1 at the R
input of the SR flip-flop 522 so that the SR flip-flop 522
generates a digital 0 at the Q output. The control switch
Q16 is turned off when the Q output of the SR flip-flop
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522 is digital 0. When the control switch Q16 is turned
off, the inductor L1 is discharged to power the LED string
312 and the LED current 602 decreases. In this analog
dimming mode, by adjusting the reference signal REF,
the average LED current can be adjusted accordingly
and therefore the light output of the LED string 312 can
be adjusted.
[0067] FIG. 7 illustrates examples of signal waveforms
of the LED current 602 flowing through the LED string
312, the pulse signal 536, V522 which indicates the out-
put of the SR flip-flop 522, V524 which indicates the out-
put of the AND gate 524, and the ON/OFF status of the
control switch Q16, and the PMW signal PWM1 in the
burst dimming mode. FIG. 7 is described in combination
with FIG. 4 and FIG. 5.
[0068] When PWM1 is digital 1, the relationship among
the LED current 602, the pulse signal 536, V522, V524,
and the ON/OFF status of the switch Q1 is similar to that
is illustrated in FIG. 6. When PWM1 is digital 0, the output
of the AND gate 524 turns to digital 0. Therefore, the
control switch Q16 is turned off and the LED current 602
decreases. If the PWM1 holds digital 0 long enough, the
LED current 602 can falls to zero. In this burst dimming
mode, by adjusting the duty cycle of PWM1, the average
LED current can be adjusted accordingly and therefore
the light output of the LED string 312 can be adjusted.
[0069] FIG. 8 shows an example of a diagram illustrat-
ing an operation of a light source driving circuit which
includes the dimming controller in FIG. 5, in accordance
with one embodiment of the present invention. FIG. 8 is
described in combination with FIG. 5.
[0070] In the example shown in FIG. 8, each time when
a turn-off operation of the power switch 304 is detected
by the trigger monitoring unit 506, the counter value of
the counter 526 is increases by 1. The counter 526 can
be a 2-bit counter which has a maximum counter value
of 3.
[0071] In the analog dimming mode, the D/A converter
528 reads the counter value from the counter 526 and
decreases the voltage of the reference signal REF in re-
sponse to an increase of the counter value. The voltage
of REF can determine a peak value Imax of the LED
current, which can in turn determine an average value of
the LED current. In the burst dimming mode, the D/A
converter 528 reads the counter value from the counter
526 and decreases the duty cycle of the PWM signal
PWM1 (e.g., decreases 25% each time) in response to
an increase of the counter value. The counter 526 is reset
after it reaches its maximum counter value (e.g., 3).
[0072] FIG. 9 shows a flowchart 900 of a method for
adjusting power of a light source, in accordance with one
embodiment of the present invention. FIG. 9 is described
in combination with FIG. 4 and FIG. 5.
[0073] In block 902, a light source, e.g., the LED string
312, is powered by a regulated power from a power con-
verter, e.g., the power converter 310. In block 904, a
switch monitoring signal can be received, e.g., by the
dimming controller 308. The switch monitoring signal can

indicate an operation of a power switch, e.g., the power
switch 304 coupled between a power source and the
power converter. In block 906, a dimming signal is gen-
erated according to the switch monitoring signal. In block
908, a switch coupled in series with the light source, e.g.,
the control switch Q16, is controlled according to the dim-
ming signal so as to adjust the regulated power from the
power converter. In one embodiment, in an analog dim-
ming mode, the regulated power from the power convert-
er can be adjusted by comparing the dimming signal with
a feedback current monitoring signal which indicates a
light source current of the light source. In another em-
bodiment, in a burst dimming mode, the regulated power
from the power converter can be adjusted by controlling
a duty cycle of a PWM signal by the dimming signal.
[0074] Accordingly, embodiments in accordance with
the present invention provide a light source driving circuit
that can adjust power of a light source according to a
switch monitoring signal indicative of an operation of a
power switch, e.g., an on/off switch mounted on the wall.
The power of the light source, which is provided by a
power converter, can be adjusted by a dimming controller
by controlling a switch coupled in series with the light
source. Advantageously, as described above, users can
adjust the light output of the light source through an op-
eration (e.g., a turn-off operation) of a common on/off
power switch. Therefore, extra apparatus for dimming,
such as an external dimmer or a specially designed
switch with adjusting buttons, can be avoided and the
cost can be reduced.
[0075] FIG. 10 shows an example of a schematic dia-
gram of a light source driving circuit 1000, in accordance
with one embodiment of the present invention. FIG. 10
is described in combination with FIG. 3. Elements labeled
the same as in FIG. 3 and FIG. 4 have similar functions.
[0076] The light source driving circuit 1000 includes a
power converter 310 coupled to a power source and an
LED string 312 for receiving power from the power source
and for providing a regulated power to the LED string
312. A dimming controller 1008 is operable for monitoring
a power switch 304 coupled between the power source
and the light source driving circuit 1000 by monitoring
the voltage at a terminal CLK. The dimming controller
1008 is operable for receiving a dimming request signal
indicative of a first set of operations of the power switch
304 and for receiving a dimming termination signal indic-
ative of a second set of operations of the power switch
304. The dimming controller 1008 can receive the dim-
ming request signal and the dimming termination signal
via the terminal CLK. The dimming controller 1008 is fur-
ther operable for continuously adjusting the regulated
power from the power converter 310 if the dimming re-
quest signal is received, and for stopping adjusting the
regulated power from the power converter 310 if the dim-
ming termination signal is received. In other words, the
dimming controller 1008 can continuously adjust the
power from the power converter 310 upon detection of
the first set of operations of the power switch 304 until
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the second set of operations of the power switch 304 are
detected. In one embodiment, the dimming controller
1008 can adjust the regulated power from the power con-
verter 310 by controlling a control switch Q16 coupled in
series with the LED string 312.
[0077] FIG. 11 shows an example of a structure of the
dimming controller 1008 in FIG. 10, in accordance with
one embodiment of the present invention. FIG. 11 is de-
scribed in combination with FIG. 10. Elements labeled
the same as in FIG. 4, FIG. 5 and FIG. 10 have similar
functions.
[0078] In the example of FIG. 11, the structure of the
dimming controller 1008 in FIG. 11 is similar to the struc-
ture of the dimming controller 308 in FIG. 5 except for
the configuration of the dimmer 1102 and the trigger mon-
itoring unit 1106. In FIG. 11, the trigger monitoring unit
1106 is operable for receiving the dimming request signal
and the dimming termination signal via the terminal CLK,
and for generating a signal EN to enable or disable a
clock generator 1104. The trigger monitoring unit 1106
is further operable for controlling a conductance status
of the switch Q27 coupled to the LED string 312.
[0079] The dimmer 1102 is operable for generating a
reference signal REF to adjust power of the LED string
312 in an analog dimming mode, or generating a control
signal 538 for adjusting a duty cycle of a PWM signal
PWM1 to adjust the power of the LED string 312 in a
burst dimming mode. In the example shown in FIG. 11,
the dimmer 1102 can include the clock generator 1104
coupled to the trigger monitoring unit 1106 for generating
a clock signal, a counter 1126 driven by the clock signal,
a digital-to-analog (D/A) converter 528 coupled to the
counter 1126. The dimmer 1102 can further include a
PWM generator 530 coupled to the D/A converter 528.
[0080] In operation, when the power switch 304 is
turned on or turned off, the trigger monitoring unit 1106
can detect a positive edge or a negative edge of the volt-
age at the terminal CLK. For example, when the power
switch 304 is turned off, the capacitor C10 is discharged
to power the dimming controller 1108. A voltage across
the resistor R6 drops to zero. Therefore, a negative edge
of the voltage at the terminal CLK can be detected by the
trigger monitoring unit 1106. Similarly, when the power
switch 304 is turned on, the voltage across the resistor
R6 rises to a predetermined voltage. Therefore, a positive
edge of the voltage at the terminal CLK can be detected
by the trigger monitoring unit 1106. As such, operations,
e.g., turn-on operations or turn-off operations, of the pow-
er switch 304 can be detected by the trigger monitoring
unit 1106 by monitoring the voltage at the terminal CLK.
[0081] In one embodiment, a dimming request signal
can be received by the trigger monitoring unit 1106 via
the terminal CLK when a first set of operations of the
power switch 304 are detected. A dimming termination
signal can be received by the trigger monitoring unit 1106
via the terminal CLK when a second set of operations of
the power switch 304 are detected. In one embodiment,
the first set of operations of the power switch 304 includes

a first turn-off operation followed by a first turn-on oper-
ation. In one embodiment, the second set of operations
of the power switch 304 includes a second turn-off oper-
ation followed by a second turn-on operation.
[0082] If the dimming request signal is received by the
trigger monitoring unit 1106, the dimming controller 1108
begins to continuously adjust the regulated power from
the power converter 310. In an analog dimming mode,
the dimming controller 1108 adjusts a voltage of a refer-
ence signal REF to adjust the regulated power from the
power converter 310. In a burst dimming mode, the dim-
ming controller 1108 adjusts a duty cycle of a PWM signal
PWM1 to adjust the regulated power from the power con-
verter 310.
[0083] If the dimming termination signal is received by
the trigger monitoring unit 1106, the dimming controller
1108 can stop adjusting the regulated power from the
power converter 310.
[0084] FIG. 12 illustrates an example of a diagram il-
lustrating an operation of a light source driving circuit
which includes the dimming controller 1008 in FIG. 11,
in accordance with one embodiment of the present in-
vention. FIG. 12 is described in combination with FIG. 10
and FIG. 11.
[0085] Assume that initially the power switch 304 is off.
In operation, when the power switch 304 is turned on,
e.g., by a user, the LED string 312 is powered by a reg-
ulated power from the power converter 310 to generate
an initial light output, in one embodiment. In the analog
dimming mode, the initial light output can be determined
by an initial voltage of the reference signal REF. In the
burst dimming mode, the initial light output can be deter-
mined by an initial duty cycle (e.g., 100%) of the PWM
signal PWM1. The reference signal REF and the PWM
signal PWM1 can be generated by the D/A converter 528
according to a counter value of the counter 1126, in one
embodiment. Therefore, the initial voltage of REF and
the initial duty cycle of PWM1 can be determined by an
initial counter value (e.g., zero) provided by the counter
1126.
[0086] In order to adjust the light output of the LED
string 312, the user can apply a first set of operations to
the power switch 304. A dimming request signal is gen-
erated upon detection of the first set of operations of the
power switch 304. In one embodiment, the first set of
operations can include a first turn-off operation followed
by a first turn-on operation. As a result, a dimming request
signal including a negative edge 1204 followed by a pos-
itive edge 1206 of the voltage at the terminal CLK can
be detected and received by the trigger monitoring unit
1106. In response to the dimming request signal, the trig-
ger monitoring unit 1106 can generate a signal EN having
a high level. Thus, the clock generator 1104 is enabled
to generate a clock signal. The counter 1126 driven by
the clock signal can change the counter value in response
to each clock pulse of the clock signal. In the example of
FIG. 12, the counter value increases in response to the
clock signal. In one embodiment, the counter value can
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be reset to zero after the counter 1126 reaches its pre-
determined maximum counter value. In another embod-
iment, the counter value increases until the counter 1126
reaches its predetermined maximum counter value, and
then decreases until the counter 1126 reaches its pre-
determined minimum counter value.
[0087] In the analog dimming mode, the D/A converter
528 reads the counter value from the counter 1126 and
decreases the voltage of the reference signal REF in re-
sponse to an increase of the counter value, in one em-
bodiment. In the burst dimming mode, the D/A converter
528 reads the counter value from the counter 1126 and
decreases the duty cycle of the PWM signal PWM1 (e.g.,
decreases 10% each time) in response to an increase of
the counter value, in one embodiment. Accordingly, the
light output of the LED string 312 can be adjusted be-
cause the regulated power from the power converter 310
can be determined by the voltage of the reference signal
REF (in the analog dimming mode) or by the duty cycle
of the PWM signal PWM1 (in the burst dimming mode).
[0088] Once a desired light output has been achieved,
the user can terminate the adjustment process by apply-
ing a second set of operations to the power switch 304.
A dimming termination signal is generated upon detec-
tion of the second set of operations of the power switch
304. In one embodiment, the second set of operations
can include a second turn-off operation followed by a
second turn-on operation. As a result, the dimming ter-
mination signal including a negative edge 1208 followed
by a positive edge 1210 of the voltage at the terminal
CLK can be detected and received by the trigger moni-
toring unit 1106. Upon detection of the dimming termina-
tion signal, the trigger monitoring unit 1106 can generate
the signal EN having a low level. Thus, the clock gener-
ator 1104 is disabled, such that the counter 1126 can
hold its counter value. Accordingly, in the analog dimming
mode, the voltage of the reference signal REF can be
held at a desired level. In the burst dimming mode, the
duty cycle of the PWM signal PWM1 can be held at a
desired value. Therefore, the light output of the LED string
312 can be maintained at a desired light output.
[0089] FIG. 13 shows a flowchart 1300 of a method for
adjusting power of a light source, in accordance with one
embodiment of the present invention. FIG. 13 is de-
scribed in combination with FIG. 10 and FIG. 11.
[0090] In block 1302, a light source, e.g., the LED string
312, is powered by a regulated power from a power con-
verter, e.g., the power converter 310.
[0091] In block 1304, a dimming request signal can be
received, e.g., by the dimming controller 1108. The dim-
ming request signal can indicate a first set of operations
of a power switch, e.g., the power switch 304 coupled
between a power source and the power converter. In one
embodiment, the first set of operations of the power
switch includes a first turn-off operation followed by a first
turn-on operation.
[0092] In block 1306, the regulated power from the
power converter is continuously adjusted, e.g., by the

dimming controller 1108. In one embodiment, a clock
generator 1104 can be enabled to drive a counter 1126.
A dimming signal (e.g., control signal 538 or reference
signal REF) can be generated according to the counter
value of the counter 1126. In an analog dimming mode,
the regulated power from the power converter can be
adjusted by comparing the reference signal REF with a
feedback current monitoring signal which indicates a light
source current of the light source. The voltage of REF
can be determined by the counter value. In a burst dim-
ming mode, the regulated power from the power convert-
er can be adjusted by varying a duty cycle of a PWM
signal PWM1 by the control signal 538. The duty cycle
of PWM1 can be also determined by the counter value.
[0093] In block 1308, a dimming termination signal can
be received, e.g., by the dimming controller 1108. The
dimming termination signal can indicate a second set of
operations of a power switch, e.g., the power switch 304
coupled between a power source and the power convert-
er. In one embodiment, the second set of operations of
the power switch includes a second turn-off operation
followed by a second turn-on operation.
[0094] In block 1310, the adjustment of the regulated
power from the power converter is terminated if the dim-
ming termination signal is received. In one embodiment,
the clock generator 1104 is disabled such that the counter
1126 can hold its counter value. As a result, in the analog
dimming mode, the voltage of REF can be held at a de-
sired level. In the burst dimming mode, the duty cycle of
the PWM signal PWM1 can be held at a desired value.
Consequently, the light source can maintain a desired
light output.
[0095] Accordingly, embodiments in accordance with
the present invention provide a light source driving circuit
that can automatically and continuously adjust power of
a light source if a dimming request signal is received.
The light source driving circuit can stop adjusting power
of the light source if a dimming termination signal is re-
ceived. Advantageously, a user can enable a light/bright-
ness adjustment by applying a first set of operations to
a power switch, e.g., an on/off switch mounted on the
wall. During the light adjustment process, the light output
of the light source gradually decreases or increases. If a
desired light output has been achieved, the user can ter-
minate the light adjustment by applying a second set of
operations to the power switch. Therefore, extra appa-
ratus for dimming, such as an external dimmer or a spe-
cially designed switch with adjusting buttons, can be
avoided and the cost can be reduced.
[0096] FIG. 14A shows a schematic diagram of an ex-
ample of an LED light source driving system 1400, in
accordance with one embodiment of the present inven-
tion. FIG. 14A is described in combination with FIG. 10.
Elements labeled the same as in FIG. 10 have similar
functions.
[0097] In one embodiment, the driving system 1400
receives AC power through the power switch 304 and
generates regulated power to an LED light source. The
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power switch 304 can be an on/off switch mounted on
the wall. An example of the power switch 304 is illustrated
in FIG. 14B. By switching an element 1480 to an ON
place or an OFF place, the conductance status of the
power switch 1404 is controlled on or off, e.g., by a user.
In the example of FIG. 14A, the driving system 1400 in-
cludes power conversion circuitry, e.g., the AC/DC con-
verter 306 and a DC/DC converter 1410, and dimming
control circuitry, e.g., a dimming controller 1408. The
power conversion circuitry receives an AC signal, e.g.,
the AC input voltage VIN provided by the AC power
source, through the power switch 304 and provides the
regulated power, e.g., a regulated current IREG, to an
LED light source 1412. In the example of FIG. 14A, the
LED light source 1412 includes an LED string. More spe-
cifically, the AC/DC converter 306 of the conversion cir-
cuitry receives AC power (e.g., the AC input voltage VIN)
and converts the AC power to DC power (e.g., the DC
output voltage VOUT). The DC/DC converter 1410 of the
conversion circuitry converts the DC power (e.g., the DC
output voltage VOUT) to the regulated power (e.g., the
regulated current IREG) by controlling a control switch
Q16, e.g., coupled in series with the LED light source via
the DC/DC converter 1410, according to a dimming sig-
nal (not shown in FIG. 14A). The dimming controller 1408
generates the dimming signal and controls dimming of
the LED light source 1412 according to the dimming sig-
nal. The dimming controller 1408 generates the dimming
signal according to a set of operations of the power switch
304 and adjusts the dimming signal by counting the
waves, e.g., sinusoidal full-waves or sinusoidal half-
waves, or periodic cycles of the AC signal VIN. For illus-
trative purposes, the AC signal VIN is a sinusoidal signal.
However, the invention is not limited to sinusoidal AC
signals.
[0098] By way of example, the full-bridge circuit of the
AC/DC converter 306, e.g., including the diodes D1, D2,
D7 and D8, receives the AC input voltage VIN from the
AC power source and generates sinusoidal half-waves,
e.g., having one polarity, to the filter capacitor C9. The
filter capacitor C9 can therefore provide the DC output
voltage VOUT to the DC/DC converter 1410. The resistor
divider including the resistors R3 and R6 can provide a
dimming request or dimming termination signal indicative
of a set of operations of the power switch 304. Similar to
the operations of the power switch 304 described in re-
lation to FIG. 10, the operations of the power switch 304
in FIG. 14A includes turning off the power switch 304
followed by turning on the power switch 304 within a pre-
defined time interval ∆T, e.g., 2 seconds. In response to
the dimming request signal, the diming controller 1408
can enable a dimming process of the LED light source
1412. In response to the dimming termination signal, the
dimming controller 1408,terminates the dimming proc-
ess. In addition, when the power switch 304 is on, the
resistor divider provides a periodic signal 1454 indicative
of the sinusoidal half-waves of the AC signal VIN to the
dimming controller 1408.

[0099] In the example of FIG. 14A, the power converter
1410 is a buck converter including the control switch Q16,
a diode 1414, a current sensor 1428 (e.g., a resistor),
coupled inductors L1 and L2, and a capacitor 1424. In
one embodiment, the control switch Q16 may be inte-
grated in the dimming controller 1408. The inductors L1
and L2 are magnetically coupled and electrically coupled
together, e.g., to a common node 1433. Although the
common node 1433 in FIG. 14A is between the resistor
1428 and the inductor L1, the common node 1433 can
also locate between the control switch Q16 and the re-
sistor 1428, in another embodiment. The common node
1433 provides a reference ground for the dimming con-
troller 1408. The reference ground of the dimming con-
troller 1408 is different from the ground of the driving
system 1400, in one embodiment. By turning the control
switch Q16 on and off, the regulated current IREG flowing
through the inductor L1 can be adjusted, thereby adjust-
ing the power provided to the LED light source 1412. The
capacitor 1424 absorbs the ripples of the regulated cur-
rent IREG, such that the current flowing through the LED
light source 1412 is smoothened and substantially equal
to the average of the regulated current IREG. In addition,
the inductor L2 senses an electrical condition of the in-
ductor L1, for example, whether the current flowing
through the inductor L1 decreases to a predetermined
minimum level. The inductor L2 further generates a de-
tection signal AUX indicative of the electrical condition
of the inductor L1. The resistor 1428 has one end coupled
to a node between the switch Q16 and the cathode of
the diode 1414, and the other end coupled to the refer-
ence ground. The resistor 1428 provides a current mon-
itoring signal SEN indicating the regulated current IREG
flowing through the inductor L1.
[0100] In the example of FIG. 14A, the dimming con-
troller 1408 has terminals CLK, ZCD, GND, CTRL, VDD,
MON, COMP and FB. The terminal ZCD is coupled to
the inductor L2 and receives the detection signal AUX.
The terminal MON is coupled to the resistor 1428 and
receives the monitoring signal SEN. The terminal COMP
is coupled to the reference ground of the dimming con-
troller 1408 through a capacitor and provides a compen-
sating voltage REF2 to the dimming controller 1408. The
terminal FB receives a monitoring signal AVG indicative
of the average of the current IREG flowing through the
inductor L1. The terminal CLK monitors the power switch
304, e.g., whether the power switch 304 is on or off. When
the power switch 304 is on, the terminal CLK, in the ex-
ample of FIG. 14A, further receives the periodic signal
1454 indicative of sinusoidal waves of the AC signal VIN.
In another embodiment, the dimming controller 1408 in-
cludes different terminals to respectively monitor the
power switch 304 and receive the periodic signal 1454.
The control terminal CTRL is coupled to the control switch
Q16 and generates a driving signal CTRL, e.g., a PWM
signal, to control the control switch Q16, thereby control-
ling the dimming of the LED light source 1412. The driving
signal CTRL is generated based on the operations of the
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power switch 304, and based on the periodic signal 1454,
the detection signal AUX, and the monitoring signals SEN
and AVG. In addition, the terminal VDD can receive pow-
er from the AC/DC converter 306 or the inductor L2. The
terminal GND is coupled to the reference ground of the
dimming controller 1408.
[0101] More specifically, in one embodiment, the pow-
er switch 304 is turned on. In operation, when the switch
Q16 is on, a current IREG flows through the switch Q16,
the resistor 1428, the inductor L1, the LED light source
1412 to the ground of the driving system 1400, and the
current IREC increases. When the switch Q16 is off, the
current IREG continues to flow through the resistor 1428,
the inductor L1, the LED light source 1412 and the diode
1414, and the current IREG decreases. In one embodi-
ment, if the monitoring signal SEN indicates that the cur-
rent IRES increases to a maximum level IMAX, the dimming
controller 1408 turns off the switch Q16 to decrease the
current IREG. If the detection signal AUX indicates that
the current IREG decreases to a predetermined minimum
level, the dimming controller 1408 turns on the switch
Q16 to increase the current IREG. Thus, the current IREC
is adjusted in a range from the predetermined minimum
level to the maximum level IMAX. In one embodiment, the
maximum level IMAX is adjustable. For example, if the
monitoring signal AVG indicates that the average of the
current IREG is less than a preset level, the dimming con-
troller 1408 increases the maximum level IMAX to in-
crease the average of the current IREG. If the monitoring
signal AVG indicates that the average of the current IREG
is greater than the preset level, the dimming controller
1408 decreases the maximum level IMAX to decrease the
average of the current IREG. Therefore, the current flow-
ing through the LED light source 1412 is adjusted to the
preset level. In other words, the light output of the LED
light source 1412 is adjusted to a corresponding preset
level.
[0102] Furthermore, in one embodiment, a user can
control the power switch 304 to control the dimming of
the LED light source 1412, e.g., to control the preset level
for the light output. More specifically, a user can apply a
set of operations on the power switch 304. The dimming
controller 1408 generates the driving signal CTRL ac-
cording to the operations of the power switch 304. By
way of example, when the user first turns on the power
switch 304, the dimming controller 1408 generates the
driving signal CTRL independent from a dimming signal,
e.g., a reference REF or a PWM signal PWM1, and con-
trols the light output of the LED light source 1412 to a
predetermined level, e.g., a maximum level. Then, if the
user turns off the power switch 304 and then turns on the
power switch 304 within a predefined time interval ∆T,
the dimming controller 1408 generates the dimming sig-
nal to control the driving signal CTRL. The dimming con-
troller 1408 further adjusts the dimming signal and the
driving signal CTRL by counting the waves of the AC
signal VIN to control the dimming of the LED light source
1412, e.g., to adjust the regulated current IREG. In one

embodiment, the dimming controller 1408 counts the
half-waves of the AC signal VIN by counting cycles of the
periodic signal 1454. In another embodiment, the dim-
ming controller 1408 can receive the AC signal VIN di-
rectly or indirectly, and count the half-waves or full-waves
of the AC signal VIN.
[0103] FIG. 15 shows an example of a structure of the
dimming control circuitry 1408 in FIG. 14A, in accordance
with one embodiment of the present invention. FIG. 15
is described in combination with FIG. 10 and FIG. 14A.
Elements labeled the same as in FIG. 10 and FIG. 14A
have similar functions. As shown in FIG. 15, the dimming
control circuitry 1408 includes a trigger monitoring unit
1506, a dimmer 1502, and driving signal generator cir-
cuitry that includes an error amplifier 1550, the compa-
rator 534, the SR flip-flop 522, the AND gate 524, and a
trigger circuit 1504.
[0104] The trigger monitoring unit 1506 can monitor
the operations of the power switch 304 via the terminal
CLK and generate a pulse TRIG in response to a detec-
tion of a set of operations of the power switch 304. In one
embodiment, the operations includes turning off the pow-
er switch 304 followed by turning on the power switch
304 within a predefined time interval ∆T. If such opera-
tions is performed, the trigger monitoring unit 1506 can
detect a negative edge of the voltage at the terminal CLK
followed by a positive edge. The dimmer 1502 can count
the waves of the AC signal VIN, e.g., by counting the
periodic signal 1454, based on the pulse TRIG. For ex-
ample, the trigger monitoring unit 1506 can generate a
pulse TRIG to enable or disable the counting of the pe-
riodic signal 1454.
[0105] The dimmer 1502 includes the D/A converter
528 and the PWM generator 530, and further includes a
dimming indicator 1526 and a clock generator 1504. In
one embodiment, the clock generator 1504 receives the
periodic signal 1454 and generates a clock signal 1544
indicative of the periodic signal 1454. For example, the
clock generator 1504 can generate one pulse in each
cycle of the periodic signal 1454. The dimming indicator
1526 counts the waves of the AC signal VIN by counting
the pulses of the clock signal 1544. The dimming indicator
1526 further generates a digital output 1548 indicating a
dimming value according to the result of the counting, in
one embodiment. By way of example, if the result of the
counting exceeds a predetermined number, the dimming
indicator 1526 increases the dimming value of the digital
output 1548 by one and restarts the counting. The D/A
converter 538 can increase the dimming signal, e.g., the
reference signal REF or the duty cycle of the PWM signal
PWM1, if the digital output 1548 increases, and decrease
the dimming signal if the digital output 1548 decreases.
Thus, the dimmer 1502 can adjust the dimming signal by
counting the waves of the AC signal VIN to adjust the
driving signal CTRL.
[0106] The trigger circuit 1504 is coupled to the termi-
nal ZCD of the dimming control circuitry 1408. In one
embodiment, if the terminal ZCD detects that the regu-
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lated current IREG decreases to a predetermined mini-
mum level, e.g., zero amperes, the trigger circuit 1504
generates a pulse signal 1536, e.g., a logic-high signal,
to set the Q output of the flip-flop 522 to be logic high and
to turn on the switch Q16. Moreover, if the current mon-
itoring signal SEN received at the terminal MON of the
dimming control circuitry 1408 increases to an adjustable
maximum level, e.g., the compensating voltage REF2,
the comparator 534 outputs a logic-high signal to reset
the Q output of the flip-flop 522 to logic low to turn off the
switch Q16. Thus, the regulated current IREG can be ad-
justed in a range between the predetermined minimum
level, e.g., zero amperes, and a maximum level deter-
mined by the compensating voltage REF2.
[0107] In an analog dimming mode, the dimming con-
troller 1408 controls the dimming of the LED light source
1412 by comparing the reference signal REF with the
monitoring signal AVG indicative of the current flowing
through the LED light source 1412. More specifically, the
error amplifier 1550 compares the reference signal REF
with the monitoring signal AVG. The error amplifier 1550
further increases the compensating voltage REF2 if the
monitoring signal AVG is less than the reference signal
REF, or decreases the compensating voltage REF2 if
the monitoring signal AVG is greater than the reference
signal REF, in one embodiment. Thus, the current
through the LED light source 1412 is adjusted to a level
determined by the reference signal REF. Accordingly,
the light output of the LED light source 1412 is adjusted
by the reference signal REF. In a burst dimming mode,
the dimming controller 1408 controls the dimming of the
LED light source 1412 according to the PWM signal
PWM1 and the Q output, e.g., a PWM signal, of the flip-
flop 522. More specifically, when the PWM signal PWM1
is logic high, the regulated current IREG is adjusted by
the Q output and the average of the regulated current
IREG is determined by the reference signal REF1. When
the PWM signal PWM1 is logic low, the regulated current
IREG is cut off. Thus, the light output of the LED light
source 1412 can increase if the duty cycle of the PWM
signal PWM1 increases, or decrease if the duty cycle of
the PWM signal PWM1 decreases.
[0108] An example of a structure of the dimmer 1502
in FIG. 15 is illustrated in FIG. 16, in accordance with one
embodiment of the present invention. FIG. 16 is de-
scribed in combination with FIG. 15. In the example of
FIG. 16, the clock generator 1504 includes a comparator
and the dimming indicator 1526 includes a clock counter.
The PWM generator 530 includes a sawtooth signal gen-
erator and a comparator. The clock generator 1504 com-
pares the periodic signal 1454 indicative of the AC signal
VIN with a voltage reference VREF to generator the clock
signal 1544. Each pulse of the clock signal 1544 corre-
sponds to a cycle of the periodic signal 1454, in one em-
bodiment. By way of example, if the frequency of the AC
signal VIN is 50Hz, the frequency of the periodic signal
1454 is 100Hz and the frequency of the clock signal 1544
is also 100Hz. In one embodiment, if a result of the count-

ing of the waves of the AC signal VIN exceeds a prede-
termined number, e.g., 100, the dimming indicator 1526
increases the dimming value of the digital output 1548
by a predetermined number (e.g., by one) and restarts
the counting. The D/A converter 528 therefore can control
the dimming signal, e.g., the reference signal REF or the
duty cycle of the PWM signal PWM1, from a first preset
level to a second preset level. In such example, the dim-
ming value can increase by one for each 1 second, and
thus the light output of the LED light source 1412 can
also increase by a predetermined amount for each 1 sec-
ond.
[0109] Returning to FIG. 15 which is described in com-
bination with FIG. 16, in operation, when a user first turns
on the power switch 304, the dimming indicator 1526 can
set the digital output 1548 to a predetermined dimming
value, e.g., a maximum dimming value. By way of exam-
ple, in the analog dimming mode, the reference signal
REF is preset to a maximum level, e.g., equal to the ref-
erence signal REF1. In another example, in the burst
dimming mode, the duty cycle of the PWM signal PWM1
is preset to 100%. Accordingly, the LED light source 1412
in FIG. 14A can emit a maximum light intensity/bright-
ness.
[0110] If the user turns off the power switch 304 and
then turns on the power switch 304 within the predefined
time interval ∆T, the trigger monitoring unit 1506 detects
a negative edge of the voltage at the terminal CLK fol-
lowed by a positive edge. Therefore, the trigger monitor-
ing unit 1506 generates a first pulse based on the oper-
ations of the power switch 304. The first pulse can enable
the counting of the waves of the AC signal VIN to adjust
the dimming signal, e.g., the reference signal REF or the
PWM signal PWM1. In one embodiment, in response to
the first pulse, the dimming indicator 1526 increases the
digital output 1548 from a minimum dimming value, and
the light output of the LED light source 1412 increases
from a corresponding minimum intensity/brightness.
When the dimming signal is adjusted to a desired level,
e.g., the light output of the LED light source 1412 is ad-
justed to a desired intensity/brightness, the user can turn
off the power switch 304 and then turn on the power
switch 304 within the predefined time interval ∆T. Accord-
ingly, the trigger monitoring unit 1506 generates a second
pulse based on the operations of the power switch 304.
The second pulse can disable the counting of the waves
of the AC signal VIN. Therefore, the dimming indicator
1526 maintains the dimming signal at the desired level
to maintain the light output of the LED light source 1412
at the desired intensity/brightness.
[0111] Furthermore, if the user turns off the power
switch 304 and then turns on the power switch 304 within
the predefined time interval ∆T again, the dimming indi-
cator 1526 can restart the counting of the clock signal
1544 and increase the digital output 1548 from the min-
imum dimming value again. However, in one embodi-
ment, if the digital output 1548 reaches the maximum
dimming value, the dimming indicator 1526 can stop
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counting the clock signal 1544 and maintain the digital
output 1548 to the maximum dimming value. Thus, the
light output of the LED light source 1412 remains at the
maximum intensity/brightness. Then, if the user turns off
the power switch 304 and then turns on the power switch
304 within the predefined time interval ∆T again, the trig-
ger monitoring unit 1506 can enable the dimming indica-
tor 1526 to restart the counting of the clock signal 1544.
The dimming indicator 1526 can increase the digital sig-
nal 1548 from the minimum dimming value again.
[0112] FIG. 17 illustrates an example of a diagram il-
lustrating an operation of the light source driving system
1400 in FIG. 14A, in accordance with one embodiment
of the present invention. FIG. 17 is described in combi-
nation with FIG. 14A, FIG. 15 and FIG. 16.
[0113] Assume that initially the power switch 304 is off.
In operation, when the power switch 304 is initially turned
on, e.g., by a user, the LED light source 1412 is powered
by regulated power from the power converter 1410 to
generate an initial light output, in one embodiment. In the
analog dimming mode, the initial light output can be de-
termined by an initial voltage of the reference signal REF.
In the burst dimming mode, the initial light output can be
determined by an initial duty cycle (e.g., 100%) of the
PWM signal PWM1. The reference signal REF and the
PWM signal PWM1 can be generated according to the
dimming value of the dimming indicator 1526. Therefore,
the initial voltage of REF and the initial duty cycle of
PWM1 can be determined by an initial dimming value
(e.g., 10) provided by the dimming indicator 1526.
[0114] In order to adjust the light output of the LED
light source 1412, the user can apply a first set of oper-
ations to the power switch 304. A dimming request signal
is generated upon detection of a first turn-off operation
followed by a first turn-on operation of the power switch
304 within a predefined time interval ∆T. As a result, a
dimming request signal including a negative edge 1704
followed by a positive edge 1706 of the voltage at the
terminal CLK can be detected. In response to the dim-
ming request signal, the trigger monitoring unit 1506 can
generate a pulse TRIG. Thus, the dimming indicator 1526
is enabled to count the clock signal 1544. In the example
of FIG. 17, the dimming indicator 1526 increases the dim-
ming value from a minimum value, e.g., 1, and increases
the dimming value by one in response to three pulses of
the clock signal 1544. However, the invention is not so
limited. In another embodiment, the dimming indicator
1526 can increase the dimming value by two, three, or
other number, in response to a predetermined number
of the pulses of the clock signal 1544. In yet another
embodiment, the dimming indicator 1526 can decrease
the dimming value from a predetermined value, e.g., 10,
and decreases the dimming value by one, two, or other
number, in response to a predetermined number of the
pulses of the clock signal 1544.
[0115] In the analog dimming mode, the D/A converter
528 reads the dimming value from the dimming indicator
1526 and increases the voltage of the reference signal

REF in response to an increase of the dimming value, in
one embodiment. In the burst dimming mode, the D/A
converter 528 reads the dimming value from the dimming
indicator 1526 and increases the duty cycle of the PWM
signal PWM1 (e.g., increases 10% each time) in re-
sponse to an increase of the dimming value, in one em-
bodiment. Accordingly, the light output of the LED light
source 1412 is adjusted.
[0116] Once a desired light output has been achieved
before the dimming value reaches the maximum value,
e.g., 10, the user can terminate the adjustment process
by applying a second set of operations to the power
switch 304. A dimming termination signal is generated
upon detection of a second turn-off operation followed
by a second turn-on operation of the power switch 304
within a predefined time interval ∆T. As a result, the dim-
ming termination signal including a negative edge 1708
followed by a positive edge 1710 of the voltage at the
terminal CLK can be detected. Upon detection of the dim-
ming termination signal, the trigger monitoring unit 1506
can generate a pulse TRIG. Thus, the dimming indicator
1526 is disabled and holds its dimming value, Accord-
ingly, in the analog dimming mode, the voltage of the
reference signal REF can be held at a desired level. In
the burst dimming mode, the duty cycle of the PWM signal
PWM1 can be held to a desired value. Therefore, the
light output of the LED light source 1412 can be main-
tained at a desired level.
[0117] In order to further adjust the light output of the
LED light source 1412, the user can apply a third set of
operations to the power switch 304. A dimming request
signal is generated upon detection of a third turn-off op-
eration followed by a third turn-on operation of the power
switch 304 within a predefined time interval ∆T. As a re-
sult, a dimming request signal including a negative edge
1712 followed by a positive edge 1714 of the voltage at
the terminal CLK can be detected. Accordingly, the dim-
ming control circuitry 1408 adjusts the light output of the
LED light source 1412 through adjusting the dimming
levels by counting the clock signal 1544.
[0118] FIG. 18 illustrates an example of a diagram il-
lustrating an operation of the light source driving system
1400 in FIG. 14A, in accordance with one embodiment
of the present invention. FIG. 18 is described in combi-
nation with FIG. 14A, FIG. 15, FIG. 16 and FIG. 17.
[0119] Similar to the example of FIG. 17, in the exam-
ple of FIG. 18, assume that initially the power switch 304
is off. In operation, when the power switch 304 is initially
turned on, e.g., by a user, the LED light source 1412 is
powered by regulated power from the power converter
1410 to generate an initial light output, in one embodi-
ment.
[0120] In order to adjust the light output of the LED
light source 1412, the user can apply a first set of oper-
ations to the power switch 304. A dimming request signal
is generated upon detection of a first turn-off operation
followed by a first turn-on operation within a predefined
time interval ∆T. As a result, a dimming request signal

25 26 



EP 2 498 579 A2

15

5

10

15

20

25

30

35

40

45

50

55

including a negative edge 1804 followed by a positive
edge 1806 of the voltage at the terminal CLK can be
detected. The dimming control circuitry 1408 adjusts the
regulated power to the LED light source 1412 through
adjusting dimming levels by counting the clock signal
1544.
[0121] In the example of FIG. 18, if the dimming value
increases to its maximum value, e.g., 10, the dimming
indicator 1526 can maintain the dimming value to its max-
imum value. In another embodiment, the dimming value
decreases from its maximum value, e.g., 10. If the dim-
ming value decreases to its minimum value, e.g., 1, the
dimming indicator 1526 can maintain the dimming value
to its minimum value. Thus, in the analog dimming mode,
the voltage of the reference signal REF remains at its
maximum level or its minimum level, and in the burst
dimming mode, the duty cycle of the PWM signal PWM1
remains at its maximum duty cycle, e.g., 100%, or its
minimum duty cycle, e.g., 10%. The light output of the
LED light source 1412 remains at its maximum level or
its minimum level accordingly.
[0122] The user can restart the adjustment process by
applying a second set of operations to the power switch
304. A dimming request signal is generated upon detec-
tion of a second turn-off operation followed by a second
turn-on operation within a predefined time interval ∆T.
As a result, the dimming request signal including a neg-
ative edge 1808 followed by a positive edge 1810 of the
voltage at the terminal CLK can be detected, and the
dimming control circuitry 1408 can adjust the regulated
power to the LED light source 1412 through adjusting
dimming levels by counting the clock signal 1544.
[0123] FIG. 19 shows an example of a schematic dia-
gram of an LED light source driving system 1900, in ac-
cordance with one embodiment of the present invention.
FIG. 19 is described in combination with FIG. 10 and FIG.
14A. Elements labeled the same as in FIG. 10 and FIG.
14A have similar functions. Similar to the driving system
1400 in FIG. 14A, the driving system 1900 includes power
conversion circuitry, e.g., the AC/DC converter 306 and
a DC/DC converter 1910, and dimming control circuitry,
e.g., a dimming controller 1908. In the example of FIG.
19, the DC/DC converter 1910 and the dimming controller
1908 have similar functions as the DC/DC converter 310
and the dimming controller 1008 described in relation to
FIG. 10. Furthermore, the dimming controller 1908 re-
ceives the periodic signal 1454, e.g., via the terminal
CLK, and counts the sinusoidal waves of the AC signal
VIN by counting the cycles of the periodic signal 1454.
The dimming controller 1908 can adjust the regulated
power IREG to the LED light source 1412 by counting the
sinusoidal waves of the AC signal VIN. The adjusting
process of the regulated power IREG is similar to that
described in relation to FIG. 14A. In one embodiment,
the control switch Q16 may be integrated in the dimming
controller 1908.
[0124] FIG. 20 shows an example of a structure of the
dimming control circuitry 1908 in FIG. 19, in accordance

with one embodiment of the present invention. FIG. 20
is described in combination with FIG. 11, FIG. 15 and
FIG. 19. Elements labeled the same as in FIG. 11, FIG.
15 and FIG. 19 have similar functions.
[0125] In the example of FIG. 20, the structure of the
dimming control circuitry 1908 is similar to the structure
of the dimming controller 1008 in FIG. 11 except for the
configuration of the trigger monitoring unit 1506 and the
dimmer 1502. The trigger monitoring unit 1506 and the
dimmer 1502 have similar functions as in the dimming
control circuitry 1408 in FIG. 15.
[0126] FIG. 21 shows an example of a block diagram
of an LED light source driving system 2100, in accord-
ance with one embodiment of the present invention. FIG.
21 is described in combination with FIG. 14A, FIG. 15,
FIG. 19 and FIG. 20. Elements labeled the same as in
FIG. 14A and FIG. 19 have similar functions.
[0127] In one embodiment, the driving system 2100
includes multiple power converters 2110 to power multi-
ple LED sources, e.g., LED strings 2112 and 2118. The
driving system 2100 further includes multiple dimming
controllers 2108 to control regulated power, e.g., regu-
lated currents IREG1 and IREG2, provided to the LED
sources by counting the waves of the AC signal VIN, e.g.,
counting the cycles of the periodic signal 1454. The pow-
er converters 2110 can have similar functions and/or
structures as the power converter 1410 in FIG. 14A or
the power converter 1910 in FIG. 19. The dimming con-
trollers 2108 can have similar functions and/or structures
as the dimming controller 1408 (in FIG. 14A and FIG. 15)
or the dimming controller 1908 (in FIG. 19 and FIG. 20).
[0128] Although two LED strings are shown in FIG. 21,
they are examples for illustrative purposes. The driving
system 2100 can power other number of LEDs or LED
strings. Accordingly, the driving system 2100 includes
corresponding number of DC/DC converters and dim-
ming controllers. Advantageously, by counting the waves
of the AC signal VIN to adjust the light outputs of the
multiple LED sources, the adjusting process of the light
outputs of the LED sources are synchronized with each
other. In other words, variation of the light outputs of the
LED sources can be substantially the same. Thus, the
LED sources can emit substantially the same light inten-
sity/brightness. Additionally, internal oscillator circuits
can be omitted in the dimming controllers 2108.
[0129] FIG. 22 shows a flowchart of an example of a
method for controlling dimming of an LED light source,
in accordance with one embodiment of the present in-
vention. FIG. 22 is described in combination with FIG.
14A, FIG. 15, FIG. 16, FIG. 17, FIG. 18, FIG. 19, FIG. 20
and FIG. 21.
[0130] In block 2202, an AC signal VIN is transferred
through the power switch 304. In block 2204, a dimming
controller generates a driving signal CTRL according to
a set of operations of the power switch 304. in block 2206,
the dimming controller adjusts the driving signal CTRL
by counting the waves of the AC signal VIN to control the
dimming of the LED light source 1412. In block 2208, the
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driving signal CTRL controls the control switch Q16 cou-
pled to the LED light source 1412.
[0131] Accordingly, embodiments according to the
present invention provide controllers, systems and meth-
ods for controlling dimming of LED light sources. In one
embodiment, a driving system can include multiple dim-
ming controllers to adjust the light outputs of the LED
light sources respectively. Each dimming controller can
count the waves, e.g., sinusoidal waves of the AC input
voltage from an AC power source, and can increase or
decrease the light output of a corresponding LED source
by a predetermined amount in response to a predeter-
mined number of the waves of the AC input voltage. Ad-
vantageously, the dimming of the multiple LED sources
can be synchronized to each other, and the multiple LED
sources can emit substantially the same light intensity/
brightness.
[0132] While the foregoing description and drawings
represent embodiments of the present invention, it will
be understood that various additions, modifications and
substitutions may be made therein without departing from
the spirit and scope of the principles of the present in-
vention as defined in the accompanying claims. One
skilled in the art will appreciate that the invention may be
used with many modifications of form, structure, arrange-
ment, proportions, materials, elements, and components
and otherwise, used in the practice of the invention, which
are particularly adapted to specific environments and op-
erative requirements without departing from the princi-
ples of the present invention. The presently disclosed
embodiments are therefore to be considered in all re-
spects as illustrative and not restrictive, the scope of the
invention being indicated by the appended claims and
their legal equivalents, and not limited to the foregoing
description.

Claims

1. A controller for controlling dimming of a light-emitting
diode (LED) light source, said controller comprising:

a control terminal operable for providing a driv-
ing signal to control a control switch coupled to
said LED light source, thereby controlling said
dimming of said LED light source; and
dimming control circuitry coupled to said control
terminal and operable for generating said driving
signal according to a plurality of operations of a
power switch that transfers an alternating-cur-
rent (AC) signal, said dimming control circuitry
operable for adjusting said driving signal by
counting a plurality of waves of said AC signal
to control said dimming of said LED light source.

2. The controller of claim 1, wherein said AC signal
comprises an AC voltage provided by an AC power
source.

3. The controller of claim 1 or 2, wherein said dimming
control circuitry counts said waves of said AC signal
by counting a plurality of pulses of a clock signal.

4. The controller of claim 3, wherein said dimming con-
trol circuitry compares a periodic signal indicative of
said AC signal with a voltage reference to generate
said clock signal.

5. The controller of any one of claims 1 to 4, wherein
said dimming control circuitry adjusts a dimming sig-
nal by counting said waves of said AC signal to adjust
said driving signal.

6. The controller of claim 5, wherein said dimming con-
trol circuitry controls said dimming signal from a first
preset level to a second preset level when a result
of said counting of said waves exceeds a predeter-
mined number.

7. The controller of claim 5 or 6, wherein said dimming
control circuitry comprises:

a trigger monitoring unit operable for monitoring
said power switch and generating a pulse in re-
sponse to a detection of said operations of said
power switch; and
a dimmer coupled to said trigger monitoring unit
and operable for counting said waves to adjust
said dimming signal based on said pulse.

8. The controller of claim 7, wherein if said trigger mon-
itoring unit generates a first pulse based on said op-
erations, said first pulse enables said counting of
said waves to adjust said dimming signal to a level,
and wherein if said trigger monitoring unit generates
a second pulse based on said operations, said sec-
ond pulse disables said counting of said waves to
maintain said dimming signal at said level.

9. The controller of any one of claims 5 to 8, wherein
said dimming signal comprises a reference signal,
and wherein said controller controls said dimming of
said LED light source by comparing said reference
signal with a monitoring signal indicative a current
flowing through said LED light source.

10. The controller of any one of claims 5 to 9, wherein
said dimming signal comprises a pulse-width mod-
ulation (PWM) signal, and wherein said controller
controls said dimming of said LED light source ac-
cording to said PWM signal and a pulse signal.

11. The controller of any one of claims 1 to 10, wherein
said operations of said power switch comprise turn-
ing off said power switch followed by turning an said
power switch within a predefined time interval.
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12. A method for controlling dimming of a light-emitting
diode (LED) light source, said method comprising:

transferring an alternating-current (AC) signal
through a power switch;
generating a driving signal according to a plu-
rality of operations of said power switch;
adjusting said driving signal by counting a plu-
rality of waves of said AC signal to control said
dimming of said LED light source; and
controlling a control switch coupled to said LED
light source by said driving signal.

13. The method of claim 12, wherein said adjusting of
said driving signal comprises:

comparing a periodic signal indicative of said
AC signal with a voltage reference to generate
a clock signal; and
counting said waves of said AC signal by count-
ing a plurality of pulses of said clock signal.

14. The method of claim 12 or 13, wherein said adjusting
of said driving signal comprises:

adjusting a dimming signal by counting said
waves of said AC signal to adjust said driving
signal.

15. The method of claim 14, wherein said adjusting of
said driving signal comprises:

controlling said dimming signal from a first pre-
set level to a second preset level when a result
of said counting of said waves exceeds a pre-
determined number.

16. The method of any one of claims 12 to 15, wherein
said generating of said driving signal comprises:

enabling said counting of said waves to adjust
said dimming signal to a level if a first pulse is
generated based an said operations; and
disabling said counting of said waves to maintain
said dimming signal at said level if a second
pulse is generated based an said operations.

17. A system for powering a light-emitting diode (LED)
light source, said system comprising a controller ac-
cording to any one of claims 1 to 11, said system
further comprising:

conversion circuitry operable for receiving an al-
ternating-current (AC) signal through said power
switch and providing regulated power to said
LED light source.

18. The system of claim 17, wherein said conversion cir-

cuitry comprises:

an alternating-current to direct-current (AC/DC)
converter for converting AC power to DC power;
and
a DC/DC converter coupled to said AC/DC con-
verter and for converting said DC power to said
regulated power by controlling a control switch
in series with said LED light source according
to said dimming signal.
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