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SYSTEMS AND METHODS FOR 
OVERVOLTAGE PROTECTION FOR LED 

LIGHTING 

CROSS - REFERENCES TO RELATED 
APPLICATIONS 

[ 0001 ] This application claims priority to Chinese Patent 
Application No . 201610190128 . 8 , filed Mar . 29 , 2016 , 
incorporated by reference herein for all purposes . 

BACKGROUND OF THE INVENTION 
[ 0002 ] Certain embodiments of the present invention are 
directed to integrated circuits . More particularly , some 
embodiments of the invention provide systems and methods 
for overvoltage protection . Merely by way of example , some 
embodiments of the invention have been applied to LED 
lighting . But it would be recognized that the invention has 
a much broader range of applicability . 
[ 0003 ] Conventional power conversion systems with pri 
mary - side regulation ( PSR ) and buck - boost mechanism 
have been widely used for light emitting diode ( LED ) 
lighting . FIG . 1 is a simplified diagram showing a conven 
tional AC - to - DC power conversion system with primary 
side regulation ( PSR ) and buck - boost mechanism for LED 
lighting . The AC - to - DC power conversion system 100 ( e . g . , 
a power converter ) includes resistors 110 and 118 , capacitors 
112 , 114 , and 116 , a pulse - width - modulation ( PWM ) con 
troller 120 , a switch 140 , an inductive winding 142 , and a 
diode 144 . 
[ 0004 ] For example , the AC - to - DC power conversion sys 
tem 100 includes only one inductive winding ( e . g . , the 
inductive winding 142 ) . In another example , the pulse 
width - modulation ( PWM ) controller 120 includes a terminal 
122 ( e . g . , pin VDD ) , a terminal 124 ( e . g . , pin COMP ) , a 
terminal 126 ( e . g . , pin GATE ) , a terminal 128 ( e . g . , pin CS ) , 
and a terminal 130 ( e . g . , pin GND ) . 
[ 0005 ] As shown in FIG . 1 , an AC input voltage 150 ( e . g . , 
VAC ) is received and processed with full - wave rectification 
to generate a rectified voltage 152 ( e . g . , Vin ) . For example , 
the rectified voltage 152 does not fall below 0 volt . In 
another example , the rectified voltage 152 charges the 
capacitor 112 ( e . g . , C2 ) through the resistor 110 ( e . g . , R2 ) in 
order to increase a voltage 154 in magnitude . The voltage 
154 is received by the PWM controller 120 through the 
terminal 122 . If the voltage 154 becomes larger than an 
undervoltage - lockout ( UVLO ) threshold , the PWM control 
ler 120 starts the normal operation . 
[ 0006 ] Under normal operation , the PWM controller 120 
generates a drive signal 156 with pulse - width modulation . 
For example , the PWM controller 120 , after detecting the 
end of a demagnetization process , uses an error amplifier as 
part of the PWM controller 120 to control charging and 
discharging of the capacitor 116 ( e . g . , C3 ) through the 
terminal 124 . In another example , the resistor 118 is used to 
sense the current flowing through the inductive winding 142 
and to provide the sensing voltage to the PWM controller 
120 through the terminal 128 . In response , the PWM con 
troller 120 processes the sensing voltage on a cycle - by - cycle 
basis by sampling the peak magnitude of the sensing voltage 
and sending the sampled peak magnitude to the error ampli 
fier as part of the PWM controller 120 . 
[ 0007 ] The PWM controller 120 outputs the drive signal 
156 to the switch 140 through the terminal 126 . For 

example , the drive signal 156 has a frequency and also a 
duty cycle . In another example , the drive signal 156 opens 
( e . g . , turns off ) and closes ( e . g . , turns on the switch 140 . 
Additionally , the capacitor 114 ( e . g . , C5 ) is used to support 
an output voltage 160 ( e . g . , V . ) of the power conversion 
system 100 . For example , the power conversion system 100 
provides a constant output current to one or more light 
emitting diodes ( LEDs ) 190 . In another example , the induc 
tive winding 142 includes winding terminals 141 and 143 , 
and the diode 144 includes diode terminals 145 and 147 . For 
example , the winding terminal 143 is coupled to the diode 
terminal 145 . In another example , a voltage difference 
between the diode terminal 147 and the winding terminal 
141 is equal to an output voltage 160 ( e . g . , V . ) of the power 
converter 100 . 
[ 0008 ] As shown in FIG . 1 , the AC - to - DC power conver 
sion system 100 with primary - side regulation ( PSR ) and 
buck - boost mechanism includes only one inductive winding 
( e . g . , the inductive winding 142 ) . The AC - to - DC power 
conversion system 100 includes a conventional single - in 
ductive - winding buck - boost structure . The conventional 
single - inductive - winding buck - boost structure often has cer 
tain advantages as well as some weaknesses in comparison 
with conventional buck - boost structures that include two or 
more inductive windings . For example , the conventional 
single - inductive - winding buck - boost structure can reduce 
external bill of materials ( BOM ) and also cost of the power 
conversion system . In another example , the conventional 
single - inductive - winding buck - boost structure does not 
include a secondary winding , so the conventional single 
inductive - winding buck - boost structure usually cannot 
directly measure and / or precisely determine a magnitude of 
the output voltage . This lack of precise determination of the 
output voltage magnitude usually causes the conventional 
power conversion system not able to timely turn off the 
switch and / or effectively perform the function of overvolt 
age protection ( OVP ) . As a result , the output capacitor ( e . g . , 
the capacitor 114 ) can be damaged by the excessive output 
voltage . 
100091 Hence , it is highly desirable to improve techniques 
for overvoltage protection of a power conversion system . 

BRIEF SUMMARY OF THE INVENTION 
[ 0010 ] Certain embodiments of the present invention are 
directed to integrated circuits . More particularly , some 
embodiments of the invention provide systems and methods 
for overvoltage protection . Merely by way of example , some 
embodiments of the invention have been applied to LED 
lighting . But it would be recognized that the invention has 
a much broader range of applicability . 
[ 0011 ] According to one embodiment , a system controller 
for a power converter includes a logic controller configured 
to generate a modulation signal , and a driver configured to 
receive the modulation signal , generate a drive signal based 
at least in part on the modulation signal , and output the drive 
signal to a switch to affect a current flowing through an 
inductive winding for a power converter . Additionally , the 
system controller includes a voltage - to - voltage converter 
configured to receive a first voltage signal , the modulation 
signal , and a demagnetization signal , and to generate a 
second voltage signal based at least in part on the first 
voltage signal , the modulation signal , and the demagnetiza 
tion signal . Moreover , the system controller includes a 
comparator configured to receive a first threshold signal , 
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generate a comparison signal based on at least information 
associated with the second voltage signal and the first 
threshold signal , and output the comparison signal to the 
logic controller . The modulation signal indicates an on - time 
period for the switch , and the demagnetization signal indi 
cates a demagnetization period for the inductive winding . 
The second voltage signal is approximately equal to the first 
voltage signal multiplied by a ratio of the on - time period to 
a sum of the on - time period and the demagnetization period 
in magnitude . 
[ 0012 ] According to another embodiment , a system con 
troller for a power converter includes a logic controller 
configured to generate a modulation signal , and a driver 
configured to receive the modulation signal , generate a drive 
signal based at least in part on the modulation signal , and 
output the drive signal to a switch to affect a current flowing 
through an inductive winding of a power converter . The 
inductive winding includes a first winding terminal and a 
second winding terminal . The second winding terminal is at 
a terminal voltage and coupled to a first diode terminal of a 
diode , and the diode further includes a second diode termi 
nal . A voltage difference between the second diode terminal 
and the first winding terminal is , for example , an output 
voltage of the power converter . Additionally , the system 
controller further includes an overvoltage - protection detec 
tor configured to receive a feedback signal and a demagne 
tization signal , generate a detection signal based at least in 
part on the feedback signal and the demagnetization signal , 
and output the detection signal to the logic controller . The 
feedback signal is equal to the terminal voltage divided by 
a predetermined constant . The demagnetization signal indi 
cates a demagnetization period for the inductive winding , 
and the detection signal indicates whether an overvoltage 
protection is triggered . The logic controller is configured to , 
in response to the detection signal indicating the overvoltage 
protection is triggered , cause the power converter to shut 
down . 
[ 0013 ] . According to yet another embodiment , a system 
controller for a power converter includes a logic controller 
configured to generate a modulation signal , and a driver 
configured to receive the modulation signal , generate a drive 
signal based at least in part on the modulation signal , and 
output the drive signal to a switch to affect a current flowing 
through an inductive winding of a power converter . The 
inductive winding includes a first winding terminal and a 
second winding terminal . The first winding terminal is at a 
terminal voltage , and the second winding terminal is 
coupled to a first diode terminal of a diode . The diode further 
includes a second diode terminal . A voltage difference 
between the second diode terminal and the first winding 
terminal is , for example , an output voltage of the power 
converter . Additionally , the system controller includes an 
overvoltage - protection detector configured to receive an 
input signal and a demagnetization signal , generate a detec 
tion signal based at least in part on the input signal and the 
demagnetization signal , and output the detection signal to 
the logic controller . The input signal is equal to the terminal 
voltage divided by a predetermined constant . The demag 
netization signal indicates a demagnetization period for the 
inductive winding , and the detection signal indicates 
whether an overvoltage protection is triggered . The logic 
controller is configured to , in response to the detection signal 
indicating the overvoltage protection is triggered , cause the 
power converter to shut down . 

[ 0014 ] According to yet another embodiment , a method 
for a power converter includes generating a modulation 
signal , receiving the modulation signal , generating a drive 
signal based at least in part on the modulation signal , and 
outputting the drive signal to a switch to affect a current 
flowing through an inductive winding for a power converter . 
Additionally , the method includes receiving a first voltage 
signal , the modulation signal , and a demagnetization signal , 
generating a second voltage signal based at least in part on 
the first voltage signal , the modulation signal , and the 
demagnetization signal , receiving a first threshold signal , 
generating a comparison signal based on at least information 
associated with the second voltage signal and the first 
threshold signal , and outputting the comparison signal . The 
modulation signal indicates an on - time period for the switch , 
and the demagnetization signal indicates a demagnetization 
period for the inductive winding . The second voltage signal 
is approximately equal to the first voltage signal multiplied 
by a ratio of the on - time period to a sum of the on - time 
period and the demagnetization period in magnitude . 
[ 0015 ] According to yet another embodiment , a method 
for a power converter includes generating a modulation 
signal , receiving the modulation signal , generating a drive 
signal based at least in part on the modulation signal , and 
outputting the drive signal to a switch to affect a current 
flowing through an inductive winding of a power converter . 
The inductive winding includes a first winding terminal and 
a second winding terminal . The second winding terminal is 
at a terminal voltage and coupled to a first diode terminal of 
a diode . The diode further includes a second diode terminal . 
A voltage difference between the second diode terminal and 
the first winding terminal is , for example , an output voltage 
of the power converter . Additionally , the method includes 
receiving a feedback signal and a demagnetization signal . 
The feedback signal is equal to the terminal voltage divided 
by a predetermined constant . The demagnetization signal 
indicates a demagnetization period for the inductive wind 
ing . Moreover , the method includes generating a detection 
signal based at least in part on the feedback signal and the 
demagnetization signal , and outputting the detection signal . 
The detection signal indicates whether an overvoltage pro 
tection is triggered . Also , the method includes , in response 
to the detection signal indicating the overvoltage protection 
is triggered , causing the power converter to shut down . 
[ 0016 ] According to yet another embodiment , a method 
for a power converter includes generating a modulation 
signal , receiving the modulation signal , generating a drive 
signal based at least in part on the modulation signal , and 
outputting the drive signal to a switch to affect a current 
flowing through an inductive winding of a power converter . 
The inductive winding including a first winding terminal and 
a second winding terminal . The first winding terminal is at 
a terminal voltage , and the second winding terminal is 
coupled to a first diode terminal of a diode . The diode further 
includes a second diode terminal . A voltage difference 
between the second diode terminal and the first winding 
terminal is , for example , an output voltage of the power 
converter . Additionally , the method includes receiving an 
input signal and a demagnetization signal . The input signal 
is equal to the terminal voltage divided by a predetermined 
constant . The demagnetization signal indicates a demagne 
tization period for the inductive winding . Moreover , the 
method includes generating a detection signal based at least 
in part on the input signal and the demagnetization signal , 
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and outputting the detection signal . The detection signal 
indicates whether an overvoltage protection is triggered . 
Also , the method includes , in response to the detection 
signal indicating the overvoltage protection is triggered , 
causing the power converter to shut down . 
10017 ] Depending upon embodiment , one or more of these 
benefits may be achieved . These benefits and various addi 
tional objects , features and advantages of the present inven 
tion can be fully appreciated with reference to the detailed 
description and accompanying drawings that follow . 

BRIEF DESCRIPTION OF THE DRAWINGS 
[ 0018 ] FIG . 1 is a simplified diagram showing a conven 
tional AC - to - DC power conversion system with primary 
side regulation ( PSR ) and buck - boost mechanism for LED 
lighting . 
[ 0019 ] FIG . 2 is a simplified diagram showing an AC - to 
DC power conversion system with primary - side regulation 
( PSR ) and buck - boost mechanism for LED lighting accord 
ing to an embodiment of the present invention . 
[ 0020 ] FIG . 3 is a simplified diagram showing certain 
components of the pulse - width - modulation ( PWM ) control 
ler as part of the AC - to - DC power conversion system as 
shown in FIG . 2 according to an embodiment of the present 
invention 
[ 0021 ] FIG . 4 is a simplified diagram showing the over 
voltage - protection ( OVP ) detector of the pulse - width - modu 
lation ( PWM ) controller as part of the AC - to - DC power 
conversion system as shown in FIG . 2 according to an 
embodiment of the present invention . 
10022 ] FIG . 5 is a simplified diagram showing the over 
voltage - protection ( OVP ) detector of the pulse - width - modu 
lation ( PWM ) controller as part of the AC - to - DC power 
conversion system as shown in FIG . 2 according to another 
embodiment of the present invention . 
10023 ) FIG . 6 is a simplified diagram showing the over 
voltage - protection ( OVP ) detector of the pulse - width - modu 
lation ( PWM ) controller as part of the AC - to - DC power 
conversion system as shown in FIG . 2 according to yet 
another embodiment of the present invention . 
[ 0024 ] FIG . 7 is a simplified timing diagram for the 
overvoltage - protection ( OVP ) detector as shown in FIG . 5 
and / or FIG . 6 as part of the AC - to - DC power conversion 
system as shown in FIG . 2 according to certain embodiments 
of the present invention . 
[ 0025 ] FIG . 8 is a simplified diagram showing the over 
voltage - protection ( OVP ) detector of the pulse - width - modu 
lation ( PWM ) controller as part of the AC - to - DC power 
conversion system as shown in FIG . 2 according to yet 
another embodiment of the present invention . 
[ 0026 ] FIG . 9 is a simplified diagram showing the over 
voltage - protection ( OVP ) detector of the pulse - width - modu 
lation ( PWM ) controller as part of the AC - to - DC power 
conversion system as shown in FIG . 2 according to yet 
another embodiment of the present invention . 
[ 0027 FIG . 10 is a simplified timing diagram for the 
overvoltage - protection ( OVP ) detector as shown in FIG . 8 
and / or FIG . 9 as part of the AC - to - DC power conversion 
system as shown in FIG . 2 according to certain embodiments 
of the present invention . 
[ 0028 ] FIG . 11 is a simplified diagram showing an AC - to 
DC power conversion system with primary - side regulation 
( PSR ) and buck - boost mechanism for LED lighting accord - 
ing to another embodiment of the present invention . 

[ 0029 ] FIG . 12 is a simplified diagram showing certain 
components of the pulse - width - modulation ( PWM ) control 
ler as part of the AC - to - DC power conversion system as 
shown in FIG . 11 according to an embodiment of the present 
invention 
[ 0030 ] FIG . 13 is a simplified diagram showing the over 
voltage - protection ( OVP ) detector of the pulse - width - modu 
lation ( PWM ) controller as part of the AC - to - DC power 
conversion system as shown in FIG . 11 according to an 
embodiment of the present invention . 
[ 0031 ] FIG . 14 is a simplified diagram showing the over 
voltage - protection ( OVP ) detector of the pulse - width - modu 
lation ( PWM ) controller as part of the AC - to - DC power 
conversion system as shown in FIG . 11 according to another 
embodiment of the present invention . 
10032 ] FIG . 15 is a simplified diagram showing the over 
voltage - protection ( OVP ) detector of the pulse - width - modu 
lation ( PWM ) controller as part of the AC - to - DC power 
conversion system as shown in FIG . 11 according to yet 
another embodiment of the present invention . 
10033 ] FIG . 16 is a simplified diagram showing the over 
voltage - protection ( OVP ) detector of the pulse - width - modu 
lation ( PWM ) controller as part of the AC - to - DC power 
conversion system as shown in FIG . 11 according to yet 
another embodiment of the present invention . 
[ 0034 ] FIG . 17 is a simplified timing diagram for the 
overvoltage - protection ( OVP ) detector as shown in FIG . 15 
and / or FIG . 16 as part of the AC - to - DC power conversion 
system as shown in FIG . 11 according to certain embodi 
ments of the present invention . 
[ 0035 ] FIG . 18 is a simplified diagram showing an AC - to 
DC power conversion system with primary - side regulation 
( PSR ) and buck - boost mechanism for LED lighting accord 
ing to yet another embodiment of the present invention . 
[ 0036 ] FIG . 19 is a simplified diagram showing an AC - to 
DC power conversion system with primary - side regulation 
( PSR ) and buck - boost mechanism for LED lighting accord 
ing to yet another embodiment of the present invention . 

DETAILED DESCRIPTION OF THE 
INVENTION 

[ 0037 ] Certain embodiments of the present invention are 
directed to integrated circuits . More particularly , some 
embodiments of the invention provide systems and methods 
for overvoltage protection . Merely by way of example , some 
embodiments of the invention have been applied to LED 
lighting . But it would be recognized that the invention has 
a much broader range of applicability . 
[ 0038 ] As shown in FIG . 1 , the AC - to - DC power conver 
sion system 100 with primary - side regulation ( PSR ) and 
buck - boost mechanism includes only one inductive winding 
( e . g . , the inductive winding 142 ) without any secondary 
winding , so the conventional single - inductive - winding 
buck - boost structure usually cannot directly measure and / or 
precisely determine a magnitude of the output voltage . 
[ 00391 . FIG . 2 is a simplified diagram showing an AC - to 
DC power conversion system with primary - side regulation 
( PSR ) and buck - boost mechanism for LED lighting accord 
ing to an embodiment of the present invention . This diagram 
is merely an example , which should not unduly limit the 
scope of the claims . One of ordinary skill in the art would 
recognize many variations , alternatives , and modifications . 
The AC - to - DC power conversion system 200 ( e . g . , a power 
converter ) includes resistors 210 , 218 , 280 and 282 , capaci 
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tors 212 , 214 , and 216 , a pulse - width - modulation ( PWM ) 
controller 220 , a switch 240 , an inductive winding 242 , and 
a diode 244 . For example , the AC - to - DC power conversion 
system 200 includes only one inductive winding ( e . g . , the 
inductive winding 242 ) . In another example , the pulse 
width - modulation ( PWM ) controller 220 includes a terminal 
222 ( e . g . , pin VDD ) , a terminal 224 ( e . g . , pin COMP ) , a 
terminal 226 ( e . g . , pin GATE ) , a terminal 228 ( e . g . , pin CS ) , 
a terminal 230 ( e . g . , pin GND ) , and a terminal 232 ( e . g . , pin 
FB ) . 
[ 0040 ] FIG . 3 is a simplified diagram showing certain 
components of the pulse - width - modulation ( PWM ) control 
ler 220 as part of the AC - to - DC power conversion system 
200 according to an embodiment of the present invention . 
This diagram is merely an example , which should not 
unduly limit the scope of the claims . One of ordinary skill 
in the art would recognize many variations , alternatives , and 
modifications . The pulse - width - modulation ( PWM ) control 
ler 220 includes a demagnetization detector 310 , an over 
voltage - protection ( OVP ) detector 320 , a constant - current 
controller 330 , a logic controller 340 , and a gate driver 350 . 
[ 0041 ] As shown in FIG . 2 , an AC input voltage 250 ( e . g . , 
VAC ) is received and rectified ( e . g . , with full - wave rectifi 
cation ) to generate a rectified voltage 252 ( e . g . , Vin ) accord 
ing to one embodiment . For example , the rectified voltage 
252 does not fall below the chip ground ( e . g . , zero volts ) . 
According to another embodiment , the inductive winding 
242 includes winding terminals 241 and 243 , and the diode 
244 includes diode terminals 245 and 247 . For example , the 
winding terminal 243 is biased at the voltage signal 288 
( e . g . , VD ) and is coupled to the diode terminal 245 . In 
another example , a voltage difference between the diode 
terminal 247 and the winding terminal 241 is equal to an 
output voltage 260 ( e . g . , V . ) of the power converter 200 . 
[ 0042 ] In one embodiment , the power conversion system 
200 generates the output voltage 260 ( e . g . , V . ) . For 
example , the output voltage 260 represents the voltage 
difference between nodes 264 and 262 , and the node 264 is 
at a voltage 266 . In another example , the voltage 266 
charges the capacitor 212 ( e . g . , C2 ) through the resistor 210 
( e . g . , R2 ) in order to increase a voltage 254 in magnitude . In 
another embodiment , the voltage 254 is received by the 
PWM controller 220 through the terminal 222 . For example , 
if the voltage 254 becomes larger than an undervoltage 
lockout ( UVLO ) threshold , the PWM controller 220 starts 
the normal operation . In another example , under normal 
operation , the PWM controller 220 generates a drive signal 
256 with pulse - width modulation . In yet another example , 
the resistor 218 is used to sense the current flowing through 
the inductive winding 242 and to generate the current 
sensing voltage signal 284 . 
[ 0043 ] As shown in FIG . 3 , the demagnetization detector 
310 receives the voltage signal 286 , detects the end of a 
demagnetization process for the inductive winding 242 , and 
generates a demagnetization signal 312 according to one 
embodiment . For example , the demagnetization signal 312 
is received by the overvoltage - protection ( OVP ) detector 
320 and the constant - current controller 330 . In another 
example , the constant - current controller 330 receives the 
current - sensing voltage signal 284 ( e . g . , Ves ) through the 
terminal 228 , and controls charging and discharging of the 
capacitor 216 ( e . g . , C3 ) through the terminal 224 . 
[ 0044 ] In one embodiment , the constant - current controller 
330 processes the current - sensing voltage signal 284 on a 

cycle - by - cycle basis by sampling the peak magnitude of the 
current - sensing voltage signal 284 for each cycle and send 
ing the sampled peak magnitude to an error amplifier as part 
of the constant - current controller 330 . For example , the error 
amplifier receives the sampled peak magnitude , and gener 
ates an output current to charge or discharge the capacitor 
216 ( e . g . , C3 ) through the terminal 224 . In another example , 
the error amplifier and the capacitor 216 together perform 
the mathematical operation of integration for the sampled 
peak magnitude over the demagnetization period , and pro 
vide loop compensation to the power conversion system 
200 . 
10045 ] In another embodiment , the constant - current con 
troller 330 generates a signal 332 , and the OVP detector 320 
generates a signal 322 . For example , the signals 322 and 332 
are received by the logic controller 340 , which in response 
outputs a pulse - width - modulation ( PWM ) signal 342 . In 
another example , the PWM signal 342 is received by the 
OVP detector 320 and the gate driver 350 . In yet another 
embodiment , the gate driver 350 outputs the drive signal 256 
to the switch 240 through the terminal 226 . For example , the 
drive signal 256 has a frequency and also a duty cycle . In 
another example , the drive signal 256 opens ( e . g . , turns off ) 
and closes ( e . g . , turns on ) the switch 240 ( e . g . , to affect a 
current flowing through the inductive winding 242 ) . 
[ 0046 ] In yet another embodiment , the capacitor 214 ( e . g . , 
C5 ) is used to support the output voltage 260 ( e . g . , V . ) of the 
power conversion system 200 . In yet another embodiment , 
the power conversion system 200 provides a constant output 
current to one or more light emitting diodes ( LEDs ) 290 . 
[ 0047 ] As shown in FIG . 2 , the resistor 280 ( e . g . , R4 ) 
receives a voltage signal 288 ( e . g . , VD ) , and in response , the 
resistor 280 ( e . g . , R4 ) and the resistor 282 ( e . g . , R5 ) generate 
a voltage signal 286 , which is received by the PWM 
controller 220 through the terminal 232 , according to certain 
embodiments . For example , during the demagnetization 
period of the inductive winding 242 , the voltage signal 288 
is determined as follows : 

VD _ demag & Vin + V = V + Vdouble Vin + V ( Equation 1 ) 
where VD demag represents the voltage signal 288 during the 
demagnetization period of the inductive winding 242 . Addi 
tionally , Vin represents the rectified voltage 252 , and V . 
represents the output voltage 260 . Moreover , V diode repre 
sents the forward voltage of the diode 244 ( e . g . , 0 . 8 volt ~ 1 
volt ) . 
[ 0048 ] In another example , the voltage signal 286 is 
determined as follows : 

( Equation 2A ) 
VER = 

[ 0049 ] where VFB represents the voltage signal 286 , and 
Vj represents the voltage signal 288 . 
[ 0050 ] In yet another example , the voltage signal 286 is 
determined as follows : 

Vo demag ( Equation 2B ) 
VFB _ demag = K 

where VFB _ demag represents the voltage signal 286 during 
the demagnetization period of the inductive winding 242 , 
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and VD demag represents the voltage signal 288 during the 
demagnetization period of the inductive winding 242 . 
[ 0051 ] In yet another example , as shown in Equations 2 

esents a constant coefficient as shown below . 

tion signal 312 , and the pulse - width - modulation ( PWM ) 
signal 342 , and generate a voltage signal 412 . As an 
example , the voltage signal 412 has the following relation 
ship with the voltage signal 286 : 

R4 + R5 K = Rate RS ( Equation 3 ) K = Ton 
Vc = VFB _ demag * T demag + Ton 

( Equation 8 ) 
RS 

where R4 represents resistance of the resistor 280 , and R , 
represents resistance of the resistor 282 . 
[ 0052 ] In one embodiment , based on Equation 1 , Equation 
2B is changed to : 

Vd _ demag Vin + V ( Equation 4 ) 
VFB _ demag = - 

K 

[ 0053 ] In another embodiment , the rectified voltage 252 
( e . g . , Vin ) and the output voltage 260 ( e . g . , V . ) have the 
following relationship : 

VinxTon = V xT ' demag ( Equation 5 ) 
wherein Vin represents the rectified voltage 252 , and V . 
represents the output voltage 260 . Additionally , Ton repre 
sents the on - time period of the drive signal 256 ( e . g . , the 
turn - on period of the switch 240 ) , and T demag represents the 
demagnetization period of the inductive winding 242 . For 
example , based on Equation 5 , the following is obtained : 

where Vc represents the voltage signal 412 , and VFB _ demag 
represents the voltage signal 286 during the demagnetization 
period of the inductive winding 242 . For example , the 
left - hand side of Equation 8 and the right - hand side of 
Equation 8 are equal . In another example , the left - hand side 
of Equation 8 and the right - hand side of Equation 8 are 
approximately equal within 21 % . In another example , the 
left - hand side of Equation 8 and the right - hand side of 
Equation 8 are approximately equal within 5 % . In yet 
another example , the left - hand side of Equation 8 and the 
right - hand side of Equation 8 are approximately equal 
within + 10 % . 
[ 0056 ] In yet another embodiment , the voltage signal 412 
is received by the low - pass filter 420 , which in response 
performs low - pass filtering to the voltage signal 412 and 
generates a voltage signal 422 . As an example , the voltage 
signal 422 has the following relationship with the voltage 
signal 286 : 

( Equation 6 ) Tom V 
K = 

Vin + V . 
K 

( Equation 9 ) Ton 
Tdemag + Ton Vp VFB demag Tdemag + Ton 

where K represents the constant coefficient that appears in 
Equation 3 . In another example , based on Equation 4 , 
Equation 6 is changed to : 

Ton 
? - VFB _ demag * Tiomag + Ton 

( Equation 7 ) 

where Vp represents the voltage signal 422 . For example , the 
left - hand side of Equation 9 and the right - hand side of 
Equation 9 are equal . In another example , the left - hand side 
of Equation 9 and the right - hand side of Equation 9 are 
approximately equal within + 1 % . In another example , the 
left - hand side of Equation 9 and the right - hand side of 
Equation 9 are approximately equal within + 5 % . In yet 
another example , the left - hand side of Equation 9 and the 
right - hand side of Equation 9 are approximately equal 
within + 10 % . 
[ 0057 ] As another example , based on Equation 7 , Equa 
tion 8 is changed to : 

( Equation 10A ) 
Vc = Vezi 

where VFB demag represents the voltage signal 286 during 
the demagnetization period of the inductive winding 242 . 
[ 0054 ] FIG . 4 is a simplified diagram showing the over 
voltage - protection ( OVP ) detector 320 of the pulse - width 
modulation ( PWM ) controller 220 as part of the AC - to - DC 
power conversion system 200 according to an embodiment 
of the present invention . This diagram is merely an example , 
which should not unduly limit the scope of the claims . One 
of ordinary skill in the art would recognize many variations , 
alternatives , and modifications . The overvoltage - protection 
( OVP ) detector 320 includes a sample - and - hold component 
480 ( e . g . , a sample - and - hold circuit ) , a voltage - to - voltage 
converter 410 , a low - pass filter 420 , and a comparator 430 . 
[ 0055 ] In one embodiment , the sample - and - hold compo 
nent 480 receives the voltage signal 286 , samples the voltage 
signal 286 during the demagnetization period , holds the 
sampled voltage signal 286 , and outputs the sampled and 
held voltage signal 286 as a voltage signal 484 . In another 
embodiment , the voltage - to - voltage converter 410 is con 
figured to receive the voltage signal 484 , the demagnetiza 

[ 0058 ] For example , the left - hand side of Equation 10A 
and the right - hand side of Equation 10A are equal . In 
another example , the left - hand side of Equation 10A and the 
right - hand side of Equation 10A are approximately equal 
within 21 % . In yet another example , the left - hand side of 
Equation 10A and the right - hand side of Equation 10A are 
approximately equal within + 5 % . In yet another example , 
the left - hand side of Equation 10A and the right - hand side of 
Equation 10A are approximately equal within + 10 % . 
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[ 0059 ] As yet another example , based on Equation 7 , 
Equation 9 is changed to : 

( Equation 10B ) Vpze 

[ 0060 ] For example , the left - hand side of Equation 10B 
and the right - hand side of Equation 10B are equal . In 
another example , the left - hand side of Equation 10B and the 
right - hand side of Equation 10B are approximately equal 
within + 1 % . In yet another example , the left - hand side of 
Equation 10B and the right - hand side of Equation 10B are 
approximately equal within + 5 % . In yet another example , 
the left - hand side of Equation 10B and the right - hand side of 
Equation 10B are approximately equal within + 10 % . 
[ 0061 ] In yet another embodiment , the voltage signal 422 
is received by the comparator 430 , which also receives a 
comparator threshold 432 ( e . g . , Vih ) . For example , the 
comparator 430 compares the voltage signal 422 and the 
comparator threshold 432 , wherein the voltage signal 422 is 
represented by Vp and the comparator threshold 432 is 
represented by Vth . In another example , if Vp > V the the 
comparator 430 generates the signal 322 at the logic high 
level . In yet another example , if Vp < V th , the comparator 430 
generates the signal 322 at the logic low level . 
[ 0062 ] As shown in FIG . 3 , the signal 322 is received by 
the logic controller 340 according to some embodiments . 
For example , if Vp > V th ( e . g . , if the signal 322 is at the logic 
high level ) , the overvoltage protection ( OVP ) is triggered , 
and the power conversion system 200 is shut down . In 
another example , if Vp < V th ( e . g . , if the signal 322 is at the 
logic low level ) , the overvoltage protection ( OVP ) is not 
triggered , and the switch 240 is turned on and off by the 
drive signal 256 that changes between a logic high level and 
a logic low level . 
[ 0063 ] In one embodiment , the overvoltage protection 
( OVP ) is triggered and the power conversion system 200 is 
shut down if : 

Vp > Vih ( Equation 11 ) 
where Vth represents the comparator threshold 432 . For 
example , based on Equation 10B , Equation 11 is changed to : 

V . > Vove ( Equation 12 ) 

signal 412 and the comparator threshold 432 , wherein the 
voltage signal 412 is represented by Vc and the comparator 
threshold 432 is represented by Vth . In another embodiment , 
if V V . , the comparator 430 generates the signal 322 at 
the logic high level , and if Vo < V the the comparator 430 
generates the signal 322 at the logic low level . 
[ 0066 ] As shown in FIGS . 2 and 3 , the pulse - width 
modulation ( PWM ) controller 220 includes the terminal 222 
( e . g . , pin VDD ) , the terminal 224 ( e . g . , pin COMP ) , the 
terminal 226 ( e . g . , pin GATE ) , the terminal 228 ( e . g . , pin 
CS ) , the terminal 230 ( e . g . , pin GND ) , and the terminal 232 
( e . g . , pin FB ) . For example , the pulse - width - modulation 
( PWM ) controller 220 is located on a chip , and the terminal 
230 ( e . g . , pin GND ) is biased to the chip ground ( e . g . , zero 
volts ) . In another example , the terminal 232 ( e . g . , pin FB ) is 
used to detect the end of a demagnetization process for the 
inductive winding 242 , and upon such detection , a new 
switching cycle starts . 
10067 ] Also , as shown in FIG . 3 , the pulse - width - modu 
lation ( PWM ) controller 220 includes the demagnetization 
detector 310 , the overvoltage - protection ( OVP ) detector 
320 , the constant - current controller 330 , the logic controller 
340 , and the gate driver 350 . In one embodiment , during 
each switching cycle , if the drive signal 256 generated by the 
gate driver 350 changes from a logic low level to a logic high 
level , the switch 240 becomes closed ( e . g . , turned on ) . For 
example , after the switch 240 becomes closed , the current 
flowing through the switch 240 gradually increases in mag 
nitude , causing the current - sensing voltage signal 284 to 
also increase in magnitude . In another example , if the 
current - sensing voltage signal 284 is larger than a reference 
voltage related to the terminal 224 ( e . g . , pin COMP ) , the 
logic controller 340 outputs the pulse - width - modulation 
( PWM ) signal 342 to the gate driver 350 , which in response , 
generates the drive signal 256 ( e . g . , at a logic low level ) to 
open ( e . g . , turn off ) the switch 240 . In yet another example , 
when the switch becomes open ( e . g . , turned off ) , the demag 
netization process for the inductive winding 242 starts . In 
yet another example , during the demagnetization process , 
the overvoltage - protection ( OVP ) detector 320 performs the 
function of overvoltage protection ( OVP ) . In yet another 
example , if the demagnetization detector 310 detects the end 
of the demagnetization process , the switch 240 becomes 
closed ( e . g . , turned on ) again . 
[ 0068 ] FIG . 5 is a simplified diagram showing the over 
voltage - protection ( OVP ) detector 320 of the pulse - width 
modulation ( PWM ) controller 220 as part of the AC - to - DC 
power conversion system 200 according to another embodi 
ment of the present invention . This diagram is merely an 
example , which should not unduly limit the scope of the 
claims . One of ordinary skill in the art would recognize 
many variations , alternatives , and modifications . The over 
voltage - protection ( OVP ) detector 320 includes a sample 
and - hold component 580 ( e . g . , a sample - and - hold circuit ) , a 
voltage - to - voltage converter 510 , a low - pass filter 520 , an 
average - determination component 530 ( e . g . , an average 
determination circuit ) , and a comparator 590 . For example , 
the sample - and - hold component 580 is the same as the 
sample - and - hold component 480 , the voltage - to - voltage 
converter 510 is the same as the voltage - to - voltage converter 
410 , and the low - pass filter 520 is the same as the low - pass 
filter 420 . 
0069 ] In one embodiment , the sample - and - hold compo 
nent 580 receives the voltage signal 286 and a control signal 

where Vovp = KxV th ( Equation 13 ) 
and Vovp represents an overvoltage - protection threshold for 
the output voltage 260 . 
[ 0064 ] In another embodiment , if V > Vovp , the overvolt 
age protection ( OVP ) is triggered and the power conversion 
system 200 is shut down . In yet another embodiment , if 
V < Vovp , the overvoltage protection ( OVP ) is not trig 
gered , and the switch 240 is turned on and off by the drive 
signal 256 , which changes between a logic high level and a 
logic low level . 
[ 0065 ] As discussed above and further emphasized here , 
FIG . 4 is merely an example , which should not unduly limit 
the scope of the claims . One of ordinary skill in the art would 
recognize many variations , alternatives , and modifications . 
For example , the low - pass filter 420 is omitted , so that the 
voltage signal 412 is received by the comparator 430 , which 
also receives the comparator threshold 432 ( e . g . , V . ) . In one 
embodiment , the comparator 430 compares the voltage 
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582 . For example , in response to the control signal 582 , the 
sample - and - hold component 580 samples the voltage signal 
286 during the demagnetization period , holds the sampled 
voltage signal 286 , and outputs the sampled and held voltage 
signal 286 as a voltage signal 584 . In another embodiment , 
the voltage - to - voltage converter 510 is configured to receive 
the voltage signal 584 , the demagnetization signal 312 and 
the pulse - width - modulation ( PWM ) signal 342 , and gener 
ate a voltage signal 512 . For example , the voltage signal 512 
has the relationship with the voltage signal 286 as shown in 
Equation 8 . In yet another embodiment , the voltage signal 
512 is received by the low - pass filter 520 , which in response 
performs low - pass filtering to the voltage signal 512 and 
generates a voltage signal 522 . For example , the voltage 
signal 522 has the relationship with the voltage signal 286 as 
shown in Equation 9 and has the relationship with the output 
voltage 260 as shown in Equation 10B . 
[ 0070 ] In yet another embodiment , the average - determi 
nation component 530 receives the voltage signal 522 and a 
threshold voltage 532 ( e . g . , Vih ) and generates a voltage 
signal 534 . For example , the average - determination compo 
nent 530 is configured to control charging and discharging 
of a capacitor as part of the average - determination compo 
nent 530 , and output the voltage of the capacitor as the 
voltage signal 534 . In another example , the average - deter 
mination component 530 is configured to compare the 
voltage signal 522 and the threshold voltage 532 ( e . g . , Vih ) 
and generate the voltage signal 534 . In yet another example , 
the voltage signal 534 reflects the average of the voltage 
signal 522 in comparison with the threshold voltage 532 . In 
yet another example , for a switching cycle , if the average of 
the voltage signal 522 is equal to the threshold voltage 532 , 
the voltage signal 534 at the end of the switching cycle is 
equal to the voltage signal 534 at the beginning of the 
switching cycle . In yet another example , for a switching 
cycle , if the average of the voltage signal 522 is smaller than 
the threshold voltage 532 , the voltage signal 534 at the end 
of the switching cycle is smaller than the voltage signal 534 
at the beginning of the switching cycle . In yet another 
example , for a switching cycle , if the average of the voltage 
signal 522 is larger than the threshold voltage 532 , the 
voltage signal 534 at the end of the switching cycle is larger 
than the voltage signal 534 at the beginning of the switching 
cycle . 
[ 0071 ] In yet another embodiment , the voltage signal 534 
is received by the comparator 590 , which also receives a 
reference voltage 592 ( e . g . , Vret ) . For example , the com 
parator 590 compares the voltage signal 534 and the refer 
ence voltage 592 , wherein the voltage signal 534 is repre 
sented by V , and the reference voltage 592 is represented by 
Vref . In another example , if V V f the comparator 590 
generates the signal 322 at the logic high level . In yet 
another example , if V . < Vrets the comparator 590 generates 
the signal 322 at the logic low level . 
[ 0072 ] As shown in FIG . 3 , the signal 322 is received by 
the logic controller 340 according to some embodiments . 
For example , if V , Vref ( e . g . , if the signal 322 is at the logic 
high level ) , the overvoltage protection ( OVP ) is triggered , 
and the power conversion system 200 is shut down . In 
another example , if V V ref ( e . g . , if the signal 322 is at the 
logic low level ) , the overvoltage protection ( OVP ) is not 
triggered , and the switch 240 is turned on and off by the 
drive signal 256 that changes between a logic high level and 
a logic low level . 

f0073 ] . According to one embodiment , if after one or more 
switching cycles , the voltage signal 534 changes from being 
smaller than the reference voltage 592 to being larger than 
the reference voltage 592 , the signal 322 changes from the 
logic low level to the logic high level . For example , in 
response to the signal 322 changing from the logic low level 
to the logic high level , the overvoltage protection ( OVP ) is 
triggered and the power conversion system 200 is shut 
down . In another example , an overvoltage - protection thresh 
old for the output voltage 260 has a relationship with the 
threshold voltage 532 as shown in Equation 13 , where Vth 
represents the threshold voltage 532 and Vovp represents the 
overvoltage - protection threshold for the output voltage 260 . 
[ 0074 ] As discussed above and further emphasized here , 
FIG . 5 is merely an example , which should not unduly limit 
the scope of the claims . One of ordinary skill in the art would 
recognize many variations , alternatives , and modifications . 
For example , the low - pass filter 520 is omitted , so that the 
voltage signal 512 is received by the average - determination 
component 530 , which also receives the threshold voltage 
532 ( e . g . , Vin ) and generates the voltage signal 534 . 
10075 ] FIG . 6 is a simplified diagram showing the over 
voltage - protection ( OVP ) detector 320 of the pulse - width 
modulation ( PWM ) controller 220 as part of the AC - to - DC 
power conversion system 200 according to yet another 
embodiment of the present invention . This diagram is 
merely an example , which should not unduly limit the scope 
of the claims . One of ordinary skill in the art would 
recognize many variations , alternatives , and modifications . 
The overvoltage - protection ( OVP ) detector 320 includes 
switches 610 , 612 , 614 , 616 and 618 , capacitors 620 , 622 
and 624 , an operational amplifier 630 , comparators 640 and 
642 , a resistor 650 , and current sources 660 and 662 . 
10076 ] Referring to FIG . 5 , the sample - and - hold compo 
nent 580 includes the switch 610 , the capacitor 620 and the 
operational amplifier 630 , the voltage - to - voltage converter 
510 includes the switches 612 and 614 , the low - pass filter 
520 includes the capacitor 622 and the resistor 650 , the 
average - determination component 530 includes the com 
parator 640 , the switches 616 and 618 , the capacitor 624 and 
the current sources 660 and 662 , and the comparator 590 is 
the comparator 642 , according to certain embodiments . 
10077 ] In one embodiment , the switch 610 receives the 
voltage signal 286 and the control signal 582 . For example , 
the control signal 582 includes a signal pulse during the 
demagnetization period of the inductive winding 242 . In 
another example , the control signal 582 causes the switch 
610 to close if the control signal 582 is at a logic high level 
( e . g . , during the signal pulse ) , and causes the switch 610 to 
open if the control signal 582 is at a logic low level ( e . g . , 
outside the signal pulse ) . In yet another example , in response 
to the control signal 582 , the voltage signal 286 is sampled 
during the demagnetization period . In yet another example , 
the sampled voltage signal 286 is held by the capacitor 620 
and the operation amplifier 630 , which outputs the sampled 
and held voltage signal 286 as the voltage signal 584 . 
10078 ] . In another embodiment , the voltage signal 584 is 
received by the switch 612 coupled to the switch 614 . For 
example , the switch 612 receives the pulse - width - modula 
tion ( PWM ) signal 342 . In another example , the PWM 
signal 342 causes the switch 612 to close if the PWM signal 
342 is at a logic high level , and causes the switch 612 to 
open if the PWM signal 342 is at a logic low level . In yet 
another example , the switch 614 receives the demagnetiza 
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tion signal 312 . In yet another example , the demagnetization 
signal 312 causes the switch 614 to close if the demagne 
tization signal 312 is at a logic high level , and causes the 
switch 614 to open if the demagnetization signal 312 is at a 
logic low level . In yet another embodiment , the switches 612 
and 614 together convert the voltage signal 584 to the 
voltage signal 512 in response to the demagnetization signal 
312 and the pulse - width - modulation ( PWM ) signal 342 . For 
example , the voltage signal 512 has the relationship with the 
voltage signal 286 as shown in Equation 8 . 
[ 0079 ] In yet another embodiment , the voltage signal 512 
is received by the resistor 650 coupled with the capacitor 
622 . For example , the resistor 650 and the capacitor 622 
serve as a low - pass filter , which in response generates the 
voltage signal 522 . For example , the voltage signal 522 has 
the relationship with the voltage signal 286 as shown in 
Equation 9 and has the relationship with the output voltage 
260 as shown in Equation 10B . In another example , the 
average of the voltage signal 522 represents the output 
voltage 260 . 
[ 0080 ] In yet another embodiment , the voltage signal 522 
is received by the comparator 640 , which also receives the 
threshold voltage 532 ( e . g . , Vth ) . For example , the compara 
tor 640 compares the voltage signal 522 and the threshold 
voltage 532 , and generates a comparison signal 641 . For 
example , the comparison signal 641 is at the logic low level 
if the voltage signal 522 is smaller than the threshold voltage 
532 , and the comparison signal 641 is at the logic high level 
if the voltage signal 522 is larger than the threshold voltage 
532 . In yet another embodiment , the comparison signal 641 
is received by the switches 616 and 618 . For example , in 
response the comparison signal 641 being at the logic low 
level , the switch 616 is open and the switch 618 is closed . 
In another example , in response the comparison signal 641 
being at the logic high level , the switch 616 is closed and the 
switch 618 is open . 
[ 0081 ] In yet another embodiment , if the switch 616 is 
open and the switch 618 is closed , the current source 662 
discharges the capacitor 624 with a discharging current ( e . g . , 
I , ) and reduces the voltage 532 in magnitude . In yet another 
embodiment , if the switch 616 is closed and the switch 618 
is open , the current source 662 charges the capacitor 624 
with a charging current ( e . g . , I ] ) and raises the voltage 532 
in magnitude . For example , the charging current ( e . g . , 11 ) is 
equal to the discharging current ( e . g . , 12 ) in magnitude . 
[ 0082 ] In yet another embodiment , if the voltage signal 
522 is smaller than the threshold voltage 532 , the current 
source 662 discharges the capacitor 624 with a discharging 
current ( e . g . , 1 , ) and reduces the voltage 532 in magnitude , 
and if the voltage signal 522 is larger than the threshold 
voltage 532 , the current source 662 charges the capacitor 
624 with a charging current ( e . g . , I1 ) and raises the voltage 
532 in magnitude . For example , the charging current ( e . g . , 
I ] ) is equal to the discharging current ( e . g . , 12 ) in magnitude . 
[ 0083 ] According to one embodiment , for a switching 
cycle , if the average of the voltage signal 522 is equal to the 
threshold voltage 532 , the comparison signal 641 has a duty 
cycle that is equal to 50 % , so that the charging time and the 
discharging time during the switch cycle are equal . For 
example , the charging current ( e . g . , I ) is equal to the 
discharging current ( e . g . , I ) in magnitude , so the voltage 
signal 534 at the end of the switching cycle is equal to the 
voltage signal 534 at the beginning of the switching cycle . 

[ 0084 According to another embodiment , for a switching 
cycle , if the average of the voltage signal 522 is smaller than 
the threshold voltage 532 , the comparison signal 641 has a 
duty cycle that is smaller than 50 % , so that the charging time 
is shorter than the discharging time during the switch cycle . 
For example , the charging current ( e . g . , I . ) is equal to the 
discharging current ( e . g . , Iz ) in magnitude , so the voltage 
signal 534 at the end of the switching cycle is smaller than 
the voltage signal 534 at the beginning of the switching 
cycle but larger or equal to zero if the voltage signal 534 at 
the beginning of the switching cycle is larger than zero , or 
the voltage signal 534 at the end of the switching cycle is 
equal to zero if the voltage signal 534 at the beginning of the 
switching cycle is also equal to zero . 
[ 0085 ] According to yet another embodiment , for a 
switching cycle , if the average of the voltage signal 522 is 
larger than the threshold voltage 532 , the comparison signal 
641 has a duty cycle that is larger than 50 % , so that the 
charging time is longer than the discharging time during the 
switch cycle . For example , the charging current ( e . g . , I ] ) is 
equal to the discharging current ( e . g . , Iz ) in magnitude , so 
the voltage signal 534 at the end of the switching cycle is 
larger than the voltage signal 534 at the beginning of the 
switching cycle . 
[ 0086 ] According to yet another embodiment , if after one 
or more switching cycles , the voltage signal 534 changes 
from being smaller than the reference voltage 592 to being 
larger than the reference voltage 592 , the signal 322 changes 
from the logic low level to the logic high level . For example , 
the average of the voltage signal 522 remains larger than the 
threshold voltage 532 for consecutive switching cycles , so 
the voltage signal 534 increases from one switching cycle to 
another switching cycle , and eventually becomes larger than 
the reference voltage 592 . In another example , in response 
to the signal 322 changing from the logic low level to the 
logic high level , the overvoltage protection ( OVP ) is trig 
gered and the power conversion system 200 is shut down . 
[ 0087 ] FIG . 7 is a simplified timing diagram for the 
overvoltage - protection ( OVP ) detector 320 as shown in FIG . 
5 and / or FIG . 6 as part of the AC - to - DC power conversion 
system 200 according to certain embodiments of the present 
invention . This diagram is merely an example , which should 
not unduly limit the scope of the claims . One of ordinary 
skill in the art would recognize many variations , alterna 
tives , and modifications . 
[ 0088 ] For example , the waveform 710 represents the 
pulse - width - modulation ( PWM ) signal 342 as a function of 
time , the waveform 720 represents the voltage signal 286 as 
a function of time , the waveform 730 represents the control 
signal 582 as a function of time , and the waveform 740 
represents the demagnetization signal 312 as a function of 
time . Additionally , the waveform 750 represents the voltage 
signal 522 as a function of time , the waveform 760 repre 
sents the threshold voltage 532 as a function of time , the 
waveform 770 represents the voltage signal 534 as a func 
tion of time , and the waveform 780 represents the signal 322 
as a function of time . 
[ 0089 ] In one embodiment , as shown by the waveform 
710 , the pulse - width - modulation ( PWM ) signal 342 is at a 
logic high level during a turn - on period ( e . g . , an on - time 
period T . , ) , and is at a logic low level during a turn - off 
period ( e . g . , an off - time period Tom . For example , the time 
duration of a switching cycle ( Tswitch ) is equal to a sum of 
the turn - on period and the turn - off period . In another 
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where V , represents the voltage signal 884 . Additionally , 
VFB _ demag represents the voltage signal 286 during the 
demagnetization period of the inductive winding 242 . 
[ 0095 ] Referring back to FIG . 2 , based on Equation 4 , the 
following has been obtained according to another embodi 
ment . 

Vin + Ve ( Equation 15 ) 
VFB demag 

[ 0096 ] where Vin represents the rectified voltage 252 , and 
V , represents the output voltage 260 . Additionally , K rep 
resents the constant coefficient that appears in Equation 3 . 
For example , based on Equations 14 and 15 , the following 
is obtained . 

Vor Vin + V ( Equation 16 ) 

example , during the turn - on period , the switch 240 is closed 
( e . g . , turned on ) . In yet another example , during the turn - off 
period , the switch 240 is open ( e . g . , turned off ) . In another 
embodiment , as shown by the waveform 720 , the voltage 
signal 286 reaches a value as described in Equation 4 during 
a demagnetization period of the inductive winding 242 . 
[ 0090 ] In another embodiment , as shown by the waveform 
730 , the control signal 582 changes from a logic low level 
to a logic high level after a predetermined time delay ( e . g . , 
Tbiank ) from a falling edge of the PWM signal 342 , and 
forms a signal pulse 732 . For example , during the signal 
pulse 732 , the voltage signal 286 ( e . g . , as shown by the 
waveform 720 ) is sampled , in order to obtain the magnitude 
of the voltage signal 286 during the demagnetization period 
( e . g . , T Demag as indicated by the waveform 740 ) . In yet 
another embodiment , as shown by the waveform 740 , the 
demagnetization signal 312 is at the logic high level during 
a demagnetization period of the inductive winding 242 and 
is at the logic low level during outside of any demagneti 
zation period of the inductive winding 242 . 
[ 0091 ] In yet another embodiment , as shown by the wave 
form 750 , the voltage signal 522 has a triangular waveform 
during the turn - on period ( e . g . , Ton ) and the demagnetization 
period ( e . g . , T Demag ) . For example , after the end of the 
demagnetization period but before the end of the turn - off 
period , the voltage signal 522 is constant . 
[ 0092 ] In yet another embodiment , as shown by the wave 
form 770 , the voltage signal 534 at the end of a switching 
cycle is larger than the voltage signal 534 at the beginning 
of the switching cycle . For example , after more than one but 
less than switching cycles , the voltage signal 534 changes 
from being smaller than the reference voltage 592 to being 
larger than the reference voltage 592 . In another example , in 
response to the voltage signal 534 becoming larger than the 
reference voltage 592 , the signal 322 changes from the logic 
low level to the logic high level as shown by the waveform 
780 to trigger the overvoltage protection ( OVP ) . 
[ 0093 ] FIG . 8 is a simplified diagram showing the over 
voltage - protection ( OVP ) detector 320 of the pulse - width 
modulation ( PWM ) controller 220 as part of the AC - to - DC 
power conversion system 200 according to yet another 
embodiment of the present invention . This diagram is 
merely an example , which should not unduly limit the scope 
of the claims . One of ordinary skill in the art would 
recognize many variations , alternatives , and modifications . 
The overvoltage - protection ( OVP ) detector 320 includes a 
sample - and - hold component 880 ( e . g . , a sample - and - hold 
circuit ) , voltage - to - current converters 810 and 814 , a current 
generator 820 , a capacitor 830 , and a controlled comparator 
890 . For example , the sample - and - hold component 880 is 
the same as the sample - and - hold component 480 . In another 
example , the voltage - to - current converters 810 and 814 , the 
current generator 820 , and the capacitor 830 are parts of a 
voltage - to - voltage converter ( e . g . , the voltage - to - voltage 
converter 410 ) . 
10094 ] In one embodiment , the sample - and - hold compo 
nent 880 receives the voltage signal 286 and a control signal 
882 . For example , in response to the control signal 882 , the 
sample - and - hold component 880 samples the voltage signal 
286 during the demagnetization period , holds the sampled 
voltage signal 286 , and outputs the sampled and held voltage 
signal 286 as a voltage signal 884 . In another example , 

V = VFB _ demag ( Equation 14 ) 

[ 0097 ] As shown in FIG . 8 , the voltage - to - current con 
verter 810 is configured to receive the voltage signal 884 
( e . g . , V ) and generate a current signal 812 according to 
some embodiments . In one embodiment , 

19 = VxGm1 ( Equation 17 ) 

where V , represents the voltage signal 884 , Gmi represents 
the transconductance of the voltage - to - current converter 
810 , and I , represents the current signal 812 . In another 
example , based on Equations 16 and 17 , the following is 
obtained . 

152 Vin + Vox Gmail ( Equation 18 ) 

[ 0098 ] In another embodiment , the voltage - to - current con 
verter 814 is configured to receive a threshold voltage 818 
( e . g . , Vin ) and generate a current signal 816 . For example , 

In = VhXGm2 ( Equation 19 ) 

where Vth represents the threshold voltage 818 , Gm2 repre 
sents the transconductance of the voltage - to - current con 
verter 814 , and Ith represents the current signal 816 . In 
another example , if 

( Equation 20 ) Vid = Papp 
then 

lin = VoyP x Gm2 ( Equation 21 ) 

where Vovp represents an overvoltage - protection threshold 
for the output voltage 260 , and K represents the constant 
coefficient that appears in Equation 3 . 
[ 0099 ] In yet another embodiment , if the transconductance 
of the voltage - to - current converter 810 is equal to the 
transconductance of the voltage - to - current converter 814 , 
the following equations are obtained . 
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( Equation 22 ) + V W x G . . 
la Van Gm . VoVP 

xG me 
( Equation 23 ) 

= 

where Gme represents the transconductance of the voltage 
to - current converter 810 and also represents the transcon 
ductance of the voltage - to - current converter 814 . 
[ 0100 ] Referring to FIG . 2 , based on Equation 6 , the 
following is obtained according to certain embodiments . 

Vin + V . Ton ( Equation 24 ) TKO XT 2017 TER 

where K represents the constant coefficient that appears in 
Equation 3 . Additionally , Ton represents the on - time period 
of the drive signal 256 ( e . g . , the turn - on period of the switch 
240 ) , and Tdemag represents the demagnetization period of 
the inductive winding 242 . 
[ 0101 ] For example , if 

( Equation 25 ) 

then Equation 24 becomes 
V > VoVP 

( Equation 26 ) Viena Ve Talent to You 

capacitor 830 and charge the capacitor 830 . For example , the 
current 822 is determined in magnitude as follows : 

1 . 1 = 1 , - 17h ( Equation 28 ) 

where Ici represents the current 822 during the on - time 
period of the drive signal 256 ( e . g . , Ton ) , I , represents the 
current signal 812 , and I represents the current signal 816 . 
In another example , during the on - time period of the drive 
signal 256 , the current 822 charges the capacitor 830 , and a 
capacitor voltage 832 ( e . g . , V . ) of the capacitor 830 
increases by the following magnitude : 

AVC1 = ( 13 - 1n ) xToxC ( Equation 29 ) 
where AV ci represents an increase of the capacitor voltage 
832 , and C represents the capacitance of the capacitor 830 . 
[ 0106 ] In yet another embodiment , during the demagne 
tization period of the inductive winding 242 ( e . g . , T demag ) , 
the current 822 is generated to flow from the capacitor 830 
to the current generator 820 and discharge the capacitor 830 . 
For example , the current 822 is determined in magnitude as 
follows : 

1 . 2 = Ich ( Equation 30 ) 
where Ic2 represents the current 822 during the demagneti 
zation period of the inductive winding 242 ( e . g . , T demag ) , 
and I , represents the current signal 816 . In another example , 
during the demagnetization period of the inductive winding 
242 ( e . g . , T demas ) , the current 822 discharges the capacitor 
830 , and the capacitor voltage 832 ( e . g . , V . ) of the capacitor 
830 decreases by the following magnitude : 

AV2 = IxxTdemagXC ( Equation 31 ) 

where AV2 represents a decrease of the capacitor voltage 
832 , and C represents the capacitance of the capacitor 830 . 
[ 0107 ] In yet another embodiment , from the beginning of 
the on - time period of the drive signal 256 ( e . g . , Ton ) to the 
end of the demagnetization period of the inductive winding 
242 ( e . g . , T demag ) , the change of the capacitor voltage 832 is 
determined based on Equations 29 and 31 as follows : 

AVe = AVCAV2 = ( 15 - In ) xTonXC - 17h - T ' demagxC ( Equation 32 ) 
where AVcd represents the change of the capacitor voltage 
832 from the beginning of the on - time period of the drive 
signal 256 to the end of the demagnetization period of the 
inductive winding 242 . 
[ 0108 ] According to one embodiment , if AVcd is larger 
than zero , the capacitor voltage 832 increases from the 
beginning of the on - time period of the drive signal 256 to the 
end of the demagnetization period of the inductive winding 
242 . In another embodiment , if AVcois smaller than zero , the 
capacitor voltage 832 decreases from the beginning of the 
on - time period of the drive signal 256 to the end of the 
demagnetization period of the inductive winding 242 . 
[ 0109 ] According to another embodiment , if the capacitor 
voltage 832 increases from the beginning of the on - time 
period of the drive signal 256 to the end of the demagneti 
zation period of the inductive winding 242 ( e . g . , AV > 0 ) , 
based on Equation 32 , Equation 27 is obtained as reproduced 
below . 

( 15 - In ) xTon - InxTdemago ( Equation 33 ) 

[ 0110 ] For example , if the capacitor voltage 832 increases 
from the beginning of the on - time period of the drive signal 
256 to the end of the demagnetization period of the inductive 
winding 242 ( e . g . , AV ca > 0 ) , the overvoltage protection 

[ 0102 ] In another example , based on Equations 22 and 23 , 
Equation 26 becomes 

( 1s - In ) xTon - I * * I demago ( Equation 27 ) 

where I , represents the current signal 812 , and Ith represents 
the current signal 816 . Additionally , Ton represents the 
on - time period of the drive signal 256 ( e . g . , the turn - on 
period of the switch 240 ) , and Tdemag represents the demag 
netization period of the inductive winding 242 . 
[ 0103 ] As shown in FIG . 8 , according to some embodi 
ments , if ( 15 - In ) xTon - Ich * T dema : > 0 ( e . g . , as shown by 
Equation 27 ) , the overvoltage protection ( OVP ) is triggered 
and the power conversion system 200 is shut down . In yet 
another embodiment , if ( 15 - Ith ) xTon - Ich * T demag < 0 , the over 
voltage protection ( OVP ) is not triggered , and the switch 
240 is turned on and off by the drive signal 256 , which 
changes between a logic high level and a logic low level . 
[ 0104 ] In one embodiment , the voltage - to - current con 
verter 810 outputs the current signal 812 ( e . g . , I . ) , and the 
voltage - to - current converter 814 outputs the current signal 
816 ( e . g . , In ) . For example , the current signals 812 and 816 
are received by the current generator 820 , which also 
receives the demagnetization signal 312 and the pulse 
width - modulation ( PWM ) signal 342 and generates a current 
822 ( e . g . , 12 ) . In another example , the current 822 is used to 
charge the capacitor 830 if the current 822 flows from the 
current generator 820 to the capacitor 830 , and to discharge 
the capacitor 830 if the current 822 flows from the capacitor 
830 to the current generator 820 . 
[ 0105 ] In another embodiment , during the on - time period 
of the drive signal 256 ( e . g . , Tn ) , the current 822 is 
generated to flow from the current generator 820 to the 
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( OVP ) is triggered and the power conversion system 200 is 
shut down . In another example , if the capacitor voltage 832 
decreases from the beginning of the on - time period of the 
drive signal 256 to the end of the demagnetization period of 
the inductive winding 242 ( e . g . , AV ca < 0 ) , the overvoltage 
protection ( OVP ) is not triggered , and the switch 240 is 
turned on and off by the drive signal 256 , which changes 
between a logic high level and a logic low level . 
[ 0111 ] According to yet another embodiment , if the 
capacitor voltage 832 increases from the beginning of the 
on - time period of the drive signal 256 to the end of the 
demagnetization period of the inductive winding 242 by a 
predetermined amount ( e . g . , Vcd > Vref ) , the overvoltage pro 
tection ( OVP ) is triggered and the power conversion system 
200 is shut down , where Vrer represents the predetermined 
amount . In another example , if the capacitor voltage 832 
does not increase from the beginning of the on - time period 
of the drive signal 256 to the end of the demagnetization 
period of the inductive winding 242 by the predetermined 
amount ( e . g . , AVca < V ref ) , the overvoltage protection ( OVP ) 
is not triggered , and the switch 240 is turned on and off by 
the drive signal 256 , which changes between a logic high 
level and a logic low level . In yet another example , the 
predetermined amount ( e . g . , Vref ) is equal to or larger than 
the chip ground ( e . g . , being equal to or larger than zero 
volts ) . 
[ 0112 ] In one embodiment , the capacitor voltage 832 is set 
to the chip ground ( e . g . , zero volts ) at the beginning of each 
switching period ( e . g . , at the beginning of each on - time 
period of the drive signal 256 ) , so that at the end of each 
corresponding demagnetization period of the inductive 
winding 242 , the capacitor voltage 832 is equal to the 
change of the capacitor voltage 832 from the beginning of 
the on - time period of the drive signal 256 to the end of the 
demagnetization period of the inductive winding 242 , as 
follows : 

Vce = AVcd ( Equation 34 ) 
where V ce represents the capacitor voltage 832 at the end of 
the demagnetization period of the inductive winding 242 , 
and AVcd represents the change of the capacitor voltage 832 
from the beginning of the on - time period of the drive signal 
256 to the end of the demagnetization period of the inductive 
winding 242 . For example , if the capacitor voltage 832 is set 
to the chip ground ( e . g . , zero volts ) at the beginning of each 
switching period ( e . g . , at the beginning of each on - time 
period of the drive signal 256 ) , based on Equations 32 and 
34 , the following is obtained . 

Vcc = ( 1 , - In ) xToyXC - 1 , xTdemagXC ( Equation 35 ) 
where Vce represents the capacitor voltage 832 at the end of 
a demagnetization period of the inductive winding 242 . 
Additionally , I , represents the current signal 812 , and Ith 
represents the current signal 816 . Moreover , Ton represents 
the on - time period of the drive signal 256 ( e . g . , the turn - on 
period of the switch 240 ) , and T demag represents the demag 
netization period of the inductive winding 242 . Also , C 
represents the capacitance of the capacitor 830 . 
[ 0113 ] For example , if the capacitor voltage 832 at the end 
of a demagnetization period of the inductive winding 242 is 
larger than a predetermined amount ( e . g . , Vce > V rer ) , the 
overvoltage protection ( OVP ) is triggered and the power 
conversion system 200 is shut down , where V ref represents 
the predetermined amount . In another example , if the 
capacitor voltage 832 at the end of the demagnetization 

period of the inductive winding 242 is smaller than the 
predetermined amount ( e . g . , V ce < V ref ) , the overvoltage pro 
tection ( OVP ) is not triggered , and the switch 240 is turned 
on and off by the drive signal 256 , which changes between 
a logic high level and a logic low level . In yet another 
example , the predetermined amount ( e . g . , Vro ) is equal to or 
larger than the chip ground ( e . g . , being equal to or larger 
than zero volts ) . 
[ 0114 ] In another embodiment , the AC - to - DC power con 
version system 200 operates in the quasi - resonance mode , 
under which , 

Tdemag = Toff ( Equation 36 ) 
where To represents the off - time period of the drive signal 
256 ( e . g . , the turn - off period of the switch 240 ) . For 
example , under the quasi - resonance mode , 

Tswitch = Ton + Tog = Ton + I demag ( Equation 37 ) 

where Twitch represents the switching period of the drive 
signal 256 ( e . g . , the switching period of the switch 240 ) . In 
another example , under the quasi - resonance mode , from the 
beginning of a switching period to the end of the switching 
period , the change of the capacitor voltage 832 is determined 
based on Equation 32 as follows . 

AV . = AVcd = ( 13 - In ) xTonXC - IxnxTdemagxC ( Equation 38 ) 
where AVc represents the change of the capacitor voltage 
832 from the beginning of a switching period to the end of 
the switching period . 
[ 0115 ] In yet another embodiment , the capacitor voltage 
832 is set to the chip ground ( e . g . , zero volts ) at the 
beginning of each switching period ( e . g . , at the beginning of 
each on - time period of the drive signal 256 ) , so that at the 
end of the switching period , the capacitor voltage 832 is 
equal to the change of the capacitor voltage 832 from the 
beginning of the switching period to the end of the switching 
period , as follows : 

V = AVCE ( Equation 39 ) 

where Ves represents the capacitor voltage 832 at the end of 
the switching period , and AVc represents the change of the 
capacitor voltage 832 from the beginning of the switching 
period to the end of the switching period . For example , if the 
capacitor voltage 832 is set to the chip ground ( e . g . , zero 
volts ) at the beginning of each switching period ( e . g . , at the 
beginning of each on - time period of the drive signal 256 ) , 
based on Equations 38 and 39 , the following is obtained . 

Ves = ( 1 , - 1 ] xTonXC - IvxTdemagxC ( Equation 40 ) 
where Ves represents the capacitor voltage 832 at the end of 
the switching period . Additionally , I , represents the current 
signal 812 , and I represents the current signal 816 . More 
over , T . , represents the on - time period of the drive signal 
256 ( e . g . , the turn - on period of the switch 240 ) , and T demao 
represents the demagnetization period of the inductive wind 
ing 242 . Also , C represents the capacitance of the capacitor 
830 . 
[ 0116 ] As shown in FIG . 8 , the capacitor voltage 832 of 
the capacitor 830 is received by the controlled comparator 
890 , which also receives a comparator threshold 892 ( e . g . , 
Vref ) and the demagnetization signal 312 according to some 
embodiments . For example , at the end of a demagnetization 
period of the inductive winding 242 as indicated by the 
demagnetization signal 312 , the controlled comparator 890 
compares the capacitor voltage 832 and the comparator 
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threshold 892 , generates the signal 322 , and keeps the signal 
322 unchanged until at least the end of the next demagne 
tization period . In another example , at the end of a demag 
netization period of the inductive winding 242 , if Vm > V , 07 
the controlled comparator 890 generates the signal 322 at the 
logic high level . In yet another example , at the end of a 
demagnetization period of the inductive winding 242 , if 
V . < V pets the controlled comparator 890 generates the 
signal 322 at the logic low level . In yet another example , the 
comparator threshold 892 ( e . g . , Vref ) is equal to or larger 
than the chip ground ( e . g . , being equal to or larger than zero 
volts ) . According to certain embodiments , the controlled 
comparator 890 receives the capacitor voltage 832 , the 
comparator threshold 892 ( e . g . , Vref ) , and the demagnetiza 
tion signal 312 . For example , the comparator 890 compares 
the capacitor voltage 832 and the comparator threshold 892 , 
and generates the signal 322 based on the comparison 
between the sampled capacitor voltage 832 and the sampled 
comparator threshold 892 at each falling edge of the demag 
netization signal 312 . In another example , the comparator 
890 keeps the signal 322 unchanged until at least the next 
falling edge of the demagnetization signal 312 . 
[ 0117 ] As shown in FIG . 3 , the signal 322 is received by 
the logic controller 340 according to certain embodiments . 
For example , if V ce > Vref ( e . g . , if the signal 322 is at the logic 
high level ) , the overvoltage protection ( OVP ) is triggered , 
and the power conversion system 200 is shut down . In 
another example , if V ce < V ref ( e . g . , if the signal 322 is at the 
logic low level ) , the overvoltage protection ( OVP ) is not 
triggered , and the switch 240 is turned on and off by the 
drive signal 256 that changes between a logic high level and 
a logic low level . In yet another example , Vref is equal to or 
larger than the chip ground ( e . g . , being equal to or larger 
than zero volts ) . 
[ 0118 ] FIG . 9 is a simplified diagram showing the over 
voltage - protection ( OVP ) detector 320 of the pulse - width 
modulation ( PWM ) controller 220 as part of the AC - to - DC 
power conversion system 200 according to yet another 
embodiment of the present invention . This diagram is 
merely an example , which should not unduly limit the scope 
of the claims . One of ordinary skill in the art would 
recognize many variations , alternatives , and modifications . 
The overvoltage - protection ( OVP ) detector 320 includes the 
sample - and - hold component 880 , the voltage - to - current 
converters 810 and 814 , the capacitor 830 , a current sink 
910 , a switch 920 , a reset component 930 ( e . g . , a reset 
circuit ) , a control component 940 ( e . g . , an edge - triggered 
latch ) , and a comparator 950 . For example , referring to FIG . 
8 , the current generator 820 includes the current sink 910 , 
the switch 920 , and the reset component 930 . In another 
example , referring to FIG . 8 , the controlled comparator 890 
includes the control component 940 and the comparator 950 . 
In yet another example , the edge - triggered latch 940 
includes a flip - flop . 
[ 0119 ] In one embodiment , the sample - and - hold compo 
nent 880 receives the voltage signal 286 and the control 
signal 882 . For example , in response to the control signal 
882 , the sample - and - hold component 880 samples the volt 
age signal 286 during the demagnetization period , holds the 
sampled voltage signal 286 , and outputs the sampled and 
held voltage signal 286 as the voltage signal 884 . In another 
example , the voltage signal 884 is received by the voltage 
to - current converter 810 , which generates the current signal 
812 . 

[ 0120 ] As shown in FIG . 9 , the voltage - to - current con 
verter 810 is coupled to the switch 920 according to some 
embodiments . For example , the switch 920 receives the 
pulse - width - modulation ( PWM ) signal 342 , which closes 
the switch 920 during the on - time period of the drive signal 
256 ( e . g . , the turn - on period of the switch 240 ) and opens the 
switch 920 during the off - time period of the drive signal 256 
( e . g . , the turn - off period of the switch 240 ) . In another 
example , during the on - time period of the drive signal 256 
( e . g . , the turn - on period of the switch 240 ) , the switch 920 
is closed and the current signal 812 flows out of the 
voltage - to - current converter 810 through the switch 920 to 
a node 990 . In yet another example , during the off - time 
period of the drive signal 256 ( e . g . , the turn - off period of the 
switch 240 ) , the switch 920 is opened , and the current signal 
812 does not flow between the voltage - to - current converter 
810 and the node 990 through the switch 920 . 
[ 0121 ] In another embodiment , the voltage - to - current con 
verter 814 receives the threshold voltage 818 ( e . g . , Vin ) and 
generates the current signal 816 . For example , the current 
signal 816 is received by the current sink 910 , which in 
response generates a current signal 912 . In another example , 
the current signal 912 is equal to the current signal 816 in 
magnitude , and the current signal 912 flows from the node 
990 to the current sink 910 . 
[ 0122 ] As shown in FIG . 9 , the reset component 930 
receives the demagnetization signal 312 and a control signal 
932 according to certain embodiments . For example , the 
control signal 932 is a complementary signal of the pulse 
width - modulation ( PWM ) signal 342 , so that the control 
signal 932 is at the logic low level if the PWM signal 342 
is at the logic high level , and the control signal 932 is at the 
logic high level if the PWM signal 342 is at the logic low 
level . In another example , the control signal 932 is at the 
logic low level during the on - time period of the drive signal 
256 ( e . g . , the turn - on period of the switch 240 ) , and the 
control signal 932 is at the logic high level during the 
off - time period of the drive signal 256 ( e . g . , the turn - off 
period of the switch 240 ) . In yet another example , the 
demagnetization signal 312 is the logic high level during a 
demagnetization period of the inductive winding 242 and is 
at the logic low level during outside of any demagnetization 
period of the inductive winding 242 . 
[ 0123 ] According to one embodiment , at the end of a 
demagnetization period of the inductive winding 242 ( e . g . , 
at a falling edge of the demagnetization signal 312 from the 
logic high level to the logic low level ) , the reset component 
930 resets the capacitor voltage 832 to the chip ground ( e . g . , 
zero volts ) , and keeps the capacitor voltage 832 at the chip 
ground ( e . g . , zero volts ) until the end of the off - time period 
of the drive signal 256 ( e . g . , at a falling edge of the control 
signal 932 from the logic high level to the logic low level ) , 
which is also the beginning of the next switching period . For 
example , at the beginning of each switching period , the 
capacitor voltage 832 is set to the chip ground ( e . g . , zero 
volts ) . In another example , under the quasi - resonance mode , 
the time duration between the end of the demagnetization 
period of the inductive winding 242 and the end of the 
corresponding off - time period of the drive signal 256 is 
approximately equal to zero . 
10124 ] According to another embodiment , the capacitor 
voltage 832 is set to the chip ground ( e . g . , zero volts ) at the 
beginning of each switching period ( e . g . , at the beginning of 
each on - time period of the drive signal 256 ) . In one embodi 
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ment , during the on - time period of the drive signal 256 , the 
current signal 812 flows out of the voltage - to - current con 
verter 810 through the switch 920 to the node 990 , and the 
current signal 912 that is equal to the current signal 816 in 
magnitude flows from the node 990 to the current sink 910 . 
For example , at the end of the on - time period of the drive 
signal 256 , the capacitor voltage 832 is determined as 
follows . 

Vcc = ( 13 - In ) xTonxC ( Equation 41 ) 
where Vco represents the capacitor voltage 832 at the end of 
each on - time period of the drive signal 256 . Additionally , Is 
represents the current signal 812 , and Ith represents the 
current signal 816 and the current signal 912 . Moreover , Tom 
represents the on - time period of the drive signal 256 ( e . g . , 
the turn - on period of the switch 240 ) , and C represents the 
capacitance of the capacitor 830 . 
[ 0125 ] In another embodiment , after the on - time period of 
the drive signal 256 , during the off - time period of the drive 
signal 256 , the current signal 912 that is equal to the current 
signal 816 in magnitude still flows from the node 990 to the 
current sink 910 , but the current signal 812 does not flow 
between the voltage - to - current converter 810 and the node 
990 through the switch 920 . For example , at the end of the 
demagnetization period of the inductive winding 242 , which 
is approximately equal to the off - time period of the drive 
signal 256 under the quasi - resonance mode , the capacitor 
voltage 832 is determined as follows . 

Vce = ( 15 - 1 n ) xTonXC - I « n I demagXC ( Equation 42 ) 
where Vce represents the capacitor voltage 832 at the end of 
a demagnetization period of the inductive winding 242 . 
Additionally , I , represents the current signal 812 , and I 
represents the current signal 816 and the current signal 912 . 
Moreover , Ton represents the on - time period of the drive 
signal 256 ( e . g . , the turn - on period of the switch 240 ) , and 
Tdemag represents the demagnetization period of the induc 
tive winding 242 . Also , C represents the capacitance of the 
capacitor 830 . In another example , Equation 41 is the same 
as Equation 35 . 
[ 0126 ] As shown in FIG . 9 , the capacitor voltage 832 of 
the capacitor 830 is received by the comparator 950 , which 
also receives the comparator threshold 892 ( e . g . , Vin ) 
according to some embodiments . For example , the compara 
tor 950 compares the capacitor voltage 832 ( e . g . , the capaci 
tor voltage 832 at the end of a demagnetization period of the 
inductive winding 242 ) and the comparator threshold 892 , 
and generate a comparison signal 952 , wherein the capacitor 
voltage 832 is represented by V . and the comparator thresh 
old 892 is represented by Vref . In another example , if 
V > Vrets the comparator 950 generates the comparison sig 
nal 952 at the logic high level . In yet another example , if 
V < V the comparator 950 generates the comparison sig 
nal 952 at the logic low level . 
[ 0127 ] According to one embodiment , the comparison 
signal 952 is received by the control component 940 . For 
example , the control component 940 also receives the 
demagnetization signal 312 . In another example , in response 
to the demagnetization signal 312 indicating the end of a 
demagnetization period ( e . g . , the demagnetization signal 
312 changing from the logic high level to the logic low 
level ) , the control component 940 generates the signal 322 
that is the same as the comparison signal 952 at the end of 
the demagnetization period , and then keeps the signal 322 
unchanged until at least the end of the next demagnetization 

period . In yet another example , at the end of the demagne 
tization period , if Vce > Vrets the comparator 950 generates 
the comparison signal 952 at the logic high level , and in 
response , the control component 940 generates the signal 
322 also at the logic high level . In yet another example , at 
the end of the demagnetization period , if V V , the 
comparator 950 generates the comparison signal 952 at the 
logic low level , and in response , the control component 940 
generates the signal 322 also at the logic low level . 
[ 0128 ] As shown in FIG . 3 , the signal 322 is received by 
the logic controller 340 according to certain embodiments . 
For example , if Vce > Vrer ( e . g . , if the signal 322 is at the logic 
high level ) , the overvoltage protection ( OVP ) is triggered , 
and the power conversion system 200 is shut down . In 
another example , if V ce < V ref ( e . g . , if the signal 322 is at the 
logic low level ) , the overvoltage protection ( OVP ) is not 
triggered , and the switch 240 is turned on and off by the 
drive signal 256 that changes between a logic high level and 
a logic low level . 
[ 0129 ] FIG . 10 is a simplified timing diagram for the 
overvoltage - protection ( OVP ) detector 320 as shown in FIG . 
8 and / or FIG . 9 as part of the AC - to - DC power conversion 
system 200 according to certain embodiments of the present 
invention . This diagram is merely an example , which should 
not unduly limit the scope of the claims . One of ordinary 
skill in the art would recognize many variations , alterna 
tives , and modifications . 
[ 0130 ] For example , the waveform 1010 represents the 
pulse - width - modulation ( PWM ) signal 342 as a function of 
time , the waveform 1020 represents the voltage signal 286 
as a function of time , the waveform 1030 represents the 
control signal 932 as a function of time , and the waveform 
1040 represents the demagnetization signal 312 as a function 
of time . Additionally , the waveform 1050 represents the 
capacitor voltage 832 , and the waveform 1080 represents the 
signal 322 as a function of time . 
[ 0131 ] In one embodiment , as shown by the waveform 
1010 , the pulse - width - modulation ( PWM ) signal 342 is at a 
logic high level during a turn - on period ( e . g . , an on - time 
period Ton ) , and is at a logic low level during a turn - off 
period ( e . g . , an off - time period T ) . For example , the time 
duration of a switching cycle ( e . g . , Tswitch ) is equal to a sum 
of the turn - on period and the turn - off period . In another 
example , during the turn - on period , the switch 240 is closed 
( e . g . , turned on ) . In yet another example , during the turn - off 
period , the switch 240 is open ( e . g . , turned off ) . In another 
embodiment , as shown by the waveform 1020 , the voltage 
signal 286 reaches a value as described in Equation 4 during 
a demagnetization period of the inductive winding 242 . 
[ 0132 ] In yet another embodiment , as shown by the wave 
form 1030 , the control signal 932 is a complementary signal 
of the pulse - width - modulation ( PWM ) signal 342 ( e . g . , as 
shown by the waveform 1010 ) . For example , the control 
signal 932 is at the logic low level if the PWM signal 342 
is at the logic high level , and the control signal 932 is at the 
logic high level if the PWM signal 342 is at the logic low 
level . In another example , the control signal 932 is at the 
logic low level during the turn - on period ( e . g . , the on - time 
period of the drive signal 256 ) , and the control signal 932 is 
at the logic high level during the turn - off period ( e . g . , the 
off - time period of the drive signal 256 ) . In yet another 
embodiment , as shown by the waveform 1040 , the demag 
netization signal 312 is at the logic high level during a 
demagnetization period of the inductive winding 242 and is 
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at the logic low level during outside of any demagnetization 
period of the inductive winding 242 . 
[ 0133 ] In yet another embodiment , as shown by the wave 
form 1050 , at the beginning of a switching period ( e . g . , at 
the beginning of an on - time period of the drive signal 256 ) , 
the capacitor voltage 832 is set to the chip ground that is 
equal to a magnitude 1052 ( e . g . , zero volts ) . For example , 
during the on - time period of the drive signal 256 , the 
capacitor voltage 832 increases ( e . g . , increases linearly ) 
from the magnitude 1052 to a magnitude 1054 . In another 
example , during the demagnetization period , the capacitor 
voltage 832 decreases ( e . g . , decreases linearly from the 
magnitude 1054 to a magnitude 1056 . In yet another 
example , at the end of the demagnetization period ( e . g . , at a 
falling edge of the demagnetization signal 312 from the 
logic high level to the logic low level as shown by the 
waveform 1040 ) , the capacitor voltage 832 is reset by the 
reset component 930 from the magnitude 1056 to the 
magnitude 1052 ( e . g . , the chip ground ) . In yet another 
example , the reset component 930 keeps the capacitor 
voltage 832 at the magnitude 1052 from the end of the 
demagnetization period to the end of the off - time period of 
the drive signal 256 ( e . g . , at a falling edge of the control 
signal 932 from the logic high level to the logic low level as 
shown by the waveform 1030 ) . In yet another example , the 
end of the off - time period of the drive signal 256 is also the 
beginning of the next switching period . 
[ 0134 ] In yet another embodiment , as shown by the wave 
form 1080 , the signal 322 is at the logic low level before 
time t , where the time t , corresponds to the end of a 
demagnetization period . For example , before the time t? , the 
overvoltage protection ( OVP ) is not triggered , and the 
switch 240 is turned on and off by the drive signal 256 that 
changes between a logic high level and a logic low level . In 
another example , at the time t , , the demagnetization signal 
312 changes from the logic high level to the logic low level 
as shown by the waveform 1040 . In yet another example , at 
the time t , , the magnitude 1056 of the capacitor voltage 832 
is larger than the comparator threshold 892 ( e . g . , Vred ) as 
shown by the waveform 1050 , and in response , the signal 
322 changes from the logic low level to the logic high level . 
In yet another example , in response to the signal 322 
changing from the logic low level to the logic high level at 
the time t? , the overvoltage protection ( OVP ) is triggered 
and the power conversion system 200 is shut down . 
[ 0135 ] FIG . 11 is a simplified diagram showing an AC - to 
DC power conversion system with primary - side regulation 
( PSR ) and buck - boost mechanism for LED lighting accord 
ing to another embodiment of the present invention . This 
diagram is merely an example , which should not unduly 
limit the scope of the claims . One of ordinary skill in the art 
would recognize many variations , alternatives , and modifi 
cations . The AC - to - DC power conversion system 1100 ( e . g . , 
a power converter ) includes resistors 1110 , 1118 , 1180 and 
1182 , capacitors 1112 , 1114 , and 1116 , a pulse - width - modu 
lation ( PWM ) controller 1120 , a switch 1140 , an inductive 
winding 1142 , and a diode 1144 . For example , the AC - to - DC 
power conversion system 1100 includes only one inductive 
winding ( e . g . , the inductive winding 1142 ) . In another 
example , the pulse - width - modulation ( PWM ) Controller 
1120 includes a terminal 1122 ( e . g . , pin VDD ) , a terminal 
1124 ( e . g . , pin COMP ) , a terminal 1126 ( e . g . , pin GATE ) , a 
terminal 1128 ( e . g . , pin CS ) , a terminal 1130 ( e . g . , pin 
GND ) , and a terminal 1132 ( e . g . , pin Vsense ) . 

[ 0136 ] FIG . 12 is a simplified diagram showing certain 
components of the pulse - width - modulation ( PWM ) control 
ler 1120 as part of the AC - to - DC power conversion system 
1100 according to an embodiment of the present invention . 
This diagram is merely an example , which should not 
unduly limit the scope of the claims . One of ordinary skill 
in the art would recognize many variations , alternatives , and 
modifications . The pulse - width - modulation ( PWM ) control 
ler 1120 includes a demagnetization detector 1210 , an over 
voltage - protection ( OVP ) detector 1220 , a constant - current 
controller 1230 , a logic controller 1240 , and a gate driver 
1250 . 
[ 0137 ] As shown in FIG . 11 , an AC input voltage 1150 
( e . g . , VAC ) is received and rectified ( e . g . , with full - wave 
rectification ) to generate a rectified voltage 1152 ( e . g . , Vin ) 
according to one embodiment . For example , the rectified 
voltage 1152 does not fall below the chip ground ( e . g . , zero 
volts ) . According to another embodiment , the inductive 
winding 1142 includes winding terminals 1141 and 1143 , 
and the diode 1144 includes diode terminals 1145 and 1147 . 
For example , the winding terminal 1141 is biased at the 
rectified voltage 1152 ( e . g . , Vin ) . In another example , the 
winding terminal 1143 is coupled to the diode terminal 1145 . 
In yet another example , a voltage difference between the 
diode terminal 1147 and the winding terminal 1141 is equal 
to an output voltage 1160 ( e . g . , V . ) of the power converter 
1100 . 
[ 0138 ] In one embodiment , the power conversion system 
1100 generates the output voltage 1160 ( e . g . , V . ) . For 
example , the output voltage 1160 represents the voltage 
difference between nodes 1164 and 1162 , and the node 1164 
is at a voltage 1166 . In another example , the voltage 1166 
charges the capacitor 1112 ( e . g . , C2 ) through the resistor 
1110 ( e . g . , R2 ) in order to increase a voltage 1154 in 
magnitude . In another embodiment , the voltage 1154 is 
received by the PWM controller 1120 through the terminal 
1122 . For example , if the voltage 1154 becomes larger than 
an undervoltage - lockout ( UVLO ) threshold , the PWM con 

t roller 1120 starts the normal operation . In another example , 
under normal operation , the PWM controller 1120 generates 
a drive signal 1156 with pulse - width modulation . In yet 
another example , the resistor 1118 is used to sense the 
current flowing through the inductive winding 1142 and to 
generate the current - sensing voltage signal 1184 . 
[ 0139 ] As shown in FIG . 12 , the demagnetization detector 
1210 detects the end of a demagnetization process for the 
inductive winding 1142 , and generates a demagnetization 
signal 1212 according to one embodiment . For example , the 
demagnetization signal 1212 is received by the overvoltage 
protection ( OVP ) detector 1220 and the constant - current 
controller 1230 . In another example , the constant - current 
controller 1230 also receives the current - sensing voltage 
signal 1184 ( e . g . , Ves ) through the terminal 1128 , and 
controls charging and discharging of the capacitor 1116 
( e . g . , C3 ) through the terminal 1124 . 
[ 0140 ] In one embodiment , the constant - current controller 
1230 processes the current - sensing voltage signal 1184 on a 
cycle - by - cycle basis by sampling the peak magnitude of the 
current - sensing voltage signal 1184 for each cycle and 
sending the sampled peak magnitude to an error amplifier as 
part of the constant - current controller 1230 . For example , 
the error amplifier receives the sampled peak magnitude , and 
generates an output current to charge or discharge the 
capacitor 1116 ( e . g . , C3 ) through the terminal 1124 . In 
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[ 0146 ] For example , the voltage signal 1312 has the fol 
lowing relationship with the voltage signal 1186 : 

Ion ( Equation 44 ) 
Vc = Vn _ c _ demag XT . Tdemag 

another example , the error amplifier and the capacitor 1116 
together perform the mathematical operation of integration 
for the sampled peak magnitude over the demagnetization 
period , and provide loop compensation to the power con 
version system 1100 . 
10141 ] In another embodiment , the constant - current con 
troller 1230 generates a signal 1232 , and the OVP detector 
1220 generates a signal 1222 . For example , the signals 1222 
and 1232 are received by the logic controller 1240 , which in 
response outputs a pulse - width - modulation ( PWM ) signal 
1242 . In another example , the PWM signal 1242 is received 
by the OVP detector 1220 and the gate driver 1250 . In yet 
another embodiment , the gate driver 1250 outputs the drive 
signal 1156 to the switch 1140 through the terminal 1126 . 
For example , the drive signal 1156 has a frequency and also 
a duty cycle . In another example , the drive signal 1156 opens 
( e . g . , turns off ) and closes ( e . g . , turns on the switch 1140 
( e . g . , to affect a current flowing through the inductive 
winding 1142 ) . 
[ 0142 ] In yet another embodiment , the capacitor 1114 
( e . g . , C5 ) is used to support the output voltage 1160 ( e . g . , 
V . ) of the power conversion system 1100 . In yet another 
embodiment , the power conversion system 1100 provides a 
constant output current to one or more light emitting diodes 
( LEDs ) 1190 . 
[ 0143 ] As shown in FIG . 11 , the resistor 1180 ( e . g . , R4 ) 
receives the rectified voltage 1152 ( e . g . , Vin ) , and in 
response , the resistor 1180 ( e . g . , R4 ) and the resistor 1182 
( e . g . , R5 ) generate a voltage signal 1186 , which is received 
by the PWM controller 1120 through the terminal 1132 , 
according to certain embodiments . In one embodiment , the 
rectified voltage 1152 ( e . g . , Vin ) and the output voltage 1160 
( e . g . , V . ) have the following relationship : 

VirxTon = V . xTdemag ( Equation 43 ) 

where Vrepresents the voltage signal 1312 , and Vin e demag 
represents the voltage signal 1186 during the demagnetiza 
tion period of the inductive winding 1142 . For example , the 
left - hand side of Equation 44 and the right - hand side of 
Equation 44 are equal . In another example , the left - hand side 
of Equation 44 and the right - hand side of Equation 44 are 
approximately equal within + 1 % . In another example , the 
left - hand side of Equation 44 and the right - hand side of 
Equation 44 are approximately equal within + 5 % . In yet 
another example , the left - hand side of Equation 44 and the 
right - hand side of Equation 44 are approximately equal 
within + 10 % . 
[ 0147 ] In another example , as shown in Equation 44 , 
Vin e demag is determined as follows : 

( Equation 45A ) 
Vin _ c _ demag = 

where Vin represents the rectified voltage 1152 during the 
demagnetization period of the inductive winding 1142 . 
[ 0148 ] In yet another example , the voltage signal 1186 is 
determined as follows : 

( Equation 45B ) Vin e = win 

where Vin e represents the voltage signal 1186 , and Vin 
represents the rectified voltage 1152 . 
[ 0149 ] In yet another example , as shown in Equations 45A 
and 45B , K represents a constant coefficient as shown below . 

( Equation 46 ) 
K = 

R4 + R5 

R5 RS 

wherein Vin represents the rectified voltage 1152 , and V . 
represents the output voltage 1160 . Additionally , T . , repre 
sents the on - time period of the drive signal 1156 ( e . g . , the 
turn - on period of the switch 1140 ) , and T demag represents the 
demagnetization period of the inductive winding 1142 . 
[ 0144 ] FIG . 13 is a simplified diagram showing the over 
voltage - protection ( OVP ) detector 1220 of the pulse - width 
modulation ( PWM ) controller 1120 as part of the AC - to - DC 
power conversion system 1100 according to an embodiment 
of the present invention . This diagram is merely an example , 
which should not unduly limit the scope of the claims . One 
of ordinary skill in the art would recognize many variations , 
alternatives , and modifications . The overvoltage - protection 
( OVP ) detector 1220 includes a sample - and - hold compo 
nent 1380 ( e . g . , a sample - and - hold circuit ) , a voltage - to 
voltage converter 1310 , a low - pass filter 1320 , and a com 
parator 1330 . 
[ 0145 ] In one embodiment , the sample - and - hold compo 
nent 1380 receives the voltage signal 1186 , samples the 
voltage signal 1186 during the demagnetization period , 
holds the sampled voltage signal 1186 , and outputs the 
sampled and held voltage signal 1186 as a voltage signal 
1384 . In another embodiment , the voltage - to - voltage con 
verter 1310 is configured to receive the voltage signal 1384 , 
the demagnetization signal 1212 , and the pulse - width - modu 
lation ( PWM ) signal 1242 , and generates a voltage signal 
1312 

where R4 represents resistance of the resistor 1180 , and R , 
represents resistance of the resistor 1182 . 
[ 0150 ] According to one embodiment , the voltage signal 
1312 is received by the low - pass filter 1320 , which in 
response performs low - pass filtering to the voltage signal 
1312 and generates a voltage signal 1322 . For example , the 
voltage signal 1322 has the following relationship with the 
voltage signal 1186 : 

Ton ( Equation 47 ) Vp Vin _ c _ demag Jomag Tdemag 

where Vp represents the voltage signal 1322 , and Vin e den 
represents the voltage signal 1186 . For example , the left 
hand side of Equation 47 and the right - hand side of Equation 
47 are equal . In another example , the left - hand side of 
Equation 47 and the right - hand side of Equation 47 are 
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approximately equal within + 1 % . In another example , the 
left - hand side of Equation 47 and the right - hand side of 
Equation 47 are approximately equal within 5 % . In yet 
another example , the left - hand side of Equation 47 and the 
right - hand side of Equation 47 are approximately equal 
within + 10 % . 
[ 0151 ] In another example , based on Equations 43 and 
45A , Equation 44 is changed to : 

[ 0155 ] In one embodiment , the overvoltage protection 
( OVP ) is triggered and the power conversion system 1100 is 
shut down if : 

Vp > Vah ( Equation 49 ) 
where Vth represents the comparator threshold 1332 . For 
example , based on Equation 49 , Equation 48B is changed to : 

V > VoVP ( Equation 50 ) 

( Equation 48A ) Vezave 

where V . represents the output voltage 1160 . For example , 
the left - hand side of Equation 48A and the right - hand side of 
Equation 48A are equal . In another example , the left - hand 
side of Equation 48A and the right - hand side of Equation 
48A are approximately equal within 21 % . In yet another 
example , the left - hand side of Equation 48A and the right 
hand side of Equation 48A are approximately equal within 
+ 5 % . In yet another example , the left - hand side of Equation 
48A and the right - hand side of Equation 48A are approxi 
mately equal within + 10 % . 
[ 0152 ] In yet another example , based on Equations 43 and 
45A , Equation 47 is changed to : 

( Equation 48B ) 

where V , represents the output voltage 1160 . For example , 
the left - hand side of Equation 48B and the right - hand side of 
Equation 48B are equal . In another example , the left - hand 
side of Equation 48B and the right - hand side of Equation 
48B are approximately equal within + 1 % . In yet another 
example , the left - hand side of Equation 48B and the right 
hand side of Equation 48B are approximately equal within 
+ 5 % . In yet another example , the left - hand side of Equation 
48B and the right - hand side of Equation 48B are approxi 
mately equal within 10 % . 
[ 0153 ] According to another embodiment , the voltage 
signal 1322 is received by the comparator 1330 , which also 
receives a comparator threshold 1332 ( e . g . , Vth ) . For 
example , the comparator 1330 compares the voltage signal 
1322 and the comparator threshold 1332 , wherein the volt 
age signal 1322 is represented by V , and the comparator 
threshold 1332 is represented by Vth . In another example , if 
V > Vth , the comparator 1330 generates the signal 1222 at 
the logic high level . In yet another example , if Ve < V th , the 
comparator 1330 generates the signal 1222 at the logic low 
level . 
[ 0154 ] As shown in FIG . 12 , the signal 1222 is received by 
the logic controller 1240 according to some embodiments . 
For example , if Vp > Vt ( e . g . , if the signal 1222 is at the logic 
high level ) , the overvoltage protection ( OVP ) is triggered , 
and the power conversion system 1100 is shut down . In 
another example , if Ve < V th ( e . g . , if the signal 1222 is at the 
logic low level ) , the overvoltage protection ( OVP ) is not 
triggered , and the switch 1140 is turned on and off by the 
drive signal 1156 that changes between a logic high level 
and a logic low level . 

where Vovp = KxVih ( Equation 51 ) 
and Vovp represents an overvoltage - protection threshold for 
the output voltage 1160 . 
[ 0156 ] In another embodiment , if V > Vovp , the overvolt 
age protection ( OVP ) is triggered and the power conversion 
system 1100 is shut down . In yet another embodiment , if 
V . < Vovp , the overvoltage protection ( OVP ) is not trig 
gered , and the switch 1140 is turned on and off by the drive 
signal 1156 , which changes between a logic high level and 
a logic low level . 
[ 0157 ] As discussed above and further emphasized here , 
FIG . 13 is merely an example , which should not unduly limit 
the scope of the claims . One of ordinary skill in the art would 
recognize many variations , alternatives , and modifications . 
For example , the low - pass filter 1320 is omitted , so that the 
voltage signal 1312 is received by the comparator 1330 , 
which also receives the comparator threshold 1332 ( e . g . , 
Vth ) . In one embodiment , the comparator 1330 compares the 
voltage signal 1312 and the comparator threshold 1332 , 
wherein the voltage signal 1312 is represented by Vc and the 
comparator threshold 1332 is represented by Vth . In another 
embodiment , if Vo > Vth , the comparator 1330 generates the 
signal 1222 at the logic high level , and if V < < V th , the 
comparator 1330 generates the signal 1222 at the logic low 
level . 
f0158 ] As shown in FIGS . 11 and 12 , the pulse - width 
modulation ( PWM ) controller 1120 includes the terminal 
1122 ( e . g . , pin VDD ) , the terminal 1124 ( e . g . , pin COMP ) , 
the terminal 1126 ( e . g . , pin GATE ) , the terminal 1128 ( e . g . , 
pin CS ) , the terminal 1130 ( e . g . , pin GND ) , and the terminal 
1131 ( e . g . , pin Vsense ) . For example , the pulse - width 
modulation ( PWM ) controller 1120 is located on a chip , and 
the terminal 1130 ( e . g . , pin GND ) is biased to the chip 
ground ( e . g . , zero volts ) . In another example , the terminal 
1126 ( e . g . , pin GATE ) is used , by the demagnetization 
detector 1210 , to detect the end of a demagnetization process 
for the inductive winding 1142 , and upon such detection , a 
new switching cycle starts . 
[ 01591 . Also , as shown in FIG . 12 , the pulse - width - modu 
lation ( PWM ) controller 1120 includes the demagnetization 
detector 1210 , the overvoltage - protection ( OVP ) detector 
1220 , the constant - current controller 1230 , the logic con 
troller 1240 , and the gate driver 1250 . In one embodiment , 
during each switching cycle , if the drive signal 1156 gen 
erated by the gate driver 1250 changes from a logic low level 
to a logic high level , the switch 1140 becomes closed ( e . g . , 
turned on ) . For example , after the switch 1140 becomes 
closed , the current flowing through the switch 1140 gradu 
ally increases in magnitude , causing the current - sensing 
voltage signal 1184 to also increase in magnitude . In another 
example , if the current - sensing voltage signal 1184 is larger 
than a reference voltage related to the terminal 1124 ( e . g . , 
pin COMP ) , the logic controller 1240 outputs the pulse 
width - modulation ( PWM ) signal 1242 to the gate driver 
1250 , which in response , generates the drive signal 1156 
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( e . g . , at a logic low level ) to open ( e . g . , turn off ) the switch 
1140 . In yet another example , when the switch becomes 
open ( e . g . , turned off ) , the demagnetization process for the 
inductive winding 1142 starts . In yet another example , 
during the demagnetization process , the overvoltage - protec 
tion ( OVP ) detector 1220 performs the function of overvolt 
age protection ( OVP ) . In yet another example , if the demag 
netization detector 1210 detects the end of the 
demagnetization process , the switch 1140 becomes closed 
( e . g . , turned on ) again . 
[ 0160 ] FIG . 14 is a simplified diagram showing the over 
voltage - protection ( OVP ) detector 1220 of the pulse - width 
modulation ( PWM ) controller 1120 as part of the AC - to - DC 
power conversion system 1100 according to another 
embodiment of the present invention . This diagram is 
merely an example , which should not unduly limit the scope 
of the claims . One of ordinary skill in the art would 
recognize many variations , alternatives , and modifications . 
The overvoltage - protection ( OVP ) detector 1220 includes a 
sample - and - hold component 1480 ( e . g . , a sample - and - hold 
circuit ) , a voltage - to - voltage converter 1410 , a low - pass 
filter 1420 , an average - determination component 1430 ( e . g . , 
an average - determination circuit ) , and a comparator 1490 . 
[ 0161 ] In one embodiment , the sample - and - hold compo 
nent 1480 receives the voltage signal 1186 and a control 
signal 1482 . For example , in response to the control signal 
1482 , the sample - and - hold component 1480 samples the 
voltage signal 1186 during the demagnetization period , 
holds the sampled voltage signal 1186 , and outputs the 
sampled and held voltage signal 1186 as a voltage signal 
1484 . In another embodiment , the voltage - to - voltage con 
verter 1410 is configured to receive the voltage signal 1484 , 
the demagnetization signal 1212 and the pulse - width - modu 
lation ( PWM ) signal 1242 , and generate a voltage signal 
1412 . For example , the voltage signal 1412 has the relation 
ship with the voltage signal 1186 as shown in Equation 44 . 
In yet another embodiment , the voltage signal 1412 is 
received by the low - pass filter 1420 , which in response 
performs low - pass filtering to the voltage signal 1412 and 
generates a voltage signal 1422 . For example , the voltage 
signal 1422 has the relationship with the voltage signal 1186 
as shown in Equation 47 and has the relationship with the 
output voltage 1160 as shown in Equation 48B . 
[ 0162 ] In yet another embodiment , the average - determi 
nation component 1430 receives the voltage signal 1422 and 
a threshold voltage 1432 ( e . g . , Vin ) and generates a voltage 
signal 1434 . For example , the average - determination com 
ponent 1430 is configured to control charging and discharg 
ing of a capacitor as part of the average - determination 
component 1430 , and output the voltage of the capacitor as 
the voltage signal 1434 . In another example , the average 
determination component 1430 is configured to compare the 
voltage signal 1422 and the threshold voltage 1432 ( e . g . , 
Vth ) and generate the voltage signal 1434 . In yet another 
example , the voltage signal 1434 reflects the average of the 
voltage signal 1422 in comparison with the threshold volt 
age 1432 . In yet another example , for a switching cycle , if 
the average of the voltage signal 1422 is equal to the 
threshold voltage 1432 , the voltage signal 1434 at the end of 
the switching cycle is equal to the voltage signal 1434 at the 
beginning of the switching cycle . In yet another example , for 
a switching cycle , if the average of the voltage signal 1422 
is smaller than the threshold voltage 1432 , the voltage signal 
1434 at the end of the switching cycle is smaller than the 

voltage signal 1434 at the beginning of the switching cycle . 
In yet another example , for a switching cycle , if the average 
of the voltage signal 1422 is larger than the threshold voltage 
1432 , the voltage signal 1434 at the end of the switching 
cycle is larger than the voltage signal 1434 at the beginning 
of the switching cycle . 
[ 0163 ] In yet another embodiment , the voltage signal 1434 
is received by the comparator 1490 , which also receives a 
reference voltage 1492 ( e . g . , Vret ) . For example , the com 
parator 1490 compares the voltage signal 1434 and the 
reference voltage 1492 , wherein the voltage signal 1434 is 
represented by V , and the reference voltage 1492 is repre 
sented by Vrex In another example , if V . Vret , the com 
parator 1490 generates the signal 1222 at the logic high 
level . In yet another example , if V , V refs the comparator 
1490 generates the signal 1222 at the logic low level . 
[ 0164 ] As shown in FIG . 12 , the signal 1222 is received by 
the logic controller 1240 according to some embodiments . 
For example , if V . Vref ( e . g . , if the signal 1222 is at the 
logic high level ) , the overvoltage protection ( OVP ) is trig 
gered , and the power conversion system 1100 is shut down . 
In another example , if V , Vref ( e . g . , if the signal 1222 is at 
the logic low level ) , the overvoltage protection ( OVP ) is not 
triggered , and the switch 1140 is turned on and off by the 
drive signal 1156 that changes between a logic high level 
and a logic low level . 
[ 0165 ] According to one embodiment , if after one or more 
switching cycles , the voltage signal 1434 changes from 
being smaller than the reference voltage 1492 to being larger 
than the reference voltage 1492 , the signal 1222 changes 
from the logic low level to the logic high level . For example , 
in response to the signal 1222 changing from the logic low 
level to the logic high level , the overvoltage protection 
( OVP ) is triggered and the power conversion system 1100 is 
shut down . In another example , an overvoltage - protection 
threshold for the output voltage 1160 has a relationship with 
the threshold voltage 1432 as shown in Equation 51 , where 
V th represents the threshold voltage 1432 and Vovp repre 
sents the overvoltage - protection threshold for the output 
voltage 1160 . 

[ 0166 ] As discussed above and further emphasized here , 
FIG . 14 is merely an example , which should not unduly limit 
the scope of the claims . One of ordinary skill in the art would 
recognize many variations , alternatives , and modifications . 
For example , the low - pass filter 1420 is omitted , so that the 
voltage signal 1412 is received by the average - determination 
component 1430 , which also receives the threshold voltage 
1432 ( e . g . , Vin ) and generates the voltage signal 1434 . 
[ 0167 ] FIG . 15 is a simplified diagram showing the over 
voltage - protection ( OVP ) detector 1220 of the pulse - width 
modulation ( PWM ) controller 1120 as part of the AC - to - DC 
power conversion system 1100 according to yet another 
embodiment of the present invention . This diagram is 
merely an example , which should not unduly limit the scope 
of the claims . One of ordinary skill in the art would 
recognize many variations , alternatives , and modifications . 
The overvoltage - protection ( OVP ) detector 1220 includes a 
sample - and - hold component 1580 ( e . g . , a sample - and - hold 
circuit ) , voltage - to - current converters 1510 and 1514 , a 
current generator 1520 , a capacitor 1530 , and a controlled 
comparator 1590 . 
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Vin = Your ( Equation 59 ) 
then 

[ 0168 ] In one embodiment , the sample - and - hold compo 
nent 1580 receives the voltage signal 1186 and a control 
signal 1582 . For example , in response to the control signal 
1582 , the sample - and - hold component 1580 samples the 
voltage signal 1186 during the demagnetization period , 
holds the sampled voltage signal 1186 , and outputs the 
sampled and held voltage signal 1186 as a voltage signal 
1584 . In another example , 

V = Vin _ e _ demag ( Equation 52 ) 

( Equation 60 ) lith = VovP x Gm2 

where V , represents the voltage signal 1584 . Additionally , 
Vin _ e _ demag represents the voltage signal 1186 during the 
demagnetization period of the inductive winding 1142 . 
[ 0169 ] Referring back to FIG . 11 , the following has been 
obtained according to another embodiment . 

where Vovp represents an overvoltage - protection threshold 
for the output voltage 1160 , and K represents the constant 
coefficient that appears in Equation 54 . 
[ 0173 ] In yet another embodiment , if the transconductance 
of the voltage - to - current converter 1510 is equal to the 
transconductance of the voltage - to - current converter 1514 , 
the following equations are obtained . 

( Equation 61 ) Is = win x Cime x Ome 
( Equation 53 ) Vin _ o _ demog = lih = YOUP x Gme ( Equation 62 ) 

K = R4 + Rs ( Equation 54 ) 
R5 

where Gme represents the transconductance of the voltage 
to - current converter 1510 and also represents the transcon 
ductance of the voltage - to - current converter 1514 . 
[ 0174 ] Referring to FIG . 11 , based on Equation 43 , the 
following is obtained according to certain embodiments . 

[ 0170 ] where Vin e demag represents the voltage signal 
1186 during the demagnetization period of the inductive 
winding 1142 . Additionally , Vin represents the rectified volt 
age 1152 , and K represents a constant coefficient . Moreover , 
R , represents resistance of the resistor 1180 , and R , repre 
sents resistance of the resistor 1182 . For example , based on 
Equations 52 and 53 , the following is obtained . 

( Equation 63 ) Tigen = T demons 
( Equation 55 ) 

where K represents the constant coefficient that appears in 
Equation 54 . Additionally , Ton represents the on - time period 
of the drive signal 1156 ( e . g . , the turn - on period of the 
switch 1140 ) , and Thomas represents the demagnetization 
period of the inductive winding 1142 . 
[ 0175 ] For example , if 

( Equation 64 ) 

then Equation 63 becomes 
V > VOVP 

[ 0171 ] As shown in FIG . 15 , the voltage - to - current con 
verter 1510 is configured to receive the voltage signal 1584 
( e . g . , Vs ) and generate a current signal 1512 according to 
some embodiments . In one embodiment , 

1 = V _ xGml ( Equation 56 ) 

het me x Ton > VoyP x Tademang ( Equation 65 ) where V , represents the voltage signal 1584 , Gmi represents 
the transconductance of the voltage - to - current converter 
1510 , and I , represents the current signal 1512 . In another 
example , based on Equations 55 and 56 , the following is 
obtained . 

( Equation 57 ) 1s = vine XGml 

[ 0172 ] In another embodiment , the voltage - to - current con 
verter 1514 is configured to receive a threshold voltage 1518 
( e . g . , Vin ) and generate a current signal 1516 . For example , 

ItVxGm2 ( Equation 58 ) 

[ 0176 ] In another example , based on Equations 61 and 62 , 
Equation 65 becomes 

IxI on = 1 4x I demago ( Equation 66 ) 

where I , represents the current signal 1512 , and Iin represents 
the current signal 1516 . Additionally , Ton represents the 
on - time period of the drive signal 1156 ( e . g . , the turn - on 
period of the switch 1140 ) , and T demag represents the demag 
netization period of the inductive winding 1142 . 
[ 0177 ] As shown in FIG . 15 , according to some embodi 
ments , if I Ton - IthT dema > 0 ( e . g . , as shown by Equation 
66 ) , the overvoltage protection ( OVP ) is triggered and the 
power conversion system 1100 is shut down . In yet another 
embodiment , if I Ton - IxnxTdemag < 0 , the overvoltage pro 
tection ( OVP ) is not triggered , and the switch 1140 is turned 
on and off by the drive signal 1156 , which changes between 
a logic high level and a logic low level . 

where Vth represents the threshold voltage 1518 , Gm2 rep 
resents the transconductance of the voltage - to - current con 
verter 1514 , and Ith represents the current signal 1516 . In 
another example , if 



US 2017 / 0290107 A1 Oct . 5 , 2017 
19 

[ 0178 ] In one embodiment , the voltage - to - current con - 
verter 1510 outputs the current signal 1512 ( e . g . , I . ) , and the 
voltage - to - current converter 1514 outputs the current signal 
1516 ( e . g . , Ih ) . For example , the current signals 1512 and 
1516 are received by the current generator 1520 , which also 
receives the demagnetization signal 1212 and the pulse 
width - modulation ( PWM ) signal 1242 and generates a cur 
rent 1522 ( e . g . , 1 . ) . In another example , the current 1522 is 
used to charge the capacitor 1530 if the current 1522 flows 
from the current generator 1520 to the capacitor 1530 , and 
to discharge the capacitor 1530 if the current 1522 flows 
from the capacitor 1530 to the current generator 1520 . 
[ 0179 ] In another embodiment , during the on - time period 
of the drive signal 1156 ( e . g . , Ton ) , the current 1522 is 
generated to flow from the current generator 1520 to the 
capacitor 1530 and charge the capacitor 1530 . For example , 
the current 1522 is determined in magnitude as follows : 

Ici = Is ( Equation 67 ) 
where Ici represents the current 1522 during the on - time 
period of the drive signal 1156 ( e . g . , Ton ) , and I , represents 
the current signal 1512 . In another example , during the 
on - time period of the drive signal 1156 , the current 1522 
charges the capacitor 1530 , and a capacitor voltage 1532 
( e . g . , V . ) of the capacitor 1530 increases by the following 
magnitude : 

AV = LxToxC ( Equation 68 ) 
where AVc represents an increase of the capacitor voltage 
1532 , and C represents the capacitance of the capacitor 
1530 . 
[ 0180 ] In yet another embodiment , during the demagne 
tization period of the inductive winding 1142 ( e . g . , T demae ) , 
the current 1522 is generated to flow from the capacitor 1530 
to the current generator 1520 and discharge the capacitor 
1530 . For example , the current 1522 is determined in 
magnitude as follows : 

1c2 = Ich ( Equation 69 ) 

where Ic2 represents the current 1522 during the demagne 
tization period of the inductive winding 1142 ( e . g . , T demae ) , 
and I represents the current signal 1516 . In another 
example , during the demagnetization period of the inductive 
winding 1142 ( e . g . , T demag ) , the current 1522 discharges the 
capacitor 1530 , and the capacitor voltage 1532 ( e . g . , V . ) of 
the capacitor 1530 decreases by the following magnitude : 

AV 2 = * T demagXC ( Equation 70 ) 
where AV represents a decrease of the capacitor voltage 
1532 , and C represents the capacitance of the capacitor 
1530 . 
10181 ] In yet another embodiment , from the beginning of 
the on - time period of the drive signal 1156 ( e . g . , Ton ) to the 
end of the demagnetization period of the inductive winding 
1142 ( e . g . , T demag ) , the change of the capacitor voltage 1532 
is determined based on Equations 68 and 70 as follows : 

AV , AVc1 - AV . 2 = 1 , xTonXC - Inn * T demagXC ( Equation 
71 ) 

where AVcd represents the change of the capacitor voltage 
1532 from the beginning of the on - time period of the drive 
signal 1156 to the end of the demagnetization period of the 
inductive winding 1142 . 
[ 0182 ] According to one embodiment , if AVed is larger 
than zero , the capacitor voltage 1532 increases from the 

beginning of the on - time period of the drive signal 1156 to 
the end of the demagnetization period of the inductive 
winding 1142 . In another embodiment , if AVed is smaller 
than zero , the capacitor voltage 1532 decreases from the 
beginning of the on - time period of the drive signal 1156 to 
the end of the demagnetization period of the inductive 
winding 1142 . 
[ 0183 ] According to another embodiment , if the capacitor 
voltage 1532 increases from the beginning of the on - time 
period of the drive signal 1156 to the end of the demagne 
tization period of the inductive winding 1142 ( e . g . , AVc > 0 ) , 
based on Equation 71 , Equation 66 is obtained as reproduced 
below . 

1sxTon - 1x * T demag > 0 ( Equation 72 ) 
[ 0184 ] For example , if the capacitor voltage 1532 
increases from the beginning of the on - time period of the 
drive signal 1156 to the end of the demagnetization period 
of the inductive winding 1142 ( e . g . , AVO ) , the overvolt 
age protection ( OVP ) is triggered and the power conversion 
system 1100 is shut down . In another example , if the 
capacitor voltage 1532 decreases from the beginning of the 
on - time period of the drive signal 1156 to the end of the 
demagnetization period of the inductive winding 1142 ( e . g . , 
AV ca < 0 ) , the overvoltage protection ( OVP ) is not triggered , 
and the switch 1140 is turned on and off by the drive signal 
1156 , which changes between a logic high level and a logic 
low level . 
[ 0185 ] 1001801 According to yet another embodiment , if 
the capacitor voltage 1532 increases from the beginning of 
the on - time period of the drive signal 1156 to the end of the 
demagnetization period of the inductive winding 1142 by a 
predetermined amount ( e . g . , AVc > Vref ) , the overvoltage 
protection ( OVP ) is triggered and the power conversion 
system 1100 is shut down , where Vref represents the prede 
termined amount . In another example , if the capacitor volt 
age 1532 does not increase from the beginning of the 
on - time period of the drive signal 1156 to the end of the 
demagnetization period of the inductive winding 1142 by the 
predetermined amount ( e . g . , AV ca < V rer ) , the overvoltage 
protection ( OVP ) is not triggered , and the switch 1140 is 
turned on and off by the drive signal 1156 , which changes 
between a logic high level and a logic low level . In yet 
another example , the predetermined amount ( e . g . , Vred ) is 
equal to or larger than the chip ground ( e . g . , being equal to 
or larger than zero volts ) . 
[ 0186 ] In one embodiment , the capacitor voltage 1532 is 
set to the chip ground ( e . g . , zero volts ) at the beginning of 
each switching period ( e . g . , at the beginning of each on - time 
period of the drive signal 1156 ) , so that at the end of each 
corresponding demagnetization period of the inductive 
winding 1142 , the capacitor voltage 1532 is equal to the 
change of the capacitor voltage 1532 from the beginning of 
the on - time period of the drive signal 1156 to the end of the 
demagnetization period of the inductive winding 1142 , as 
follows : 

Vce = AVcd ( Equation 73 ) 
where V ce represents the capacitor voltage 1532 at the end 
of the demagnetization period of the inductive winding 
1142 , and AVcd represents the change of the capacitor 
voltage 1532 from the beginning of the on - time period of the 
drive signal 1156 to the end of the demagnetization period 
of the inductive winding 1142 . For example , if the capacitor 
voltage 1532 is set to the chip ground ( e . g . , zero volts ) at the 
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beginning of each switching period ( e . g . , at the beginning of 
each on - time period of the drive signal 1156 ) , based on 
Equations 71 and 73 , the following is obtained . 

Vce = IxToXC - I * * I demag * C ( Equation 74 ) 
where Vce represents the capacitor voltage 1532 at the end 
of a demagnetization period of the inductive winding 1142 . 
Additionally , I , represents the current signal 1512 , and Ith 
represents the current signal 1516 . Moreover , T . , represents 
the on - time period of the drive signal 1156 ( e . g . , the turn - on 
period of the switch 1140 ) , and T demag represents the demag 
netization period of the inductive winding 1142 . Also , C 
represents the capacitance of the capacitor 1530 . 
[ 0187 ] For example , if the capacitor voltage 1532 at the 
end of a demagnetization period of the inductive winding 
1142 is larger than a predetermined amount ( e . g . , V > Vzor ) , 
the overvoltage protection ( OVP ) is triggered and the power 
conversion system 1100 is shut down , where Vref represents 
the predetermined amount . In another example , if the 
capacitor voltage 1532 at the end of the demagnetization 
period of the inductive winding 1142 is smaller than the 
predetermined amount ( e . g . , Vce < V ref ) , the overvoltage pro 
tection ( OVP ) is not triggered , and the switch 1140 is turned 
on and off by the drive signal 1156 , which changes between 
a logic high level and a logic low level . In yet another 
example , the predetei mined amount ( e . g . , Vret ) is equal to 
or larger than the chip ground ( e . g . , being equal to or larger 
than zero volts ) . 
[ 0188 ] In another embodiment , the AC - to - DC power con 
version system 1100 operates in the quasi - resonance mode , 
under which , 

Tdemag & T of ( Equation 75 ) 
where To # represents the off - time period of the drive signal 
1156 ( e . g . , the turn - off period of the switch 1140 ) . For 
example , under the quasi - resonance mode , 

Tswitch = Ton + Top = Tom + T ' demag ( Equation 76 ) 
where Tswitch represents the switching period of the drive 
signal 1156 ( e . g . , the switching period of the switch 1140 ) . 
In another example , under the quasi - resonance mode , from 
the beginning of a switching period to the end of the 
switching period , the change of the capacitor voltage 1532 
is determined based on Equation 71 as follows . 

AV . = AVcd = IxTowXC - IshxTdemagXC ( Equation 77 ) 
where AV represents the change of the capacitor voltage 
1532 from the beginning of a switching period to the end of 
the switching period . 
[ 0189 ] In yet another embodiment , the capacitor voltage 
1532 is set to the chip ground ( e . g . , zero volts ) at the 
beginning of each switching period ( e . g . , at the beginning of 
each on - time period of the drive signal 1156 ) , so that at the 
end of the switching period , the capacitor voltage 1532 is 
equal to the change of the capacitor voltage 1532 from the 
beginning of the switching period to the end of the switching 
period , as follows : 

Ve = AVCP ( Equation 78 ) 
where Vcs represents the capacitor voltage 1532 at the end of 
the switching period , and AVc represents the change of the 
capacitor voltage 1532 from the beginning of the switching 
period to the end of the switching period . For example , if the 
capacitor voltage 1532 is set to the chip ground ( e . g . , zero 
volts ) at the beginning of each switching period ( e . g . , at the 

beginning of each on - time period of the drive signal 1156 ) , 
based on Equations 77 and 78 , the following is obtained . 

V1xTwxC - IyXT demagxC ( Equation 79 ) 
where Vos represents the capacitor voltage 1532 at the end of 
the switching period . Additionally , I , represents the current 
signal 1512 , and Ith represents the current signal 1516 . 
Moreover , T . , represents the on - time period of the drive 
signal 1156 ( e . g . , the turn - on period of the switch 1140 ) , and 
Tdemag represents the demagnetization period of the induc 
tive winding 1142 . Also , C represents the capacitance of the 
capacitor 1530 . 
[ 0190 ] As shown in FIG . 15 , the capacitor voltage 1532 of 
the capacitor 1530 is received by the controlled comparator 
1590 , which also receives a comparator threshold 1592 ( e . g . , 
Vred ) and the demagnetization signal 1212 according to some 
embodiments . For example , at the end of a demagnetization 
period of the inductive winding 1142 as indicated by the 
demagnetization signal 1212 , the controlled comparator 
1590 compares the capacitor voltage 1532 and the compara 
tor threshold 1592 , generates the signal 1222 , and keeps the 
signal 1222 unchanged until at least the end of the next 
demagnetization period . In another example , at the end of a 
demagnetization period of the inductive winding 1142 , if 
Vce > Vrets the controlled comparator 1590 generates the 
signal 1222 at the logic high level . In yet another example , 
at the end of a demagnetization period of the inductive 
winding 1142 , if Vce < V reps the controlled comparator 1590 
generates the signal 1222 at the logic low level . In yet 
another example , the comparator threshold 1592 ( e . g . , Vret ) 
is equal to or larger than the chip ground ( e . g . , being equal 
to or larger than zero volts ) . 
[ 0191 ] As shown in FIG . 12 , the signal 1222 is received by 
the logic controller 1240 according to certain embodiments . 
For example , if Vc > Vref ( e . g . , if the signal 1222 is at the 
logic high level ) , the overvoltage protection ( OVP ) is trig 
gered , and the power conversion system 1100 is shut down . 
In another example , if Ve < V nef ( e . g . , if the signal 1222 is at 
the logic low level ) , the overvoltage protection ( OVP ) is not 
triggered , and the switch 1140 is turned on and off by the 
drive signal 1156 that changes between a logic high level 
and a logic low level . In yet another example , Vref is equal 
to or larger than the chip ground ( e . g . , being equal to or 
larger than zero volts ) . 
[ 0192 ] FIG . 16 is a simplified diagram showing the over 
voltage - protection ( OVP ) detector 1220 of the pulse - width 
modulation ( PWM ) controller 1120 as part of the AC - to - DC 
power conversion system 1100 according to yet another 
embodiment of the present invention . This diagram is 
merely an example , which should not unduly limit the scope 
of the claims . One of ordinary skill in the art would 
recognize many variations , alternatives , and modifications . 
The overvoltage - protection ( OVP ) detector 1220 includes 
the sample - and - hold component 1580 , the voltage - to - cur 
rent converters 1510 and 1514 , the capacitor 1530 , a current 
sink 1610 , switches 1620 and 1660 , a reset component 1630 
( e . g . , a reset circuit ) , a control component 1640 ( e . g . , an 
edge - triggered latch ) , and a comparator 1650 . For example , 
referring to FIG . 15 , the current generator 1520 includes the 
current sink 1610 , the switches 1620 and 1660 , and the reset 
component 1630 . In another example , referring to FIG . 15 , 
the controlled comparator 1590 includes the control com 
ponent 1640 and the comparator 1650 . In yet another 
example , the edge - triggered latch 1640 includes a flip - flop . 
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[ 0193 ] In one embodiment , the sample - and - hold compo 
nent 1580 receives the voltage signal 1186 and the control 
signal 1582 . For example , in response to the control signal 
1582 , the sample - and - hold component 1580 samples the 
voltage signal 1186 during the demagnetization period , 
holds the sampled voltage signal 1186 , and outputs the 
sampled and held voltage signal 1186 as the voltage signal 
1584 . In another example , the voltage signal 1584 is 
received by the voltage - to - current converter 1510 , which 
generates the current signal 1512 . 
[ 0194 ] As shown in FIG . 16 , the voltage - to - current con 
verter 1510 is coupled to the switch 1620 according to some 
embodiments . For example , the switch 1620 receives the 
pulse - width - modulation ( PWM ) signal 1242 , which closes 
the switch 1620 during the on - time period of the drive signal 
1156 ( e . g . , the turn - on period of the switch 1140 ) and opens 
the switch 1620 during the off - time period of the drive signal 
1156 ( e . g . , the turn - off period of the switch 1140 ) . In another 
example , during the on - time period of the drive signal 1156 
( e . g . , the turn - on period of the switch 1140 ) , the switch 1620 
is closed and the current signal 1512 flows out of the 
voltage - to - current converter 1510 through the switch 1620 
to a node 1690 . In yet another example , during the off - time 
period of the drive signal 1156 ( e . g . , the turn - off period of 
the switch 1140 ) , the switch 1620 is opened , and the current 
signal 1512 does not flow between the voltage - to - current 
converter 1510 and the node 1690 through the switch 1620 . 
[ 0195 ] In another embodiment , the voltage - to - current con 
verter 1514 receives the threshold voltage 1518 ( e . g . , V . 2 ) 
and generates the current signal 1516 . For example , the 
current signal 1516 is received by the current sink 1610 , 
which in response generates a current signal 1612 . In 
another example , the current signal 1612 is equal to the 
current signal 816 in magnitude . In yet another embodiment , 
the current sink 1610 is coupled to the switch 1660 . For 
example , the switch 1660 receives the demagnetization 
signal 1212 , which closes the switch 1620 during the demag 
netization period of the inductive winding 1142 and opens 
the switch 1620 during outside of any demagnetization 
period of the inductive winding 1142 ( e . g . , during the 
on - time period of the drive signal 1156 ) . In another example , 
during the demagnetization period of the inductive winding 
1142 , the switch 1620 is closed and the current signal 1612 
flows from the node 1690 to the current sink 1610 through 
the switch 1660 . In yet another example , during outside of 
any demagnetization period of the inductive winding 1142 
( e . g . , during the on - time period of the drive signal 1156 ) , the 
switch 1660 is opened , and the current signal 1612 does not 
flow between the current sink 1610 and the node 1690 
through the switch 1660 . 
[ 0196 ] As shown in FIG . 16 , the reset component 1630 
receives the demagnetization signal 1212 and a control 
signal 1632 according to certain embodiments . For example , 
the control signal 1632 is a complementary signal of the 
pulse - width - modulation ( PWM ) signal 1242 , so that the 
control signal 1632 is at the logic low level if the PWM 
signal 1242 is at the logic high level , and the control signal 
1632 is at the logic high level if the PWM signal 1242 is at 
the logic low level . In another example , the control signal 
1632 is at the logic low level during the on - time period of 
the drive signal 1156 ( e . g . , the turn - on period of the switch 
1140 ) , and the control signal 1632 is at the logic high level 
during the off - time period of the drive signal 1156 ( e . g . , the 
turn - off period of the switch 1140 ) . In yet another example , 

the demagnetization signal 1212 is the logic high level 
during a demagnetization period of the inductive winding 
1142 and is at the logic low level during outside of any 
demagnetization period of the inductive winding 1142 . 
[ 0197 ] According to one embodiment , at the end of a 
demagnetization period of the inductive winding 1142 ( e . g . , 
at a falling edge of the demagnetization signal 1212 from the 
logic high level to the logic low level ) , the reset component 
1630 resets the capacitor voltage 1532 to the chip ground 
( e . g . , zero volts ) , and keeps the capacitor voltage 1532 at the 
chip ground ( e . g . , zero volts ) until the end of the off - time 
period of the drive signal 1156 ( e . g . , at a falling edge of the 
control signal 1632 from the logic high level to the logic low 
level ) , which is also the beginning of the next switching 
period . For example , at the beginning of each switching 
period , the capacitor voltage 1532 is set to the chip ground 
( e . g . , zero volts ) . In another example , under the quasi 
resonance mode , the time duration between the end of the 
demagnetization period of the inductive winding 1142 and 
the end of the corresponding off - time period of the drive 
signal 1156 is approximately equal to zero . 
[ 0198 ] According to another embodiment , the capacitor 
voltage 1532 is set to the chip ground ( e . g . , zero volts ) at the 
beginning of each switching period ( e . g . , at the beginning of 
each on - time period of the drive signal 1156 ) . In one 
embodiment , during the on - time period of the drive signal 
1156 , the current signal 1512 flows out of the voltage - to 
current converter 1510 through the switch 1620 to the node 
1690 . For example , at the end of the on - time period of the 
drive signal 1156 , the capacitor voltage 1532 is determined 
as follows . 

Vc = 1 , xTonXC ( Equation 80 ) 
where Vco represents the capacitor voltage 1532 at the end 
of each on - time period of the drive signal 1156 . Addition 
ally , I represents the current signal 1512 , and Ton represents 
the on - time period of the drive signal 1156 ( e . g . , the turn - on 
period of the switch 1140 ) . Moreover , C represents the 
capacitance of the capacitor 1530 . 
[ 0199 ] In another embodiment , after the on - time period of 
the drive signal 1156 , during the demagnetization period of 
the inductive winding 1142 , the current signal 1612 that is 
equal to the current signal 1516 in magnitude flows from the 
node 1690 to the current sink 1610 through the switch 1660 . 
For example , at the end of the demagnetization period of the 
inductive winding 1142 , which is approximately equal to the 
off - time period of the drive signal 1156 under the quasi 
resonance mode , the capacitor voltage 1532 is determined as 
follows . 

Vce = IxxTonXC - 1x * T demagXC ( Equation 81 ) 
where V ce represents the capacitor voltage 1532 at the end 
of a demagnetization period of the inductive winding 1142 . 
Additionally , I , represents the current signal 1512 , and Ith 
represents the current signal 1516 and the current signal 
1612 . Moreover , Ton represents the on - time period of the 
drive signal 1156 ( e . g . , the turn - on period of the switch 
1140 ) , and Tiempo represents the demagnetization period of 
the inductive winding 1142 . Also , C represents the capaci 
tance of the capacitor 1530 . In another example , Equation 81 
is the same as Equation 74 . 
[ 0200 ] As shown in FIG . 16 , the capacitor voltage 1532 of 
the capacitor 1530 is received by the comparator 1650 , 
which also receives the comparator threshold 1592 ( e . g . , 
Vth ) according to some embodiments . For example , the 
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comparator 1650 compares the capacitor voltage 1532 ( e . g . , 
the capacitor voltage 1532 at the end of a demagnetization 
period of the inductive winding 1142 ) and the comparator 
threshold 1592 , and generate a comparison signal 1652 , 
wherein the capacitor voltage 1532 is represented by Ve and 
the comparator threshold 1592 is represented by Vret In 
another example , if V > Vref , the comparator 1650 generates 
the comparison signal 1652 at the logic high level . In yet 
another example , if V . < V ren the comparator 1650 generates 
the comparison signal 1652 at the logic low level . 
[ 0201 ] According to one embodiment , the comparison 
signal 1652 is received by the control component 1640 . For 
example , the control component 1640 also receives the 
demagnetization signal 1212 . In another example , in 
response to the demagnetization signal 1212 indicating the 
end of a demagnetization period ( e . g . , the demagnetization 
signal 1212 changing from the logic high level to the logic 
low level ) , the control component 1640 generates the signal 
1222 that is the same as the comparison signal 1652 at the 
end of the demagnetization period , and then keeps the signal 
1222 unchanged until at least the end of the next demagne 
tization period . In yet another example , at the end of the 
demagnetization period , if V > Ver the comparator 1650 
generates the comparison signal 1652 at the logic high level , 
and in response , the control component 1640 generates the 
signal 1222 also at the logic high level . In yet another 
example , at the end of the demagnetization period , if 
V < V the comparator 1650 generates the comparison 
signal 1652 at the logic low level , and in response , the 
control component 1640 generates the signal 1222 also at 
the logic low level . 
[ 0202 ] As shown in FIG . 12 , the signal 1222 is received by 
the logic controller 1240 according to certain embodiments . 
For example , if Vce > Vref ( e . g . , if the signal 1222 is at the 
logic high level ) , the overvoltage protection ( OVP ) is trig 
gered , and the power conversion system 1100 is shut down . 
In another example , if V ce < V ref ( e . g . , if the signal 1222 is at 
the logic low level ) , the overvoltage protection ( OVP ) is not 
triggered , and the switch 1140 is turned on and off by the 
drive signal 1156 that changes between a logic high level 
and a logic low level . 
[ 0203 ] FIG . 17 is a simplified timing diagram for the 
overvoltage - protection ( OVP ) detector 1220 as shown in 
FIG . 15 and / or FIG . 16 as part of the AC - to - DC power 
conversion system 1100 according to certain embodiments 
of the present invention . This diagram is merely an example , 
which should not unduly limit the scope of the claims . One 
of ordinary skill in the art would recognize many variations , 
alternatives , and modifications . 
[ 0204 ] For example , the waveform 1710 represents the 
pulse - width - modulation ( PWM ) signal 1242 as a function of 
time , the waveform 1730 represents the control signal 1632 
as a function of time , and the waveform 1740 represents the 
demagnetization signal 1212 as a function of time . Addi 
tionally , the waveform 1750 represents the capacitor voltage 
1532 , and the waveform 1780 represents the signal 1222 as 
a function of time . 
[ 0205 ] In one embodiment , as shown by the waveform 
1710 , the pulse - width - modulation ( PWM ) signal 1242 is at 
a logic high level during a turn - on period ( e . g . , an on - time 
period Ton ) , and is at a logic low level during a turn - off 
period ( e . g . , an off - time period Tof ) . For example , the time 
duration of a switching cycle ( e . g . , Twitch ) is equal to a sum 
of the turn - on period and the turn - off period . In another 

example , during the turn - on period , the switch 1140 is 
closed ( e . g . , turned on ) . In yet another example , during the 
turn - off period , the switch 1140 is open ( e . g . , turned off ) . 
[ 0206 ] In another embodiment , as shown by the waveform 
1730 , the control signal 1632 is a complementary signal of 
the pulse - width - modulation ( PWM ) signal 1242 ( e . g . , as 
shown by the waveform 1710 ) . For example , the control 
signal 1632 is at the logic low level if the PWM signal 1242 
is at the logic high level , and the control signal 1632 is at the 
logic high level if the PWM signal 1242 is at the logic low 
level . In another example , the control signal 1632 is at the 
logic low level during the turn - on period ( e . g . , the on - time 
period of the drive signal 1156 ) , and the control signal 1632 
is at the logic high level during the turn - off period ( e . g . , the 
off - time period of the drive signal 1156 ) . In yet another 
embodiment , as shown by the waveform 1740 , the demag 
netization signal 1212 is at the logic high level during a 
demagnetization period of the inductive winding 1142 and is 
at the logic low level during outside of any demagnetization 
period of the inductive winding 1142 . 
10207 ] In yet another embodiment , as shown by the wave 
form 1750 , at the beginning of a switching period ( e . g . , at 
the beginning of an on - time period of the drive signal 1156 ) , 
the capacitor voltage 1532 is set to the chip ground that is 
equal to a magnitude 1752 ( e . g . , zero volts ) . For example , 
during the on - time period of the drive signal 1156 , the 
capacitor voltage 1532 increases ( e . g . , increases linearly ) 
from the magnitude 1752 to a magnitude 1754 . In another 
example , during the demagnetization period , the capacitor 
voltage 1532 decreases ( e . g . , decreases linearly ) from the 
magnitude 1754 to a magnitude 1756 . In yet another 
example , at the end of the demagnetization period ( e . g . , at a 
falling edge of the demagnetization signal 1212 from the 
logic high level to the logic low level as shown by the 
waveform 1740 ) , the capacitor voltage 1532 is reset by the 
reset component 1630 from the magnitude 1756 to the 
magnitude 1752 ( e . g . , the chip ground ) . In yet another 
example , the reset component 1630 keeps the capacitor 
voltage 1532 at the magnitude 1752 from the end of the 
demagnetization period to the end of the off - time period of 
the drive signal 1156 ( e . g . , at a falling edge of the control 
signal 1632 from the logic high level to the logic low level 
as shown by the waveform 1730 ) . In yet another example , 
the end of the off - time period of the drive signal 1156 is also 
the beginning of the next switching period . 
0208 ] In yet another embodiment , as shown by the wave 
form 1780 , the signal 1222 is at the logic low level before 
time t , where the time t , corresponds to the end of a 
demagnetization period . For example , before the time t , , the 
overvoltage protection ( OVP ) is not triggered , and the 
switch 1140 is turned on and off by the drive signal 1156 that 
changes between a logic high level and a logic low level . In 
another example , at the time t , the demagnetization signal 
1212 changes from the logic high level to the logic low level 
as shown by the waveform 1740 . In yet another example , at 
the time t , the magnitude 1756 of the capacitor voltage 
1532 is larger than the comparator threshold 1592 ( e . g . , Vret ) 
as shown by the waveform 1750 , and in response , the signal 
1222 changes from the logic low level to the logic high level . 
In yet another example , in response to the signal 1222 
changing from the logic low level to the logic high level at 
the time t? , the overvoltage protection ( OVP ) is triggered 
and the power conversion system 1100 is shut down . 

switch 
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[ 0209 ] As shown above and further emphasized here , FIG . 
2 and FIG . 11 are merely examples , which should not unduly 
limit the scope of the claims . One of ordinary skill in the art 
would recognize many variations , alternatives , and modifi 
cations . For example , the overvoltage - protection ( OVP ) 
detector 320 ( e . g . , as shown in FIG . 3 , FIG . 4 , FIG . 5 , FIG . 
6 , FIG . 8 , and / or FIG . 9 ) is used in an AC - to - DC power 
conversion system as shown in FIG . 18 . In another example , 
the overvoltage - protection ( OVP ) detector 1220 ( e . g . , as 
shown in FIG . 13 , FIG . 14 , FIG . 15 , and FIG . 16 ) is used in 
an AC - to - DC power conversion system as shown in FIG . 19 . 
[ 0210 ] FIG . 18 is a simplified diagram showing an AC - to 
DC power conversion system with primary - side regulation 
( PSR ) and buck - boost mechanism for LED lighting accord 
ing to yet another embodiment of the present invention . This 
diagram is merely an example , which should not unduly 
limit the scope of the claims . One of ordinary skill in the art 
would recognize many variations , alternatives , and modifi 
cations . The AC - to - DC power conversion system 1800 ( e . g . , 
a power converter ) includes resistors 1810 , 1818 , 1880 and 
1882 , capacitors 1812 , 1814 , 1816 , and 1892 , a pulse - width 
modulation ( PWM ) controller 1820 , a switch 1840 , an 
inductive winding 1842 , and a diode 1844 . For example , the 
AC - to - DC power conversion system 1800 includes only one 
inductive winding ( e . g . , the inductive winding 1842 ) . In 
another example , the pulse - width - modulation ( PWM ) con 
troller 1820 includes a terminal 1822 ( e . g . , pin VDD ) , a 
terminal 1824 ( e . g . , pin COMP ) , a terminal 1826 ( e . g . , pin 
GATE ) , a terminal 1828 ( e . g . , pin CS ) , a terminal 1830 ( e . g . , 
pin GND ) , a terminal 1832 ( e . g . , pin FB ) , and a terminal 
1834 ( e . g . , pin SW ) . In yet another example , the pulse 
width - modulation ( PWM ) controller 1820 further includes 
an overvoltage - protection ( OVP ) detector that is substan 
tially similar to the overvoltage - protection ( OVP ) detector 
320 ( e . g . , as shown in FIG . 4 , FIG . 5 , FIG . 6 , FIG . 8 , and / or 
FIG . 9 ) . 

[ 0211 ] As shown in FIG . 18 , an AC input voltage 1850 
( e . g . , VAC ) is received and rectified ( e . g . , with full - wave 
rectification ) to generate a rectified voltage 1852 ( e . g . , Vin ) 
according to one embodiment . For example , the rectified 
voltage 1852 does not fall below the chip ground ( e . g . , zero 
volts ) . In another example , the rectified voltage 1852 
charges the capacitor 1812 ( e . g . , C2 ) through the inductive 
winding 1842 , the diode 1844 , and the resistor 1810 ( e . g . , 
R2 ) in order to increase a voltage 1854 in magnitude . 
[ 0212 ] . According to another embodiment , the voltage 
1854 is received by the switch 1840 ( e . g . , by the gate of the 
transistor 1840 ) , and by the PWM controller 1820 ( e . g . , by 
the terminal 1826 of the PWM controller 1820 ) . For 
example , the voltage 1854 increases so that the switch 1840 
is closed ( e . g . , the transistor 1840 is turned on ) . In another 
example , if the switch 1840 is closed ( e . g . , the transistor 
1840 is turned on ) , a voltage 1858 of the terminal 1822 is 
raised through the switch 1840 and the internal circuit of the 
PWM controller 1820 . According to yet another embodi 
ment , if the voltage 1858 of the terminal 1822 becomes 
larger than an undervoltage - lockout ( UVLO ) threshold , the 
PWM controller 1820 starts the normal operation . For 
example , under normal operation , the PWM controller 1820 
generates a drive signal 1856 with pulse - width modulation 
to perform the source switching to the switch 1840 ( e . g . , the 
transistor 1840 ) . In yet another example , the resistor 1818 is 

used to sense the current flowing through the inductive 
winding 1842 and to generate the current - sensing voltage 
signal 1884 . 
[ 0213 ] . According to yet another embodiment , the induc 
tive winding 1842 includes winding terminals 1841 and 
1843 , and the diode 1844 includes diode terminals 1845 and 
1847 . For example , the winding terminal 1843 is biased at 
the voltage signal 1888 ( e . g . , VD ) and is coupled to the 
diode terminal 1845 . In another example , a voltage differ 
ence between the diode terminal 1847 and the winding 
terminal 1841 is equal to an output voltage 1860 ( e . g . , V . ) 
of the power converter 1800 . 
[ 0214 ] According to yet another embodiment , the power 
conversion system 1800 generates the output voltage 1860 
( e . g . , V . ) . For example , the capacitor 1814 ( e . g . , C5 ) is used 
to support the output voltage 1860 ( e . g . , V . ) of the power 
conversion system 1800 . In yet another example , the power 
conversion system 1800 provides a constant output current 
to one or more light emitting diodes ( LEDs ) 1890 . As shown 
in FIG . 18 , the resistor 1880 ( e . g . , R4 ) receives a voltage 
signal 1888 ( e . g . , VD ) , and in response , the resistor 1880 
( e . g . , R4 ) and the resistor 1882 ( e . g . , R5 ) generate a voltage 
signal 1886 , which is received by the PWM controller 1820 
through the terminal 1832 , according to certain embodi 
ments . For example , the voltage signal 1886 is received by 
the overvoltage - protection ( OVP ) detector of the pulse 
width - modulation ( PWM ) controller 1820 , and the overvolt 
age - protection ( OVP ) detector is substantially similar to the 
overvoltage - protection ( OVP ) detector 320 ( e . g . , as shown 
in FIG . 4 , FIG . 5 , FIG . 6 , FIG . 8 , and / or FIG . 9 ) . 
[ 0215 ) FIG . 19 is a simplified diagram showing an AC - to 
DC power conversion system with primary - side regulation 
( PSR ) and buck - boost mechanism for LED lighting accord 
ing to yet another embodiment of the present invention . This 
diagram is merely an example , which should not unduly 
limit the scope of the claims . One of ordinary skill in the art 
would recognize many variations , alternatives , and modifi 
cations . The AC - to - DC power conversion system 1900 ( e . g . , 
a power converter ) includes resistors 1910 , 1918 , 1980 and 
1982 , capacitors 1912 , 1914 , 1916 , and 1992 , a pulse - width 
modulation ( PWM ) controller 1920 , a switch 1940 , an 
inductive winding 1942 , and a diode 1944 . For example , the 
AC - to - DC power conversion system 1900 includes only one 
inductive winding ( e . g . , the inductive winding 1942 ) . In 
another example , the pulse - width - modulation ( PWM ) con 
troller 1920 includes a terminal 1922 ( e . g . , pin VDD ) , a 
terminal 1924 ( e . g . , pin COMP ) , a terminal 1926 ( e . g . , pin 
GATE ) , a terminal 1928 ( e . g . , pin CS ) , a terminal 1930 ( e . g . , 
pin GND ) , a terminal 1932 ( e . g . , pin Vsense ) , and a terminal 
1934 ( e . g . , pin SW ) . In yet another example , the pulse 
width - modulation ( PWM ) controller 1920 further includes 
an overvoltage - protection ( OVP ) detector that is substan 
tially similar to the overvoltage - protection ( OVP ) detector 
1220 ( e . g . , as shown in FIG . 13 , FIG . 14 , FIG . 15 , and FIG . 
16 ) . 
[ 0216 ] As shown in FIG . 19 , an AC input voltage 1950 
( e . g . , VAC ) is received and rectified ( e . g . , with full - wave 
rectification ) to generate a rectified voltage 1952 ( e . g . , Vin ) 
according to one embodiment . For example , the rectified 
voltage 1952 does not fall below the chip ground ( e . g . , zero 
volts ) . In another example , the rectified voltage 1952 
charges the capacitor 1912 ( e . g . , C2 ) through the inductive 
winding 1942 , the diode 1944 , and the resistor 1910 ( e . g . , 
R2 ) in order to increase a voltage 1954 in magnitude . 
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10217 ] According to another embodiment , the voltage 
1954 is received by the switch 1940 ( e . g . , by the gate of the 
transistor 1940 ) , and by the PWM controller 1920 ( e . g . , by 
the terminal 1926 of the PWM controller 1920 ) . For 
example , the voltage 1954 increases so that the switch 1940 
is closed ( e . g . , the transistor 1940 is turned on ) . In another 
example , if the switch 1940 is closed ( e . g . , the transistor 
1940 is turned on ) , a voltage 1958 of the terminal 1922 is 
raised through the switch 1940 and the internal circuit of the 
PWM controller 1920 . According to yet another embodi 
ment , if the voltage 1958 of the terminal 1922 becomes 
larger than an undervoltage - lockout ( UVLO ) threshold , the 
PWM controller 1920 starts the normal operation . For 
example , under normal operation , the PWM controller 1920 
generates a drive signal 1956 with pulse - width modulation 
to perform the source switching to the switch 1940 ( e . g . , the 
transistor 1940 ) . In yet another example , the resistor 1918 is 
used to sense the current flowing through the inductive 
winding 1942 and to generate the current - sensing voltage 
signal 1984 . 
[ 0218 ] According to yet another embodiment , the induc 
tive winding 1942 includes winding terminals 1941 and 
1943 , and the diode 1944 includes diode terminals 1945 and 
1947 . For example , the winding terminal 1941 is biased at 
the rectified voltage 1952 ( e . g . , Vin ) . In another example , the 
winding terminal 1943 is coupled to the diode terminal 
1945 . In yet another example , a voltage difference between 
the diode terminal 1947 and the winding terminal 1941 is 
equal to an output voltage 1960 ( e . g . , V . ) of the power 
converter 1900 . 
[ 02191 According to yet another embodiment , the power 
conversion system 1900 generates an output voltage 1960 
( e . g . , V . ) . For example , the capacitor 1914 ( e . g . , C5 ) is used 
to support the output voltage 1960 ( e . g . , V . ) of the power 
conversion system 1900 . In yet another example , the power 
conversion system 1900 provides a constant output current 
to one or more light emitting diodes ( LEDs ) 1990 . As shown 
in FIG . 19 , the resistor 1980 ( e . g . , R4 ) receives the rectified 
voltage 1952 , and in response , the resistor 1980 ( e . g . , R4 ) 
and the resistor 1982 ( e . g . , R5 ) generate a voltage signal 
1986 , which is received by the PWM controller 1920 
through the terminal 1932 , according to certain embodi 
ments . For example , the voltage signal 1986 is received by 
the overvoltage - protection ( OVP ) detector of the pulse 
width - modulation ( PWM ) controller 1920 , and the overvolt 
age - protection ( OVP ) detector is substantially similar to the 
overvoltage - protection ( OVP ) detector 1220 ( e . g . , as shown 
in FIG . 13 , FIG . 14 , FIG . 15 , and FIG . 16 ) . 
[ 0220 ] According to some embodiments , an overvoltage 
protection ( OVP ) detector of the pulse - width - modulation 
( PWM ) controller as part of an AC - to - DC power conversion 
system is provided . For example , the overvoltage - protection 
( OVP ) detector of the pulse - width - modulation ( PWM ) con 
troller is applicable to various configurations of the AC - to 
DC power conversion system . In another example , the 
overvoltage - protection ( OVP ) detector of the pulse - width 
modulation ( PWM ) controller can reliably perform the over 
voltage protection , even though the overvoltage - protection 
( OVP ) detector does not directly detect the magnitude of the 
output voltage . In yet another example , in response to 
detecting the overvoltage occurrence , the overvoltage - pro 
tection ( OVP ) detector reduces the output voltage in mag 
nitude and protects the output capacitor ( e . g . , the capacitor 
214 and / or the capacitor 1114 ) . In yet another example , the 

overvoltage - protection ( OVP ) detector of the pulse - width 
modulation ( PWM ) controller can simplify structure of the 
AC - to - DC power conversion system with primary - side 
regulation ( PSR ) and buck - boost mechanism . 
[ 0221 ] According to another embodiment , a system con 
troller ( e . g . , the system controller 220 ) for a power converter 
( e . g . , the power converter 200 ) includes a logic controller 
( e . g . , the logic controller 340 ) configured to generate a 
modulation signal ( e . g . , the signal 342 ) , and a driver ( e . g . , 
the driver 350 ) configured to receive the modulation signal , 
generate a drive signal ( e . g . , the signal 256 ) based at least in 
part on the modulation signal , and output the drive signal to 
a switch ( e . g . , the switch 240 ) to affect a current flowing 
through an inductive winding ( e . g . , the winding 242 ) for a 
power converter ( e . g . , the power converter 200 ) . Addition 
ally , the system controller ( e . g . , the system controller 220 ) 
includes a voltage - to - voltage converter ( e . g . , the converter 
410 and / or the converter 510 ) configured to receive a first 
voltage signal ( e . g . , the signal 484 and / or the signal 584 ) , the 
modulation signal ( e . g . , the signal 342 ) , and a demagneti 
zation signal ( e . g . , the signal 312 ) , and to generate a second 
voltage signal ( e . g . , the signal 412 and / or the signal 512 ) 
based at least in part on the first voltage signal , the modu 
lation signal , and the demagnetization signal . Moreover , the 
system controller ( e . g . , the system controller 220 ) includes 
a comparator ( e . g . , the comparator 430 and / or the compara 
tor 590 ) configured to receive a first threshold signal ( e . g . , 
the signal 432 and / or the signal 592 ) , generate a comparison 
signal ( e . g . , the signal 322 ) based on at least information 
associated with the second voltage signal and the first 
threshold signal , and output the comparison signal to the 
logic controller . The modulation signal indicates an on - time 
period for the switch , and the demagnetization signal indi 
cates a demagnetization period for the inductive winding . 
The second voltage signal is approximately equal to the first 
voltage signal multiplied by a ratio of the on - time period to 
a sum of the on - time period and the demagnetization period 
in magnitude ( e . g . , as shown by Equation 8 ) . For example , 
the system controller is implemented according to at least 
FIG . 2 , FIG . 3 , FIG . 4 , and / or FIG . 5 . 
[ 0222 ] In another example , the second voltage signal is 
equal to the first voltage signal multiplied by the ratio of the 
on - time period to the sum of the on - time period and the 
demagnetization period in magnitude ( e . g . , as shown by 
Equation 8 ) . In yet another example , the comparison signal 
indicates whether an overvoltage protection is triggered , and 
the logic controller ( e . g . , the controller 340 ) is configured to , 
in response to the comparison signal indicating the over 
voltage protection is triggered , cause the power converter to 
shut down . 
[ 0223 ] In yet another example , the system controller fur 
ther includes a low - pass filter ( e . g . , the filter 420 and / or the 
filter 520 ) configured to receive the second voltage signal 
and generate a third voltage signal ( e . g . , the signal 422 
and / or the signal 522 ) based at least in part on the second 
voltage signal . The comparator ( e . g . , the comparator 430 
and / or the comparator 590 ) is further configured to generate 
the comparison signal ( e . g . , the signal 322 ) based on at least 
information associated with the third voltage signal and the 
first threshold signal . In yet another example , the comparator 
( e . g . , the comparator 430 ) is further configured to receive the 
third voltage signal and generate the comparison signal ( e . g . , 
the signal 322 ) based at least in part on the third voltage 
signal and the first threshold signal . In yet another example , 
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the system controller further includes an average - determi 
nation circuit ( e . g . , the average - determination circuit 530 ) 
configured to receive the third voltage signal and a second 
threshold signal ( e . g . , the signal 532 ) and generate a fourth 
voltage signal ( e . g . , the signal 534 ) based at least in part on 
the third voltage signal and the second threshold signal . 
0224 ] In yet another example , the average - determination 
circuit ( e . g . , the average - determination circuit 530 ) is further 
configured to compare the third voltage signal and the 
second threshold signal in magnitude , in response to the 
third voltage signal being larger than the second threshold 
signal in magnitude , increase the fourth voltage signal ( e . g . , 
the signal 534 ) in magnitude ( e . g . , as shown in FIG . 7 ) , and 
in response to the third voltage signal being smaller than the 
second threshold signal in magnitude , decrease the fourth 
voltage signal ( e . g . , the signal 534 ) in magnitude ( e . g . , as 
shown in FIG . 7 ) . In yet another example , the comparator 
( e . g . , the comparator 590 ) is further configured to receive the 
fourth voltage signal and generate the comparison signal 
( e . g . , the signal 322 ) based at least in part on the fourth 
voltage signal and the first threshold signal ( e . g . , the signal 
592 ) . 
[ 0225 ) According to yet another embodiment , a system 
controller ( e . g . , the system controller 220 ) for a power 
converter ( e . g . , the power converter 200 ) includes a logic 
controller ( e . g . , the logic controller 340 ) configured to 
generate a modulation signal ( e . g . , the signal 342 ) , and a 
driver ( e . g . , the driver 350 ) configured to receive the modu 
lation signal , generate a drive signal ( e . g . , the signal 256 ) 
based at least in part on the modulation signal , and output the 
drive signal to a switch ( e . g . , the switch 240 ) to affect a 
current flowing through an inductive winding ( e . g . , the 
winding 242 ) of a power converter ( e . g . , the power converter 
200 ) . The inductive winding includes a first winding termi 
nal and a second winding terminal . The second winding 
terminal is at a terminal voltage ( e . g . , the voltage 288 ) and 
coupled to a first diode terminal of a diode , and the diode 
further includes a second diode terminal . A voltage differ 
ence between the second diode terminal and the first wind 
ing terminal is , for example , an output voltage ( e . g . , the 
voltage 260 ) of the power converter ( e . g . , the power con 
verter 200 ) . Additionally , the system controller further 
includes an overvoltage - protection detector ( e . g . , the over 
voltage - protection detector 320 ) configured to receive a 
feedback signal ( e . g . , the signal 286 ) and a demagnetization 
signal ( e . g . , the signal 312 ) , generate a detection signal ( e . g . , 
the signal 322 ) based at least in part on the feedback signal 
and the demagnetization signal , and output the detection 
signal to the logic controller ( e . g . , the logic controller 340 ) . 
The feedback signal is equal to the terminal voltage ( e . g . , the 
voltage 288 ) divided by a predetermined constant ( e . g . , as 
shown by Equation 2A and / or Equation 2B ) . The demagne 
tization signal indicates a demagnetization period for the 
inductive winding , and the detection signal indicates 
whether an overvoltage protection is triggered . The logic 
controller ( e . g . , the logic controller 340 ) is configured to , in 
response to the detection signal indicating the overvoltage 
protection is triggered , cause the power converter to shut 
down . For example , the system controller is implemented 
according to at least FIG . 2 , FIG . 3 , FIG . 4 , FIG . 5 , FIG . 8 , 
and / or FIG . 18 . 
[ 0226 ] In another example , the overvoltage - protection 
detector ( e . g . , the overvoltage - protection detector 320 ) 
includes a sample - and - hold circuit ( e . g . , the sample - and 

hold circuit 480 and / or the sample - and - hold circuit 580 ) 
configured to receive the feedback signal ( e . g . , the signal 
286 ) and generate a sampled - and - held signal ( e . g . , the signal 
484 and / or the signal 584 ) based at least in part on the 
feedback signal , a voltage - to - voltage converter ( e . g . , the 
voltage - to - voltage converter 410 and / or the voltage - to - volt 
age converter 510 ) configured to receive the sampled - and 
held signal ( e . g . , the signal 484 and / or the signal 584 ) and 
the demagnetization signal ( e . g . , the signal 312 ) and gener 
ate a first voltage signal ( e . g . , the signal 412 and / or the signal 
512 ) based at least in part on the sampled - and - held signal 
and the demagnetization signal , and a comparator ( e . g . , the 
comparator 430 and / or the comparator 590 ) configured to 
receive a first threshold signal ( e . g . , the signal 432 and / or the 
signal 592 ) and generate the detection signal ( e . g . , the signal 
322 ) based on at least information associated with the first 
voltage signal and the first threshold signal . In yet another 
example , the first voltage signal is approximately equal to 
the output voltage of the power converter divided by the 
predetermined constant ( e . g . , as shown by Equation 10A ) . In 
yet another example , the overvoltage - protection detector 
( e . g . , the overvoltage - protection detector 320 ) further 
includes a low - pass filter ( e . g . , the low - pass filter 420 and / or 
the low - pass filter 520 ) configured to receive the first voltage 
signal and generate a filtered signal ( e . g . , the signal 422 
and / or the signal 522 ) based at least in part on the first 
voltage signal . The comparator ( e . g . , the comparator 430 
and / or the comparator 590 ) is further configured to generate 
the detection signal ( e . g . , the signal 322 ) based on at least 
information associated with the filtered signal and the first 
threshold signal . 
[ 0227 ] In yet another example , the comparator ( e . g . , com 
parator 430 ) is further configured to receive the filtered 
signal ( e . g . , the signal 422 ) and generate the detection signal 
( e . g . , the signal 322 ) based at least in part on the filtered 
signal and the first threshold signal ( e . g . , as shown in FIG . 
4 ) . In yet another example , the overvoltage - protection detec 
tor ( e . g . , the overvoltage - protection detector 320 ) further 
includes an average - determination circuit ( e . g . , the average 
determination circuit 530 ) configured to receive the filtered 
signal and a second threshold signal ( e . g . , the signal 532 ) 
and generate a second voltage signal ( e . g . , the signal 534 ) 
based at least in part on the filtered signal and the second 
threshold signal ( e . g . , as shown in FIG . 5 ) . In yet another 
example , the average - determination circuit ( e . g . , the aver 
age - determination circuit 530 ) is further configured to com 
pare the filtered signal and the second threshold signal in 
magnitude , in response to the filtered signal being larger 
than the second threshold signal in magnitude , increase the 
second voltage signal ( e . g . , the signal 534 ) in magnitude , 
and in response to the filtered signal being smaller than the 
second threshold signal in magnitude , decrease the second 
voltage signal ( e . g . , the signal 534 ) in magnitude ( e . g . , as 
shown in FIG . 7 ) . In yet another example , the comparator 
( e . g . , the comparator 590 ) is further configured to receive the 
second voltage signal and generate the detection signal ( e . g . , 
the signal 322 ) based at least in part on the second voltage 
signal and the first threshold signal ( e . g . , the signal 592 ) 
( e . g . , as shown in FIG . 5 ) . 
[ 0228 ] In yet another example , the overvoltage - protection 
detector ( e . g . , the overvoltage - protection detector 320 ) is 
further configured to receive the feedback signal ( e . g . , the 
signal 286 ) from a first resistor terminal of a first resistor 
( e . g . , the resistor 282 ) and a second resistor terminal of a 
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second resistor ( e . g . , the resistor 280 ) , the first resistor 
terminal being coupled to the second resistor terminal . The 
second resistor ( e . g . , the resistor 280 ) further includes a third 
resistor terminal biased at the terminal voltage ( e . g . , the 
voltage 288 ) . 
[ 0229 ] In yet another example , the overvoltage - protection 
detector ( e . g . , the overvoltage - protection detector 320 ) 
includes a sample - and - hold circuit ( e . g . , the sample - and 
hold circuit 880 ) configured to receive the feedback signal 
( e . g . , the signal 286 ) and generate a sampled - and - held signal 
( e . g . , the signal 884 ) based at least in part on the feedback 
signal , a first voltage - to - current converter ( e . g . , the voltage 
to - current converter 810 ) configured to receive the sampled 
and - held signal ( e . g . , the signal 884 ) and generate a first 
current signal ( e . g . , the signal 812 ) based at least in part on 
the sampled - and - held signal , and a second voltage - to - cur 
rent converter ( e . g . , the voltage - to - current converter 814 ) 
configured to receive a first threshold signal ( e . g . , the signal 
818 ) and generate a second current signal ( e . g . , the signal 
816 ) based at least in part on the first threshold signal ( e . g . , 
as shown in FIG . 8 ) . The overvoltage - protection detector 
( e . g . , the overvoltage - protection detector 320 ) further 
includes a current generator ( e . g . , the current generator 820 ) 
configured to receive the first current signal and the second 
current signal and generate a third current signal ( e . g . , the 
signal 822 ) based at least in part on the first current signal 
and the second current signal , a capacitor ( e . g . , the capacitor 
830 ) configured to receive the third current signal and 
generate a voltage signal ( e . g . , the signal 832 ) based at least 
in part on the third current signal , and a controlled com 
parator ( e . g . , the controlled comparator 890 ) configured to 
receive the voltage signal , a second threshold signal ( e . g . , 
the signal 892 ) and the demagnetization signal ( e . g . , the 
signal 312 ) and generate the detection signal ( e . g . , the signal 
322 ) based at least in part on the voltage signal , the second 
threshold signal , and the demagnetization signal ( e . g . , as 
shown in FIG . 8 ) . 
[ 0230 ] In yet another example , the current generator is 
further configured to receive the modulation signal ( e . g . , the 
signal 342 ) and the demagnetization signal ( e . g . , the signal 
312 ) and generate the third current signal ( e . g . , the signal 
822 ) based at least in part on the first current signal , the 
second current signal , the modulation signal , and the demag 
netization signal . In yet another example , the controlled 
comparator ( e . g . , the controlled comparator 890 ) includes a 
first comparator ( e . g . , the comparator 950 ) configured to 
receive the voltage signal and the second threshold signal 
and generate a comparison signal ( e . g . , the signal 952 ) based 
at least in part on the voltage signal and the second threshold 
signal , and an edge - triggered latch ( e . g . , the edge - triggered 
latch 940 ) configured to receive the comparison signal and 
the demagnetization signal ( e . g . , the signal 312 ) and gener 
ate the detection signal ( e . g . , the signal 322 ) based at least 
in part on the comparison signal and the demagnetization 
signal . 
[ 0231 ] According to yet another embodiment , a system 
controller ( e . g . , the system controller 1120 ) for a power 
converter ( e . g . , the power converter 1100 ) includes a logic 
controller ( e . g . , the logic controller 1240 ) configured to 
generate a modulation signal ( e . g . , the signal 1242 ) , and a 
driver ( e . g . , the driver 1250 ) configured to receive the 
modulation signal , generate a drive signal ( e . g . , the signal 
1156 ) based at least in part on the modulation signal , and 
output the drive signal to a switch ( e . g . , the switch 1140 ) to 

affect a current flowing through an inductive winding ( e . g . , 
the winding 1142 ) of a power converter ( e . g . , the power 
converter 1100 ) . The inductive winding includes a first 
winding terminal ( e . g . , the terminal 1141 ) and a second 
winding terminal ( e . g . , the terminal 1143 ) . The first winding 
terminal is at a terminal voltage ( e . g . , the voltage 1152 ) , and 
the second winding terminal is coupled to a first diode 
terminal ( e . g . , the terminal 1145 ) of a diode ( e . g . , the diode 
1144 ) . The diode further includes a second diode terminal 
( e . g . , the terminal 1147 ) . A voltage difference between the 
second diode terminal and the first winding terminal is , for 
example , an output voltage ( e . g . , the voltage 1160 ) of the 
power converter ( e . g . , the power converter 1100 ) . Addition 
ally , the system controller ( e . g . , the system controller 1120 ) 
includes an overvoltage - protection detector ( e . g . , the over 
voltage - protection detector 1220 ) configured to receive an 
input signal ( e . g . , the signal 1186 ) and a demagnetization 
signal ( e . g . , the signal 1212 ) , generate a detection signal 
( e . g . , the signal 1222 ) based at least in part on the input 
signal and the demagnetization signal , and output the detec 
tion signal to the logic controller ( e . g . , the logic controller 
1240 ) . The input signal is equal to the terminal voltage ( e . g . , 
the voltage 1152 ) divided by a predetermined constant ( e . g . , 
as shown by Equation 45A and / or Equation 45B ) . The 
demagnetization signal indicates a demagnetization period 
for the inductive winding , and the detection signal indicates 
whether an overvoltage protection is triggered . The logic 
controller ( e . g . , the logic controller 1240 ) is configured to , in 
response to the detection signal indicating the overvoltage 
protection is triggered , cause the power converter to shut 
down . For example , the power converter ( e . g . , the power 
converter 1100 ) is implemented according to at least FIG . 
11 , FIG . 12 , FIG . 13 , FIG . 14 , FIG . 15 , and / or FIG . 19 ) . 
[ 0232 ] In another example , the overvoltage - protection 
detector ( e . g . , the overvoltage - protection detector 1220 ) 
includes a sample - and - hold circuit ( e . g . , the sample - and 
hold circuit 1380 and / or the sample - and - hold circuit 1480 ) 
configured to receive the input signal ( e . g . , the signal 1186 ) 
and generate a sampled - and - held signal ( e . g . , the signal 
1384 and / or the signal 1484 ) based at least in part on the 
input signal , a voltage - to - voltage converter ( e . g . , the volt 
age - to - voltage converter 1310 and / or the voltage - to - voltage 
converter 1410 ) configured to receive the sampled - and - held 
signal ( e . g . , the signal 1384 and / or the signal 1484 ) and the 
demagnetization signal ( e . g . , the signal 1212 ) and generate 
a first voltage signal ( e . g . , the signal 1312 and / or the signal 
1412 ) based at least in part on the sampled - and - held signal 
and the demagnetization signal , and a comparator ( e . g . , the 
comparator 1330 and / or the comparator 1490 ) configured to 
receive a first threshold signal ( e . g . , the signal 1332 and / or 
the signal 1492 ) and generate the detection signal ( e . g . , the 
signal 1222 ) based on at least information associated with 
the first voltage signal and the first threshold signal . 
[ 0233 ] In yet another example , the first voltage signal is 
approximately equal to the output voltage of the power 
converter divided by the predetermined constant ( e . g . , as 
shown by Equation 48A ) . In yet another example , the 
overvoltage - protection detector ( e . g . , the overvoltage - pro 
tection detector 1220 ) further includes a low - pass filter ( e . g . , 
the low - pass filter 1320 and / or the low - pass filter 1420 ) 
configured to receive the first voltage signal and generate a 
filtered signal ( e . g . , the filtered signal 1322 and / or the 
filtered signal 1422 ) based at least in part on the first voltage 
signal . The comparator ( e . g . , the comparator 1330 and / or the 
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comparator 1490 ) is further configured to generate the 
detection signal ( e . g . , the signal 1222 ) based on at least 
information associated with the filtered signal and the first 
threshold signal . 
[ 0234 ] In yet another example , the comparator ( e . g . , the 
comparator 1330 ) is further configured to receive the filtered 
signal ( e . g . , the signal 1322 ) and generate the detection 
signal ( e . g . , the signal 1222 ) based at least in part on the 
filtered signal and the first threshold signal ( e . g . , as shown 
in FIG . 13 ) . In yet another example , the overvoltage - pro 
tection detector ( e . g . , the overvoltage - protection detector 
1220 ) further includes an average - determination circuit 
( e . g . , the average - determination circuit 1430 ) configured to 
receive the filtered signal and a second threshold signal ( e . g . , 
the signal 1432 ) and generate a second voltage signal ( e . g . , 
the signal 1434 ) based at least in part on the filtered signal 
and the second threshold signal ( e . g . , as shown in FIG . 14 ) . 
[ 0235 ] In yet another example , the average - determination 
circuit ( e . g . , the average - determination circuit 1430 ) is fur 
ther configured to compare the filtered signal and the second 
threshold signal in magnitude , in response to the filtered 
signal being larger than the second threshold signal in 
magnitude , increase the second voltage signal ( e . g . , the 
signal 1434 ) in magnitude , and in response to the filtered 
signal being smaller than the second threshold signal in 
magnitude , decrease the second voltage signal ( e . g . , the 
signal 1434 ) in magnitude . In yet another example , the 
comparator ( e . g . , the comparator 1490 ) is further configured 
to receive the second voltage signal and generate the detec 
tion signal ( e . g . , the signal 1222 ) based at least in part on the 
second voltage signal and the first threshold signal ( e . g . , the 
signal 1492 ) ( e . g . , as shown in FIG . 14 ) . 
[ 0236 ] In yet another example , the overvoltage - protection 
detector ( e . g . , the overvoltage - protection detector 1220 ) is 
further configured to receive the input signal ( e . g . , the signal 
1186 ) from a first resistor terminal of a first resistor ( e . g . , the 
resistor 1182 ) and a second resistor terminal of a second 
resistor ( e . g . , the resistor 1180 ) . The first resistor terminal is 
coupled to the second resistor terminal . The second resistor 
( e . g . , the resistor 1180 ) further includes a third resistor 
terminal biased at the terminal voltage ( e . g . , the voltage 
1152 ) . In yet another example , the overvoltage - protection 
detector ( e . g . , the overvoltage - protection detector 1220 ) 
includes a sample - and - hold circuit ( e . g . , the sample - and 
hold circuit 1580 ) configured to receive the input signal 
( e . g . , the signal 1186 ) and generate a sampled - and - held 
signal ( e . g . , the signal 1584 ) based at least in part on the 
input signal , a first voltage - to - current converter ( e . g . , the 
first voltage - to - current converter 1510 ) configured to 
receive the sampled - and - held signal ( e . g . , the signal 1584 ) 
and generate a first current signal ( e . g . , the signal 1512 ) 
based at least in part on the sampled - and - held signal , and a 
second voltage - to - current converter ( e . g . , the voltage - to 
current converter 1514 ) configured to receive a first thresh 
old signal ( e . g . , the signal 1518 ) and generate a second 
current signal ( e . g . , the signal 1516 ) based at least in part on 
the first threshold signal ( e . g . , as show in FIG . 15 ) . Addi 
tionally , the overvoltage - protection detector ( e . g . , the over 
voltage - protection detector 1220 ) includes a current genera 
tor ( e . g . , the current generator 1520 ) configured to receive 
the first current signal and the second current signal and 
generate a third current signal ( e . g . , the signal 1522 ) based 
at least in part on the first current signal and the second 
current signal , a capacitor ( e . g . , the capacitor 1530 ) config 

ured to receive the third current signal and generate a voltage 
signal ( e . g . , the signal 1532 ) based at least in part on the 
third current signal , and a controlled comparator ( e . g . , the 
controlled comparator 1590 ) configured to receive the volt 
age signal , a second threshold signal ( e . g . , the signal 1592 ) 
and the demagnetization signal ( e . g . , the signal 1212 ) and 
generate the detection signal ( e . g . , the signal 1222 ) based at 
least in part on the voltage signal , the second threshold 
signal , and the demagnetization signal ( e . g . , as show in FIG . 
15 ) . 
[ 0237 ] In yet another example , the current generator is 
further configured to receive the modulation signal ( e . g . , the 
signal 1242 ) and the demagnetization signal ( e . g . , the signal 
1212 ) and generate the third current signal ( e . g . , the signal 
1522 ) based at least in part on the first current signal , the 
second current signal , the modulation signal , and the demag 
netization signal . In yet another example , the controlled 
comparator ( e . g . , the controlled comparator 1590 ) includes 
a first comparator ( e . g . , the comparator 1650 ) configured to 
receive the voltage signal and the second threshold signal 
and generate a comparison signal ( e . g . , the signal 1652 ) 
based at least in part on the voltage signal and the second 
threshold signal , and an edge - triggered latch ( e . g . , the edge 
triggered latch 1640 ) configured to receive the comparison 
signal and the demagnetization signal ( e . g . , the signal 1212 ) 
and generate the detection signal ( e . g . , the signal 1222 ) 
based at least in part on the comparison signal and the 
demagnetization signal . 
[ 0238 ] According to yet another embodiment , a method 
for a power converter ( e . g . , the power converter 200 ) 
includes generating a modulation signal ( e . g . , the signal 
342 ) , receiving the modulation signal , generating a drive 
signal ( e . g . , the signal 256 ) based at least in part on the 
modulation signal , and outputting the drive signal to a 
switch ( e . g . , the switch 240 ) to affect a current flowing 
through an inductive winding ( e . g . , the winding 242 ) for a 
power converter ( e . g . , the power converter 242 ) . Addition 
ally , the method includes receiving a first voltage signal 
( e . g . , the signal 484 and / or the signal 584 ) , the modulation 
signal ( e . g . , the signal 342 ) , and a demagnetization signal 
( e . g . , the signal 312 ) , generating a second voltage signal 
( e . g . , the signal 412 and / or the signal 512 ) based at least in 
part on the first voltage signal , the modulation signal , and the 
demagnetization signal , receiving a first threshold signal 
( e . g . , the signal 432 and / or the signal 592 ) , generating a 
comparison signal ( e . g . , the signal 322 ) based on at least 
information associated with the second voltage signal and 
the first threshold signal , and outputting the comparison 
signal . The modulation signal indicates an on - time period 
for the switch , and the demagnetization signal indicates a 
demagnetization period for the inductive winding . The sec 
ond voltage signal is approximately equal to the first voltage 
signal multiplied by a ratio of the on - time period to a sum 
of the on - time period and the demagnetization period in 
magnitude ( e . g . , as shown by Equation 8 ) . For example , the 
method is implemented according to at least FIG . 2 , FIG . 3 , 
FIG . 4 , and / or FIG . 5 ) . 
[ 0239 ] In another example , the second voltage signal is 
equal to the first voltage signal multiplied by the ratio of the 
on - time period to the sum of the on - time period and the 
demagnetization period in magnitude ( e . g . , as shown by 
Equation 8 ) . In yet another example , the method further 
includes , in response to the comparison signal indicating the 
overvoltage protection is triggered , causing the power con 
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verter to shut down . In yet another example , the method 
further includes receiving the second voltage signal , per 
forming low - pass filtering to the second voltage signal , and 
generating a third voltage signal ( e . g . , the signal 422 and / or 
the signal 522 ) based at least in part on the second voltage 
signal . The generating a comparison signal ( e . g . , the signal 
322 ) based on at least information associated with the 
second voltage signal and the first threshold signal includes 
generating the comparison signal ( e . g . , the signal 322 ) based 
on at least information associated with the third voltage 
signal and the first threshold signal . 
[ 0240 ] According to yet another embodiment , a method 
for a power converter ( e . g . , the power converter 200 ) 
includes generating a modulation signal ( e . g . , the signal 
342 ) , receiving the modulation signal , generating a drive 
signal ( e . g . , the signal 256 ) based at least in part on the 
modulation signal , and outputting the drive signal to a 
switch ( e . g . , the switch 240 ) to affect a current flowing 
through an inductive winding ( e . g . , the winding 242 ) of a 
power converter ( e . g . , the power converter 200 ) . The induc 
tive winding includes a first winding terminal ( e . g . , the 
terminal 241 ) and a second winding terminal ( e . g . , the 
terminal 243 ) . The second winding terminal is at a terminal 
voltage ( e . g . , the voltage 288 ) and coupled to a first diode 
terminal ( e . g . , the terminal 245 ) of a diode ( e . g . , the diode 
244 ) . The diode further includes a second diode terminal 
( e . g . , the terminal 247 ) . A voltage difference between the 
second diode terminal and the first winding terminal is , for 
example , an output voltage ( e . g . , the voltage 260 ) of the 
power converter . Additionally , the method includes receiv 
ing a feedback signal ( e . g . , the signal 286 ) and a demagne 
tization signal ( e . g . , the signal 312 ) . The feedback signal is 
equal to the terminal voltage ( e . g . , the voltage 288 ) divided 
by a predetermined constant ( e . g . , as shown by Equation 2A 
and / or Equation 2B ) . The demagnetization signal indicates a 
demagnetization period for the inductive winding . More 
over , the method includes generating a detection signal ( e . g . , 
the signal 322 ) based at least in part on the feedback signal 
and the demagnetization signal , and outputting the detection 
signal . The detection signal indicates whether an overvolt 
age protection is triggered . Also , the method includes , in 
response to the detection signal indicating the overvoltage 
protection is triggered , causing the power converter to shut 
down . For example , the method is implemented according to 
at least FIG . 2 , FIG . 3 , FIG . 4 , FIG . 5 , FIG . 8 , and / or FIG . 
18 ) . 
[ 0241 ] In another example , the generating a detection 
signal ( e . g . , the signal 322 ) based at least in part on the 
feedback signal and the demagnetization signal includes 
generating a sampled - and - held signal ( e . g . , the signal 484 
and / or the signal 584 ) based at least in part on the feedback 
signal , receiving the sampled - and - held signal ( e . g . , the sig 
nal 484 and / or the signal 584 ) , and generating a voltage 
signal ( e . g . , the signal 412 and / or the signal 512 ) based at 
least in part on the sampled - and - held signal and the demag 
netization signal . Additionally , the method includes receiv 
ing a first threshold signal ( e . g . , the signal 432 and / or the 
signal 592 ) , and generating the detection signal ( e . g . , the 
signal 322 ) based on at least information associated with the 
voltage signal and the first threshold signal . In yet another 
example , the voltage signal is approximately equal to the 
output voltage of the power converter divided by the pre - 
determined constant ( e . g . , as shown by Equation 10A ) . 

[ 0242 ] In yet another example , the generating a detection 
signal ( e . g . , the signal 322 ) based at least in part on the 
feedback signal and the demagnetization signal includes 
generating a sampled - and - held signal ( e . g . , the signal 884 ) 
based at least in part on the feedback signal , receiving the 
sampled - and - held signal ( e . g . , the signal 884 ) , generating a 
first current signal ( e . g . , the signal 812 ) based at least in part 
on the sampled - and - held signal , receiving a first threshold 
signal ( e . g . , the signal 818 ) , and generating a second current 
signal ( e . g . , the signal 816 ) based at least in part on the first 
threshold signal ( e . g . , as shown in FIG . 8 ) . Additionally , the 
generating a detection signal ( e . g . , the signal 322 ) based at 
least in part on the feedback signal and the demagnetization 
signal includes receiving the first current signal and the 
second current signal , generating a third current signal ( e . g . , 
the signal 822 ) based at least in part on the first current signal 
and the second current signal , receiving the third current 
signal , and generating a voltage signal ( e . g . , the signal 832 ) 
based at least in part on the third current signal ( e . g . , as 
shown in FIG . 8 ) . Moreover , the generating a detection 
signal ( e . g . , the signal 322 ) based at least in part on the 
feedback signal and the demagnetization signal includes 
receiving the voltage signal , a second threshold signal ( e . g . , 
the signal 892 ) and the demagnetization signal ( e . g . , 312 ) , 
and generating the detection signal ( e . g . , the signal 322 ) 
based at least in part on the voltage signal , the second 
threshold signal , and the demagnetization signal ( e . g . , as 
shown in FIG . 8 ) . In yet another example , the receiving the 
first current signal and the second current signal includes 
receiving the first current signal , the second current signal , 
the modulation signal ( e . g . , the signal 342 ) , and the demag 
netization signal ( e . g . , the signal 312 ) , and the generating a 
third current signal ( e . g . , the signal 822 ) based at least in part 
on the first current signal and the second current signal 
includes generating the third current signal ( e . g . , the signal 
822 ) based at least in part on the first current signal , the 
second current signal , the modulation signal , and the demag 
netization signal . 
[ 0243 ] According to yet another embodiment , a method 
for a power converter ( e . g . , the power converter 1100 ) 
includes generating a modulation signal ( e . g . , the signal 
1242 ) , receiving the modulation signal , generating a drive 
signal ( e . g . , the signal 1156 ) based at least in part on the 
modulation signal , and outputting the drive signal to a 
switch ( e . g . , the switch 1140 ) to affect a current flowing 
through an inductive winding ( e . g . , the winding 1142 ) of a 
power converter ( e . g . , the power converter 1100 ) . The 
inductive winding including a first winding terminal ( e . g . , 
the terminal 1141 ) and a second winding terminal ( e . g . , the 
terminal 1143 ) . The first winding terminal is at a terminal 
voltage ( e . g . , the voltage 1152 ) , and the second winding 
terminal is coupled to a first diode terminal ( e . g . , the 
terminal 1145 ) of a diode ( e . g . , the diode 1144 ) . The diode 
( e . g . , the diode 1144 ) further includes a second diode 
terminal ( e . g . , the terminal 1147 ) . A voltage difference 
between the second diode terminal and the first winding 
terminal is , for example , an output voltage ( e . g . , the voltage 
1160 ) of the power converter ( e . g . , the power converter 
1100 ) . Additionally , the method includes receiving an input 
signal ( e . g . , the signal 1186 ) and a demagnetization signal 
( e . g . , the signal 1212 ) . The input signal is equal to the 
terminal voltage ( e . g . , the signal . 1152 ) divided by a prede 
termined constant ( e . g . , as shown by Equation 45A and / or 
Equation 45B ) . The demagnetization signal indicates a 
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demagnetization period for the inductive winding . More 
over , the method includes generating a detection signal ( e . g . , 
the signal 1222 ) based at least in part on the input signal and 
the demagnetization signal , and outputting the detection 
signal . The detection signal indicates whether an overvolt 
age protection is triggered . Also , the method includes , in 
response to the detection signal indicating the overvoltage 
protection is triggered , causing the power converter to shut 
down . For example , the method is implemented according to 
at least FIG . 11 , FIG . 12 , FIG . 13 , FIG . 14 , FIG . 15 , and / or 
FIG . 19 . 

ned 

[ 0244 ] In another example , the generating a detection 
signal ( e . g . , the signal 1222 ) based at least in part on the 
input signal and the demagnetization signal includes gener 
ating a sampled - and - held signal ( e . g . , the signal 1384 and / or 
the signal 1484 ) based at least in part on the input signal , 
receiving the sampled - and - held signal ( e . g . , the signal 1384 
and / or the signal 1484 ) , generating a voltage signal ( e . g . , the 
signal 1312 and / or the signal 1412 ) based at least in part on 
the sampled - and - held signal and the demagnetization signal , 
receiving a first threshold signal ( e . g . , the signal 1332 and / or 
the signal 1492 ) , and generating the detection signal ( e . g . , 
the signal 1222 ) based on at least information associated 
with the voltage signal and the first threshold signal . In yet 
another example , the voltage signal is approximately equal 
to the output voltage of the power converter divided by the 
predetermined constant ( e . g . , as shown by Equation 48A ) . 
[ 0245 ] In yet another example , the generating a detection 
signal ( e . g . , the signal 1222 ) based at least in part on the 
input signal and the demagnetization signal includes gener 
ating a sampled - and - held signal ( e . g . , the signal 1584 ) based 
at least in part on the input signal , receiving the sampled 
and - held signal ( e . g . , the signal 1584 ) , and generating a first 
current signal ( e . g . , the signal 1512 ) based at least in part on 
the sampled - and - held signal ( e . g . , as shown in FIG . 15 ) . 
Additionally , the generating a detection signal ( e . g . , the 
signal 1222 ) based at least in part on the input signal and the 
demagnetization signal includes receiving a first threshold 
signal ( e . g . , the signal 1518 ) , generating a second current 
signal ( e . g . , the signal 1516 ) based at least in part on the first 
threshold signal , receiving the first current signal and the 
second current signal , and generating a third current signal 
( e . g . , the signal 1522 ) based at least in part on the first 
current signal and the second current signal ( e . g . , as shown 
in FIG . 15 ) . Moreover , the generating a detection signal 
( e . g . , the signal 1222 ) based at least in part on the input 
signal and the demagnetization signal includes receiving the 
third current signal , generating a voltage signal ( e . g . , the 
signal 1532 ) based at least in part on the third current signal , 
receiving the voltage signal , a second threshold signal ( e . g . , 
the signal 1592 ) and the demagnetization signal ( e . g . , the 
signal 1212 ) , and generating the detection signal ( e . g . , the 
signal 1222 ) based at least in part on the voltage signal , the 
second threshold signal , and the demagnetization signal 
( e . g . , as shown in FIG . 15 ) . In yet another example , the 
receiving the first current signal and the second current 
signal includes receiving the first current signal , the second 
current signal , the modulation signal ( e . g . , the signal 1242 ) , 
and the demagnetization signal ( e . g . , the signal 1212 ) , and 
the generating a third current signal ( e . g . , the signal 1522 ) 
based at least in part on the first current signal and the second 
current signal includes generating the third current signal 
( e . g . , the signal 1522 ) based at least in part on the first 

current signal , the second current signal , the modulation 
signal , and the demagnetization signal . 
[ 0246 ] For example , some or all components of various 
embodiments of the present invention each are , individually 
and / or in combination with at least another component , 
implemented using one or more software components , one 
or more hardware components , and / or one or more combi 
nations of software and hardware components . In another 
example , some or all components of various embodiments 
of the present invention each are , individually and / or in 
combination with at least another component , implemented 
in one or more circuits , such as one or more analog circuits 
and / or one or more digital circuits . In yet another example , 
various embodiments and / or examples of the present inven 
tion can be combined . 
[ 0247 ] Although specific embodiments of the present 
invention have been described , it will be understood by 
those of skill in the art that there are other embodiments that 
are equivalent to the described embodiments . Accordingly , it 
is to be understood that the invention is not to be limited by 
the specific illustrated embodiments , but only by the scope 
of the appended claims . 

1 . A system controller for a power converter , the system 
controller comprising : 

a logic controller configured to generate a modulation 
signal ; 

a driver configured to receive the modulation signal , 
generate a drive signal based at least in part on the 
modulation signal , and output the drive signal to a 
switch to affect a current flowing through an inductive 
winding for a power converter ; 

a voltage - to - voltage converter configured to receive a first 
voltage signal , the modulation signal , and a demagne 
tization signal , and to generate a second voltage signal 
based at least in part on the first voltage signal , the 
modulation signal , and the demagnetization signal ; and 

a comparator configured to receive a first threshold signal , 
generate a comparison signal based on at least infor 
mation associated with the second voltage signal and 
the first threshold signal , and output the comparison 
signal to the logic controller ; 

wherein : 
the modulation signal indicates an on - time period for 

the switch ; 
the demagnetization signal indicates a demagnetization 

period for the inductive winding ; and 
the second voltage signal is approximately equal to the 

first voltage signal multiplied by a ratio of the 
on - time period to a sum of the on - time period and the 
demagnetization period in magnitude . 

2 . The system controller of claim 1 wherein the second 
voltage signal is equal to the first voltage signal multiplied 
by the ratio of the on - time period to the sum of the on - time 
period and the demagnetization period in magnitude . 

3 . The system controller of claim 1 wherein : 
the comparison signal indicates whether an overvoltage 

protection is triggered ; and 
the logic controller is configured to , in response to the 

comparison signal indicating the overvoltage protec 
tion is triggered , cause the power converter to shut 
down . 

4 . The system controller of claim 1 , and further compris 
ing : 
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a low - pass filter configured to receive the second voltage 
signal and generate a third voltage signal based at least 
in part on the second voltage signal ; 

wherein the comparator is further configured to generate 
the comparison signal based on at least information 
associated with the third voltage signal and the first 
threshold signal . 

5 . The system controller of claim 4 wherein the compara 
tor is further configured to receive the third voltage signal 
and generate the comparison signal based at least in part on 
the third voltage signal and the first threshold signal . 

6 . The system controller of claim 4 , and further compris 
ing an average - determination circuit configured to receive 
the third voltage signal and a second threshold signal and 
generate a fourth voltage signal based at least in part on the 
third voltage signal and the second threshold signal . 

7 . The system controller of claim 6 wherein the average 
determination circuit is further configured to : 

compare the third voltage signal and the second threshold 
signal in magnitude ; 

in response to the third voltage signal being larger than the 
second threshold signal in magnitude , increase the 
fourth voltage signal in magnitude ; and 

in response to the third voltage signal being smaller than 
the second threshold signal in magnitude , decrease the 
fourth voltage signal in magnitude . 

8 . The system controller of claim 7 wherein the compara 
tor is further configured to receive the fourth voltage signal 
and generate the comparison signal based at least in part on 
the fourth voltage signal and the first threshold signal . 

9 . - 32 . ( canceled ) 
33 . A method for a power converter , the method compris 

ing : 
generating a modulation signal ; 
receiving the modulation signal ; 
generating a drive signal based at least in part on the 
modulation signal ; 

outputting the drive signal to a switch to affect a current 
flowing through an inductive winding for a power 
converter ; 

receiving a first voltage signal , the modulation signal , and 
a demagnetization signal ; 

generating a second voltage signal based at least in part on 
the first voltage signal , the modulation signal , and the 
demagnetization signal ; 

receiving a first threshold signal ; 
generating a comparison signal based on at least infor 
mation associated with the second voltage signal and 
the first threshold signal ; and 

outputting the comparison signal ; 
wherein : 

the modulation signal indicates an on - time period for 
the switch ; 

the demagnetization signal indicates a demagnetization 
period for the inductive winding ; and 

the second voltage signal is approximately equal to the 
first voltage signal multiplied by a ratio of the 
on - time period to a sum of the on - time period and the 
demagnetization period in magnitude . 

34 . The method of claim 33 wherein the second voltage 
signal is equal to the first voltage signal multiplied by the 
ratio of the on - time period to the sum of the on - time period 
and the demagnetization period in magnitude . 

35 . The method of claim 33 , and further comprising : 
in response to the comparison signal indicating the over 

voltage protection is triggered , causing the power con 
verter to shut down . 

36 . The method of claim 33 , and further comprising : 
receiving the second voltage signal ; 
performing low - pass filtering to the second voltage signal ; 

and 
generating a third voltage signal based at least in part on 

the second voltage signal ; 
wherein the generating a comparison signal based on at 

least information associated with the second voltage 
signal and the first threshold signal includes generating 
the comparison signal based on at least information 
associated with the third voltage signal and the first 
threshold signal . 

37 . - 46 . ( canceled ) 
* * * * * 


