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SYSTEMS AND METHODS FOR CURRENT process of the inductive component 126 to determine when 
REGULATION IN LIGHT - EMITTING - DIODE the internal power switch is closed ( e.g. , being turned on ) . 

LIGHTING SYSTEMS The capacitor 110 ( e.g. , C2 ) is connected to the terminal 140 
( e.g. , terminal COMP ) which is associated with an internal 

1. CROSS - REFERENCES TO RELATED error amplifier . The capacitor 130 ( e.g. , C4 ) is configured to 
APPLICATIONS maintain an output voltage 158 to keep stable current output 

for the one or more LEDs 132. A power supply network 
This application is a continuation of U.S. patent applica including the resistor 116 ( e.g. , R5 ) , the diode 118 ( e.g. , D2 ) 

tion Ser . No. 15 / 835,251 , filed Dec. 7 , 2017 , which is and the Zener diode 120 ( e.g. , ZD1 ) provides power supply 
divisional of U.S. patent application Ser . No. 15 / 041,985 , 10 to the controller 102 . 
filed Feb. 11 , 2016 , which is a continuation of U.S. patent The LED lighting system 100 has some disadvantages . 
application Ser . No. 14 / 926,671 , filed Oct. 29 , 2015 , which For example , the system 100 includes many components 
claims priority to Chinese Patent Application No. which may make it difficult to reduce bill of materials count 
201510581725.9 , filed Sep. 14 , 2015 , all of the above ( BOM ) and achieve circuit minimization and may cause a 
referenced applications being incorporated by reference 15 long start up time due to large current consumption . 
herein for all purposes . Hence it is highly desirable to improve the techniques of 

current regulation in LED lighting systems . 
2. BACKGROUND OF THE INVENTION 

3. BRIEF SUMMARY OF THE INVENTION 
Certain embodiments of the present invention are directed 20 

to integrated circuits . More particularly , some embodiments Certain embodiments of the present invention are directed 
of the invention provide systems and methods for current to integrated circuits . More particularly , some embodiments 
regulation . Merely by way of example , some embodiments of the invention provide systems and methods for current 
of the invention have been applied to light - emitting - diode regulation . Merely by way of example , some embodiments 
lighting systems . But it would be recognized that the inven- 25 of the invention have been applied to light - emitting - diode 
tion has a much broader range of applicability . lighting systems . But it would be recognized that the inven 

Light emitting diodes ( LEDs ) are widely used for lighting tion has a much broader range of applicability . 
applications . FIG . 1 is a simplified diagram showing a According to one embodiment , a system controller 
conventional LED lighting system . The LED lighting sys includes : a first controller terminal configured to receive an 
tem 100 includes a controller 102 , resistors 108 , 116 , 122 , 30 input voltage , the first controller terminal being further 
124 and 128 , capacitors 106 , 110 , 112 and 130 , a full - wave configured to allow a first current flowing into the system 
rectifying component 104 , diodes 114 and 118 , an inductive controller based at least in part on the input voltage in 
component 126 ( e.g. , an in tor ) , and a Zener diode 120 . response to one or more switches being closed ; a second 
The controller 102 includes terminals ( e.g. , pins ) 138 , 140 , controller terminal configured to allow the first current to 
142 , 144 , 146 and 148 . 35 flow out of the system controller through the second con 

An alternate - current ( AC ) input voltage 150 is applied to troller terminal in response to the one or more switches 
the system 100. The rectifying component 104 outputs a being closed , the second controller terminal being further 
bulk voltage 152 ( e.g. , a rectified voltage no smaller than 0 configured to receive a current sensing signal based at least 
V ) associated with the AC input voltage 150. The capacitor in part on the first current ; and a third controller terminal 
112 ( e.g. , C3 ) is charged in response to the bulk voltage 152 40 configured to be biased at a first voltage . The system 
through the resistor 108 ( e.g. , R1 ) , and a voltage 154 is controller further includes : a fourth controller terminal 
provided to the controller 102 at the terminal 148 ( e.g. , coupled to the third controller terminal through a first 
terminal VDD ) . If the voltage 154 is larger than a threshold capacitor , the first capacitor not being any part of the system 
voltage ( e.g. , an under - voltage lock - out threshold ) in mag controller ; an error amplifier configured to generate a com 
nitude , the controller 102 begins to operate , and a voltage 45 pensation signal based at least in part on the current sensing 
associated with the terminal 148 ( e.g. , terminal VDD ) is signal , the error amplifier including a second capacitor ; and 
clamped to a predetermined voltage . The terminal 138 ( e.g. , a driver configured to generate a drive signal based at least 
terminal DRAIN ) is connected to a drain terminal of an in part on the compensation signal and output the drive 
internal power switch . The controller 102 outputs a drive signal to affect the first current flowing from the first 
signal ( e.g. , a pulse - width - modulation signal ) with a certain 50 controller terminal to the second controller terminal . The 
frequency and a certain duty cycle to close ( e.g. , turn on ) or error amplifier further includes a first input terminal , a 
open ( e.g. , turn off ) the internal power switch so that the second input terminal , and an output terminal . The first input 
system 100 operates normally . terminal is coupled directly or indirectly with the second 

If the internal power switch is closed ( e.g. , being turned controller terminal . The second input terminal is configured 
on ) , the controller 102 detects the current flowing through 55 to receive a second voltage . The output terminal is coupled 
one or more LEDs 132 through the resistor 122 ( e.g. , R2 ) . to the second capacitor not through any controller terminal . 
Specifically , a voltage 156 on the resistor 122 ( e.g. , R2 ) is According to another embodiment , a system controller is 
passed through the terminal 144 ( e.g. , terminal CS ) to the provided for regulating a current flowing from a first con 
controller 102 for signal processing during different switch troller terminal to a second controller terminal . The system 
ing periods associated with the internal power switch . When 60 controller includes : a low pass filter configured to receive a 
the internal power switch is opened ( e.g. , being turned off ) current sensing signal related to the current flowing from the 
during each switching period is affected by peak magnitudes first controller terminal to the second controller terminal , the 
of the voltage 156 on the resistor 122 ( e.g. , R2 ) . low pass filter being further configured to generate a filtered 

The inductive component 126 is connected with the signal based at least in part on the current sensing signal ; an 
resistors 124 and 128 which generate a voltage 158. The 65 error amplifier configured to receive the filtered signal and 
controller 102 receives the voltage 158 through the terminal a first reference signal and generate a compensation signal 
142 ( e.g. , terminal FB ) for detection of a demagnetization based at least in part on the filtered signal and the first 
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reference signal , the error amplifier including a capacitor ; an operating frequency based at least in part on the first 
and a driver configured to generate a drive signal based on current , the operating frequency corresponding to an oper 
at least information associated with the compensation signal ating period , the operating period including a ramp - up 
and output the drive signal to one or more switches to affect period and a ramp - down period . The oscillator is further 
the current flowing from the first controller terminal to the 5 configured to : ramp up the ramp signal from a first magni 
second controller terminal . The error amplifier further tude to a second magnitude during the ramp - up period and 
includes a first input terminal , a second input terminal , and ramp down the ramp signal from the second magnitude to 
an output terminal . The first input terminal is configured to the first magnitude during the ramp - down period , the first 
receive the filtered signal . The second input terminal is magnitude and the second magnitude being different ; and 
configured to receive the reference signal . The output ter- 10 adjust a duration of the ramp - down period in response to a 
minal is coupled directly to the capacitor . change of the voltage signal in magnitude . 

In yet another embodiment , a system controller is pro According to yet another embodiment , an error amplifier 
includes : a transconductance amplifier including a first input vided for regulating a current flowing through one or more 

light emitting diodes . The system controller includes : an terminal and a second input terminal and a first output error amplifier configured to receive a first voltage related to 
terminal , the first input terminal being configured to receive 15 a first current flowing out of a first controller terminal and 
a first voltage signal , the second input terminal being con generate a second voltage based at least in part on the first 
figured to receive a second voltage signal , the first output voltage ; a clock - signal generator configured to receive the 
terminal being configured to generate a current signal based second voltage and generate a clock signal based at least in 
at least in part on the first voltage signal and the second part on the second voltage , the clock signal being associated 
voltage signal ; a first switch including a first switch terminal 20 with an operating frequency of the system controller ; and a 
and a second switch terminal and configured to be open or driver configured to generate a drive signal associated with 
closed in response to a first control signal , the first switch the operating frequency and output the drive signal to affect 
terminal being coupled to the first output terminal ; a capaci a second current flowing through one or more light emitting 
tor including a first capacitor terminal and a second capaci diodes . The system controller is further configured to : keep 
tor terminal , the first capacitor terminal being coupled to the 25 the operating frequency unchanged at a first frequency 
second switch terminal ; an operational amplifier including a magnitude in response to the second voltage changing if the 
third input terminal , a fourth input terminal , and a second second voltage remains smaller than a first voltage magni 
output terminal , the third input terminal being coupled to the tude ; keep the operating frequency unchanged at a second 
first capacitor terminal ; and a second switch including a frequency magnitude in response to the second voltage 

changing if the second voltage remains larger than a second third switch terminal and a fourth switch terminal , the third 30 voltage magnitude ; and change the operating frequency in switch terminal being coupled to the second output terminal , 
the fourth switch terminal being coupled to the first output response to the second voltage changing if the second 

voltage remains larger than the first voltage magnitude and 
the second switch being configured be open or smaller than the second voltage magnitude . The second 

closed in response to a second control signal . If the first voltage magnitude is larger than the first voltage magnitude . 
control signal is at a first logic level , the second control 35 In yet another embodiment , a method is provided for signal is at a second logic level . If the first control signal is regulating a current flowing through one or more light 
the second logic level , the second control signal is at the first emitting diodes . The method includes : receiving a first 
logic level . The first logic level and the second logic level voltage related to a first current flowing out of a first 
are different . controller terminal ; generating a second voltage based at 

In one embodiment , a system controller includes : a first 40 least in part on the first voltage ; receiving the second 
controller terminal configured to allow a first current to flow voltage ; generating a clock signal based at least in part on 
out of the system controller through the first controller the second voltage , the clock signal being associated with an 
terminal to a resistor associated with a resistance , the first operating frequency ; generating a drive signal associated 
controller terminal being further configured to receive a with the operating frequency ; and outputting the drive signal 
voltage signal based at least in part on the first current and 45 to affect a second current flowing through one or more light 
the resistance , the resistor not being any part of the system emitting diodes . Generating a clock signal based at least in 
controller . The system controller is configured to process the part on the second voltage includes : keeping the operating 
received voltage signal , generate a clock signal associated frequency unchanged at a first frequency magnitude in 
with an operating frequency based at least in part on the response to the second voltage changing if the second 

voltage remains smaller than a first voltage magnitude ; voltage signal , and change the operating frequency based at 50 keeping the operating frequency unchanged at a second least in part on the resistance . frequency magnitude in response to the second voltage In another embodiment , a system controller is provided changing if the second voltage remains larger than a second for regulating a current flowing through one or more light voltage magnitude ; and changing the operating frequency in 
emitting diodes . The system controller includes : a voltage response to the second voltage changing if the second 
to - current converter configured to receive a first voltage 55 voltage remains larger than the first voltage magnitude and 
associated with a first controller terminal and generate a first smaller than the second voltage magnitude . The second 
current based at least in part on the first voltage , the first voltage magnitude is larger than the first voltage magnitude . 
controller terminal being configured to provide a second Depending upon embodiment , one or more benefits may 
current to a resistor for generating the first voltage ; an be achieved . These benefits and various additional objects , 
oscillator configured to receive the first current and generate 60 features and advantages of the present invention can be fully 
a clock signal based at least in part on the first current , the appreciated with reference to the detailed description and 
clock signal being associated with an operating frequency of accompanying drawings that follow . 
the system controller ; and a driver configured to generate a 
drive signal associated with the operating frequency and 4. BRIEF DESCRIPTION OF THE DRAWINGS 
output the drive signal to affect a third current flowing 65 
through one or more light emitting diodes . The oscillator is FIG . 1 is a simplified diagram showing a conventional 
further configured to generate a ramp signal associated with LED lighting system . 
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FIG . 2 is a simplified diagram showing an LED lighting terminal COMP ) to maintain the system stability , which may 
system according to an embodiment of the present inven result in higher system costs and increase the volume of the 
tion . system board . 

FIG . 3 is a simplified diagram showing a controller as part FIG . 2 is a simplified diagram showing an LED lighting 
of the LED lighting system as shown in FIG . 2 according to 5 system according to an embodiment of the present inven 
an embodiment of the present invention . tion . This diagram is merely an example , which should not 

FIG . 4 is a simplified diagram showing certain compo unduly limit the scope of the claims . One of ordinary skill 
nents of the controller as part of the LED lighting system as in the art would recognize many variations , alternatives , and 
shown in FIG . 2 according to an embodiment of the present modifications . The LET ) lighting system 200 includes a 
invention . 10 controller 202 , resistors 208 , 222 , 224 and 228 , capacitors 

206 , 212 and 230 , a full - wave rectifying component 204 , a FIG . 5 is a simplified timing diagram for switching signals diode 214 , and an inductive component 226 ( e.g. , an induc of the controller as part of the LED lighting system as shown tor ) . For example , the controller 202 includes terminals 238 , in FIG . 4 according to another embodiment of the present 242 , 244 , 246 and 248. In some embodiments , the controller invention . 15 202 is located on a chip , and the terminals 238 , 242 , 244 , 246 FIG . 6 is a simplified diagram showing an LED lighting and 248 correspond to different pins of the chip . As an 
system according to another embodiment of the present example , the terminal 246 is biased to a chip ground voltage . 
invention . According to one embodiment , an alternate - current ( AC ) 

FIG . 7 is a simplified diagram showing a controller as part input voltage 250 is applied to the system 200. For example , 
of the LED lighting system as shown in FIG . 6 according to 20 the rectifying component 204 outputs a bulk voltage 252 
an embodiment of the present invention . ( e.g. , a rectified voltage no smaller than 0 V ) associated with 

FIG . 8 is a simplified diagram showing certain compo the AC input voltage 250. In another example , the capacitor 
nents of the LED lighting system as shown in FIG . 6 212 ( e.g. , C3 ) is charged in respons to the bulk voltage 252 
according to an embodiment of the present invention . through the resistor 208 ( e.g. , R1 ) , and a voltage 254 is 

FIG . 9 is a simplified diagram showing an oscillator of a 25 provided to the controller 202 at the terminal 248 ( e.g. , 
signal generator of the controller as part of the LED lighting terminal VDD ) . In yet another example , if the voltage 254 
system as shown in FIG . 8 according to an embodiment of is larger than a threshold voltage ( e.g. , an under - voltage 
the present invention . lock - out threshold ) in magnitude , the controller 202 begins 

FIG . 10 is a simplified timing diagram for the oscillator of to operate , and a voltage associated with the terminal 248 
the signal generator of the controller as part of the LED 30 ( e.g. , terminal VDD ) is clamped to a predetermined voltage . 
lighting system as shown in FIG . 8 according to an embodi In yet another example , the terminal 238 ( e.g. , terminal 
ment of the present invention . DRAIN ) is connected to a drain terminal of an internal 

FIG . 11 is a simplified diagram showing an LED lighting power switch . In yet another example , the controller 202 
system according to yet another embodiment of the present outputs a drive signal ( e.g. , a pulse - width - modulation sig 
invention . 35 nal ) with a certain frequency and a certain duty cycle to 

FIG . 12 is a simplified diagram showing the controller as close ( e.g. , turn on ) or open ( e.g. , turn off ) the internal power 
part of the LED lighting system as shown in FIG . 11 switch so that the system 200 operates normally . 
according to an embodiment of the present invention . According to another embodiment , if the internal power 

FIG . 13 is a simplified diagram showing a relationship switch is closed ( e.g. , being turned on ) , the controller 202 
between the operating frequency of the LED lighting system 40 detects the current flowing through one or more LEDs 232 
as shown in FIG . 11 and an internal signal of the controller through the resistor 222 ( e.g. , R2 ) . For example , a sensing 
as part of the LED lighting system according to an embodi signal 256 generated on the resistor 222 ( e.g. , R2 ) is 
ment of the present invention . provided through the terminal 244 ( e.g. , terminal CS ) to the 

FIG . 14 is a simplified diagram showing a signal genera controller 202 for signal processing during different switch 
tor of the controller as part of the LED lighting system as 45 ing periods associated with the internal power switch . In 
shown in FIG . 12 according to an embodiment of the present another example , when the internal power switch is opened 
invention . ( e.g. , being turned off ) during each switching period is 

FIG . 15 is a simplified diagram showing a relationship affected by peak magnitudes of the signal 256 on the resistor 
between an internal current and an internal signal of the 222 ( e.g. , R2 ) . In yet another example , the inductive com 
controller as shown in FIG . 12 as part of the LED lighting 50 ponent 226 is connected with the resistors 224 and 228 
system according to an embodiment of the present inven which generate a feedback signal 258. In yet another 
tion . example , the controller 202 receives the feedback signal 258 

through the terminal 242 ( e.g. , terminal FB ) for detection of 
5. DETAILED DESCRIPTION OF THE a demagnetization process of the inductive component 226 

INVENTION 55 to determine when the internal power switch is closed ( e.g. , 
being turned on ) . 

Certain embodiments of the present invention are directed According to yet another embodiment , the controller 202 
to integrated circuits . More particularly , some embodiments includes an internal capacitor for compensation to achieve 
of the invention provide systems and methods for current high power factor and high - precision constant LED current 
regulation . Merely by way of example , some embodiments 60 regulation . For example , the internal capacitor is connected 
of the invention have been applied to light - emitting - diode to an internal error amplifier for compensation . As an 
lighting systems . But it would be recognized that the inven example , the LED lighting system 200 can be implemented 
tion has a much broader range of applicability . to operate in a quasi - resonant ( QR ) mode or in a discon 

Referring back to FIG . 1 , the AC input voltage 150 often tinuous - conduction mode ( DCM ) . In another example , the 
has a frequency of about 50 Hz or 60 Hz . A large compen- 65 controller 202 does not include a terminal COMP ( e.g. , a 
sation capacitor ( e.g. , with a capacitance of several hundred pin ) and does not include an external compensation capaci 
nF or even uF ) is usually connected to the terminal 140 ( e.g. , tor connected to such a terminal either , compared with the 
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controller 102. In yet another example , the system 200 does signal 324 and outputs the signal 326 to the transconduc 
not include a power supply network ( e.g. , the network tance amplifier 406 ( e.g. , at the inverting input terminal , 
including the resistor 116 ( e.g. , R5 ) , the diode 118 ( e.g. , D2 ) “ - ” ) . For example , the switch 410 ( e.g. , SW1 ) is connected 
and the Zener diode 120 ( e.g. , ZD1 ) as shown in FIG . 1 ) . between an output terminal of the transconductance ampli 

FIG . 3 is a simplified diagram showing the controller 202 5 fier 406 and the resistor 416 ( e.g. , R2 ) . In another example , 
as part of the LED lighting system 200 according to an the resistor 416 is connected to the capacitor 418 ( e.g. , C2 ) 
embodiment of the present invention . This diagram is which is connected to the operational amplifier 414 ( e.g. , at 
merely an example , which should not unduly limit the scope the non - inverting input terminal , “ + ” ) . In yet another 
of the claims . One of ordinary skill in the art would example , the switch 412 ( e.g. , SW2 ) is connected between 
recognize many variations , alternatives , and modifications . 10 an output terminal of the operational amplifier 414 and the 
The controller 202 includes a modulation component 312 , resistor 408 which is connected to the output terminal of the 
an under - voltage lock - out ( UVLO ) component 302 , a driver transconductance amplifier 406. In yet another example , the 
314 , a sensing component 310 , a ramping - signal generator output terminal of the operational amplifier 414 is connected 
320 , a low pass filter 318 , an error amplifier 316 , a diode to its inverting input terminal , “ _ ” . In some embodiments , 
306 , a clamping component ( e.g. , a Zener diode ) 304 , and 15 the capacitor 418 includes terminals 490 and 492. For 
power switches 308 and 322. For example , the power example , the terminal 490 is not connected directly to any 
switches 308 and 322 each include a transistor . In another controller terminal ( e.g. , any pin on a chip ) . 
example , the power switch 308 includes a metal - oxide According to another embodiment , the switch 410 ( e.g. , 
semiconductor field - effect transistor ( MOSFET ) . In yet SW1 ) and the switch 412 ( e.g. , SW2 ) operate in response to 
another example , the power switch 322 includes a MOSFET . 20 a switching signal 420 ( e.g. , K1 ) and a switching signal 422 

According to one embodiment , the terminal 248 ( e.g. , ( e.g. , K2 ) , respectively . For example , the switching signal 
terminal VDD ) is connected to a gate terminal of the switch 420 ( e.g. , K1 ) and the switching signal 422 ( e.g. , K2 ) are 
308 and the UVLO component 302 detects the voltage 254 . complementary logic signals . In another example , the 
For example , if the voltage 254 is larger than a predeter switching signal 420 ( e.g. , K1 ) and the switching signal 422 
mined threshold ( e.g. , a UVLO threshold ) in magnitude , the 25 ( e.g. , K2 ) are clock signals generated by the controller 202 , 
controller 202 begins to operate . In another example , the both corresponding to a same frequency . 
sensing component 310 detects , through the teiminal 242 FIG . 5 is a simplified timing diagram for the switching 
( e.g. , terminal FB ) , the feedback signal 258 to determine signals 420 and 422 of the controller 202 as part of the LED 
whether the demagnetization process associated with the lighting system 200 according to another embodiment of the 
inductive component 226 has completed and outputs a signal 30 present invention . This diagram is merely an example , 
330. In yet another example , the sensing component 310 which should not unduly limit the scope of the claims . One 
determines whether the output voltage 258 exceeds a thresh of ordinary skill in the art would recognize many variations , 
old so as to trigger an over - voltage mechanism . alte tives , and modifications . The waveform 502 repre 

According to another embodiment , the error amplifier 316 sents the switching signal 420 ( e.g. , K1 ) as a function of 
detects , through the terminal 244 ( e.g. , terminal CS ) , an 35 time , and the waveform 504 represents the switching signal 
output current 260 flowing through the one or more LEDs 422 ( e.g. , K2 ) as a function of time . 
232. For example , the low pass filter 318 receives the According to one embodiment , during a first time period 
sensing signal 256 and outputs a signal 326 to the error ( e.g. , T? ) , the switching signal 420 ( e.g. , K1 ) is at a logic 
amplifier 316 which also receives a reference signal 328. In high level , and the switching signal 422 ( e.g. , K2 ) at a 
another example , the error amplifier 316 outputs a signal 388 40 logic low level . For example , during a second time period 
( e.g. , V. ) to the modulation component 312 which also ( e.g. , T2 ) , the switching signal 422 is at a logic high level , 
receives the signal 330 from the sensing component 310 and and the switching signal 420 is at a logic low level . 
a ramp signal 324 from the ramping - signal generator 320. In Referring to FIG . 4 and FIG . 5 , if the switching signal 420 
yet another example , the modulation component 312 outputs ( e.g. , K1 ) is at the logic high level during a particular time 
a modulation signal 332 to the driver 314 which outputs a 45 period ( e.g. , T1 ) , then the switch 410 ( e.g. , SW1 ) is closed 
drive signal 334 to the switch 322 ( e.g. , at the gate terminal ) . ( e.g. , being turned on ) , according to some embodiments . For 
In some embodiments , current consumption of the system example , the transconductance amplifier 406 outputs the 
200 is reduced to a low magnitude with the operation of the signal 424 for charging / discharging the capacitor 418 ( e.g. , 
controller 202 , which may result in a fast start - up process . In C2 ) . As an example , the signal 388 is provided to the 
certain embodiments , the error amplifier 316 is not con- 50 modulation component 312 to affect an on - time period 
nected directly to any controller terminal ( e.g. , any pin on a during which the switch 322 is closed ( e.g. , being turned on ) . 
chip ) . According to certain embodiments , if the switching signal 

FIG . 4 is a simplified diagram showing certain compo 420 ( e.g. , K1 ) is at the logic low level during another time 
nents of the controller 202 as part of the LED lighting period ( e.g. , T2 ) , then the switch 410 ( e.g. , SW1 ) is opened 
system 200 according to an embodiment of the present 55 ( e.g. , being turned off ) . For example , the transconductance 
invention . This diagram is merely an example , which should amplifier 406 is not connected to the capacitor 418 ( e.g. , 
not unduly limit the scope of the claims . One of ordinary C2 ) , and the signal 388 associated with the capacitor 418 
skill in the art would recognize many variations , alterna ( e.g. , C2 ) keeps at a magnitude before the switch 410 ( e.g. , 
tives , and modifications . The low pass filter 318 includes a SW1 ) is opened . In some embodiments , if the system 200 
RC filter containing a resistor 402 and a capacitor 404. For 60 operates for a long period of time , the effective transcon 
example , the error amplifier 316 includes a transconduc ductance of the error amplifier 316 is determined as follows : 
tance amplifier 406 , resistors 408 and 416 , switches 410 and 
412 , an operational amplifier 414 , and a capacitor 418. In ( Equation 1 ) 

another example , the error amplifier 316 does not include the where D represents a duty cycle associated with the switch 
resistor 416 . 65 410 ( e.g. , SW1 ) , and gm represents the transconductance of 

According to one embodiment , the low pass filter 318 is the transconductance amplifier 406. For example , if the duty 
configured to filter out the high frequency components of the cycle associated with the switch 410 is far less than 1 , the 

GM = Dxgm 
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effective transconductance of the error amplifier 316 is through the resistor 622 ( e.g. , R2 ) . For example , a sensing 
reduced ( e.g. , proportionally ) , and correspondingly the signal 656 generated on the resistor 622 ( e.g. , R2 ) is 
capacitor 418 may have a smaller capacitance . provided through the terminal 644 ( e.g. , terminal CS ) to the 

According to one embodiment , if the switching signal 420 controller 602 for signal processing during different switch 
( e.g. , K1 ) is at the logic low level during another time period 5 ing periods associated with the internal power switch . In 
( e.g. , T2 ) , the switching signal 422 ( e.g. , K2 ) is at the logic another example , when the internal power switch is opened 
high level and the switch 412 ( e.g. , SW2 ) is closed ( e.g. , ( e.g. , being turned off ) during each switching period is 
being turned on ) . For example , the signal 424 is clamped to affected by peak magnitudes of the signal 656 on the resistor 
be equal in magnitude to the signal 388 ( e.g. , the voltage on 622 ( e.g. , R2 ) . In yet another example , the inductive com 
the capacitor 418 , C2 ) , considering the characteristics of the 10 ponent 626 is connected with the resistors 624 and 628 
operational amplifier 414 which may serve as a buffer , so as which generate a feedback signal 658. In yet another 
to maintain the output of the transconductance amplifier 406 example , the controller 602 receives the feedback signal 658 
in a normal operation range . As an example , transient effects through the terminal 642 ( e.g. , terminal FB ) for detection of 
from the changes of the switching signal 420 ( e.g. , K1 ) are a demagnetization process of the inductive component 626 
suppressed through proper measures . 15 to determine when the internal power switch is closed ( e.g. , 
As discussed above and further emphasized here , FIGS . 2 , being turned on ) . 

3 , 4 and 5 are merely examples , which should not unduly According to yet another embodiment , the controller 602 
limit the scope of the claims . One of ordinary skill in the art includes an internal capacitor for compensation to achieve 
would recognize many variations , alternatives , and modifi high power factor and high - precision constant LEI ) current 
cations . For example , the controller 202 as shown in FIG . 3 20 regulation . For example , the internal capacitor is connected 
and FIG . 4 can be implemented as part of the LED lighting to an internal error amplifier for compensation . As an 
system 200 which operates in a quasi - resonant ( QR ) mode example , the LED lighting system 600 can be implemented 
or in a discontinuous - conduction mode ( DCM ) . to operate in a quasi - resonant ( QR ) mode or in a discon 

FIG . 6 is a simplified diagram showing an LED lighting tinuous - conduction mode ( DCM ) . In another example , the 
system according to another embodiment of the present 25 controller 602 does not include a terminal COMP ( e.g. , a 
invention . This diagram is merely an example , which should pin ) and does not include an external compensation capaci 
not unduly limit the scope of the claims . One of ordinary tor connected to such a terminal either , compared with the 
skill in the art would recognize many variations , alterna controller 102. In yet another example , the system 600 does 
tives , and modifications . The LED lighting system 600 not include a power supply network ( e.g. , the network 
includes a controller 602 , resistors 608 , 610 , 622 , 624 and 30 including the resistor 116 ( e.g. , R5 ) , the diode 118 ( e.g. , D2 ) 
628 , capacitors 606 , 612 and 630 , a full - wave rectifying and the Zener diode 120 ( e.g. , ZD1 ) as shown in FIG . 1 ) . 
component 604 , a diode 614 , and an inductive component According to yet another embodiment , a current 690 
626 ( e.g. , an inductor ) . For example , the controller 602 flows through the terminal 640 ( e.g. , terminal Fset ) and a 
includes terminals ( e.g. , pins ) 638 , 640 , 642 , 644 , 646 and voltage 688 is generated by the resistor 610 in response to 
648. In some embodiments , the controller 602 is located on 35 the current 690. For example , the current 690 flows from the 
a chip , and the terminals 638 , 642 , 644 , 646 and 648 terminal 640 toward the resistor 610. In another example , 
correspond to different pins of the chip . As an example , the the current 690 flows from the resistor 610 toward the 
terminal 646 is biased to a chip ground voltage . As another terminal 640. In yet another example , the controller 602 
example , the terminals 638 , 642 , 644 , 646 and 648 are the generates an internal clock signal using the voltage 688 , and 
same as the terminals 238 , 242 , 244 , 246 and 248 . 40 the operating frequency of the system 600 is related to the 

The system 600 adjusts an operating frequency through internal clock signal . In some embodiments , the resistance 
one or more external components ( e.g. , the resistor 610 ) of the resistor 610 is changed so that the voltage 688 is 
connected to the terminal 640 ( e.g. , terminal Fset ) , accord changed to affect the operating frequency of the system 600 . 
ing to some embodiments . For example , an alternate - current FIG . 7 is a simplified diagram showing the controller 602 
( AC ) input voltage 650 is applied to the system 600. As an 45 as part of the LED lighting system 600 according to an 
example , the rectifying component 604 outputs a bulk embodiment of the present invention . This diagram is 
voltage 652 ( e.g. , a rectified voltage no smaller than 0 V ) merely an example , which should not unduly limit the scope 
associated with the AC input voltage 650. In another of the claims . One of ordinary skill in the art would 
example , the capacitor 612 ( e.g. , C3 ) is charged in response recognize many variations , alternatives , and modifications . 
to the bulk voltage 652 through the resistor 608 ( e.g. , Ri ) , 50 The controller 602 includes a modulation component 712 , 
and a voltage 654 is provided to the controller 602 at the an under - voltage lock - out ( UVLO ) component 702 , a driver 
terminal 648 ( e.g. , terminal VDD ) . In yet another example , 714 , a sensing component 710 , a signal generator 720 , a low 
if the voltage 654 is larger than a threshold voltage ( e.g. , an pass filter 718 , an error amplifier 716 , a diode 706 , a Zener 
under - voltage lock - out threshold ) in magnitude , the control diode 704 , and power switches 708 and 722. For example , 
ler 602 begins to operate , and a voltage associated with the 55 the power switches 708 and 722 each include a transistor . In 
terminal 648 ( e.g. , terminal VDD ) is clamped to a prede another example , the power switch 708 includes a metal 
termined voltage . In yet another example , the terminal 638 oxide - semiconductor field - effect transistor ( MOSFET ) . In 
( e.g. , terminal DRAIN ) is connected to a drain terminal of yet another example , the power switch 722 includes a 
an internal power switch . In yet another example , the MOSFET . 
controller 602 outputs a drive signal ( e.g. , a pulse - width- 60 In some embodiments , the error amplifier 716 is the same 
modulation signal ) with a certain frequency and a certain as the error amplifier 316. In certain embodiments , the low 
duty cycle to close ( e.g. , turn on ) or open ( e.g. , turn off ) the pass filter 718 is the same as the low pass filter 318. In 
internal power switch so that the system 600 operates particular embodiments , the driver 714 is the same as the 
normally . driver 314 . 

According to another embodiment , if the internal power 65 According to one embodiment , the terminal 648 ( e.g. , 
switch is closed ( e.g. , being turned on ) , the controller 602 terminal VDD ) is connected to a gate terminal of the switch 
detects the current flowing through one or more LEDs 632 708 and the UVLO component 702 detects the voltage 754 . 
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For example , if the voltage 754 is larger than a predeter of ordinary skill in the art would recognize many variations , 
mined threshold ( e.g. , a UVLO threshold ) in magnitude , the alternatives , and modifications . The oscillator 804 includes 
controller 602 begins to operate . In another example , the a comparator 902 , a NOT gate 904 , switches 908 , 912 and 
sensing component 710 detects , through the terminal 642 918 , and a capacitor 916 . 
( e.g. , terminal FB ) , the feedback signal 658 to determine 5 According to one embodiment , the switch 918 is con 
whether the demagnetization process associated with the nected to the comparator 902 ( e.g. , at the non - inverting input 
inductive component 626 has completed and outputs a signal terminal , “ + ” ) , and the capacitor 916 is connected to the 
730. In yet another example , the sensing component 710 comparator 902 ( e.g. , at the inverting input terminal , “ - ” ) . 
determines whether the output voltage 658 exceeds a thresh For example , a charge current 906 ( e.g. , generated by a 
old so as to trigger an over - voltage mechanism . 10 current sink component 960 ) flows through the switch 908 

According to another embodiment , the error amplifier 716 if the switch 908 is closed ( e.g. , being turned on ) to charge 
detects , through the terminal 644 ( e.g. , terminal CS ) , an the capacitor 916 to generate the ramp signal 724 which is 
output current 660 flowing through the one or more LEDs received by the comparator 902 ( e.g. , at the inverting input 
632. For example , the low pass filter 718 receives the terminal , “ - ” ) . In another example , the switches 908 and 912 
sensing signal 656 and outputs a signal 726 to the error 15 are controlled by switching signals 910 and 914 , respec 
amplifier 716 which also receives a reference signal 728. In tively . In yet another example , the switching signals 910 and 
another example , the error amplifier 716 outputs a signal 788 914 are complementary to each other ( e.g. , as shown in FIG . 
( e.g. , V. ) to the modulation component 712 which also 10 ) . In yet another example , the switch 918 is controlled by 
receives the signal 730 from the sensing component 710. In a switching signal 920. As an example , if the switching 
yet another example , the modulation component 712 20 signal 920 is at the logic high level , in response the switch 
receives a clock signal 725 and a ramp signal 724 from the 918 passes a voltage 924 ( e.g. , VII ) to the comparator 902 
signal generator 720 which receives the voltage 688 through ( e.g. , at the non - inverting terminal , “ + ” ) . As another 
the terminal 640 ( e.g. , terminal Fset ) . In yet another example , if the switching signal 920 is at the logic low level , 
example , the modulation component 712 outputs a modu in response the switch 918 passes a voltage 926 ( e.g. , VL ) 
lation signal 732 to the driver 714 which outputs a drive 25 to the comparator 902 ( e.g. , at the non - inverting terminal , 
signal 734 to the switch 722 ( e.g. , at the gate terminal ) . As “ + ” ) . As yet another example , the comparator 902 outputs 
an example , the clock signal 725 and the ramp signal 724 are the switching signal 910 which is the same as the clock 
of a same frequency related to the operating frequency of the signal 725. As yet another example , the NOT gate 904 
system 600 which corresponds to an operational period . As outputs the switching signal 914 . 
another example , the operational period includes a ramp - up 30 FIG . 10 is a simplified timing diagram for the oscillator 
period and a ramp - down period . As yet another example , the 804 of the signal generator 720 of the controller 602 as part 
ramp signal ramps up from a first magnitude to a second of the LED lighting system 600 according to an embodiment 
magnitude during the ramp - up period and ramps down from of the present invention . This diagram is merely an example , 
the second magnitude to the first magnitude during the which should not unduly limit the scope of the claims . One 
ramp - down period , the first magnitude and the second 35 of ordinary skill in the art would recognize many variations , 
magnitude being different . In some embodiments , current alternatives , and modifications . The waveform 980 repre 
consumption of the system 600 is reduced to a low magni sents the ramp signal 724 as a function of time , the wave 
tude with the operation of the controller 602 , which may form 982 represents the switching signal 910 ( e.g. , K1 ) as a 
result in a fast start - up process . function of time , and the waveform 984 represents the 

FIG . 8 is a simplified diagram showing certain compo- 40 switching signal 914 ( e.g. , K2 ) as a function of time . 
nents of the LED lighting system 600 according to an According to one embodiment , at time to , the oscillator 
embodiment of the present invention . This diagram is 804 begins to operate , and the switch 918 passes the voltage 
merely an example , which should not unduly limit the scope 924 ( e.g. , VH ) to the comparator 902. For example , between 
of the claims . One of ordinary skill in the art would the time to and time t? , the switching signal 910 ( e.g. , K1 ) is 
recognize many variations , alternatives , and modifications . 45 at the logic high level ( e.g. , as shown by the waveform 982 ) , 
The signal generator 720 includes a voltage - to - current con and in response the switch 908 is closed ( e.g. , being turned 
verter 802 and an oscillator 804 . on ) . In another example , the switching signal 914 ( e.g. , K2 ) 

According to one embodiment , the current 690 ( e.g. , is at the logic low level ( e.g. , as shown by the waveform 
generated by a current source component 860 ) flows through 984 ) , and in response the switch 912 is open ( e.g. , being 
the terminal 640 ( e.g. , terminal Fset ) to generate the voltage 50 turned off ) . In yet another example , the capacitor 916 is 
688 and has a predetermined magnitude . For example , the charged in response to the current 906 which flows through 
current 690 flows from the terminal 640 toward the resistor the switch 908. In yet another example , between the time to 
610. In another example , the current 690 flows from the and the time t? , the ramp signal 724 increases ( e.g. , linearly ) 
resistor 610 toward the terminal 640. In yet another in magnitude over time ( e.g. , as shown by the waveform 
example , the converter 802 generates a current 808 ( e.g. , 1. ) 55 980 ) . 
based on the voltage 688. In yet another example , the According to another embodiment , if the ramp signal 724 
oscillator 804 receives the current 808 and a reference increases to become larger than the voltage 924 ( e.g. , VH ) 
current 806 ( e.g. , I. ) and outputs the ramp signal 724 and the in magnitude ( e.g. , at the time t? ) , the switching signal 910 
clock signal 725. As an example , the clock signal 725 and ( e.g. , K1 ) changes to the logic low level ( e.g. , as shown by 
the ramp signal 724 are of a same frequency . In another 60 the waveform 982 ) , and in response the switch 908 is opened 
example , the reference current 806 has a predetermined ( e.g. , being turned off ) . For example , the switching signal 
magnitude . 914 ( e.g. , K2 ) changes to the logic high level ( e.g. , at the 

FIG . 9 is a simplified diagram showing the oscillator 804 time t , as shown by the waveform 984 ) , and in response the 
of the signal generator 720 of the controller 602 as part of switch 912 is closed ( e.g. , being turned on ) . In another 
the LED lighting system 600 according to an embodiment of 65 example , the switch 918 passes the voltage 926 VL ) to the 
the present invention . This diagram is merely an example , comparator 902. In yet another example , the capacitor 916 
which should not unduly limit the scope of the claims . One begins to be discharged based at least in part on the current 
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808 ( e.g. , Ic ) and the current 806 ( e.g. , I. ) . As an example , rectifying component 1104 , the diode 1114 , and the induc 
the current 808 ( e.g. , 1. ) is generated by a current sink tive component 1126 are the same as the controller 202 , the 
component 962 , and the current 806 ( e.g. , I. ) is generated by resistors 208 , 222 , 224 and 228 , the capacitors 206 , 212 and 
a current sink component 964. As another example , between 230 , the full - wave rectifying component 204 , the diode 214 , 
the time t , and time tz , the switching signal 910 ( e.g. , K1 ) 5 and the inductive component 226 , respectively . In some 
remains at the logic low level ( e.g. , as shown by the embodiments , the controller 1102 is located on a chip , and waveform 982 ) , and the switching signal 914 ( e.g. , K2 ) the terminals 1138 , 1142 , 1144 , 1146 and 1148 correspond to remains at the logic high level ( e.g. , as shown by the different pins of the chip . As an example , the terminal 1146 waveform 984 ) . In yet another example , the ramp signal 724 is biased to a chip ground voltage . decreases ( e.g. , linearly ) in magnitude . According to one embodiment , an alternate - current ( AC ) According to yet another example , if the ramp signal 724 input voltage 1150 is applied to the system 1100. For decreases to become smaller than the voltage 926 ( e.g. , VL ) 
in magnitude ( e.g. , at the time t2 ) , the switching signal 910 example , the rectifying component 1104 outputs a bulk 
( e.g. , K1 ) changes to the logic high level ( e.g. , as shown by voltage 1152 ( e.g. , a rectified voltage no smaller than 0 V ) 
the waveform 982 ) , and in response the switch 908 is closed 15 associated with the AC input voltage 1150. In another 
( e.g. , being turned on ) . For example , the switching signal example , the capacitor 1112 ( e.g. , C3 ) is charged in response 
914 ( e.g. , K2 ) changes to the logic low level ( e.g. , as shown to the bulk voltage 1152 through the resistor 1108 ( e.g. , R1 ) , 
by the waveform 984 ) , and in response the switch 912 is and a voltage 1154 is provided to the controller 1102 at the 
opened ( e.g. , being turned off ) . In another example , the terminal 1148 ( e.g. , terminal VDD ) . In yet another example , 
switch 918 passes the voltage 926 ( e.g. , VII ) to the com- 20 if the voltage 1154 is larger than a threshold voltage ( e.g. , an 
parator 902. In yet another example , the capacitor 916 under - voltage lock - out threshold ) in magnitude , the control 
begins to be charged in response to the current 906 that flows ler 1102 begins to operate , and a voltage associated with the 
through the switch 908 again . terminal 1148 ( e.g. , terminal VDD ) is clamped to a prede 
According to some embodiments , if the resistance of the termined voltage . In yet another example , the terminal 1138 

resistor 610 is changed , the voltage 688 changes in magni- 25 ( e.g. , terminal DRAIN ) is connected to a drain terminal of 
tude , and in response the current 808 ( e.g. , I. ) changes in an internal power switch . In yet another example , the 
magnitude , which may change the duration of charging controller 1102 outputs a drive signal ( e.g. , a pulse - width 
discharging the capacitor 916 and thus the operating fre modulation signal ) with a certain frequency and a certain 
quency of the system 600. For example , if the current 808 duty cycle to close ( e.g. , turn on ) or open ( e.g. , turn off ) the 
( e.g. , I. ) decreases in magnitude , the duration of discharging 30 internal power switch so that the system 1100 operates 
the capacitor 916 increases ( e.g. , from T1 to T2 as shown in normally . 
FIG . 10 ) . The smaller the magnitude of the current 808 ( e.g. , According to another embodiment , if the internal power 
1. ) , the larger the duration of discharging the capacitor 916 switch is closed ( e.g. , being turned on ) , the controller 1102 
( e.g. , further increasing to T3 or T4 as shown in FIG . 10 ) , detects the current flowing through one or more LEDs 1132 
according to certain embodiments . The larger the duration of 35 through the resistor 1122 ( e.g. , R2 ) . For example , a sensing 
discharging the capacitor 916 , the smaller the operating signal 1156 generated on the resistor 1122 ( e.g. , R2 ) is 
frequency of the system 600 , according to some embodi provided through the terminal 1144 ( e.g. , terminal CS ) to the 
ments . controller 1102 for signal processing during different switch 
As discussed above and further emphasized here , FIGS . ing periods associated with the internal power switch . In 

6-10 are merely examples , which should not unduly limit the 40 another example , when the internal power switch is opened 
scope of the claims . One of ordinary skill in the art would ( e.g. , being turned off ) during each switching period is 
recognize many variations , alternatives , and modifications . affected by peak magnitudes of the signal 1156 on the 
For example , FIG . 6 is implemented together with FIG . 2. In resistor 1122 ( e.g. , R2 ) . In yet another example , the induc 
another example , FIG . 3 , FIG . 4 , and / or FIG . 5 are imple tive component 1126 is connected with the resistors 1124 
mented , individually or in combination , as at least one or 45 and 1128 which generate a feedback signal 1158. In yet 
more parts of the controller 602 as shown in FIG . 6 . another example , the controller 1102 receives the feedback 

Also , as discussed above and further emphasized here , signal 1158 through the terminal 1142 ( e.g. , terminal FB ) for 
FIGS . 2-5 are merely examples , which should not unduly detection of a demagnetization process of the inductive 
limit the scope of the claims . One of ordinary skill in the art component 1126 to determine when the internal power 
would recognize many variations , alternatives , and modifi- 50 switch is closed ( e.g. , being turned on ) . 
cations . For example , an LED lighting system ( e.g. , oper According to yet another embodiment , the controller 1102 
ating in a DCM mode ) can be configured to change an includes an internal capacitor for compensation to achieve 
operating frequency with an output of an internal error high power factor and high - precision constant LED current 
amplifier , instead of having a fixed operating frequency . regulation . For example , the internal capacitor is connected 

FIG . 11 is a simplified diagram showing an LED lighting 55 to an internal error amplifier for compensation . In another 
system according to yet another embodiment of the present example , the operating frequency of the system 1100 
invention . This diagram is merely an example , which should changes with the output of the internal error amplifier . In yet 
not unduly limit the scope of the claims . One of ordinary another example , the smaller in magnitude the output of the 
skill in the art would recognize many variations , alterna internal error amplifier , the smaller in magnitude the oper 
tives , and modifications . The LED lighting system 1100 60 ating frequency of the system 1100. As an example , the LED 
includes a controller 1102 , resistors 1108 , 1122 , 1124 and lighting system 1100 can be implemented to operate in a 
1128 , capacitors 1106 , 1112 and 1130 , a full - wave rectifying DCM or QR mode . In another example , the controller 1102 
component 1104 , a diode 1114 , and an inductive component does not include a terminal COMP ( e.g. , a pin ) and does not 
1126 ( e.g. , an inductor ) . For example , the controller 1102 include an external compensation capacitor connected to 
includes terminals 1138 , 1142 , 1144 , 1146 and 1148. As an 65 such a terminal either , compared with the controller 102. In 
example , the controller 1102 , the resistors 1108 , 1122 , 1124 yet another example , the system 1100 does not include a 
and 1128 , the capacitors 1106 , 1112 and 1130 , the full - wave power supply network ( e.g. , the network including the 
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resistor 116 ( e.g. , R5 ) , the diode 118 ( e.g. , D2 ) and the Zener system 1100 according to an embodiment of the present 
diode 120 ( e.g. , ZD1 ) as shown in FIG . 1 ) . invention . This diagram is merely an example , which should 

FIG . 12 is a simplified diagram showing the controller not unduly limit the scope of the claims . One of ordinary 
1102 as part of the LED lighting system 1100 according to skill in the art would recognize many variations , alterna 
an embodiment of the present invention . This diagram is 5 tives , and modifications . 
merely an example , which should not unduly limit the scope According to one embodiment , if the signal 1288 ( e.g. , of the claims . One of ordinary skill in the art would Vc ) is smaller in magnitude than a first voltage ( e.g. , V1 ) , recognize many variations , alternatives , and modifications . the operating frequency of the system 1100 keeps at a The controller 1102 includes a modulation component 1212 , magnitude 1304. For example , if the signal 1288 ( e.g. , V ) 
an UVLO component 1202 , a driver 1214 , a sensing com- 10 is larger in magnitude than a second voltage ( e.g. , V2 ) , the ponent 1210 , a signal generator 1220 , a low pass filter 1218 , operating frequency of the system 1100 keeps at a magni an error amplifier 1216 , a diode 1206 , a Zener diode 1204 , tude 1302. In another example , if the signal 1288 ( e.g. , VC ) and power switches 1208 and 1222. For example , the power 
switches 1208 and 1222 each include a transistor . In another is smaller in magnitude than the second voltage ( e.g. , V2 ) 
example , the power switch 1208 includes a metal - oxide- 15 and larger in magnitude than the first voltage ( e.g. , V1 ) , the 
semiconductor field - effect transistor ( MOSFET ) . In yet operating frequency of the system 1100 changes with the 
another example , the power switch 1222 includes a MOS signal 1288 ( e.g. , Vc ) . As an example , if the signal 1288 
FET . ( e.g. , Vc ) is smaller in magnitude than the second voltage 

In some embodiments , the error amplifier 1216 is the ( e.g. , V2 ) and larger in magnitude than the first voltage ( e.g. , 
same as the error amplifier 316. In certain embodiments , the 20 V1 ) , the operating frequency of the system 1100 increases 
low pass filter 1218 is the same as the low pass filter 318. In ( e.g. , linearly or non - linearly ) with the increasing signal 
some embodiments , the driver 1214 is the same as the driver 1288 ( e.g. , Vc ) . 
314. In particular embodiments , the error amplifier 1216 is FIG . 14 is a simplified diagram showing the signal 
the same as the error amplifier 716. In certain embodiments , generator 1220 of the controller 1102 as part of the LED 
the low pass filter 1218 is the same as the low pass filter 718. 25 lighting system 1100 according to an embodiment of the 
In some embodiments , the modulation component 1212 is present invention . This diagram is merely an example , 
the same as the modulation component 712. In certain which should not unduly limit the scope of the claims . One 
embodiments , the driver 1214 is the same as the driver 714 . of ordinary skill in the art would recognize many variations , 

According to one embodiment , the terminal 1148 ( e.g. , alternatives , and modifications . The signal generator 1220 
terminal VDD ) is connected to a gate terminal of the switch 30 includes a voltage - to - current converter 1302 and an oscil 
1208 and the UVLO component 1202 detects the voltage lator 1304 . 
1254. For example , if the voltage 1254 is larger than a According to one embodiment , the converter 1302 
predetermined threshold ( e.g. , a UVLO threshold ) in mag receives the signal 1288 ( e.g. , V ) and generates a curr 
nitude , the controller 1102 begins to operate . In another 1308 ( e.g. , Ic ) . For example , the oscillator 1304 receives the 
example , the sensing component 1210 detects , through the 35 current 1308 and a reference current 1306 ( e.g. , 10 ) and 
terminal 1142 ( e.g. , terminal FB ) , the feedback signal 1158 outputs the ramp signal 1224 and the clock signal 1225. As 
to determine whether the demagnetization process associ an example , the clock signal 1225 and the ramp signal 1224 
ated with the inductive component 1126 has completed and are of a same frequency . In another example , the reference 
outputs a signal 1230. In yet another example , the sensing current 1306 has a predetermined magnitude . 
component 1210 determines whether the output voltage 40 FIG . 15 is a simplified diagram showing a relationship 
1158 exceeds a threshold so as to trigger an over - voltage between the current 1308 ( e.g. , Ic ) and the signal 1288 of the 
mechanism . controller 1102 as part of the LED lighting system 1100 

According to another embodiment , the error amplifier according to an embodiment of the present invention . This 
1216 detects , through the terminal 1144 ( e.g. , terminal CS ) , diagram is merely an example , which should not unduly 
an output current 1160 flowing through the one or more 45 limit the scope of the claims . One of ordinary skill in the art 
LEDs 1132. For example , the low pass filter 1218 receives would recognize many variations , alternatives , and modifi 
the sensing signal 1156 and outputs a signal 1226 to the error cations . 
amplifier 1216 which also receives a reference signal 1228 . According to one embodiment , if the signal 1288 ( e.g. , 
In another example , the error amplifier 1216 outputs a signal Vc ) is smaller in magnitude than a first voltage ( e.g. , V1 ) , 
1288 ( e.g. , Vc ) to the modulation component 1212 which 50 the current 1308 ( e.g. , Ic ) keeps at a magnitude 1504. For 
also receives the signal 1230 from the sensing component example , if the signal 1288 ( e.g. , Vc ) is larger in magnitude 
1210. In yet another example , the modulation component than a second voltage ( e.g. , V2 ) , the current 1308 ( e.g. , Ic ) 
1212 receives a clock signal 1225 and a ramp signal 1224 keeps at a magnitude 1502. In another example , if the signal 
from the signal generator 1220 which receives the signal 1288 ( e.g. , Vd ) is smaller in magnitude than the second 
1288 ( e.g. , Vc ) . In yet another example , the modulation 55 voltage ( e.g. , V2 ) and larger in magnitude than the first 
component 1212 outputs a modulation signal 1232 to the voltage ( e.g. , V1 ) , the current 1308 ( e.g. , Ic ) changes with 
driver 1214 which outputs a drive signal 1234 to the switch the signal 1288 ( e.g. , Vc ) . As an example , if the signal 1288 
1222 ( e.g. , at the gate terminal ) . As an example , the clock ( e.g. , Vc ) is smaller in magnitude than the second voltage 
signal 1225 and the ramp signal 1224 are of a same ( e.g. , V2 ) and larger in magnitude than the first voltage ( e.g. , 
frequency related to the operating frequency of the system 60 V1 ) , the current 1308 ( e.g. , Ic ) increases ( e.g. , linearly or 
1100. In some embodiments , current consumption of the non - linearly ) with the increasing signal 1288 ( e.g. , V. ) . 
system 1100 is reduced to a low magnitude with the opera As discussed above and further emphasized here , FIGS . 
tion of the controller 1102 , which may result in a fast start - up 11-15 are merely examples , which should not unduly limit 
process . the scope of the claims . One of ordinary skill in the art would 

FIG . 13 is a simplified diagram showing a relationship 65 recognize many variations , alternatives , and modifications . 
between the operating frequency of the system 1100 and the In one embodiment , FIG . 11 is implemented together with 
signal 1288 of the controller 1102 as part of the LED lighting FIG . 2. For example , FIG . 3 , FIG . 4 , and / or FIG . 5 are 
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implemented , individually or in combination , as at least one minal is coupled directly to the capacitor . For example , the 
or more parts of the controller 1102 as shown in FIG . 11 . system controller is implemented according to at least FIG . 

In another embodiment , FIG . 11 is implemented together 3 and / or FIG . 4 . 
with FIG . 6. For example , FIG . 7 , FIG . 8 , FIG . 9 , and / or According to yet another embodiment , an error amplifier 
FIG . 10 are implemented , individually or in combination , as 5 includes : a transconductance amplifier including a first input 
at least one or more parts of the controller 1102 as shown in terminal and a second input terminal and a first output 
FIG . 11. In yet another embodiment , FIG . 11 is implemented terminal , the first input terminal being configured to receive 
together with both FIG . 2 and FIG . 6. For example , FIG . 3 , a first voltage signal , the second input terminal being con 
FIG . 4 , FIG . 5 , FIG . 6 , FIG . 7 , FIG . 8 , FIG . 9 , and / or FIG . figured to receive a second voltage signal , the first output 
10 are implemented , individually or in combination , as at 10 terminal being configured to generate a current signal based at least in part on the first voltage signal and the second least one or more parts of the controller 1102 as shown in 
FIG . 11 . voltage signal ; a first switch including a first switch terminal 

and a second switch terminal and configured to be open or According to another embodiment , a system controller closed in response to a first control signal , the first switch includes : a first controller terminal configured to receive an 15 terminal being coupled to the first output terminal ; a capaci input voltage , the first controller terminal being further tor including a first capacitor terminal and a second capaci 
configured to allow a first current flowing into the system tor terminal , the first capacitor terminal being coupled to the 
controller based at least in part on the input voltage in second switch terminal ; an operational amplifier including a 
response to one or more switches being closed ; a second third input terminal , a fourth input terminal , and a second 
controller terminal configured to allow the first current to 20 output terminal , the third input terminal being coupled to the 
flow out of the system controller through the second con first capacitor terminal ; and a second switch including a 
troller terminal in response to the one or more switches third switch terminal and a fourth switch tettuinal , the third 
being closed , the second controller terminal being further switch terminal being coupled to the second output terminal , 
configured to receive a current sensing signal based at least the fourth switch terminal being coupled to the first output 
in part on the first current ; and a third controller terminal 25 terminal , the second switch being configured to be open or 
configured to be biased at a first voltage . The system closed in response to a second control signal . If the first 
controller further includes : a fourth controller terminal control signal is at a first logic level , the second control 
coupled to the third controller terminal through a first signal is at a second logic level . If the first control signal is 
capacitor , the first capacitor not being any part of the system the second logic level , the second control signal is at the first 
controller ; an error amplifier configured to generate a com 30 logic level . The first logic level and the second logic level 

are different . For example , the error amplifier is imple pensation signal based at least in part on the current sensing mented according to at least FIG . 4 . signal , the error amplifier including a second capacitor ; and In one embodimer a system controller includes : a first a driver configured to generate a drive signal based at least controller terminal configured to allow a first current to flow in part on the compensation signal and output the drive 35 out of the system controller through the first controller signal to affect the first current flowing from the first terminal to a resistor associated with a resistance , the first controller terminal to the second controller terminal . The controller terminal being further configured to receive a error amplifier further includes a first input terminal , a voltage signal based at least in part on the first current and 
second input terminal , and an output terminal . The first input the resistance , the resistor not being any part of the system 
terminal is coupled directly or indirectly with the second 40 controller . The system controller is configured to process the 
controller terminal . The second input terminal is configured received voltage signal , generate a clock signal associated 
to receive a second voltage . The output terminal is coupled with an operating frequency based at least in part on the 
to the second capacitor not through any controller terminal . voltage signal , and change the operating frequency based at 
For example , the system controller is implemented accord least in part on the resistance . For example , the system 
ing to at least FIG . 2 , FIG . 3 , FIG . 4 , FIG . 11 , FIG . 12 , and / or 45 controller is implemented according to at least FIG . 6 , FIG . 
FIG . 14 . 7 , FIG . 8 , and / or FIG . 9 . 

According to another embodiment , a system controller is In another embodiment , a system controller is provided 
provided for regulating a current flowing from a first con for regulating a current flowing through one or more light 
troller terminal to a second controller terminal . The system emitting diodes . The system controller includes : a voltage 
controller includes : a low pass filter configured to receive a 50 to - current converter configured to receive a first voltage 
current sensing signal related to the current flowing from the associated with a first controller terminal and generate a first 
first controller terminal to the second controller terminal , the current based at least in part on the first voltage , the first 
low pass filter being further configured to generate a filtered controller terminal being configured to provide a second 
signal based at least in part on the current sensing signal ; an current to a resistor for generating the first voltage ; an 
error amplifier configured to receive the filtered signal and 55 oscillator configured to receive the first current and generate 
a first reference signal and generate a compensation signal a clock signal based at least in part on the first current , the 
based at least in part on the filtered signal and the first clock signal being associated with an operating frequency of 
reference signal , the error amplifier including a capacitor ; the system controller , and a driver configured to generate a 
and a driver configured to generate a drive signal based on drive signal associated with the operating frequency and 
at least information associated with the compensation signal 60 output the drive signal to affect a third current flowing 
and output the drive signal to one or more switches to affect through one or more light emitting diodes . The oscillator is 
the current flowing from the first controller terminal to the further configured to generate a ramp signal associated with 
second controller terminal . The error amplifier further an operating frequency based at least in part on the first 
includes a first input terminal , a second input terminal , and current , the operating frequency corresponding to an oper 
an output terminal . The first input terminal is configured to 65 ating period , the operating period including a ramp - up 
receive the filtered signal . The second input terminal is period and a ramp - down period . The oscillator is further 
configured to receive the reference signal . The output ter configured to : ramp up the ramp signal from a first magni 
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tude to a second magnitude during the ramp - up period and example , some or all components of various embodiments 
ramp down the ramp signal from the second magnitude to of the present invention each are , individually and / or in 
the first magnitude during the ramp - down period , the first combination with at least another component , implemented 
magnitude and the second magnitude being different ; and in one or more circuits , such as one or more analog circuits 
adjust a duration of the ramp - down period in response to a 5 and / or one or more digital circuits . In yet another example , 
change of the voltage signal in magnitude . For example , the various embodiments and / or examples of the present inven 
system controller is implemented according to at least FIG . tion can be combined . 
7 and / or FIG . 8 . Although specific embodiments of the present invention In yet another embodiment , a system controller is pro have been described , it will be understood by those of skill vided for regulating a current flowing through one or more 10 in the art that there are other embodiments that are equiva light emitting diodes . The system controller includes : an lent to the described embodiments . Accordingly , it is to be error amplifier configured to receive a first voltage related to understood that the invention is not to be limited by the a first current flowing out of a first controller terminal and 
generate a second voltage based at least in part on the first specific illustrated embodiments , but only by the scope of 
voltage ; a clock - signal generator configured to receive the 15 the appended claims . 
second voltage and generate a clock signal based at least in 
part on the second voltage , the clock signal being associated What is claimed is : 
with an operating frequency of the system controller ; and a 1. A system for regulating a current flowing through one 
driver configured to generate a drive signal associated with or more light emitting diodes , the system comprising : 
the operating frequency and output the drive signal to affect 20 an error amplifier configured to receive a first voltage 
a second current flowing through one or more light emitting signal related to a first current flowing out of a terminal 
diodes . The system controller is further configured to : keep and generate a second voltage signal based at least in 
the operating frequency unchanged at a first frequency part on the first voltage signal ; and 
magnitude in response to the second voltage changing if the a clock - signal generator configured to receive the second 
second voltage remains smaller than a first voltage magni- 25 voltage signal and generate a clock signal based at least 
tude ; keep the operating frequency unchanged at a second in part on the second voltage signal , the clock signal 
frequency magnitude in response to the second voltage being associated with an operating frequency of the 
changing if the second voltage remains larger than a second system ; 
voltage magnitude ; and change the operating frequency in wherein the system is configured to : 
response to the second voltage changing if the second 30 keep the operating frequency unchanged at a first 
voltage remains larger than the first voltage magnitude and frequency magnitude in response to the second volt 
smaller than the second voltage magnitude . The second age signal changing and remaining smaller than a 
voltage magnitude is larger than the first voltage magnitude . first voltage magnitude ; 
For example , the system controller is implemented accord keep the operating frequency unchanged at a second 
ing to at least FIG . 12 , and / or FIG . 13 . frequency magnitude in response to the second volt 

In yet another embodiment , a method is provided for age signal changing and remaining larger than a 
regulating a current flowing through one or more light second voltage magnitude ; and 
emitting diodes . The method includes : receiving a first change the operating frequency in response to the 
voltage related to a first current flowing out of a first second voltage signal changing and remaining larger 
controller terminal ; generating a second voltage based at 40 than the first voltage magnitude and smaller than the 
least in part on the first voltage ; receiving the second second voltage magnitude ; 
voltage ; generating a clock signal based at least in part on wherein the second voltage magnitude is larger than the 
the second voltage , the clock signal being associated with an first voltage magnitude . 
operating frequency ; generating a drive signal associated 2. The system of claim 1 wherein the error amplifier is 
with the operating frequency ; and outputting the drive signal 45 further configured to receive a reference signal and generate 
to affect a second current flowing through one or more light the second voltage signal based at least in part on the first 
emitting diodes . Generating a clock signal based at least in voltage signal and the reference signal . 
part on the second voltage includes : keeping the operating 3. The system of claim 1 , further comprising : 
frequency unchanged at a first frequency magnitude in a modulation component configured to receive the clock 
response to the second voltage changing if the second 50 signal and the second voltage signal and generate a 
voltage remains smaller than a first voltage magnitude ; modulation signal based at least in part on the clock 
keeping the operating frequency unchanged at a second signal and the second voltage signal ; 
frequency magnitude in response to the second voltage wherein the system is further configured to receive the 
changing if the second voltage remains larger than a second modulation signal and generate a drive signal based at 
voltage magnitude ; and changing the operating frequency in 55 least in part on the modulation signal . 
response to the second voltage changing if the second 4. The system of claim 1 wherein the second frequency 
voltage remains larger than the first voltage magnitude and magnitude is larger than the first frequency magnitude . 
smaller than the second voltage magnitude . The second 5. The system of claim 1 wherein the system is further 
voltage magnitude is larger than the first voltage magnitude . configured to increase the operating frequency linearly in 
For example , the method is implemented according to at 60 response to the second voltage signal increasing and remain 
least FIG . 12 , and / or FIG . 13 . ing larger than the first voltage magnitude and smaller than 
For example , some or all components of various embodi the second voltage magnitude . 

ments of the present invention each are , individually and / or 6. The system of claim 1 wherein the clock - signal gen 
in combination with at least another component , imple erator includes : 
mented using one or more software components , one or 65 a voltage - to - current converter configured to receive the 
more hardware components , and / or one or more combina second voltage signal and generate a second current 
tions of software and hardware components . In another based at least in part on the second voltage signal ; and 
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an oscillator configured to receive the second current and keeping the operating frequency unchanged at a second 
generate the clock signal based at least in part on the frequency magnitude in response to the second volt 
second current . age signal changing and remaining larger than a 

7. The system of claim 6 wherein the voltage - to - current second voltage magnitude ; and 
converter is further configured to : changing the operating frequency in response to the 

second voltage signal changing and remaining larger keep the second current unchanged at a first current than the first voltage magnitude and smaller than the magnitude in response to the second voltage signal second voltage magnitude ; changing and remaining smaller than the first voltage wherein the second voltage magnitude is larger than the magnitude ; first voltage magnitude . 
keep the second current unchanged at a second current 11. The method of claim 10 wherein the generating the 
magnitude in response to the second voltage signal clock signal based at least in part on the second voltage 
changing and remaining larger than the second voltage signal includes : 
magnitude ; and generating a second current based at least in part on the 

change the second current in response to the second second voltage signal ; 
voltage signal changing and remaining larger than the receiving the second current ; and 
first voltage magnitude and smaller than the second generating the clock signal based at least in part on the 

second current . voltage magnitude . 12. The method of claim 11 wherein the generating a 8. The system of claim 7 wherein the second current 
magnitude is larger than the first current magnitude . second current based at least in part on the second voltage 

9. The system of claim 7 wherein the voltage - to - current signal includes : 
converter is further configured to increase the second current keeping the second current unchanged at a first current 
linearly in response to the second voltage signal increasing magnitude in response to the second voltage signal 
and remaining larger than the first voltage magnitude and changing and remaining smaller than the first voltage 
smaller than the second voltage magnitude . magnitude ; 

10. A method for regulating a current flowing through one keeping the second current unchanged at a second current 
or more light emitting diodes , the method comprising : magnitude in response to the second voltage signal 

receiving a first voltage signal related to a first current changing and remaining larger than the second voltage 
flowing out of a terminal ; magnitude ; and 

generating a second voltage signal based at least in part on changing the second current in response to the second 
the first voltage signal ; voltage signal changing and remaining larger than the 

receiving the second voltage signal ; and first voltage magnitude and smaller than the second 
generating a clock signal based at least in part on the voltage magnitude . 
second voltage signal , the clock signal being associated 13. The method of claim 12 wherein the generating a 
with an operating frequency ; second current based at least in part on the second voltage 

wherein the generating a clock signal based at least in part signal further includes : 
on the second voltage signal includes : increasing the second current linearly in response to the 
keeping the operating frequency unchanged at a first second voltage signal increasing and remaining larger 

frequency magnitude in response to the second volt than the first voltage magnitude and smaller than the 
age signal changing and remaining smaller than a second voltage magnitude . 
first voltage magnitude ; 
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