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(54) LED DRIVING CIRCUIT AND METHOD

(57) In driving a segmented LED loading, an alter-
nating current (AC) voltage is rectified into a direct current
(DC) voltage; the DC voltage is regulated into an input
voltage and the input voltage is maintained higher than
a lowest voltage used for lighting at least one LED seg-
ment of the segmented LED loading; the input voltage
and a current flowing through the segmented LED load-
ing is detected to generate a switch control signal and a

current control signal; respective operation states of each
of a plurality of switches of a LED segment switch module
are controlled by the switch control signal to control each
LED segment of the segmented LED loading as pow-
er-supply state or no-power-supply state; and the current
of the segmented LED loading is regulated based on the
current control signal.
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Description

TECHNICAL FIELD

[0001] The disclosure is related to a LED (light emitting
diode) driving circuit and method thereof.

BACKGROUND

[0002] LED (light emitting diode) linear power supply
for has advantages, such as low cost, small size, no Elec-
tromagnetic Interference (EMI) and simple structure, and
thus is common used in indoor lighting or size-limited
lighting. However, LED linear power supply has prob-
lems, such as low efficiency and flicking. Flicking problem
is caused by current blind area and inconstant light in-
tensity.
[0003] In now, the current blind area may be solved by
adding a single-stage energy storage capacitor into the
LED driving circuit. However, due to high energy-storage
demand, the single-stage energy storage capacitor is
usually implemented by an electrolytic capacitor which
is large circuit size but low life cycle.
[0004] Besides, in order to improve efficiency, seg-
mented LED loading may be used, but flicking problems
are severe because of instant light intensity of segmented
LED loading.

SUMMARY

[0005] One embodiment of the disclosure provides a
light emitting diode (LED) driving circuit for driving a seg-
mented LED loading, the LED driving circuit including: a
rectifying circuit for rectifying an alternating current (AC)
voltage into a direct current (DC) voltage; an adaptive
voltage regulating circuit, coupled to the rectifying circuit,
the adaptive voltage regulating circuit regulating the DC
voltage into an input voltage and maintaining the input
voltage higher than a lowest voltage used for lighting at
least one LED segment of the segmented LED loading;
an LED segment regulating control module coupled to
the adaptive voltage regulating circuit for detecting the
input voltage and a current flowing through the segment-
ed LED loading to generate a switch control signal and
a current control signal; an LED segment switch module
coupled to the LED segment regulating control module,
the LED segment switch module including a plurality of
switches, respective operation states of each of the
switches being controlled by the switch control signal to
control each LED segment of the segmented LED loading
as power-supply state or no-power-supply state; and an
LED current regulating module coupled to the LED seg-
ment regulating control module and the segmented LED
loading, the LED current regulating module being con-
trolled by the current control signal to regulate the current
of the segmented LED loading.
[0006] Another embodiment of the disclosure provides
a light emitting diode (LED) driving method for driving a

segmented LED loading, the LED driving method includ-
ing: rectifying an alternating current (AC) voltage into a
direct current (DC) voltage; regulating the DC voltage
into an input voltage and maintaining the input voltage
higher than a lowest voltage used for lighting at least one
LED segment of the segmented LED loading; detecting
the input voltage and a current flowing through the seg-
mented LED loading to generate a switch control signal
and a current control signal; controlling respective oper-
ation states of each of a plurality of switches of a LED
segment switch module by the switch control signal to
control each LED segment of the segmented LED loading
as power-supply state or no-power-supply state; and reg-
ulating the current of the segmented LED loading based
on the current control signal.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007]

Fig. 1 shows a functional block diagram of an LED
driving circuit according to one embodiment of the
disclosure.

Fig. 2A to Fig. 2D show circuit structure, charging
operations, discharging operations and voltage
waveforms of an adaptive voltage regulating circuit
according to one embodiment of the disclosure.

Fig. 3A and Fig. 3B show waveforms of the LED cur-
rent and the LED intensity according to one embod-
iment of the disclosure.

Fig. 4 shows LED arrangements according to anoth-
er possible embodiment of the disclosure.

Fig. 5 shows a functional block diagram of an LED
current regulating module according to one embod-
iment of the disclosure.

Fig. 6 shows a flow chart diagram of an LED driving
method according to one embodiment of the disclo-
sure.

DESCRIPTION OF THE EMBODIMENTS

[0008] Technical terms of the disclosure are based on
general definition in the technical field of the disclosure.
If the disclosure describes or explains one or some terms,
definition of the terms is based on the description or ex-
planation of the disclosure. Each of the disclosed em-
bodiments has one or more technical features. In possi-
ble implementation, one skilled person in the art would
selectively implement part or all technical features of any
embodiment of the disclosure or selectively combine part
or all technical features of the embodiments of the dis-
closure.
[0009] Fig. 1 shows a functional block diagram of an
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LED driving circuit according to one embodiment of the
disclosure. The LED driving circuit 100 is for driving a
segmented LED loading 50. The segmented LED loading
50 includes a plurality of LED segments. For simplicity,
for example but not limited by, in embodiments of the
disclosure, the segmented LED loading 50 includes four
LED segments 50A-50D and each LED segments 50A-
50D includes two LEDs.
[0010] The LED driving circuit 100 includes a rectifying
circuit 110, an adaptive voltage regulating circuit 115, an
LED segment regulating control module 120, an LED
segment switch module 125 and an LED current regu-
lating module 130. The LED driving circuit 100 optionally
includes resistors R1-R3.
[0011] The rectifying circuit 110 is for rectifying alter-
nating current (AC) voltage VAC into a direct current (DC)
voltage.
[0012] The adaptive voltage regulating circuit 115 is
coupled to the rectifying circuit 110 for regulating the DC
voltage which is rectified into an input voltage VDC and
for maintaining the input voltage VDC higher than a low-
est voltage used for lighting at least one LED segment
of the segmented LED loading 50. In other words, the
input voltage VDC is affected by the rectifying circuit 110
and the adaptive voltage regulating circuit 115. "The low-
est voltage" in here means a minimum voltage for lighting
the at least one LED segment of the segmented LED
loading 50. For example, the cut-in voltage of one single
LED is 20V (the cut-in voltage referring to the voltage to
turn on the single LED). As shown in Fig. 1, "the lowest
voltage" refers to the minimum voltage for lighting the
LED segment which having the fewest LEDs, that is, 40V.
If the segmented LED loading 50 has different arrange-
ments, then "the lowest voltage" may be different. Details
of the adaptive voltage regulating circuit 115 are as fol-
lows.
[0013] The LED segment regulating control module
120 is coupled to the adaptive voltage regulating circuit
115 for detecting the input voltage VDC (or detecting a
divided voltage of the input voltage VDC) and for detect-
ing a current ILED flowing through the segmented LED
loading 50 to generate switch control signals SC1-SC3
and a current control signal CTL, to determine operation
states of the LED segment switch module 125 and to
determine the current ILED of the segmented LED load-
ing 50. In details, based on the input voltage VDC (or the
divided voltage of the input voltage VDC), the LED seg-
ment regulating control module 120 generates the
(switch) control signals (the control signals SC1-SC3 in
Fig. 1) to the LED segment switch module 125 to deter-
mine operation states of the LED segment switch module
125. Based on the input voltage VDC (or the divided volt-
age of the input voltage VDC) and the current ILED of
the segmented LED loading 50, the LED segment regu-
lating control module 120 generates the (current) control
signal CTL to the LED current regulating module 130 to
control the current ILED of the segmented LED loading
50.

[0014] The LED segment switch module 125 is coupled
to the LED segment regulating control module 120. The
LED segment switch module 125 includes a plurality of
switches, and respective operation states of each of the
switches are controlled by the switch control signals from
the LED segment regulating control module 120. Be-
cause respective operation states of each of the switches
are controlled by the switch control signals, the connec-
tion state or disconnection state of each of the switches
may be adjusted and thus each LED segment of the seg-
mented LED loading is in power-supply state or no-pow-
er-supply state. By this, the voltage of the segmented
LED loading is varied in stages.
[0015] For example, in Fig. 1, the LED segment switch
module 125 includes three switches Q1-Q3 controlled by
the switch control signals SC1-SC3, respectively.
[0016] If the LED segment regulating control module
120 determines to only turn on the LED segment 50A,
then the switch control signals SC1-SC3 from the LED
segment regulating control module 120 control the
switches Q1-Q3 to be all connected. Thus, the current
ILED flows through the LED segment 50A but not through
the LED segments 50B-50D.
[0017] Similarly, if the LED segment regulating control
module 120 determines to turn on the LED segments
50A and 50B, then the switch control signals SC1-SC3
from the LED segment regulating control module 120
control to connect the switches Q2-Q3 and to disconnect
the switch Q1. Thus, the current ILED flows through the
LED segment 50A-50B but not through the LED seg-
ments 50C-50D.
[0018] The LED current regulating module 130 is cou-
pled to the LED segment regulating control module 120
and the segmented LED loading 50. The LED current
regulating module 130 is controlled by the current control
signal CTL from the LED segment regulating control
module 120 to regulate the current of the segmented LED
loading 50.
[0019] The LED segment regulating control module
120 includes a microcontroller 121 and a digital-to-analog
converter (DAC) 123. The microcontroller 121 is coupled
to the DAC 123. The microcontroller 121 is for outputting
the switch control signals SC1-SC3 to the LED segment
switch control module 125 based on the input voltage
VDC (or the divided voltage of the input voltage VDC)
and the current ILED of the segmented LED loading 50,
to decide the respective operation states of each of the
switches Q1-Q3 of the LED segment switch module 125.
Further, the microcontroller 121 outputs signals to the
DAC 123 based on the input voltage VDC (or the divided
voltage of the input voltage VDC) and the current ILED
of the segmented LED loading 50; and accordingly the
DAC 123 outputs the current control signal CTL to the
LED current regulating module 130 to control the current
ILED of the segmented LED loading 50.
[0020] Further, the LED driving circuit 100 may further
include a voltage dividing circuit formed by the resistors
R1 and R2. The voltage dividing circuit is for dividing the
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input voltage VDC. The LED segment regulating control
module 120 may detect the divided voltage. That is, the
microcontroller 121 of the LED segment regulating con-
trol module 120 may control the LED segment switch
module 125 and the LED current regulating module 130
based on the divided voltage of the input voltage VDC.
In Fig. 1, the resistor R3 is coupled between the LED
current regulating module 130 and ground terminal
(GND). The resistor R3 is as a current detecting resistor,
for converting the current into a voltage signal to feedback
electronic information.
[0021] In one embodiment of the disclosure, a number
of LED segments of the segmented LED loading 50 is
larger or equal to 2; and a number of switches of the LED
segment switch module 125 is higher or equal to the
number of LED segments of the segmented LED loading
50 minus 1.
[0022] Fig. 2A to Fig. 2D show circuit structure, charg-
ing operations, discharging operations and voltage
waveforms of the adaptive voltage regulating circuit ac-
cording to one embodiment of the disclosure. The adap-
tive voltage regulating circuit 115 is a valley fill circuit
having a plurality stages of capacitors. In one embodi-
ments of the disclosure, the adaptive voltage regulating
circuit 115 includes capacitors C1-C3 and diodes D1-D6.
[0023] Fig. 2A to Fig. 2C is exemplified by three-stage
valley fill circuit, but the disclosure is not limited by this.
The adaptive voltage regulating circuit 115 according to
one embodiment of the disclosure is a passive adaptive
voltage regulating circuit, or said multi-stage valley fill
serial circuit. In charging, the capacitors C1-C3 are
charged in serial, the power supply and the energy are
evenly distributed on the capacitors C1-C3. Thus, the
capacitors C1-C3 may have lower capacitance withstand
voltage. In discharging, the capacitors C1-C3 are
charged in parallel. By the parallel discharging, the equiv-
alent capacitance in discharging is increased, the lowest
voltage is stable and energy is provided from the capac-
itors C1-C3 to the segmented LED loading 50.
[0024] The capacitors C1-C3 may have the same ca-
pacitance. When the DC voltage rectified by the rectifying
circuit 110 is higher than a total voltage from the serially-
connected capacitors C1-C3, the DC voltage rectified by
the rectifying circuit 110 charges the serially-connected
capacitors C1-C3. When the DC voltage rectified by the
rectifying circuit 110 is lower than the total voltage from
the serially-connected capacitors C1-C3, charge to the
capacitors C1-C3 is stopped. Further, when the DC volt-
age rectified by the rectifying circuit 110 is higher than
the capacitor cross voltage from the parallel-connected
capacitors C1-C3, the DC voltage is directed used as the
input voltage VDC generated from the adaptive voltage
regulating circuit 115. That is, the segmented LED load-
ing 50 is turned on by the DC voltage rectified by the
rectifying circuit 110, as shown in Fig. 2B. Thus, when
the DC voltage rectified by the rectifying circuit 110 is
higher than the capacitor cross voltage from the parallel-
connected capacitors C1-C3, the input voltage VDC is

determined based on the DC voltage rectified by the rec-
tifying circuit 110.
[0025] On the contrary, when the DC voltage rectified
by the rectifying circuit 110 is lower than the capacitor
cross voltage from the parallel-connected capacitors C1-
C3, the capacitors C1-C3 are in parallel discharge to gen-
erate the input voltage VDC of the adaptive voltage reg-
ulating circuit 115 for turning on the segmented LED load-
ing 50, as shown in Fig. 2C. Thus, when the capacitors
C1-C3 are in discharge, the input voltage VDC is deter-
mined based on the capacitor cross voltage from the par-
allel-connected capacitors C1-C3.
[0026] As shown in Fig. 2D, before the timing T1, the
DC voltage rectified by the rectifying circuit 110 is used
as the input voltage VDC to turn on the segmented LED
loading 50. During the timing T1-T2, the capacitors C1-
C3 are in discharge, and the capacitor cross voltage of
the parallel-connected capacitors C1-C3 should be high-
er than the lowest voltage. Further, during the timing T1-
T2, because the capacitors C1-C3 are in parallel dis-
charge, the capacitor cross voltage of the parallel-con-
nected capacitors C1-C3 is decreasing, but the capacitor
cross voltage of the parallel-connected capacitors C1-
C3 should be higher than the lowest voltage to continu-
ously turn on at least one LED segment of the segmented
LED loading 50. By so, the current blind area is prevented
and thus the LED flicking is also prevented. As shown in
Fig. 2D, "VF_LED1" refers to the lowest voltage.
[0027] In one embodiment of the disclosure, the struc-
ture design of the multi-stage valley fill circuit (i.e. the
adaptive voltage regulating circuit 115) is to make sure
the total output (i.e. the input voltage VDC) of the recti-
fying circuit 110 and the adaptive voltage regulating cir-
cuit 115 is always higher than the lowest voltage of the
segmented LED loading 50. Also, the number of the ca-
pacitors and the capacitance of the capacitors of the
adaptive voltage regulating circuit 115 may meet the low-
est requirement of capacitor energy storage. Thus, com-
pared to the large-size electrolytic capacitor used in the
prior art, the adaptive voltage regulating circuit 115 of
one embodiment of the disclosure may have advantages
of small size and longer life cycle due to omission of large-
size electrolytic capacitor.
[0028] Further, in other possible embodiment of the
disclosure, the adaptive voltage regulating circuit 115
may be implemented by an electrical energy conversion
circuit having active power switches. The lowest output
voltage of the adaptive voltage regulating circuit 115 is
higher than the lowest voltage, to provide the LED loading
current related to the lowest voltage.
[0029] Further, in other possible embodiment of the
disclosure, the LED segment regulating control module
120 determines the operation states of the LED segment
switch module 125 and the current ILED of the segment-
ed LED loading 50 in that: when the input voltage VDC
is increased, controlling the respective operation states
of the switches Q1-Q3 of the LED segment switch module
125 to increase a number of turn-on LEDs of the seg-
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mented LED loading 50 and to decrease the current ILED
of the segmented LED loading 50; and when the input
voltage VDC is decreased, controlling the respective op-
eration states of the switches Q1-Q3 of the LED segment
switch module 125 to decrease the number of the turn-
on LEDs of the segmented LED loading 50 and to in-
crease the current ILED of the segmented LED loading
50. By so, the constant light intensity is achieved.
[0030] Fig. 3A and Fig. 3B show waveforms of the LED
current and the LED intensity according to one embodi-
ment of the disclosure. For simplicity, it is assumed that
the segmented LED loading 50 includes four LED seg-
ments each including one single LED.
[0031] As shown in Fig. 3A and Fig. 3B, when the input
voltage VDC is lower, in response to control from the
LED segment regulating control module 120, one LED
segment (or said one LED) is turned on. In order to control
constant light intensity of the system, the current ILDE1
flowing the turned-on LED is controlled to be maximum
and thus the LED output light intensity B1 of the turned-
on LED is also maximum.
[0032] Then, the input voltage VDC is increased. In
response to control from the LED segment regulating
control module 120, two LED segments (or said two
LEDs) are turned on. In order to control constant light
intensity of the system, the current ILDE2 flowing the two
turned-on LEDs is controlled to be one half of the initial
current; and the LED output light intensity of each of the
two turned-on LEDs is also one half of the initial LED
output light intensity B1. B2 refers to the total LED output
light intensity of the two turned-on LEDs, wherein B2=B1.
[0033] Then, the input voltage VDC is further in-
creased. In response to control from the LED segment
regulating control module 120, three LED segments (or
said three LEDs) are turned on. In order to control con-
stant light intensity of the system, the current ILDE3 flow-
ing the three turned-on LEDs is controlled to be one third
of the initial current; and the LED output light intensity of
each of the three turned-on LEDs is also one third of the
initial LED output light intensity B1. B3 refers to the total
LED output light intensity of the three turned-on LEDs,
wherein B3=B1.
[0034] Then, the input voltage VDC is further in-
creased. In response to control from the LED segment
regulating control module 120, four LED segments (or
said four LEDs) are turned on. In order to control constant
light intensity of the system, the current ILDE4 flowing
the four turned-on LEDs is controlled to be one fourth of
the initial current; and the LED output light intensity of
each of the four turned-on LEDs is also one fourth of the
initial LED output light intensity B1. B4 refers to the total
LED output light intensity of the four turned-on LEDs,
wherein B4=B1.
[0035] In one embodiment of the disclosure, taken Fig.
3A as an example, the relationship between ILED1-
ILED4 is: ILED2=(1/2)*ILED1, ILED3=(1/3)*ILED1 and
ILED4=(1/4)*ILED1.
[0036] Because the total LED light intensity of the seg-

mented LED loading 50 is proportional to the LED current
and the number of the turn-on LED(s), wherein
B1=B2=B3=B4.
[0037] That is, in one embodiment of the disclosure, if
the number of the turn-on LED(s) of the segmented LED
loading 50 is increased and the input voltage is increased,
the current ILED of the segmented LED loading 50 is
decreased; and if the number of the turn-on LED(s) of
the segmented LED loading 50 is decreased and the in-
put voltage is decreased, the current ILED of the seg-
mented LED loading 50 is increased, to achieve constant
light intensity. That is, based on the cross voltage of the
segmented LED loading 50 (i.e. the input voltage VDC),
the LED segment regulating control module 120 controls
the current ILED of the segmented LED loading 50.
[0038] If the input voltage VDC is increased and the
number of the turn-on LED(s) of the segmented LED
loading 50 is increased, the LED current regulating mod-
ule 130 decreases the LED current and thus the light
intensity from one single LED is also decreased. By so,
even if different LED segments are turned on, the system
may also achieve constant light intensity.
[0039] Further, in the adaptive voltage regulating cir-
cuit 115, the capacitor cross voltage of the parallel-con-
nected capacitors C1-C3 is higher than the lowest volt-
age to provide the LED current corresponding to the low-
est LED voltage. That is, taken Fig. 3A as an example,
when one LED is turned on, the LED current is ILED1
and in the adaptive voltage regulating circuit 115, the
capacitor cross voltage of the parallel-connected capac-
itors C1-C3 may provide the LED current ILED1.
[0040] Fig. 4 shows LED arrangements according to
another possible embodiment of the disclosure. As
shown in Fig. 4, the LED segment switch module 125A
includes four switches Q1-Q4, controlled by the switch
control signals SC1-SC4 from the LED segment regulat-
ing control module 120, respectively. The segmented
LED loading 50E includes four LED segments 50F-50I
and the LED segments 50F-50I include eight LEDs, four
LEDs, two LEDs and one LED, respectively. Details
about controlling and turning on the LEDs are as above
and are skipped here.
[0041] In the embodiment, each of the LED segments
50F-50I of the segmented LED loading 50E includes dif-
ferent number of LEDs and the lowest voltage is equal
to the cut-in voltage of one single LED of the LED seg-
ment 50I. That is, the adaptive voltage regulating circuit
115 controls the input voltage VDC generated from the
DC voltage to be higher than the cut-in voltage of one
single LED for preventing flicking caused by current blind
area.
[0042] In design of the adaptive voltage regulating cir-
cuit 115, the number of the capacitor stages and the min-
imum capacitance of the adaptive voltage regulating cir-
cuit 115 are designed based on energy for keeping the
lowest LED segment in constant light intensity in the LED
driving circuit 100, wherein taking Fig. 2B as an example,
the number of the capacitor stages is three. In here, the
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lowest LED segment refers to the LED segment having
fewest LEDs. As shown in Fig. 4, the lowest LED segment
is the LED segment 501.
[0043] Fig. 5 shows a functional block diagram of the
LED current regulating module 130 according to one em-
bodiment of the disclosure. The LED current regulating
module 130 includes an LED current detection circuit
510, a voltage detection circuit 520 and a constant power
control circuit 530. The constant power control circuit 530
is coupled to the LED current detection circuit 510 and
the voltage detection circuit 520. LED status of the seg-
mented LED loading 50 is feedback controlled by the
LED current detection circuit 510, the voltage detection
circuit 520 and the constant power control circuit 530 of
the LED current regulating module 130, to regulate cur-
rent of each LED segment and to adjust LED light inten-
sity for constant power control. The LED current detection
circuit 510 is for detecting the current ILED flowing
through the segmented LED loading 50. The voltage de-
tection circuit 520 is for detecting the LED voltage of the
segmented LED loading 50. The constant power control
circuit 530 is for performing constant power control based
on the current and the LED voltage of the segmented
LED loading 50.
[0044] Fig. 6 shows a flow chart diagram of an LED
driving method according to one embodiment of the dis-
closure. The LED driving method is suitable for driving
the segmented LED loading 50. As shown in Fig. 6, the
LED driving method includes: in step 610, rectifying an
alternating current (AC) voltage into a direct current (DC)
voltage; in step 620, regulating the DC voltage into an
input voltage and maintaining the input voltage higher
than a lowest voltage used for lighting at least one LED
segment of the segmented LED loading; in step 630, de-
tecting the input voltage and a current flowing through
the segmented LED loading to generate a switch control
signal and a current control signal; in step 640, controlling
respective operation states of each of a plurality of switch-
es of a LED segment switch module by the switch control
signal to control each LED segment of the segmented
LED loading as power-supply state or no-power-supply
state; and in step 650, regulating the current of the seg-
mented LED loading based on the current control signal.
[0045] The LED driving circuit in the embodiments of
the disclosure is an AC direct driving LED driving circuit.
The adaptive voltage regulating circuit may output a var-
iable output voltage to the segmented LED loading and
the LED segment regulating control module detects the
feedback input voltage and the LED current. Via constant
intensity (or constant brightness) control by the LED cur-
rent regulating control module, the flicking problem
caused by inconstant intensity (or inconstant brightness)
is prevented.
[0046] Further, in embodiments of the disclosure, the
DC voltage generated by the rectifying circuit and/or the
capacitor cross voltage of the parallel-connected capac-
itors of the adaptive voltage regulating circuit is main-
tained as being higher than the lowest voltage of the seg-

mented LED loading. Thus, the flicking problem caused
by current blind area is also prevented.
[0047] Still further, the embodiments of the disclosure
do not use large-sized electrolytic capacitor, and thus the
circuit size is reduced and the circuit life cycle is im-
proved. Therefore, the embodiments of the disclosure
are suitable for the small-sized lighting (for example light
bulb).

Claims

1. A LED driving circuit (100) for driving a segmented
LED loading (50), wherein the LED driving circuit in-
cludes:

a rectifying circuit (110) for rectifying an AC volt-
age (VAC) into a DC voltage;
an adaptive voltage regulating circuit (115), cou-
pled to the rectifying circuit, the adaptive voltage
regulating circuit regulating the DC voltage into
an input voltage (VDC) and maintaining the input
voltage higher than a lowest voltage used for
lighting at least one LED segment (50A-50I) of
the segmented LED loading;
an LED segment regulating control module
(120) coupled to the adaptive voltage regulating
circuit for detecting the input voltage and a cur-
rent (ILED) flowing through the segmented LED
loading to generate a switch control signal (SC1-
SC3) and a current control signal (CTL);
an LED segment switch module (125) coupled
to the LED segment regulating control module,
the LED segment switch module including a plu-
rality of switches (Q1-Q4), respective operation
states of each of the switches being controlled
by the switch control signal to control each at
least one LED segment of the segmented LED
loading as power-supply state or no-power-sup-
ply state; and
an LED current regulating module (130) coupled
to the LED segment regulating control module
and the segmented LED loading, the LED cur-
rent regulating module being controlled by the
current control signal to regulate the current of
the segmented LED loading.

2. The LED driving circuit according to claim 1, wherein

a number of LED segments of the segmented
LED loading is larger or equal to 2; and
a number of switches of the LED segment switch
module is larger or equal to the number of LED
segments of the segmented LED loading minus
1.

3. The LED driving circuit according to claim 1 or 2,
wherein the LED segment regulating control module
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includes a microcontroller (121) and a digital-to-an-
alog converter (DAC) (123),

the microcontroller is coupled to the DAC for out-
putting the switch control signal to the LED seg-
ment switch control module based on the input
voltage and the current of the segmented LED
loading, to decide the respective operation
states of each of the switches of the LED seg-
ment switch module; and
the microcontroller outputs signals to the DAC
based on the input voltage and the current of
the segmented LED loading; and accordingly
the DAC outputs the current control signal to the
LED current regulating module to control the cur-
rent of the segmented LED loading.

4. The LED driving circuit according to anyone of the
claims 1 to 3, wherein the adaptive voltage regulating
circuit is a valley fill circuit formed by a plurality stages
of capacitors (C1-C3).

5. The LED driving circuit according to claim 4, wherein
when the DC voltage is higher than a capacitor cross
voltage of the plurality stages of capacitors which
are parallel-connected, the input voltage is deter-
mined based on the DC voltage rectified by the rec-
tifying circuit.

6. The LED driving circuit according to claim 4, wherein
when the DC voltage is lower than a capacitor cross
voltage of the plurality stages of capacitors which
are parallel-connected, the input voltage is deter-
mined based on the capacitor cross voltage of the
plurality stages of capacitors which are parallel-con-
nected.

7. The LED driving circuit according to anyone of the
claims 1 to 6, wherein the adaptive voltage regulating
circuit is an electrical energy conversion circuit in-
cluding active power switches.

8. The LED driving circuit according to anyone of the
claims 1 to 7, wherein the LED current regulating
module includes:

an LED current detecting circuit (510) for detect-
ing the current of the segmented LED loading;
a voltage detecting circuit (520) for detecting an
LED voltage of the segmented LED loading; and
a constant power control circuit (530) coupled
between the LED current detecting circuit and
the voltage detecting circuit, for performing con-
stant power control based on the current and
the LED voltage of the segmented LED loading.

9. A LED driving method for driving a segmented LED
loading, wherein the LED driving method includes:

rectifying an AC voltage into a DC voltage;
regulating the DC voltage into an input voltage
and maintaining the input voltage higher than a
lowest voltage used for lighting at least one LED
segment of the segmented LED loading;
detecting the input voltage and a current flowing
through the segmented LED loading to generate
a switch control signal and a current control sig-
nal;
controlling respective operation states of each
of a plurality of switches of a LED segment
switch module by the switch control signal to
control each LED segment of the segmented
LED loading as power-supply state or no-power-
supply state; and
regulating the current of the segmented LED
loading based on the current control signal.

10. The LED driving method according to claim 9, where-
in

the DC voltage is regulated by an adaptive volt-
age regulating circuit into the input voltage;
the adaptive voltage regulating circuit is a valley
fill circuit formed by a plurality stages of capac-
itors; and
when the DC voltage is higher than a capacitor
cross voltage of the plurality stages of capacitors
which are parallel-connected, the input voltage
is determined based on the DC voltage.

11. The LED driving method according to claim 9 or 10,
wherein

the DC voltage is regulated by an adaptive volt-
age regulating circuit into the input voltage;
the adaptive voltage regulating circuit is a valley
fill circuit formed by a plurality stages of capac-
itors; and
when the DC voltage is lower than a capacitor
cross voltage of the plurality stages of capacitors
which are parallel-connected, the input voltage
is determined based on the capacitor cross volt-
age of the plurality stages of capacitors which
are parallel-connected.

12. The LED driving method according to anyone of the
claims 9 to 11, wherein the step of controlling the
respective operation states of the plurality of switch-
es of the LED segment switch module by the switch
control signal to control each LED segment of the
segmented LED loading as power-supply state or
no-power-supply state includes:

when the input voltage is increased, controlling
the respective operation states of the plurality
of switches of the LED segment switch module
to increase a number of turn-on LEDs of the seg-
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mented LED loading; and
when the input voltage is decreased, controlling
the respective operation states of the plurality
of switches of the LED segment switch module
to decrease the number of the turn-on LEDs of
the segmented LED loading.

13. The LED driving method according to anyone of the
claims 9 to 12, wherein the step of regulating the
current of the segmented LED loading based on the
current control signal includes:
when the input voltage is increased, decreasing the
current of the segmented LED loading; and
when the input voltage is decreased, increasing the
current of the segmented LED loading.

14. The LED driving method according to anyone of the
claims 9 to 13, wherein in controlling the respective
operation states of the plurality of switches of the
LED segment switch module and controlling the cur-
rent of the segmented LED loading, the current of
the segmented LED loading is controlled based on
the input voltage.

15. The LED driving method according to anyone of the
claims 9 to 14, further comprising:

detecting the current of the segmented LED
loading;
detecting an LED voltage of the segmented LED
loading; and
performing constant power control based on the
current and the LED voltage of the segmented
LED loading.
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