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The present application discloses a LED driver including: a 
first and a second auxiliary windings connected in series with 
each other; a first rectifying device coupled with a terminal of 
the first auxiliary winding while the other terminal is coupled 
with the second auxiliary winding; a second rectifying device 
coupled with a terminal of the second auxiliary winding; a 
first voltage regulator coupled with the first rectifying device: 
an unidirectional conducting device having a positive and a 
negative terminals; and a DC output terminal coupled with 
the negative terminal of the unidirectional conducting device 
and configured to provide required DC electricity to a control 
circuit in the LED driver. The LED driver can guarantee that 
Vcc Voltages provided under a heavy or light load state can 
always meet the DC power Supplying requirements of respec 
tive control devices in the driver and meanwhile losses can be 
reduced. 
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Fig. 2 
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Fig. 6 

5kS'S 213 
. CH1 : 

. . . . . . . . . . . . . . . . . . :- - - - - - - - - . . . . . . . . . - - - - - - - - - . . . . . . . . . . . . . . . . . . . - - - - - - - - - :- - - - - - - - . . . . . . . . . 5. i 
IC 2MHz 

CH3 1:1 
... will 

IC 2MHz 

EDGE CH1 
3. 

Rms (C1) 16.4678U 
RSC3) 18.31 

  



Patent Application Publication Aug. 28, 2014 Sheet 7 of 8 US 2014/0239829 A1 

Fig. 7 
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LED DRIVER 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

0001. The present application claims priority under 35 
U.S.C. S 119 to Chinese Patent Application No. 
2013 10061677.1, filed on Feb. 27, 2013, the entire content of 
which is incorporated herein by reference. 

TECHNICAL FIELD 

0002 The present application relates to power supply 
driving technologies, in particular to a Light Emitting Diode 
(LED) driver. 

BACKGROUND 

0003. In existing LED drivers, auxiliary direct current 
(Vcc) power Supplying circuits are generally used to provide 
required Direct Current (DC) electricity to control devices. 
For example, Such Vcc auxiliary power Supplying may be 
achieved by rectification after coupling an auxiliary winding 
which is configured by a transformer with a secondary side 
winding in the driver. Such method is simple in implementa 
tion and cheap in cost, and is preferably applicable in circuits 
structured in flyback type. 
0004 FIG. 8 illustratively shows a schematic diagram of a 
LED driver having a Vcc auxiliary power Supplying circuit in 
conventional technologies. The LED driver 1 includes a pri 
mary power section 11, a secondary power section 12 and a 
transformer T1. The transformer T1 includes a primary side 
winding W11 and a secondary side winding W12 which serve 
as an input winding and an output winding of the transformer 
T1, respectively. The primary power section 11 provides 
required input Voltages for the transformer, and the secondary 
power section 12 processes the Voltage outputted from the 
secondary side winding W12 to be voltage suitable for driving 
LED devices 5. 

0005. The transformer further includes an auxiliary wind 
ing W13 which provides required DC electricity for respec 
tive control devices in the LED driver 1 after rectification of a 
diode D11. The DC electricity is outputted through a DC 
output terminal 13. A capacitor C11 plays a role of filtering. 
0006. In the LED driver 1 shown in FIG. 8, dotted termi 
nals of the auxiliary winding W13 and the secondary side 
winding W12 are consistent with each other. Assuming that a 
turns ratio of the auxiliary winding W13 to the secondary side 
winding W12 is n, a voltage after rectification of the diode 
D11 is n times of the output voltage of the secondary side 
winding W12. 
0007. A constant current is usually required in LED driv 
ers, and thus the output Voltages differ greatly between a 
heavy load state and a light load state. Since the dotted ter 
minals of the auxiliary winding W13 and the secondary side 
winding W12 are consistent with each other, the output DC 
voltages provided by the auxiliary winding W13 also differ 
greatly. If the DC voltage provided by the auxiliary winding 
W13 becomes lower, it may result that the provided Vcc 
Voltage cannot meet the DC power Supplying requirements of 
respective control devices in the driver. If it is intended to 
ensure that the provided Vcc voltage can always meet the DC 
power Supplying requirements of respective control devices 
in the driver, losses will be increased. 
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SUMMARY OF THE INVENTION 

0008 Aiming at resolving the problems existing in the 
conventional technologies, a LED driver is provided to guar 
antee that Vcc Voltages provided under a heavy load state and 
a light load State can always meet the DC power Supplying 
requirements of respective control devices in the driver and 
meanwhile losses can be reduced. 
0009. An embodiment of the present application provides 
a LED driver comprising: 
0010 a transformer comprising a primary side winding 
and a secondary side winding, the secondary side winding 
being configured to be electrically coupled with a LED 
device; 
0011 the LED driver further comprising: 
0012 a first auxiliary winding and a second auxiliary 
winding which are connected in series with each other and 
have their dotted terminals being consistent with a dotted 
terminal of the primary side winding or the secondary side 
winding: 
0013 a first rectifying device electrically coupled with a 
terminal of the first auxiliary winding while the other terminal 
of the first auxiliary winding is electrically coupled with the 
second auxiliary winding: 
0014 a second rectifying device electrically coupled with 
a terminal of the second auxiliary winding which is electri 
cally coupled with the first auxiliary winding: 
00.15 a first voltage regulator electrically coupled with the 

first rectifying device and configured to adjust a Voltage of an 
electrical signal rectified by the first rectifying device; 
0016 an unidirectional conducting device having a posi 
tive terminal electrically coupled with the first voltage regu 
lator and a negative terminal electrically coupled with the 
second rectifying device; and 
0017 a Direct Current (DC) output terminal electrically 
coupled with the negative terminal of the unidirectional con 
ducting device and configured to provide required DC elec 
tricity to a control circuit in the LED driver. 
0018. In the LED driver of the present application, the 
dotted terminals of the two serial-connected auxiliary wind 
ings are consistent with the dotted terminal of the primary 
side winding or the secondary side winding, and a Voltage 
regulator is added to control a rectified voltage after the first 
auxiliary winding. 
0019. If the dotted terminals of the two serial-connected 
auxiliary windings are consistent with the dotted terminal of 
the primary side winding, by setting a turns ratio of the first 
auxiliary winding to the primary side winding and a turns 
ratio of the second auxiliary winding to the primary side 
winding, the unidirectional conducting device may be turned 
on or off under different input Voltage conditions so as to 
make electricity be supplied by the first auxiliary winding 
only or by the two auxiliary windings together under different 
input Voltage conditions. Thus, the Vcc Voltage provided 
under different input Voltage conditions can always meet the 
DC power Supplying requirements of respective control 
devices in the driver and meanwhile the losses can be 
reduced. Furthermore, the two serial-connected auxiliary 
winding are less influenced by the secondary side winding 
because the dotted terminals of the two serial-connected aux 
iliary windings are consistent with the dotted terminal of the 
primary side winding, and thus the provided Vcc Voltage can 
always meet the DC power Supplying requirements of respec 
tive control devices in the driver regardless of whether the 
output side is in a heavy load state or a light load state. 
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0020. If the dotted terminals of the two serial-connected 
auxiliary windings are consistent with the dotted terminal of 
the secondary side winding, by setting a turns ratio of the first 
auxiliary winding to the secondary side winding and a turns 
ratio of the second auxiliary winding to the secondary side 
winding, the unidirectional conducting device may be turned 
on or off under different output voltage conditions (i.e., dif 
ferent load conditions) so as to make electricity be Supplied 
by the first auxiliary winding only or by the two auxiliary 
windings together under different output Voltage conditions. 
Thus, it can be guaranteed that the Vcc Voltages provided 
under different output voltage conditions can always meet the 
DC power Supplying requirements of respective control 
devices in the driver and meanwhile the losses can be 
reduced. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0021. The embodiments of the present application will be 
described below with reference to the following drawings to 
facilitate further understanding of the contents disclosed by 
the present application and the claimed protection scope in 
claims, and like reference signs refer to like elements 
throughout the following drawings. 
0022 FIG. 1 illustratively shows a circuit block diagram 
of a LED driver according to an embodiment of the present 
application; 
0023 FIG. 2 illustratively shows a circuit block diagram 
of a LED driver according to another embodiment of the 
present application; 
0024 FIG. 3 illustratively shows a circuit block diagram 
of a LED driver according to another embodiment of the 
present application; 
0025 FIG. 4 illustratively shows a circuit block diagram 
of a LED driver according to another embodiment of the 
present application; 
0026 FIG. 5 illustratively shows a circuit block diagram 
of a LED driver according to another embodiment of the 
present application; 
0027 FIG. 6 illustratively shows experimental measure 
ment results when an input voltage of the LED driver as 
shown in FIG. 5 is 277 Vac: 
0028 FIG. 7 illustratively shows experimental measure 
ment results when an input voltage of the LED driver as 
shown in FIG. 5 is 100 Vac: 
0029 FIG. 8 illustratively shows a schematic diagram of a 
LED driver having a Vcc auxiliary power Supplying circuit in 
conventional technologies. 

DESCRIPTION OF THE EMBODIMENTS 

0030 Embodiments of the present application will be 
described below in detail. It should be noted that the embodi 
ments described herein are for illustration purposes only but 
not to limit the present application. 
0031 FIG. 1 illustratively shows a circuit block diagram 
of a LED driver according to an embodiment of the present 
application. In the embodiment, a LED driver 2 includes a 
transformer T2 which includes a primary side winding W21 
and a secondary side winding W22. The secondary side wind 
ing W22 is configured to be electrically coupled with LED 
devices 5. 
0032. In the LED driver 2, a primary power section 21 and 
a secondary power section 22 are further included. The pri 
mary power section 21 and the secondary power section 22 
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may be configured in various manners known in this art and 
thus detailed descriptions thereof are omitted. 
0033. The transformer T2 further includes a first auxiliary 
winding W23 and a second auxiliary winding W24 which are 
connected in series with each other and have their dotted 
terminals being consistent with dotted terminal of the primary 
side winding W21. 
0034. The LED driver 2 further includes a first rectifying 
device 24, a second rectifying device 25, a first Voltage regu 
lator 26, an unidirectional conducting device 27 and a DC 
output terminal 23. 
0035. The first rectifying device 24 is electrically coupled 
with one terminal of the first auxiliary winding W23 while the 
other terminal thereof is electrically coupled with the second 
auxiliary winding W24. 
0036. The second rectifying device 25 is electrically 
coupled with one terminal of the second auxiliary winding 
W24 which is electrically coupled with the first auxiliary 
winding W23. 
0037. The first rectifying device 24 and the second recti 
fying device 25 may be configured by diodes, or may be 
configured by other devices having rectifying functions. 
0038. The first voltage regulator 26 is electrically coupled 
with the first rectifying device 24 and is configured to adjust 
a Voltage of an electrical signal rectified by the first rectifying 
device 24. The first voltage regulator 26 may be configured by 
various devices having a Voltage adjusting function, for 
example, a Zener diode having a Voltage stabilizing function 
may be used. 
0039. A positive terminal of the unidirectional conducting 
device 27 is electrically coupled with the first voltage regu 
lator 26, and a negative terminal of the unidirectional con 
ducting device 27 is electrically coupled with the second 
rectifying device 25. For example, the unidirectional con 
ducting device 27 may also be configured by a diode. 
0040. The DC output terminal 23 is electrically coupled 
with the negative terminal of the unidirectional conducting 
device 27 and is configured to provide required DC electricity 
to a control circuit (not shown) in the LED driver 2. 
0041. The LED driver 2 may further include a filter capaci 
tor C21 which has a first terminal electrically being coupled 
with the negative terminal of the unidirectional conducting 
device 27 and a second terminal being grounded. 
0042. In the LED driver shown in FIG. 1, the dotted ter 
minals of the two serial-connected auxiliary windings W23 
and W24 are consistent with the dotted terminal of the pri 
mary side winding W21, and the first voltage regulator 26 is 
added to control a voltage rectified by the first auxiliary 
winding W23. 
0043. By setting a turns ratio of the first auxiliary winding 
W23 to the primary side winding W21 and a turns ratio of the 
second auxiliary winding W24 to the primary side winding 
W21, the unidirectional conducting device 27 may be turned 
on or off under different input Voltage conditions, so as to 
make electricity be supplied by the first auxiliary winding 
W23 only or by the two auxiliary windings W23 and W24 
together under different input Voltage conditions. Thus, the 
Vcc voltage provided under different input voltage conditions 
can always meet the DC power Supplying requirements of 
respective control devices in the driver and meanwhile the 
losses can be reduced. Furthermore, the two serial-connected 
auxiliary windings W23 and W24 are less influenced by the 
secondary side winding W22 because the dotted terminals of 
the two serial-connected auxiliary winding W23 and W24 are 
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consistent with the dotted terminal of the primary side wind 
ing W21, and thus the provided Vcc voltage can always meet 
the DC power Supplying requirements of respective control 
devices in the driver regardless of whether the outputside is in 
a heavy load State or a light load State. 
0044 FIG. 2 illustratively shows a circuit block diagram 
of a LED driver according to another embodiment of the 
present application. FIG. 2 is a circuit block diagram obtained 
by embodying FIG. 1. In FIG. 2, a first diode D21 is config 
ured as the first rectifying device, a second diode D22 is 
configured as the second rectifying device, and a third diode 
D23 is configured as the unidirectional conducting device. 
0045. According to an embodiment of the present appli 
cation, the first auxiliary winding W23 and the second auxil 
iary winding W24 may be formed by adding an intermediate 
tap into one winding. Also, the first auxiliary winding W23 
and the second auxiliary winding W24 may be configured by 
two single windings, respectively. In FIG. 2, the dotted ter 
minals of the first auxiliary winding W23 and the second 
auxiliary winding W24 are still consistent with the dotted 
terminal of the primary side winding W21. 
0046. The first voltage regulator 26 in FIG.2 may include 
a transistor Q1, a first resistor R1, a Zener diode ZD1 and a 
capacitor C1. 
0047 A first terminal of the transistor Q1 is electrically 
coupled with the first rectifying device (i.e., the first diode 
D21), and a second terminal of the transistor Q1 is electrically 
coupled with the unidirectional conducting device, i.e., it is 
electrically coupled with an anode of the third diode D23. 
0048. A first terminal of the first resistor R1 is electrically 
coupled with the first rectifying device (i.e., the first diode 
D21), and a second terminal of the first resistor R1 is electri 
cally coupled with a control terminal of the transistor Q1. 
0049. A first terminal of the Zener diode ZD1 is electri 
cally coupled with the second terminal of the first resistor R1. 
and a second terminal of the Zener diode ZD1 is grounded. 
0050. A first terminal of the capacitor C1 is electrically 
coupled with the first terminal of the first resistor R1, and a 
second terminal of the capacitor C1 is grounded. 
0051. Of course, the voltage regulators involved in the 
embodiments of the present application may be configured in 
other structures, and linear Voltage regulators are preferably 
used, but it is not limited to the structure as shown in FIG. 2. 
0052 Next, the operating principles of the LED driver in 
FIG. 2 will be described below. 
0053 A voltage Va at a node a is a voltage after rectifica 
tion of the first diode D21, and the capacitor C21 plays a role 
of filtering. The transistor Q1, the resistor R1 and the Zener 
ZD1 play a role of voltage adjustment. A voltage Vb at a node 
b has a value obtained by subtracting a base voltage of the 
transistor Q1 from a voltage across the Zener diode ZD1. By 
choosing resistance value of the resistor R1 and parameters of 
the Zener diode, the voltage Vb at the node b may be con 
trolled. A Voltage Vc at a node c is a Voltage after rectification 
of the second diode D22. 

0054. A difference between the LED driver as shown in 
FIG. 2 and the LED driver in the conventional technologies 
resides in that the dotted terminals of the two auxiliary wind 
ings W23 and W24 are consistent with the dotted terminal of 
the primary side winding W21 rather than the dotted terminal 
of the secondary side winding W22. Thus, the output voltage 
of the auxiliary windings W23 and W24 are influenced by the 
input voltage of the primary side winding W21, and the wide 
range changes in the output Voltage of the secondary side 
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winding W22 impose less influence on the output voltage of 
the auxiliary windings W23 and W24. 
0055. By choosing a turns ratio of the auxiliary winding 
W23 to the primary side winding W21 and a turns ratio of the 
auxiliary winding W24 to the primary side winding W21, the 
LED driver may satisfy the following conditions. 
0056. If the input voltage of the primary side winding W21 

is relatively high, then Vb is less than or equal to Vc, the third 
diode D23 is turned off, and the required DC voltage is 
provided only by the auxiliary winding W24. 
0057. If the input voltage of the primary side winding W21 

is relatively low, then Vb is greater than Vc, the third diode 
D23 is turned on, and the required DC voltage is provided by 
the auxiliary windings W23 and W24 together. 
0058. In the LED driver in FIG. 2, by selectively making 
only the first auxiliary winding W23 supply electricity or 
making the first auxiliary winding W23 together with the 
second auxiliary winding W24 Supply electricity according to 
the input voltage at the primary side winding W21, instead of 
always making the two auxiliary windings W23 and W24 
Supply electricity, losses can be reduced. 
0059. On the other hand, by selectively making only the 

first auxiliary winding W23 supply electricity or making the 
first auxiliary winding W23 together with the second auxil 
iary winding W24 supply electricity, the DC power supplying 
requirements of respective control devices in the driver can 
always be met. For example, the LED driver can avoid a 
situation where the provided Vcc voltage is less than a 
required DC voltage of the control devices due to a low input 
voltage at the primary side winding W21. 
0060. Furthermore, the driver as shown in FIG. 2 is less 
influenced by the secondary side winding W22, and thus the 
wide range changes in the output Voltage of the secondary 
side winding W22 impose less influence on the auxiliary Vcc 
power Supplying. 
0061 FIG. 3 illustratively shows a circuit block diagram 
of a LED driver according to another embodiment of the 
present application. A difference between this embodiment 
and the embodiment as shown in FIG. 2 resides in: the dotted 
terminals of the first auxiliary winding W23 and the second 
auxiliary winding W24 are consistent with the dotted terminal 
of the secondary side winding W22 in this embodiment. 
0062. The LED driver shown in FIG.3 has basically simi 
lar operating principles as that of the LED driver in FIG. 2. 
What is slightly different is that the LED driver as shown in 
FIG.3 selectively makes only the first auxiliary winding W23 
Supply electricity or makes the first auxiliary winding 23 
together with the second auxiliary winding W24 supply elec 
tricity according to the output voltage at the secondary side 
winding W22 rather than the input voltage at the primary side 
winding W21. 
0063 Specifically, by choosing a turns ratio of the auxil 
iary winding W23 to the secondary side winding W22 and a 
turns ratio of the auxiliary winding W24 to the secondary side 
winding W22, the LED driver may satisfy the following con 
ditions. 
0064. If the output voltage of the secondary side winding 
W22 is relatively high because relatively more LED devices 
are driven (i.e., the LED driver is under a heavy load state), 
then Vb is less than or equal to Vc, the third diode D23 is 
turned off, and the required DC voltage is provided only by 
the auxiliary winding W24. 
0065. If the output voltage of the secondary side winding 
W22 is relatively low because relatively less LED devices are 
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driven (i.e., the LED driver is under a light load state), then Vb 
is greater than Vc, the third diode D23 is turned on, and the 
required DC voltage is provided by the auxiliary winding 
W23 together with the auxiliary winding W24. 
0066. In the LED driver in FIG. 3, by selectively making 
only the first auxiliary winding W23 supply electricity or 
making the first auxiliary winding 23 together with the sec 
ond auxiliary winding W24 Supply electricity according to 
the output Voltage at the secondary side winding W22, instead 
of always making the two auxiliary windings W23 and W24 
Supply electricity, losses may be reduced, especially the 
losses under a heavy load state may be reduced. 
0067. On the other hand, by selectively making only the 

first auxiliary winding W23 supply electricity or making the 
first auxiliary winding 23 together with the second auxiliary 
winding W24 supply electricity, the DC power supplying 
requirements of respective control devices in the driver can 
always be met. For example, the LED driver can avoid a 
situation where the provided Vcc voltage is less than a 
required DC voltage of the control devices due to a low output 
voltage at the secondary side winding W22. 
0068. The LED drivers in FIGS. 1 and 3 may be suitable 
for different application circumstances. Specifically, the LED 
driver shown in FIG. 1 is preferably suitable for the applica 
tion circumstance where the changing range of the input 
voltage of the LED driver is relatively great, because the 
auxiliary windings W23 and W24 have their dotted terminals 
being consistent with the dotted terminal of the primary side 
winding W21. The LED driver shown in FIG. 3 is preferably 
Suitable for the application circumstance where the changing 
range of the output voltage of the LED driver is relatively 
great, i.e., preferably suitable for the circumstance where the 
load of the LED driver has a relatively great variation, 
because the auxiliary windings W23 and W24 have their 
dotted terminals being consistent with the dotted terminal of 
the secondary side winding W22. 
0069. It can be seen from the above embodiments that, by 
setting the turns ratios of the two auxiliary windings to the 
primary side winding or the turns ratios of the two auxiliary 
windings to the secondary winding in the embodiments of the 
present application, a selective power Supplying mode of the 
two auxiliary windings may be achieved, and thus power 
losses can be reduced and meanwhile Vcc power Supplying 
can be guaranteed. 
0070. In summary, under a situation where the dotted ter 
minals of the first auxiliary winding and the second auxiliary 
winding are consistent with the dotted terminal of the primary 
side winding, a turns ratio of the first auxiliary winding to the 
primary side winding and a turns ratios of the second auxil 
iary winding to the primary side winding are set to be such 
that: 
0071 if an input voltage of the primary side winding is 
under a first state, the unidirectional conducting device is 
turned off, wherein the first state is a state where the input 
Voltage is greater than a first preset threshold; and 
0072 if the input voltage of the primary side winding is 
under a second state, the unidirectional conducting device is 
turned on, wherein the second state is a state where the input 
Voltage is less than or equal to the first preset threshold. 
0073. The value of the first preset threshold may be deter 
mined according to actual conditions of the input Voltage at 
the primary side winding. For example, if the input Voltage is 
within a range from 90 Vac to 305 Vac, the first preset thresh 
old may be set as 198 Vac. 
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0074 Under a situation where the dotted terminals of the 
first auxiliary winding and the second auxiliary winding are 
consistent with the dotted terminal of the secondary side 
winding, a turns ratio of the first auxiliary winding to the 
secondary side winding and a turns ratio of the second aux 
iliary winding to the secondary side winding are set to be such 
that: 
0075 if an output voltage of the secondary side winding is 
under a third state, the unidirectional conducting device is 
turned off, wherein the third state is a state where the output 
Voltage of the secondary side winding is greater than a second 
preset threshold, that is, a heavy load state; 
0076 if the output voltage of the secondary side winding is 
under a fourth state, the unidirectional conducting device is 
turned on, wherein the fourth state is a state where the output 
Voltage of the secondary side winding is less than or equal to 
the second preset threshold, that is, a light load state. 
(0077. The value of the second preset threshold may be 
determined according to actual conditions of the output Volt 
age at the secondary side winding. For example, if the output 
voltage is within a range from OV to 40V, the second preset 
threshold may be set as 20V. 
0078 FIG. 4 illustratively shows a circuit block diagram 
of a LED driver according to another embodiment of the 
present application. A difference between this embodiment 
and the embodiment as shown in FIG. 1 resides in that a 
second Voltage regulator 28 is added. A terminal of the second 
voltage regulator 28 is electrically coupled with the second 
rectifying device 24, and the other terminal of the second 
voltage regulator 28 is electrically coupled with the negative 
terminal of the unidirectional conducting device 27. 
0079. By adding the second voltage regulator, the on and 
off of the unidirectional conduction device may be controlled 
more flexibly so as to selectively make the first auxiliary 
winding W23 and the second auxiliary winding W24 supply 
Vcc Voltage. 
0080. Of course, in the embodiments as shown in FIGS. 2 
and 3, the second Voltage regulator 28 may also be added. 
I0081 FIG. 5 illustratively shows a circuit block diagram 
of a LED driver according to another embodiment of the 
present application. The LED driver in this embodiment has a 
structure of flyback type. 
I0082. The LED driver 3 includes a primary power section 
31, a secondary power section 32 and a transformer T3. The 
transformer T3 includes a primary side winding W31 and a 
secondary side winding W32. 
I0083. The number of the LED devices 5 driven by the LED 
driver is variable. The output voltage of the LED driver 3 is 
within a whole range from OV to 40V, and the input voltage 
may be Alternating Current (AC) electricity and may be 
within a range from 90 Vac to 305 Vac. 
I0084. In the primary power section 31, the input AC elec 
tricity flows through a rectifier bridge BD1 and then enters 
into an input capacitor C30. A transistor Q2 serves as a main 
switch in the flyback structure. A diode D30, a capacitor C32, 
a resistor R30, a resistor R3A constitute a circuit to clamp the 
energy of the leakage inductance at the primary side so as to 
prevent the peak Voltage across the transistor Q2 from being 
over high. A resistor R33 is a sampling resistor and is config 
ured to send a sampled peak current from the primary side to 
a controller 35. 
I0085. In the secondary power section 32, a diode D50 
serves as a rectifying diode at the secondary side, a capacitor 
C50 serves as a filter capacitor at the secondary side, and a 
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resistor R50 serves as a sampling resistor at the secondary 
side and is configured to feed the sampled output current back 
to the controller 35. 
I0086. The DC electricity required by chips and control 
devices is provided by the auxiliary windings. The dotted 
terminals of the first auxiliary winding W33 and the second 
auxiliary winding W34 are consistent with the dotted terminal 
of the primary side winding W31. A diode D31, resistors R3A 
and R31, a capacitor C1, a Zener diode ZD1, a transistor Q1 
and a diode D33 constitute a rectifying circuit when the 
electricity is supplied by the first auxiliary winding W33 
together with the second auxiliary winding W34. The stabi 
lizing voltage of the Zener diode ZD1 is 16V, for example. 
0087. When the input voltage is relatively high, for 
example, 277 Vac, only the second auxiliary winding W34 
Supplies electricity. The Voltage across the second auxiliary 
winding W34, after rectification of the second diode D32 and 
filtering of the capacitor C31, is already higher than the volt 
age across the Zener diode by about 1.6V. FIG. 6 illustratively 
shows experimental measurement results when an input volt 
age of the LED driver as shown in FIG.5 is 277 Vac. Channel 
CH1 represents the voltage across the Zener diode ZD1, i.e., 
the base voltage of the transistor Q1. The measured voltage 
value at Channel CH1 in FIG. 6 is 16.46780V in Root Mean 
Square (RMS). Channel CH3 represents the voltage across 
the capacitor C31. The measured voltage value at the channel 
CH3 in FIG. 6 is 18.0731V in RMS. At this time, the third 
diode D33 is turned off, there is no load current flowing 
through the first auxiliary winding W33, and only the second 
auxiliary winding W34supplies electricity. 
0088. When the input voltage is relatively low, for 
example, 100 Vac, the voltage supplied by the second auxil 
iary winding is relatively low and the Voltage after rectifica 
tion is lower than the Voltage across the Zener diode ZD1. 
FIG. 7 illustratively shows experimental measurement results 
when an input voltage of the LED driver as shown in FIG. 5 is 
100 Vac. Channel CH1 represents the voltage across the 
Zener diode ZD1, i.e., the base voltage of the transistor Q1. 
The measured voltage value at channel CH1 in FIG. 7 is 
16.2651V in RMS. Channel CH3 represents the voltage 
across the capacitor C31. The measured voltage value at the 
channel CH3 in FIG. 7 is 14.9058V in RMS. At this time, the 
third diode D33 is turned on, and the electricity required by 
the controller 35 is supplied by the first auxiliary winding 
W33 together with the secondary winding W34. 
0089. Thus, when the input voltage is relatively high, mak 
ing only the second auxiliary winding W34 Supply electricity 
can effectively reduce losses; when the input Voltage is rela 
tively low, supplying electricity with the two auxiliary wind 
ings together can guarantee that the provided Vcc Voltage is 
Sufficiently high and thereby the power Supplying require 
ments of the controller 35 can be met so as to make the chip 
operate normally. No matter how many LED devices are 
driven, the circuit can be guaranteed in normal operation. 
0090. It should be noted that, the LED drivers in respective 
embodiments of the present application can have various 
structures without being limited to the flyback structure as 
shown in FIG. 5. For example, the LED drivers may have a 
Boost structure, a Buck structure, and so on. 
0091 Although the present invention has been described 
with reference to typical embodiments, it should be under 
stood that the terminologies herein are for illustration pur 
poses rather than to limit the present invention. The present 
invention can be implemented in many specific embodiments 
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without departing from the spirit and scope of the present 
invention, and thus it shall be appreciated that the above 
embodiments shall not be limited to any details described 
above, but shall be interpreted broadly within the spirit and 
Scope defined by the appended claims. The appended claims 
intend to cover all the modifications and changes falling 
within the scope of the appended claims and equivalents 
thereof. 
What is claimed is: 
1. A LED driver comprising: 
a transformer comprising a primary side winding and a 

secondary side winding, the secondary side winding 
being configured to be electrically coupled with a LED 
device; 

the LED driver further comprising: 
a first auxiliary winding and a second auxiliary winding 

which are connected in series with each other and have 
their dotted terminals being consistent with a dotted 
terminal of the primary side winding or the secondary 
side winding: 

a first rectifying device electrically coupled with a terminal 
of the first auxiliary winding while the other terminal of 
the first auxiliary winding is electrically coupled with 
the second auxiliary winding: 

a second rectifying device electrically coupled with a ter 
minal of the second auxiliary winding which is electri 
cally coupled with the first auxiliary winding: 

a first voltage regulator electrically coupled with the first 
rectifying device and configured to adjusta Voltage of an 
electrical signal rectified by the first rectifying device; 

an unidirectional conducting device having a positive ter 
minal electrically coupled with the first Voltage regula 
tor and a negative terminal electrically coupled with the 
second rectifying device; and 

a DC output terminal electrically coupled with the negative 
terminal of the unidirectional conducting device and 
configured to provide required DC electricity to a con 
trol circuit in the LED driver. 

2. The LED driver according to claim 1, wherein the first 
auxiliary winding and the second auxiliary winding are 
formed by adding an intermediate tap into one winding. 

3. The LED driver according to claim 1, wherein the first 
auxiliary winding and the second auxiliary winding are 
formed by two single windings, respectively. 

4. The LED driver according to claim 1, wherein under a 
situation where the dotted terminals of the first auxiliary 
winding and the second auxiliary winding are consistent with 
the dotted terminal of the primary side winding, a turns ratio 
of the first auxiliary winding to the primary side winding and 
a turns ratio of the second auxiliary winding to the primary 
side winding are set to be such that: 

if an input Voltage of the primary side winding is under a 
first state, the unidirectional conducting device is turned 
off, the first state being a state in which the input voltage 
is greater than a first preset threshold; and 

if the input Voltage of the primary side winding is under a 
second state, the unidirectional conducting device is 
turned on, the second State being a state in which the 
input Voltage is less than or equal to the first preset 
threshold. 

5. The LED driver according to claim 1, wherein under a 
situation where the dotted terminals of the first auxiliary 
winding and the second auxiliary winding are consistent with 
the dotted terminal of the secondary side winding, a turns 
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ratio of the first auxiliary winding to the secondary side wind 
ing and a turns ratio of the second auxiliary winding to the 
secondary side winding are set to be such that: 

if an output Voltage of the secondary side winding is under 
a third state, the unidirectional conducting device is 
turned off, the third state being a state in which the 
output Voltage of the secondary side winding is greater 
than a second preset threshold; and 

if the output Voltage of the secondary side winding is under 
a fourth state, the unidirectional conducting device is 
turned on, the fourth state being a state in which the 
output Voltage of the secondary side winding is less than 
or equal to the second preset threshold. 

6. The LED driver according to claim 1, wherein the first 
Voltage regulator comprises: 

a transistor having a first terminal electrically coupled with 
the first rectifying device and a second terminal electri 
cally coupled with the unidirectional conducting device; 

a first resistor having a first terminal electrically coupled 
with the first rectifying device and a second terminal 
electrically coupled with a control terminal of the tran 
sistor, 
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a Zener diode having a first terminal electrically coupled 
with the second terminal of the first resistor and a second 
terminal being grounded; and 

a capacitor having a first terminal electrically coupled with 
the first terminal of the first resistor and a second termi 
nal being grounded. 

7. The LED driver according to claim 6, wherein the first 
rectifying device is formed by a first diode and the second 
rectifying device is formed by a second diode. 

8. The LED driver according to claim 7, wherein the uni 
directional conducting device is formed by a third diode. 

9. The LED driver according to claim8, further comprising 
a second Voltage regulator having a first terminal electrically 
coupled with the second rectifying device and a second ter 
minal electrically coupled with the negative terminal of the 
unidirectional conducting device. 

10. The LED driver according to claim 9, further compris 
ing a filter capacitor having a first terminal electrically 
coupled with the negative terminal of the unidirectional con 
ducting device and a second terminal being grounded. 
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