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Abstract— Traditional voltage sensing method has already 
been widely used for the synchronous rectifier. However, the 
parasitic parameters will cause the false turn-on and early 
turn-off problem. In this paper, the conception of zero-
crossing noise filter is presented. By applying this filter to 
the synchronous rectifier, the false turn-on and early turn-
off problem can be resolved. Only three passive components 
are needed in the proposed filter which makes it reliable and 
easy to implement. Simulation and experimental results 
show that the zero-crossing noise filter can significantly 
improve the reliability as well as the efficiency of the power 
circuit. A 400V to 12V 100W Flyback converter and a 600W 
half bridge LLC resonant converter prototype are built to 
verify the advantages of the new zero-crossing noise filter. 

I. INTRODUCTION 
With the ever-increasing demands for 

telecommunication and computer system, the needs for 
power supplies with low voltage high current output keeps 
increasing. In order to reduce the loss caused by the high 
output current, synchronous rectifier (SR) is usually used 
to replace output Schottky barrier diodes[1, 2]. However, 
due to the existence of the parasitic parameters, as well as 
the load condition, the time of the switch on and off of the 
SR are not always synchronous with the primary 
MOSFET. In these circumstances, if the SR is driven by 
an incorrect gate signal, it will cause unnecessary power 
loss, even the damage of the system. 

To generate accurate driving signal for the SR, many 
studies have been done in recent years. All of these 
schemes can be divided into self-driven and external-
driven. Self-driven method uses the voltage of some 
deliberate points where the waveforms are similar to the 
driving signal of the SR[3-8]. It’s obvious that this driving 
method can only be applied to the specific topologies such 
as those with LC output filters. 

External-driven method can also be sorted as current 
sensing type and voltage sensing type. Current sensing 
method detects the current through the SR to generate the 
gate drive signal[9]. A bulky current-sensing transformer 
(CT) is needed for this method and the extra conduction 

loss of the winding and the solder joints will be caused. 
Undesired delay at turn-on of the SR is also inevitable 
because of the turn-on threshold that will cause duty cycle 
loss of the SR. Some literatures have figured out how to 
use the auxiliary winding or primary CT as the substitutes 
to the CT of the SR to reduce the size and conduction 
loss[10-12]. However, the increasing of the volume and 
the weight as well as the loss of the converter are 
inevitable due to the extra winding. 

Voltage sensing method uses the Rds_on of the SR as a 
current shunt and detects the voltage across the drain to the 
source (vDS) of the SR to generate the driving signal[13-
15]. Many driving chips have been developed based on 
this method to simplify the SR driving. However, the 
sensed vDS of the MOSFET is actually the sum of the Rds_on 
voltage drop and the package’s inductive voltage drop. A 
nano Henry (nH) inductance introduced by PCB trace will 
cause a considerable duty cycle loss. Therefore, the SR 
will be on for a much shorter time than required, resulting 
in extra conduction loss[16]. Moreover, due to the small 
Rds_on of the MOSFET, the voltage rating of the detecting 
threshold is only several millivolts. Thus even a very small 
zero-crossed ringing caused by the parasitic parameters of 
the circuit may result in the false gate driving signal. All 
the existing driving chips use a minimum conduction time 
(MCT) to blank the parasitic ringing. If not used properly, 
this approach will cause circulating current or damage of 
the power circuit at certain load condition. 

In this paper, a new driving method for the SR based 
on the vDS sensing scheme is presented. By applying a 
zero-crossing noise filter between the drain and the source 
of the SR, the false triggering can be effectively 
eliminated. The resistor and the capacitor in the filter are 
also used to compensate the duty cycle loss caused by the 
trace inductance of the MOSFET package. There are only 
three passive components in this filter, making the driving 
scheme reliable and easy to be implemented. A 400V to 
12V 100W Flyback and a 600W half bridge LLC resonant 
converter prototype are built to validate the theoretical 
analysis. 
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Fig. 2. Equivalent circuit of the parasitic ringing in the LLC resonant 

converter 

  
(a) at the turn-on of the SR (b) at the turn-off of the SR 
Fig. 4. Equivalent circuits of the parasitic ringings in the Flyback 

converter 

II. PROBLEMS OF THE TRADITIONAL VOLTAGE 
SENSING SRS DRIVING METHOD 

In order to illustrate the problems of the traditional 
voltage sensing SR driving method, half-bridge LLC 
resonant converter and flyback converter with SRs are 
selected as the examples. Fig. 1 shows the circuit diagrams 
of the typical half-bridge LLC resonant converter and the 
flyback converter with SRs. The problems of traditional 

voltage sensing method can be listed as false turn-on and 
early turn-off problems. 

A.  False-triggering problems of the SRs 
1) False-turn-on problem of the LLC resonant 

converter 
Due to the leakage inductance and output capacitance 

of the SR FET, the voltage across the SR rings before and 
after the SR conducts. The equivalent circuit of the 
parasitic ringing is shown in Fig. 2. When the SRs turn off, 
LS resonate with the output capacitance (Coss) of the SRs. If 
the voltage spikes reach the SR turn on threshold, 
especially at light load condition, the SR will be false-
triggered. This will result in the energy reverse from the 
output capacitor to the input source or even breakdown of 
the power circuit during the transient time. Fig. 3 shows 
the false-turn-on of the SR at light load condition. 

The frequency of the parasitic ringing can be 
calculated from Fig. 2. To simplify the analysis, assume 
that 

 1 2oss oss ossC C C= =  (1) 
Comparing the leakage inductance of the transformer 

with the output capacitance of the SRs, the influences of 
the magnetizing inductance Lm, the series resonant 
capacitor CS and the output capacitor Cout can be 
neglected. The ringing frequency can be derived as 
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2) False-turn-on problem of the Flyback converter 
When the primary MOSFET of the Flyback converter 

turns off, the energy stored in the magnetizing inductor Lm 
begins to release to the load and the SR is turned on. At 
the same time, the leakage inductance LLK begins to 
resonate with the parallel capacitor CQ, as shown in Fig. 4 
(a). The ringing frequency can be derived  
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Fig. 5 shows the turn-on parasitic ringing of vds_Qs. This 
ringing will inevitably result in the SR false turn-off if it is 

   
 

(a) LLC converter      (b) Flyback Converter 
Fig. 1. Typical applications of SRs 

 
Fig. 3. False-turn-on of SR under light load condition in the resonant 

LLC converter 
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not blanked. All of the commercial driver chips for the SR 

adopt a minimum conduction time (MCT) to blank the 
ringing at the turn-on of SR. If not used properly, this 
blanking method will causes the damage of the converter 
as explained following. 

The parasitic ringing also exists at the turn-off of the 
SR when the Flyback converter operates under DCM 
mode. When the energy stored in the magnetizing inductor 
Lm is totally released to the load, Lm begins to resonate 
with the parallel capacitor CQ of the primary MOSFET[1]. 
The equivalent circuit of the parasitic ringing at turn-off of 
the SR can be deduced from Fig. 1 (b), as shown in Fig. 4 
(b). If the ringing causes the voltage across the SR 
reaching its turn on threshold, the SR will be false-
triggered, and stay at ON state due to the existence of the 
MCT of the driver chip, even if the polarity of the voltage 
across the SR changed. If the primary MOSFET is turned 
on during the SR ON time, the currents through the 
primary MOSFET and the SR increase rapidly, and then 
damage the circuit. The false turn-on of the SR in the 
Flyback converter is shown in Fig. 6. The ringing 
frequency can be derived as 
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B.  Duty cycle loss problems of the SRs 
The equivalent circuit of the SR with driving circuit is 

shown in Fig. 7. When the SR is turned on, the body diode 
is bypassed. Compared with the RDS_on, the impedance of 
the Coss is much larger and can be neglected. Because of 
the trace inductance, the voltage vDS leads the current iSR. 
As for the LLC resonant converter, the current through the 
SR can be approximated as the half period of the 
sinusoidal waveform. Therefore, the lead time of the vDS to 
the iSR can be derived as 
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where ω0 is the series resonant frequency of the 
resonant tank. As for the flyback converter, because the 
magnetizing inductance of the transformer is far more than 
the lead inductance of the SR, the decreasing rate of the 
current through the SR is dominated by the magnetizing 
inductances and the output voltage. Therefore, the lead 
time of the vDS to the iSR can be derived as 
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It is observed that if the vDS is detected directly to 
generate the driving signal of the SR, the duty cycle loss is 
inevitable. Fig. 8 shows the lead-turn-off of the SR in the 
LLC resonant converter when vDS of the SR is fed to the 
driving IC. The same result in the flyback converter can 
also be observed in Fig. 5 and Fig. 6 

 
Fig. 6. False-turn-on of the SR under DCM mode in the Flyback 

converter 

 
Fig. 7. vDS sensing method for the SR 

 
Fig. 5. Parasitic ringing at the turn-on of the SR in the Flyback 

converter 

 
Fig. 8. Lead-turn-off of the SR in LLC converter 
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III. NEW DRIVING METHOD FOR SR WITH ZERO-

CROSSING FILTER 
To solve the false turn-on problem, a zero-crossing 

filter can be added to filter out the high frequency parasitic 
ringing. The equivalent circuit of the SR with zero-
crossing noise filter is shown in Fig. 9 in which the 
forward voltage of the Dfilter (VFD) should be a little larger 
than that of the body diode of the SR (VFb). Two diodes 
need to be connected in series if this condition can’t be 
met by one diode. In the diagram, vfilter is sensed by the SR 
driving IC as the substitutes of vDS. The key waveforms of 
the SR with zero-crossing filter applied for LLC and 
Flyback converter are illustrated in Fig. 10. At the turn-on 
of the SR, due to the existence of the zero-crossing filter, 
the high frequency parasitic ringing is blanked. At the 
turn-off of the SR in the Flyback converter, the frequency 
of parasitic ringing is very low. But the time interval that 
vDS across the turn-on threshold is very short. Therefore, 
the zero-crossing filter can also filter it out. 

To compensate the lead time at the switch off of the 
SR, the parameters of the zero-crossing noise filter should 
be selected carefully to match the trace inductance and 
RDS_on of the SR. The parameters of the filter are chosen 
specifically to emulate the lead angle θlead so that the 
voltage across the Cfilter can describe vRDS_on exactly. The 
parameters of the filter is defined as 
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There are two premises for the zero-crossing filter to 
emulate the current through the SR. One is that the 
parameters of the Rfilter and Cfilter should be matched to the 
trace inductance and RDS_on of the SR, as shown in 
equation (8). The other is that the initial condition of the 
voltage vfilter is zero. Due to the deliberately designed 
parameters of the Rfilter and Cfilter as well as the small value 
between VFD-VFb and the turn on threshold, both of these 
two premises can be met. In addition, the false-triggering 
immunity of the zero-crossing noise filter is still retained. 
Consequently, the reliability of the circuit is improved and 
the conduction loss is significantly reduced. 

 
Fig. 9.Equivalent circuit of the SR with the zero-crossing noise filter 

(a) for LLC converter   (b) for Flyback converter 
Fig. 10. Key waveforms of the SR with the zero-crossing noise filter

 
Fig. 11. Experimental waveforms of the LLC converter with zero-

crossing filter at full load condition 

 
Fig. 12. Experimental waveforms of the LLC converter with zero-

crossing filter at light load condition 

TAB. 1. PARAMETERS OF THE PROTOTYPE 
LLC converter Flyback converter 

Lm (μH) 98.7 Lm (μH) 98.7 
LS , LLK(μH) 9.8 LLK (μH) 9.8 

CS (nF) 40   
Turns ratio 20:1:1 Turns ratio 20: 1 

QH, QL STP26NM60N Q STB11NM80 
QS1, QS2 SIR158DP QS SIR158DP 

zero-crossing filter 
Rfilter (kΩ) 3.9 Cfilter (pF) 100 

Dfilter 1N4148   
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IV. EXPERIMENTAL RESULTS 
To verify the theoretical analysis in the previous 

section, a 400V to 12V 100W Flyback and a 600W half-
bridge LLC resonant converter prototype are built. The 
parameters of the circuit are listed in Tab. 1. 

Fig. 11 and Fig. 12 illustrate the experimental 
waveforms of the LLC converter with SR and zero-
crossing noise filter at full load and light load conditions. 
It shows that the SR with zero-crossing noise filter can 
operate properly at any load condition. 

Fig. 13 ~ Fig. 17 show the transient tests of the LLC 
converter with zero-crossing filter. Fig. 13 and Fig. 14 
shows the experiment results from full load (50A) to light 
load (5A) condition. Fig. 15 and Fig. 16 show the results 
from light load (5A) to full load (50A) condition. Fig. 17 
shows the converter operates under burst mode condition 
(0.5A). The experiment results demonstrate that the zero-
crossing noise can operate under transient condition 
properly. 

Fig. 18 and Fig. 19 show the experimental waveforms 
of a flyback converter with SR and zero-crossing filter. It 

 
Fig. 18. Experimental waveforms of the flyback converter with SR 

and zero-crossing filter in DCM mode 

 
Fig. 16. Detail waveforms of the transient test from light load to full 

load condition 

 
Fig. 15. Load transient test from light load to full load condition of the 

LLC converter 

 
Fig. 14. Detail waveforms of the transient test from full load to light 

load condition 

 
Fig. 13. Load transient test from full load to light load condition of the 

LLC converter  

 
Fig. 17. Burst mode test of the LLC converter with zero-crossing 

noise filter
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is observable that the parasitic ringing at both the turn-on 
and the turn-off are filtered out. The duty cycle loss at the 
turn-off of the SR is also compensated. Moreover, the 
zero-crossing filter can also operate at CCM mode. 

Fig. 20 compared the measured efficiency of the LLC 
converter prototype between with and without zero-
crossing noise filter at different load condition. It shows 
clearly that whatever the load condition is, the proposed 
driving method can effectively improve the efficiency of 
the circuit. 

V. CONCLUSION 
 Due to the easy implementation and small profile, the 

traditional voltage sensing method has already been widely 
used for the synchronous rectifier. However, the parasitic 
parameters in the circuit will cause the false turn-on and 
lead turn-off problem which undermine the reliability of 
the converter. In this paper, the conception of zero-
crossing noise filter is presented. By applying this filter to 
the MOSFET, the false turn-on and lead turn-off problem 
can be resolved. Only three passive components are 
needed in the proposed filter which makes it reliable and 
easy to implement. Simulation and experimental results 
show that the zero-crossing noise filter can significantly 

improve the reliability as well as the efficiency of the 
power circuit. Half-bridge LLC resonant converter and 
Flyback converter with SRs are selected as the examples to 
prove that this zero-crossing noise filter can also be 
applied to any other SR circuit. A 400V to 12V 100 W 
Flyback and a 600W half bridge LLC resonant converter 
prototype are built to verify the theoretical analyses. 
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Fig. 20. Efficiency comparison of the LLC converter with and 

without the zero-crossing noise filter 

 
Fig. 19. Experimental waveforms of the flyback converter with SR 

and zero-crossing filter in CCM mode 
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