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       Abstract: A modified control scheme is proposed to alleviate 
bulk capacitor voltage stress in active clamp Bi-flyback Power 
Factor Correction (PFC) AC/DC converter with universal input. 
In the proposed control scheme, the auxiliary switch is turned 
on with a fixed narrow pulse-width, rather than the 
conventional complimentary signal of the main switch. As a 
result, the proposed technique will substantially suppress the 
DC voltage well below 400V under the entire input range. The 
improved performance was experimentally verified through a 
28V@5.35A prototype. 1 
 
 

I. INTRODUCTION 
 

Active Power Factor Correction (PFC) technique 
continues to be attractive research topic with several effective 
regulations being reported. Conventional cascade of two-
stage topology can achieve good performance such as high 
power factor and low voltage stress, but it usually suffers 
from high cost and increased circuit complexity. Many 
single-stage PFC AC/DC converters have been proposed that 
can be applied cost-effectively [1,2]. However, it’s well 
known that in single stage topologies, the voltage across the 
bulk capacitor can not be controlled well due to the fact that 
only one switch and control loop are used. Moreover, the 
storage capacitor voltage varies widely with the input voltage 
and load variation, especially when the PFC cell operates in 
DCM mode while DC/DC stage operates in CCM mode. 
Finally, the storage capacitor voltage will increase to be 
unbearable under light load condition.   

Recently, several approaches were proposed to suppress 
the DC voltage stress. In reference [3], Chow introduced 
frequency modulation method to alleviate the voltage stress, 
while the varied frequency brought about the EMI issues and 
increases magnetic component design difficulty. Another 
approach is to keep the DC/DC stage operating in DCM 
mode under full load range [4], while DC/DC stage prefers 
CCM mode due to low output ripple and higher efficiency. 
Proposed method in [5,6] aimed at achieving a compromise 
between THD and voltage stress by introducing negative 
voltage feedback with an additional transformer winding 
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serially connected with the boost inductor. However, the dead 
angle in input current when input voltage below the feedback 
voltage increases the THD and limits its application.  

It’s shown that the newly proposed Bi-flyback AC/DC 
topologies in [7,8] can effectively alleviate the DC bus 
voltage, while a drawback to the use of the flyback is the 
relatively high voltage and current stress suffered by its 
switching components. Switch voltage stress could be 
minimized by incorporating an active clamp circuit that 
serves to limit the turn-off voltage spike while recycling the 
flyback transformer leakage energy [9,10]. Therefore, an 
active clamp Bi-flyback topology, as shown as Fig. 1(a), is 
adopted in this paper as a PFC AC/DC converter with 
universal input. There are actually two flyback transformers, 
PFC flyback transformer T1 and DC/DC flyback transformer 
T2, their operation principles will be detailed in Section II. 

sC  is the bulk capacitor to provide DC voltage bus, which is 
charged around high line voltage area, and discharged during 
low line voltage period in one line cycle, as shown as Fig. 1 
(b), to obtain low output voltage ripple. 

(a) Topology 
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(b) Operation modes of sC  in one line cycle 
 

Fig. 1: Active clamp Bi-flyback converter 
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For active clamp Flyback topology introduced in [9,10], 
the auxiliary switch is usually turned on and off alternatively 
with the main switch, achieving soft switching condition 
simultaneously for both switches. However, in such control 
mode, the DC bus voltage still stay beyond the tolerance of 
commercially available capacitor. In this paper, a modified 
control scheme aiming at further alleviating the DC bus 
voltage to below 400V through the universal input range, 
without sacrificing the efficiency and the power factor, is 
proposed and experimentally verified. 

 
 

II.  PROPOSED CONTROL SCHEME AND THE  
PRINCIPLE OF OPERATION 
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Fig. 2 Modified control scheme 

 
The control scheme for the proposed converter is shown 

as Fig. 2. The auxiliary switch is turned on with a fixed 
narrow pulse width saTD , rather than the conventional 
complimentary signal of the main switch ( sTD)1( − ) in the 
active clamp application [9].  

 

In the Bi-flyback AC/DC converter presented in [7], the 
operation mode of transformer T1 and T2 varies in one line 
cycle, depending on the charge or discharge condition of bulk 
capacitor, which is governed by the equation: 

0201)( VnVVntV csin +=+ . Therefore, here we can also divide 
one line cycle into charge and discharge intervals to analyze 
the operation principle of active clamp Bi-flyback converter, 
afterwards to illustrate how the modified control scheme 
works. 

The following discussion takes into account the leakage 
inductance of both transformers, and assume that: 

• All components are ideal; 
• Leakage inductance much less than the magnetizing 

inductance for both flyback transformers: bk LL <<  
for T1 and mr LL << for T2. 
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Fig. 3 (a) Operation modes, and (b) key waveforms in charge interval 
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A:   Charge Interval 
The operation modes and key waveforms in charge 

interval are illustrated in Figs. 3(a) and (b) respectively. The 
detailed operation of the circuit can be explained as follows 
with focusing on the current variation flowing through the 
bulk capacitor. 

Mode 1: [t0 – t1] 
At t0, 1S  is turned on while 2S  is off, as shown in Fig. 3 

(a). The output rectifiers 1D  and 2D  are reverse biased. For 

1T , the magnetizing inductance Lb, together with the leakage 
inductance Lk, is charged linearly up according to the 
Equations: 

in
in

kB V
dt

diLL =+ )(  

For 2T , the magnetizing inductance Lm, together with 
the resonant inductance Lr, is also charged up linearly. And 
the current flowing through bulk capacitor csi decreases 
linearly according to the Equation: 

cs
cs

mr V
dt

diLL =+ )(  

 
Mode 2: [t1 – t2] 
At 1t , 1S  is soft turned off due to the existence of switch 

parasite capacitance rC . Since the charging duration is 
relatively short, this soft turning off duration could be 
neglected here to simplify the analysis.  

When CrV increases to the value of CsV , ini will be 
diverted to charge cC and sC . Since rc CC >> , current can be 
considered totally flowing through cC . 

Since the secondary voltage of transformer 1T  is 
sufficient to forward bias D1, the primary voltage of 1T  is then 
clamped to approximately 01Vn . Therefore, in this period we 
have the following governing equations: 

)(01 cccsin
cs

k vVVnV
dt

diL +−+=                        

dt
dvCii cc

cLrcs +−=  

cc
Lr

mr v
dt

diLL =+ )(  

Due to rm LL >> , Lri can be considered to be constant 

LrLr Ii ≈ to simplify the analysis, so: 

)tansin( 12
2

c

kLr

ck
Lr

c

k
cs C

LI
CL

tI

C
Li

∆
++∆= −        (1) 

where, csin VVnV −−=∆ 01 . 
 

Mode 3: [t2 – t3] 

At 2t , when voltage across clamp capacitor CcV  
increases until 02Vn

LL
L

V
mr

m
cc ≥

+
⋅ , D2 becomes also forward 

biased and T2 operates in forward mode. The transformer 
primary voltage is clamped, by the large output capacitance, 
to approximately 02Vn . Equations of this mode are: 

)()()( 0201 VnVVnV
dt

diLL csin
Lr

kr +++−=+  

02Vnv
dt

diL cc
Lr

r +−=  

dt
dvCii cc

cLrcs +−=  

Since CsV  can be considered constant, so current 
flowing through bulk capacitor csi decrease near linearly. 

 
Mode 4: [t3 – t4]  

At 3tt = , current flowing through cC  reaches zero with 

inLrcs iii == , CcV then reaches its maximum value, blocking 
the body diode of auxiliary switch 1S . The current csi  
decreased according to the following Equation: 

0201 )()( VnVVnV
dt

di
LL csin

cs
kr +++−=+  

 
Mode 5: [t4 – t5] 

At 4tt = , 2D  is reverse biased and csi  decreased linearly 
by the following relationship: 

csin
cs

kmr VVnV
dt

diLLL ++−=++ )()( 01  

Since rm LL >> , csi  almost kept constant. 
 
Mode 6: [t5 – t6] 

At 5tt = , turn on 2S , CcV applied upon transformer 2T  
with its primary voltage again clamped to 02Vn . By 
neglecting the effect of rC , we have: 

02VnV
dt

diL cc
Lr

r −=  

)()( 01VnVVv
dt

diL incscc
cs

k +−+=  

dt
dvCii cc

cLrcs +−=  

 
Mode 7: [t6 – t7] 

At 6tt = , 0== csin ii , and we have 

dt
diLVnv Lr

rcc =− 02  

dt
dvCi cc

cLr −=  

Since we assume rc LC >> , Lri increases linearly as 
shown in Fig.3 (b). 
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Mode 8: [t7 – t8] 
The operation mode is almost the same as Mode 7, 

except there is no current flowing through the secondary of 
transformer 1T . 

 
Mode 9: [t8 – t0+ Ts] 
The auxiliary switch is turned off at 8t , effectively 

removing cC  from the circuit. At this moment, the 
magnetizing current diverted to the bulk capacitor is given 
by: 

sa
r

cc
ttLrttcs TD

L
VnVtiti 02

88
)()(

−
== ==                        (2) 

In this mode, a resonant network is formed between 
rL and main switch drain to source capacitance rC . The 

primary voltage of the transformer 2T  remains clamped at 

02Vn  as rC  is discharged to provide soft switching condition 
for the main switch. The first order differential equation in 
terms of rC  and rL  are given by: 

crcs
Lr

r vVnV
dt

diL −+= 02  

Lr
cr

r i
dt

dvC =  

At sTtt += 0 , 2D  is reverse biased by 0V . The 
magnetizing and leakage inductances of both transformers 
begin to linearly charge again, starting another switching 
cycle. 

 
B:   Discharge Interval 

The operation modes and key waveforms in discharge 
interval are illustrated in Figs. 4(a) and (b) respectively. The 
brief description of operation can be explained as follows: 

Mode 1: [t0 – t1] 
Same as Mode 1 in the charging interval in Fig. 3(b). 
 
Mode 2: [t1 – t2] 
Same as Mode 2 in the charging interval in Fig. 3(b). 
 
Mode 3: [t2 – t3] 
At t2, when voltage across clamp capacitor CcV  becomes 

02Vn
LL

LV
mr

m
cc ≥

+
, 2D  is forward biased and 2T  operates in 

flyback mode. The transformer primary voltage is clamped 
by the large output capacitance to approximately 02Vn . The 
equation in this mode are given by: 

cc
cc

c i
dt

dvC = , Lrcc
cr

r ii
dt

dvC +=  

cscccr Vvv += , 02Vnv
dt

diL cc
Lr

r −=  

Lrcccs iii −=  
Since it is assumed that rc CC >> , current can be 

considered flow fully through cC . 

 
Mode 4: [t3 – t4]  
In this mode, current csi reaches zero, and we have: 

02Vnv
dt

diL cc
Lr

r −=  

Lr
cc

c i
dt

dvC = , ccLr ii =  

 
Mode 5: [t4 – t5] 
Same as Mode 4 except there is no current flowing 

through the secondary of transformer 1T  
 

Mode 6: [t5 – t6]  
At 5tt = , Lri reach zero and clamp capacitor cC  is 

blocked by the reverse biased body diode of 2S , rL  will 
resonant with rC  according to the following equation: 

crcs
Lr

r VVnV
dt

diL −+= 02  

Lr
cr

r i
dt

dVC =  
 
Mode 7: [t6 – t7] 
Same as Mode 8 in the charging interval in Fig. 3(b). 
 
Mode 8: [t7 – t0+ Ts] 
Same as Mode 9 in the charging interval in Fig. 3(b). 
 
At sTtt += 0 , 2D  becomes reverse biased by 0V . The 

magnetizing and leakage inductances of both transformers 
begin to linearly charge again, starting another switching 
cycle. 
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(b) 

Fig. 4 (a) Operation modes, and (b) key waveforms in discharge interval 
 

From the afore-description, the operation condition of 
the bulk capacitor in each switching cycle could be 
determined through the current variation flowing through it. 

From bulk capacitor current waveform csi  in Fig. 3 and 
Fig. 4, it can be easily concluded that the ON time of 
auxiliary switch did affect the bulk capacitor voltage stress. 
We note: 

1) For both charge and discharge intervals, at the instant of 
turning off the auxiliary switch, the discharging current 
of clamp capacitor diverted to the bulk capacitor, since 
this current is proportional to the ON time of auxiliary 
switch, as shown by Equation (2). Therefore, reducing 
the length of ON time can effectively alleviate the 
voltage stress across the bulk capacitor. 

2) Due to cost and size considerations, the clamp capacitor 
is pretty small compared to the bulk capacitor, 
therefore, larger ON time will lead to lower final 
voltage across the clamp capacitor at the moment of the 
auxiliary switch being turned off.  Since D2 is forward 
biased until CcV increases to the value 

02Vn
LL

LV
mr

m
cc ≥

+
, it’s easy to conclude from Equation 

(1), that just after turning on the main switch, the lower 
CcV will result in more current charged to the bulk 

capacitor in the next switching cycle. If ccV  was kept 
higher value, partial current could have been transferred 
to the output through the secondary winding of PFC 
Flyback transformer.   

 
 

III. FEATURES OF PROPOSED CONTROL SCHEME  
 

From afore-description, the features of the proposed 
control scheme can be summarized as follows: 
1. Higher efficiency can still be achieved due to soft 

switching operation of the main switch.    
2. With the proposed control scheme, the DC bus voltage 

stress can be alleviated remarkably; this is attractive 
feature to universal input applications. Low DC bus 
voltage makes it possible to use only one commercial off 
the shelf (COTS) storage capacitor. Moreover, low 
voltage rated components can be used in the power stage, 
which can further reduce the cost and improve the 
efficiency. Since bvdssdson kVR 2≈ for MOSFET and 

rrmfw kVV 2≈ for rectifiers.  
3. Even though the auxiliary switch sacrificed its soft-

switching turned on condition, its narrow ON time allow 
us to choose low current rated MOSFET. Hence the 
switching loss of the auxiliary switch is pretty small due 
to reduced parasite capacitance. 

4. Direct energy transfer from transformer T1 helps to 
increase the overall efficiency due to partial power 
transferred to the output just being processed once. Also, 
the soft switching makes the high frequency operation 
possible; therefore, the power density can be increased. 

 
 

IV. SIMULATION AND EXPERIMENTAL RESULTS 
 

In order to verify the above analysis, a 28V@5.35A 
PSPICE closed loop simulation circuit is built up as shown as 
Fig. 5. 

 

 
Fig. 5 Simulation Schematics 
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 (a) Waveforms in one line cycle 
(First trace: Rectified input current;  
Second trace: Current transferred to the output through T2; 
Third trace: Current transferred to the output through T1;  
Fourth trace: Voltage across bulk capacitor;  
Fifth trace: Output Voltage) 

 

 
 

(b) Current flowing through different components in charge interval 
 

 
 

 (c) Current flowing through different components in discharge interval 
 

Fig. 6 Simulation results 
 

Figure 6 gives the simulated results for the proposed 
control for a specific design example. Fig. 6(a) presents key 
waveforms in one line cycle: The first trace shows the 
rectified input current, which is nearly sinusoidal waveform 
with unity power factor; The second trace indicates the 
current transferred to the output through T1, resulting in more 
than 50% energy transferred to the output side without 
processed twice, as previous approach did. This helps to 
increase the overall efficiency of the converter; The third 

trace indicates current transferred to the output through T2, 
which just fills the valley of the second current trace to 
pursue the trade-off between the high power factor and low 
output ripple; Fourth trace shows the charge and discharge 
variations of the bulk capacitor, which also clearly indicates 
the transition of transferring power through T1 or T2; The 
last trace gives the output voltage to indicate the active clamp 
Bi-flyback topology with the modified control scheme can 
obtain pretty small output ripple with near unity power factor. 

Figures 6(b) and (c) show the current flowing through 
the different components in one switching cycle during 
charge and discharge intervals respectively, which agreed 
well with the discussion in Section II. 

 

 A 85~265V/60Hz input, 28V@5.35A output prototype 
was built to experimentally verify the modified control 
scheme. The following key components were used in the 
implementation of the experimental circuit: Input transformer 
T1: Np1:Ns1= 21:7, Lk1=3uH; DC/DC transformer T2: 
Np2:Ns2= 30:10, Lk2=6uH; Switches S1: IXFH20N60; 
S2: IRFPC30C; Storage Capacitor  470uF/450V; Clamp 
capacitor  1.2uF/200V; Boost Diode  DSEI 1210A; 
Secondary rectifier diode D1, D2  MUR3020; Switching 
frequency  200kHz.  

Figure 7 gives the measured maximum voltage across Cs 
with the different ON time of the auxiliary switch. It can be 
seen that the smaller the ON time, the lower the voltage. 
Therefore, the criterion for determining the ON time is as 
narrow as possible, providing the duration is wide enough to 
provide soft switching condition for the main switch. In the 
developed prototype, Ta is fixed at 450ns. 

In Fig. 8, the maximum voltage across bulk capacitor in 
different input voltage is shown. As shown, the maximum 
voltage, occurred under 265V/AC input, is well below 400V.  

Figures 9 and 10 present the full load efficiency and 
power factor through the entire input voltage range. The 
results indicate the efficiency and PF stay above 81% and 
0.95 respectively, through the whole input range even 
operating under 200KHz. 

Finally, Fig. 11 gives the measured line voltage and 
current waveforms, resulting in power factor of 0.987.   
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Fig. 7 Measured maximum bulk capacitor voltage 
 in different auxiliary switch ON time (Vin=110Vac) 
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Fig.8 Measured maximum bulk capacitor voltage 
 in different input voltage 
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Fig. 9 Measured Efficiency vs. line voltage under full load 
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Fig.10 Measured power factor vs. line voltage under full load 

 

 
 

Fig. 11 Measured input current (upper trace 2A/div) and  
line voltage (lower trace 100V/div) under full load 

 

V. CONCLUSION 
 

In Bi-flyback active clamp PFC AC/DC converter, 
using a fixed narrow pulse width to control the auxiliary 
switch, rather than conventional complimentary signal of the 
main switch, is proposed. It is shown that the bulk capacitor 
voltage can be suppressed well below 400V through the 
entire input range, even when DC/DC stage operates in CCM 
mode. This feature permits the commercially available 
capacitors to be used for universal input application. The 
proposed control scheme achieves high power factor and still 
attain high efficiency due to the main switch operating in soft 
switching condition. The improved performance was 
experimentally verified through the construction of a 
28V@5.35A prototype unit operating at 200kHz. 
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