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Publication Classi?cation 

A synchronous recti?er PWM (SR-PWM) controller con 
trols a MOSFET in response to the value of a secondary 
current and the status of a synchronous signal for both 
discontinuous and continuous operation mode. The second 
ary current is generated in a secondary circuit and is detected 
by tWo threshold-detection terminals of the SR-PWM con 
troller. The SR-PWM controller produces the synchronous 
signal by detecting a switching signal of the transformer via 
a detection terminal of the SR-PWM controller. Further 
more, a delay-time is inserted after the MOSFET is turned 
off and before the neXt switching cycle starts to ensure a 
proper operation of the MOSFET. In one embodiment, an 
equivalent series resistance (ESR) of an output capacitor can 
be used as a sensor to detect the secondary current. There 

Int. Cl. fore, no additional current sensor is required and the ef? 
H02M 3/335 (2006.01) CienCy can be improved. 
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PWM CONTROLLER FOR SYNCHRONOUS 
RECTIFIER OF FLYBACK POWER CONVERTER 

BACKGROUND OF THE INVENTION 

[0001] 1. Filed of the Invention 

[0002] The present invention relates to a pulse Width 
modulation (PWM) controller of ?yback poWer converter, 
and more particularly, to a synchronous recti?er PWM 
controller (SR-PWM) for a ?yback poWer converter to 
improve ef?ciency of poWer conversion. 

[0003] 2. Description of Related Art 

[0004] PoWer converters have been frequently used for 
converting an unregulated poWer source to a constant volt 
age source. Among various poWer converters, ?yback topol 
ogy is the most common one. A transformer having a 
primary Winding and a secondary Winding is the major part 
of a ?yback poWer converter. In application, the primary 
Winding is connected to the unregulated poWer source, 
preferably a DC voltage source, and a sWitching device is 
connected to the primary Winding to sWitch on and off the 
connection betWeen the unregulated poWer source and the 
primary Winding. A rectifying diode is typically connected 
to the secondary Winding for rectifying the energy trans 
ferred from the primary Winding into a DC voltage. 

[0005] FIG. 1 shoWs a conventional ?yback poWer con 
verter. The ?yback poWer converter includes a transformer 
10 having a primary Winding NP and a secondary Winding 
NS; a sWitching device 5 connected to the primary Winding 
NP of the transformer 10; a rectifying diode 15 and an output 
capacitor 30 connected to the secondary Winding NS of the 
transformer 10. The ?yback poWer converter operates in a 
tWo-step cycle. In a ?rst step, the sWitching device 5 is 
turned on to establish a connection betWeen an input voltage 
source VIN and the primary Winding NP. MeanWhile, as the 
rectifying diode 15 is reverse biased, the conduction path via 
the secondary Winding NS is cut off, and the primary 
Winding NP operates as an inductor to store energy. In a 
second step, the sWitching device 5 is turned off, such that 
the primary Winding NP is disconnected from the poWer 
source VIN. Under such conditions, the energy stored in the 
transformer 10 is released through the secondary Winding 
NS, and is stored into the output capacitor 30. 

[0006] In the topology as shoWn in FIG. 1, When the 
energy is released through the second Winding NS, a forWard 
voltage drop across the rectifying diode 15 inevitably causes 
conduction loss and renders the rectifying diode 15 as the 
dominant loss component. To resolve the poWer loss prob 
lem, a MOSFET 20 having loW on-resistance has been used 
to replace the rectifying diode 15 and provides synchronous 
recti?cation of the ?yback poWer converter. 

[0007] FIG. 2 shoWs a conventional ?yback poWer con 
verter having a MOSFET synchronous recti?er (SR) 20. 
Similarly to the topology as shoWn in FIG. 1, the ?yback 
poWer converter includes a transformer 10, a sWitching 
device 5 controlling conduction status betWeen the primary 
Winding NP of the transformer 10 and an input voltage 
source VIN, and an output capacitor 30 connected to the 
secondary Winding NS of the transformer 10. Unlike the 
topology as shoWn in FIG. 1, the ?yback poWer converter as 
shoWn in FIG. 2 includes the MOSFET synchronous recti 
?er 20 for reducing the rectifying loss. 
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[0008] A?yback poWer converter normally has tWo opera 
tion modes, i.e. discontinuous operation mode and continu 
ous operation mode. In the discontinuous operation mode, 
all the energy stored in the transformer is completely deliv 
ered before the next cycle starts. Therefore, no inducted 
voltage Will remain in the transformer to resist the output 
capacitor discharging back to the transformer. As shoWn in 
FIG. 2, When the ?yback poWer converter operates under 
the discontinuous operation mode, at the sWitching instant 
that the energy of the transformer 10 is completely deliv 
ered, a reverse current Will be discharged from the output 
capacitor 30. 

[0009] In a ?rst operation phase, the sWitching device 5 is 
turned on to conduct the input voltage source VIN to the 
primary Winding NP, and energy is stored to the transformer 
10. The energy e stored in the transformer 10 can be 
expressed as: 

<=LP><1P2/2, 
Where LP is the inductance of the primary Winding NP, and 
IP is the current ?oWing through the primary Winding NP. In 
the discontinuous mode, IP can be expressed by: 

Where TON is the duration When the sWitching device 5 is 
turned on. Therefore, the energy e can be expressed as: 

[0010] In a second operation phase, the connection 
between the primary Winding NP of the transformer 10 and 
the input voltage source VIN Will be cut off and the energy 
stored in the transformer 10 Will be freeWheeled to the 
output capacitor 30. The ?yback poWer converter operates in 
the discontinuous mode under light load conditions, under 
Which the energy stored in the transformer 10 is completely 
released before the next sWitching cycle starts. By com 
pletely releasing the energy stored in the transformer 10, no 
inducted voltage Will remain in the transformer 10 to resist 
the output capacitor 30 discharging back to the transformer 
10. Therefore, at the instant that the sWitching device 5 is 
turned off, a current Will be discharged from the output 
capacitor 30 in a reverse direction once the energy stored in 
the transformer 10 is completely released. 

[0011] In contrast, in the continuous operation mode, some 
energy remains in the transformer 10; that is, before the 
current released from the secondary Winding Ns drops to 
Zero, the next sWitching cycle Will start. When the MOSFET 
synchronous recti?er 20 is sWitched off after the start of the 
next sWitching cycle, as shoWn in FIG. 3, a reverse charging 
operation of the output capacitor 30 may occur. More 
speci?cally, in the continuous mode, the energy e stored in 
the transformer 10 can be expressed as: 

€=[‘GN2XTON2/(2XLP)]+[IaX‘GNXTON/Tl 
Where I8 is a current representing the energy that still exists 
in the transformer 10 When the next sWitching cycle starts; 
and T is the sWitching period of the ?yback poWer converter. 

[0012] Under the continuous mode operation, the trans 
former 10 keeps freeWheeling the energy When the next 
sWitching cycle starts. If the MOSFET synchronous recti?er 
20 is not sWitched off before the next sWitching cycle starts, 
the output capacitor 30 Will be charged in a reverse direction. 

[0013] Many approaches of synchronous recti?cation 
have been proposed to reduce rectifying loss, for example, 
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US. Pat. No. 6,400,583, “Flyback converter With synchro 
nous rectifying” issued to Chi-Sang Lau on Jun. 4, 2002 and 
“US. Pat. No. 6,442,048, “Flyback converter With synchro 
nous rectifying function” issued to Xiaodong Sun and John 
Xiaojian Zhao on Aug. 27, 2002. 

[0014] HoWever, in the disclosures mentioned above, the 
output capacitor is still sharply charged and discharged via 
the MOSFET synchronous recti?er at the sWitching instant 
in both continuous mode and discontinuous mode. There 
fore, the ef?ciency is reduced and the noise is increased. 
Furthermore, in the above approaches, the transformer 
requires an additional auXiliary Winding to generate a driv 
ing signal to achieve synchronous recti?cation; and thus 
increases the compleXity thereof. 

SUMMARY OF THE INVENTION 

[0015] In the light of the above description, the present 
invention is deirected to a SR-PWM controller for a syn 
chronous recti?er of a ?yback poWer converter, including a 
detection terminal coupled to a secondary Winding of a 
transformer via a detection diode for obtaining a detection 
signal, a ?rst threshold-detection terminal and a second 
threshold-detection terminal for detecting a secondary cur 
rent of the transformer, a timing terminal coupled to a 
programming resistor for determining a maximum pulse 
Width of a single-pulse signal, an output terminal generating 
an synchronous signal to drive a MOSFET. The MOSFET 
operates as a synchronous recti?er. A drain of the MOSFET 
is connected to the secondary Winding and a source of the 
MOSFET is connected to a secondary circuit of the ?yback 
poWer converter. The secondary circuit includes an output 
capacitor, the MOSFET, and the SR-PWM controller. The 
output capacitor is connected across output terminal pairs of 
the secondary circuit. The output terminal of the SR-PWM 
controller drives a gate of the MOSFET to turn on/off the 
MOSFET in response to the value of the secondary current 
and the status of the synchronous signal. The secondary 
current generated in the secondary Winding is detected via 
the ?rst threshold-detection terminal and the second thresh 
old-detection terminal. The synchronous signal is generated 
by detecting the sWitching signal of the transformer via the 
detection terminal of the SR-PWM controller. 

[0016] The detection diode connected from the detection 
terminal of the SR-PWM controller to the drain of the 
MOSFET protects the SR-PWM controller from a high 
voltage input. The SR-PWM controller is operative to gen 
erate the single-pulse signal in response to a high state of the 
detection signal. The programming resistor connected to the 
timing terminal of the SR-PWM controller determines the 
maXimum pulse Width of the single-pulse signal. The single 
pulse signal associates With the loW state of the detection 
signal to generate the synchronous signal. The SR-PWM 
controller is operative to generate a delay-time in response 
to the single-pulse signal. The delay-time is inserted after the 
end of the single-pulse signal and before the neXt sWitching 
cycle starts. The neXt sWitching cycle starts at the rising edge 
of the detection signal. The delay-time ensures that the 
MOSFET is turned off before the neXt sWitching cycle starts 
Whereas the SR-PWM controller is properly operated in the 
continuous operation mode. 

[0017] In addition, the SR-PWM controller is operative to 
sWitch on the MOSFET only When the secondary current is 
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larger than a threshold value. In this manner, the SR-PWM 
controller further includes a tWo constant current sources 

operative to generate the threshold value. When the second 
ary current is smaller than the threshold value in the dis 
continuous operation mode, the MOSFET Will be sWitched 
off. 

BRIEF DESCRIPTION OF ACCOMPANIED 
DRAWINGS 

[0018] FIG. 1 is a schematic circuit diagram illustrating a 
conventional ?yback poWer converter having a rectifying 
diode in a secondary circuit. 

[0019] FIG. 2 is a schematic circuit diagram illustrating a 
second operation stage of sWitching instant for a conven 
tional synchronous recti?er under the discontinuous mode. 

[0020] FIG. 3 is a schematic circuit diagram illustrating a 
?rst operation stage of sWitching instant for a conventional 
synchronous recti?er under the continuous mode. 

[0021] FIG. 4 is a schematic circuit diagram illustrating a 
Synchronous Recti?er PWM (SR-PWM) controller for con 
trolling a synchronous recti?er in a ?yback poWer converter 
according to an embodiment of the present invention. 

[0022] FIG. 5 is a schematic Waveform diagram illustrat 
ing various signals generated in each sWitching cycle of the 
?yback poWer converter under a continuous operation mode 
according to one embodiment of the present invention. 

[0023] FIG. 6 is a schematic Waveform diagram illustrat 
ing various signals generated in each sWitching cycle of the 
?yback poWer converter under a discontinuous operation 
mode according to one embodiment of the present invention. 

[0024] FIG. 7 is a schematic circuit diagram illustrating 
the SR-PWM controller as shoWn in FIG. 4 according to one 
embodiment of the present invention. 

[0025] FIG. 8 is a schematic circuit diagram illustrating a 
single-pulse signal generator of the SR-PWM controller as 
shoWn in FIG. 7 according to one embodiment of the 
present invention. 

[0026] FIG. 9 is a schematic diagram illustrating a SR 
PWM controller for control the synchronous recti?er in the 
?yback poWer converter according to an embodiment of the 
present invention. 

DETAILED DESCRIPTION OF EMBODIMENTS 

[0027] Referring to FIG. 4, it illustrates a Synchronous 
Recti?er PWM (SR-PWM) controller 50 for a ?yback poWer 
converter according to one embodiment of the present 
invention. In FIG. 4, the ?yback poWer converter includes 
a transformer 10 having a primary Winding NP coupled to a 
primary circuit and a secondary Winding NS coupled to a 
secondary circuit. In the primary circuit, the primary Wind 
ing NP is coupled betWeen an input voltage source VIN and 
a sWitching device 5. The secondary circuit includess a 
MOSFET 20, an output capacitor 30, and the SR-PWM 
controller 50. A drain of the MOSFET 20 is connected to a 
terminal B of the secondary Winding NS. The output capaci 
tor 30 is connected betWeen a terminal A of the secondary 
Winding NS and an output terminal of the secondary circuit. 
The SR-PWM controller 50 is coupled to the MOSFET 20. 
A resistor 90 serves as a current sensor, Which is coupled 
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between a source of the MOSFET 20 and a negative terminal 
of the output capacitor 30. The MOSFET 20 serves as a 
synchronous recti?er. The SR-PWM controller 50 used for 
controlling the MOSFET 20 includes a detection input DET 
coupled to an anode of a detection diode 60. Acathode of the 
detection diode 60 is coupled to the terminal B of the 
secondary winding NS of the transformer 10. The detection 
diode 60 is used for obtaining a detection signal DET-S. The 
SR-PWM controller 50 further includes a threshold-detec 
tion terminal S- and a threshold-detection terminal S+ for 
detecting a secondary current IS ?owing through the sec 
ondary winding NS. The SR-PWM controller 50 also 
includes a terminal RT, an output terminal O/P, a supply 
terminal VCC and a ground terminal GND. The output 
terminal O/P generates an output signal VG to drive a gate of 
the MOSFET 20. The terminal RT is connected to a pro 
gramming resistor 70 to a ground reference level for deter 
mining the pulse width of a single-pulse signal SP. 

[0028] As shown in FIG. 4, the threshold-detection ter 
minal S- is coupled to the resistor 90 through a resistor 110. 
The threshold-detection terminal S+ is coupled to the nega 
tive terminal of the output capacitor 30 and the ground 
terminal GND of the SR-PWM controller 50. An output 
voltage VO of the secondary circuit, which is also the output 
of the ?yback power converter, is supplied to the supply 
terminal VCC of the SR-PWM controller 50. 

[0029] Referring to FIG. 4 and FIG. 5, in a continuous 
operation mode, a switching signal VPWM turns on and off 
the switching device 5 in the primary circuit to generate a 
primary current IP ?owing through the primary winding NP. 
Energy will be stored to the transformer 10. The primary 
current IP is in phase with the switching signal VPWM. 
Meanwhile, the detection diode 60 in the secondary circuit 
is reverse biased, and the detection signal DET-S is detected 
high via the detection diode 60 to enable the single-pulse 
signal SP of the SR-PWM controller 50. 

[0030] As shown in FIG. 5, the detection signal DET-S is 
synchronous with the switching signal VPWM. That is, when 
the switching signal VPWM becomes logic-high, the detec 
tion signal DET-S also becomes logic-high. In contrast, 
when the switching signal VPWM falls to logic-low, the 
detection signal DET-S is dropped to logic low. When the 
detection signal DET-S falls to logic low, the single-pulse 
signal SP remains logic-high. Meanwhile, the logic-low 
detection signal DET-S generates a logic-high signal to be 
coupled in an AND logic operation with the logic-high 
single-pulse signal SP. Asynchronous signal is generated via 
the output terminal O/P of the SR-PWM controller 50 to 
control to MOSFET 20. Therefore, the switching signal 
VPWM and the MOSFET 20 are synchroniZed. As shown in 
FIG. 4, the terminal RT of the SR-PWM controller 50 is 
connected to the programming resistor 70 for programming 
the pulse width of the single-pulse signal SP in response to 
the detection signal DET-S. For eXample, in this embodi 
ment, the pulse width of the single-pulse signal Sp is similar 
to the switching period of the ?yback power converter. 

[0031] Once the switching device 5 disconnects the con 
duction between the input voltage source VIN and the 
primary winding NP, the primary current IP will be termi 
nated and the secondary current IS will ?ow through the 
secondary winding NS to the secondary circuit. As a result, 
energy stored in the transformer 10 is delivered to the output 
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terminal of the ?yback power converter and the output 
capacitor 30 to be the output voltage V0. The parasitic diode 
of the MOSFET 20 is forward biased. Since the parasitic 
diode of the MOSFET 20 is conducted, the detection signal 
DET-S will be detected low via the detection diode 60 and 
input to the SR-PWM controller 50. The logic-low detection 
signal DET-S will generate a logic-high signal to be coupled 
with the single-pulse signal SP again in an AND logic 
operation to generate the output signal VG to switch on the 
MOSFET 20. 

[0032] In a discontinuous operation mode as shown in 
FIG. 6, threshold-detection terminals S- and S+ senses the 
secondary current IS generated in the secondary winding NS 
to control the MOSFET 20. FIG. 6 shows the waveforms of 
various signals generated in the discontinuous operation 
mode. Again, when the switching signal VPWM becomes 
high, the switching device 5 will be conducted and the 
primary current IP will be generated in the primary circuit to 
?ow through the primary winding NP. Meanwhile, the 
detection signal DET-S is detected high to enable the single 
pulse signal SP. When the switching signal VPWM drops to 
logic-low, the switching device 5 is turned off and the 
primary current IP is terminated. The detection signal DET-S 
drops to logic-low as well. Meanwhile, the secondary cur 
rent IS is generated in the secondary circuit, and the energy 
stored in the transformer 10 is delivered to the output 
terminal of the ?yback power converter and the output 
capacitor 30 to be the output voltage V0. Before the neXt 
switching cycle starts, that is, before the switching signal 
VPWM becomes high again, the secondary current IS is reduced 
to Zero. Aconstant current I280 ?ows through the resistor 110 
to set up a threshold value 18. The MOSFET 20 ia turned off 
as long as the secondary current IS is dropped to lower than 
the threshold value 18. As shown in FIG. 6, switching off the 
MOSFET 20 before the secondary current IS is dropped to 
Zero can prevent a reverse discharge current from the output 
capacitor 30. 

[0033] Referring to FIG. 7, the SR-PWM controller 50 is 
illustrated according to the present invention. As shown in 
FIG. 7, the SR-PWM controller 50 includes a current source 
290, two constant current sources 270 and 280, three com 
parators 210, 220 and 230, a single-pulse generator 200, a 
D-type ?ip-?op 240, and AND gates 250 and 260. The 
current source 290 is supplied with a voltage source Vcc for 
pulling up the detection input DET. In FIG. 7, the compara 
tor 210 has a positive input supplied with the detection 
signal DET-S, a negative input supplied with a reference 
voltage VRl, and an output coupled to the single-pulse 
generator 200. When the detection signal DET-S is higher 
than the reference voltage VRl, the output of the comparator 
210 will provide a signal DH to initiate the single-pulse 
generator 200 for generating the single-pulse signal SP. 

[0034] Further referring to FIG. 7, the comparator 220 has 
a negative input supplied with the detection signal DET-S, a 
positive input coupled to a reference voltage VR2, and an 
output coupled to the D-type ?ip-?op 240. When the detec 
tion signal DET-S is lower than the reference voltage VR2, 
the output of the comparator 220 enables an output of the 
D-type ?ip-?op 240 to become logic-high. The constant 
current sources 270 and 280 are respectively coupled to the 
threshold-detection terminal S+ and the threshold detector 
S- for generating the threshold value such as the threshold 
value 18 shown in FIG. 6. Connecting resistors from 
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threshold-detection terminals S+ or S- to the ground termi 
nal GND of SR-PWM controller 50 technically produces the 
threshold value. The comparator 230 senses the secondary 
current IS shoWn in FIG. 4 and compares the secondary 
current IS With the threshold value, so as to control the on/off 
status of the MOSFET 20. That is, When the secondary 
current IS is greater than the threshold value, an output of the 
comparator 230 generates a high-level signal output from 
the D-type ?ip-?op 240. The output of the D-type ?ip-?op 
240 Will then be coupled With the single-pulse signal SP in 
the AND gate 260 to generate an output signal VG operative 
to sWitch on the MOSFET 20. The AND gate 250 perform 
ing an AND operation on the single-pulse signal SP and the 
output of the comparator 230 is used to reset the D-type 
?ip-?op 240. 

[0035] Referring to FIG. 8, a schematic circuit diagram of 
the single-pulse generator 200 according to one embodiment 
of the present invention is illustrated. As shoWn in FIG. 8, 
the single-pulse generator 200 includes an operational 
ampli?er 310, transistors 370, 350, 360, 380, programmable 
current sources 390 and 395, a capacitor 330, an AND gate 
345, and inverters 340, 341 and 342. The operational ampli 
?er 310 has a positive input supplied With a reference 
voltage VR3, a negative input coupled to the terminal RT, 
and an output to drive the transistor 370. The transistor 370 
is further connected to the terminal RT and a current mirror 
that is composed of mirrored transistors 350 and 360. The 
current mirror generates a charging current I360, Which can 
be expressed by: 

I36U=(VR3/R7D)/(N36U/N35D) 
Where N36O/N350 is the geometric ratio of the mirrored 
transistors 350 and 360, R70 is the resistance of the pro 
gramming resistor 70. 

[0036] Areference voltage VR4 supplied to the comparator 
320 provides a threshold voltage for generating the single 
pulse signal SF. The capacitor 330 and the current I360 are 
coupled to tWo programmable current sources 390 and 395. 
A single-pulse time T1 for the single-pulse signal SP is 
determined as: 

T1=(C33UXVR4)/(I36U+I39U_I395)> 
Where C330 is the capacitance of the capacitor 330. There 
fore, a delay time Td for starting the neXt sWitching cycle can 
be expressed as: 

Td=T—T1, 

Where T is the period of the sWitching signal VPWM. 

[0037] When the transformer 10 is operated in continuous 
operation mode, the delay time Td ensures that the MOSFET 
20 is turned off before the neXt sWitching cycle starts. This 
prevents a backWard charging to the output capacitor 30 and 
protects the MOSFET 20 from over-stress sWitching. There 
fore, a proper value of the delay time Td is signi?cant for the 
synchronous rectifying. A Wider delay is needed for the 
sWitching; hoWever, a shorter delay can achieve higher 
ef?ciency. 

[0038] The currents I395 and I390 generated by the pro 
grammable current sources 395 and 390 are developed as the 
function of delay time Td as shoWn in FIG. 5, 6. More 
speci?cally, the delay time Td Will be shortened When the 
current I390 is decreased and the current I395 is increased. On 
the contrary, the delay time Td is lengthened When the 
current I390 is increased and the current I395 is decreased. 
Once the sWitching frequency of the sWitching device 5 
?uctuates due to temperature variation, degradation of com 
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ponents or other factors, foregoing control mechanism is 
used to optimiZe the delay time Td. 

[0039] Further referring to FIG. 8, the signal DH is 
delayed by the inverters 340, 341 and 342 before entering 
one input of the AND gate 345, While the signal DH is input 
to the other input of the AND gate 345. The AND gate 345 
generates a discharge pulse to discharge the capacitor 330 in 
response to the rising edge of the detection signal DET-S, so 
as to initiate the neXt single-pulse signal. 

[0040] Referring to FIG. 9, a ?yback poWer converter 
using the SR-PWM controller 50 according to one embodi 
ment of the present invention is illustrated. As shoWn in 
FIG. 9, the poWer converter includes a transformer 10 
having a primary Winding NP and a secondary Winding NS 
respectively coupled to a primary circuit and a secondary 
circuit. In the primary circuit, a sWitching device 5 is used 
to control the connection betWeen the primary Winding NP 
and an input voltage source VIN. In the secondary circuit, a 
drain of a MOSFET 20 is coupled to a terminal B of the 
secondary Winding NS. An output capacitor 30 is coupled 
betWeen a terminal A of the secondary Winding NS and an 
output terminal of the secondary circuit. In the ?yback 
poWer converter as shoWn in FIG. 9, an equivalent series 
resistance (ESR) of the output capacitor 30 serves as a 
current sensor to detect a secondary current IS ?oWing via 
the secondary Winding NS. Therefore, no additional current 
sensor is required in this embodiment; and consequently, the 
ef?ciency is improved, and the cost is reduced. As shoWn in 
FIG. 9, a capacitor 150 and a resistor 120 are connected in 
series to be coupled to the output capacitor 30 in parallel for 
removing the DC portion of the voltage across the output 
capacitor 30. As a result, only the AC portion of the voltage 
in the output capacitor 30 is detected. The voltage across the 
resistor 120 coupled to a threshold-detection terminal S+ 
includes a threshold value generated by the constant current 
source 270 as shoWn in FIG. 7 and the AC portion of the 
voltage across the capacitor 30: 

V12D=VDC+AV7 

Where 

[0041] A resistor 110 is coupled from a threshold-detec 
tion terminal S- to the ground terminal GND of the SR 
PWM controller 50 for generating another threshold value. 
The MOSFET 20 is conducted only When the voltage V120 
across the resistor 120 is higher than the voltage of I28O>< 
R110, Wherein R110 is the resistance of the resistor 110, and 
I280 is the current of the constant current source 280 as 
shoWn in FIG. 7. 

[0042] It Will be apparent to those skilled in the art that 
various modi?cations and variations can be made to the 
structure of the present invention Without departing from the 
scope or spirit of the present invention. In vieW of the 
foregoing, it is intended that the present invention cover 
modi?cations and variations of this invention provided that 
they fall Within the scope of the folloWing claims and their 
equivalents. 

What is claimed is: 

1. A pulse Width modulation (PWM) controller for a 
synchronous recti?er of a ?yback poWer converter, com 
prising: 
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a detection terminal, coupled to a secondary Winding of a 
transformer of the ?yback power converter through a 
detection diode for producing a detection signal; 

a ?rst threshold-detection terminal; 

a second threshold-detection terminal, Wherein said ?rst 
threshold-detection terminal and said second threshold 
detection terminal are applied to detect a secondary 
current ?oWing through said secondary Winding of said 
transformer of the ?yback poWer converter; 

a timing terminal, coupled to a programming resistor for 
determining a maXimum pulse Width of a single-pulse 
signal, Wherein said single-pulse signal raises to high in 
response to a high state of said detection signal, 
Wherein a high state of said single-pulse signal asso 
ciates With a loW state of said detection signal for 
generating a synchronous signal; 

an output terminal, outputting said synchronous signal to 
drive a MOSFET, Wherein said MOSFET operates as a 
synchronous recti?er, Wherein said MOSFET is 
sWitched on/off in response to the value of said sec 
ondary current and the status of said synchronous 
signal, Wherein said MOSFET is sWitched on only 
When said synchronous signal is active and said sec 
ondary current is larger than a ?rst threshold value; and 

a supply terminal; and 

a ground terminal; 
2. The PWM controller as recited in claim 1, Wherein the 

PWM controller is operative to generate said single-pulse 
signal in response to said detection signal, Wherein said 
single-pulse signal is coupled With a signal that is generated 
in response to said detection signal in an AND logic opera 
tion to generate said synchronous signal to turn on/off said 
MOSFET. 

3. The PWM controller as recited in claim 1, Wherein a 
delay-time is generated in response to said single-pulse 
signal, Wherein said delay-time is inserted betWeen an end of 
said single-pulse signal and a start of a neXt sWitching cycle 
to ensure that said MOSFET is turned off before the neXt 
sWitching cycle starts, Wherein the neXt sWitching cycle 
starts at a rising edge of said detection signal. 

4. The PWM controller as recited in claim 1 further 
comprising: 

a ?rst comparator, having a positive input supplied With 
said detection signal, a negative input supplied With a 
?rst reference voltage and an output; 

a second comparator, having a negative input supplied 
With said detection signal, a positive input supplied 
With a second reference voltage and an output; 

a third comparator, having a positive input coupled to said 
?rst threshold-detection terminal, a negative input 
coupled to said second threshold-detection terminal 
and an output; 

a single-pulse generator, having a ?rst input coupled to 
said output of said ?rst comparator, a second input 
coupled to said timing terminal and an output; 

a ?rst AND gate, having tWo inputs Wired With said output 
of said third comparator and said output of said single 
pulse generator and an output; 
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m D-type ?ip-?op, having a clock input coupled to said 
output of said second comparator, a reset input coupled 
to said output of said ?rst AND gate, and an output, 
Wherein said D-type ?ip-?op further has a D-input 
supplied With a supply voltage; 

a second AND gate, having inputs coupled to said output 
of said single-pulse generator and said output of said 
D-type ?ip-?op; 

a ?rst constant current source, coupled to said ?rst thresh 
old-detection terminal; 

a second constant current source, coupled to said second 
threshold-detection terminal, Wherein said ?rst con 
stant current source and said second constant current 
source are used for generating said ?rst threshold value; 
and 

a current source, coupled to said detection terminal for 
pulling up said detection signal. 

5. The PWM controller as recited in claim 4, Wherein said 
single-pulse generator further comprises: 

a V-to-I converter, comprising an operational ampli?er 
and a plurality of transistors associated With said pro 
gramming resistor to produce a constant charge current, 
Wherein said programming resistor and a third refer 
ence voltage coupled to said operational ampli?er 
determine said constant charge current; 

a programmable charge current source, generating a pro 
grammable charge current; 

a programmable discharge current source, generating a 
programmable discharge current; 

a capacitor, charged by said constant charge current and 
said programmable charge current, discharged by said 
programmable discharge current to produce a charging 
time for generating said single-pulse signal; 

an AND gate and a plurality of inverters, producing a 
discharge pulse for discharging said capacitor, Wherein 
said discharge pulse is generated in response to the 
rising edge of said detection signal; and 

a comparator, providing a second threshold value for 
generating said single-pulse signal. 

6. The PWM controller as recited in claim 5, Wherein a 
pulse Width of said single-pulse signal reduces When said 
programmable charge current increases, Wherein the pulse 
Width of said single-pulse signal increases When said pro 
grammable discharge current increases, Wherein an opti 
miZed pulse Width of said single-pulse signal is obtained by 
regulating said programmable charge current and said pro 
grammable discharge current. 

7. The poWer converter as recited in claim 5, Wherein said 
programmable charge current and said programmable dis 
charge current are developed as a function of said delay 
time, Wherein said delay-time is shortened When said pro 
grammable charge current decreases and said programmable 
discharge current increases, Wherein said delay-time is 
expanded When said programmable current increases and 
said programmable discharge current decreases. 


