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Abstract 
 

An interleaved bridgeless buck-boost AC/DC converter is presented in this paper to achieve the characteristics of low 
conduction loss, a high power factor and low harmonic and ripple currents. There are only two power semiconductors in the line 
current path instead of the three power semiconductors in a conventional boost AC/DC converter. A buck-boost converter 
operated in the boundary conduction mode (BCM) is adopted to control the active switches to achieve the following 
characteristics: no diode reverse recovery problem, zero current switching (ZCS) turn-off of the rectifier diodes, ZCS turn-on of 
the power switches, and a low DC bus voltage to reduce the voltage stress of the MOSFETs in the second DC/DC converter. 
Interleaved pulse-width modulation (PWM) is used to control the switches such that the input and output ripple currents are 
reduced such that the output capacitance can be reduced. The voltage doubler topology is adopted to double the output voltage in 
order to extend the useable energy of the capacitor when the line voltage is off. The circuit configuration, principle operation, 
system analysis, and a design example are discussed and presented in detail. Finally, experiments on a 500W prototype are 
provided to demonstrate the performance of the proposed converter. 
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I. INTRODUCTION 

To mitigate the climate change and environmental 
pollution resulting from the greenhouse gas emissions from 
fossil-fuel-based power generation, the Environmental 
Protection Agency (EPA) and the Climate Savers Computing 
Initiative (CCSI) have proposed efficiency requirements for 
modern power supply units. In order to meet the 
EN-61000-3-2 class D limit, power factor correction (PFC) is 
a solution to improve input the power factor and to reduce the 
amount of harmonic current when the power level of a 
switching mode power supply (SMPS) is more than 75W. 
The most popular type of PFC technology is based on a 
front-end diode bridge rectifier followed by a boost converter. 
References [1]-[9] propose different circuit technologies to 
improve circuit performance with a high power factor and a 
low harmonic current. However, the input current flows 
through at least three power semiconductors including two 
power diodes and at least one power switch such that the 
conduction losses on the power semiconductors become a 

serious problem when a high efficiency SMPS is demanded 
in modern power converters. A variety of the bridgeless PFC 
circuits have been proposed in [10]-[18] to allow the power to 
flow through only two power semiconductors in the line 
current path. Thus the conduction losses are reduced when 
compared to a conventional boost PFC converter. 

 An interleaved bridgeless buck-boost PFC converter with 
voltage doubler output is presented to increase the input 
power factor and to reduce the total current harmonic in order 
to meet the EN-61000-3-2 class D limits. There are two 
circuit modules in the proposed converter to achieve current 
sharing, partial ripple current reduction and to reduce the 
capacitances at the input and output sides due to the 
interleaved PWM operation. In each circuit module, the two 
buck-boost converters are connected to an AC source to 
achieve voltage doubler output. Each buck-boost converter 
conducts during one-half of the line voltage. One diode is 
connected in series with the buck-boost converter to conduct 
the line current with a unidirectional power flow. In each half 
cycle of the line voltage, there is only one diode conduction 
loss with the proposed circuit instead of the two diode 
conduction losses with a conventional boost PFC converter. 
Boundary conduction mode (BCM) operation is adopted to 
control the active switches such that the active switches are 
turned on under ZCS and the fast recovery diodes are turned 
off under ZCS. The AC line current can automatically follow 
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the mains voltage with a high power factor. Experiments, 
conducted with a 500W laboratory prototype, are presented to 
demonstrate the circuit performance. 

Fig. 1.  Circuit configuration of the proposed converter. 

 

II. CIRCUIT CONFIGURATION 
 

Fig. 1 gives the circuit configuration of the proposed 
converter. There are two circuit modules in the adopted 
converter. These two circuit modules are operated with the 
interleaved PWM scheme to reduce the ripple currents at the 
input and output sides. For each circuit module, two 
buck-boost converters are connected back-to-back to achieve 
voltage doubler output. Each buck-boost converter operates 
during one-half of the line voltage cycle. In the positive half 
cycle of the line voltage (vs>0). Dp1, Sp1, Lp1, Cp and Dp2 in 
circuit module 1 and Dp3, Sp2, Lp2, Cp and Dp4 in circuit 
module 2 are operated as buck-boost converters and the 
voltage Vp across the capacitor Cp is regulated by pulse-width 
modulation (PWM) of the active switches Sp1 and Sp2. Dn1, Sn1, 
Ln1, Cn and Dn2 in circuit module 1 and Dn3, Sn2, Ln2, Cn and 
Dn4 in circuit module 2 are operated in the negative half cycle 
of the line voltage (vs<0). The voltage Vn across the capacitor 
Cn is controlled by the PWM of the active switches Sn1 and 
Sn2. In a conventional boost PFC converter, there are two 
conduction losses in the diode bridge rectifier. However, 
there is only one diode conduction loss in the proposed 
converter during the conduction of an active switch. Since the 
active switches Sp1, Sp2, Sn1 and Sn2 are connected between the 
input and output sides, the input inrush current during start-up 
can be controlled by the four active switches. Thus the inrush 
current control capability in the adopted circuit is better than 
that achieved with a conventional boost PFC converter. BCM 
operation is adopted to control the active switches such that 
the line current is a sinusoidal waveform with a high power 
factor and low current harmonics. All of the power switches 
are turned on under ZCS and the rectifier diodes are turned 
off under ZCS. Based on the above discussion, the proposed 
converter has less conduction and switching losses on the 
power semiconductors. 
 

III. OPERATION PRINCIPLE 

Before the system analysis, it is assumed that Cp=Cn, 
Lp1=Lp2=Ln1=Ln2=L and Vp=Vn=Vo/2. All of the power 
semiconductors in the proposed converter are ideal. Figs. 2 
and 3 show the proposed circuit operated during the positive 
and negative half cycles of the line voltage. Inductors Lp1, Lp2, 
Ln1 and Ln2 are operated in the BCM mode. 
 
 
A. Positive Half Cycle of the Line Voltage (vs>0) 

Dp1 and Sp1 in circuit 1 and Dp3 and Sp2 in circuit 2 are 
connected in series to achieve a unidirectional power flow. 
Lp1 and Lp2 are the filter inductors, Dp2 and Dp4 are the 

freewheeling diodes, and Cp is an output capacitor. During 
the positive line voltage, the switches Sp1 and Sp2 are 
controlled with PWM operation and the switches Sn1 and Sn2 
are in the off state. The key waveforms of the proposed 
converter in the positive half cycle of the line voltage are 
illustrated in Figs. 2(a)~2(c). The capacitor voltage Vp is 
regulated by the PWM of the switches Sp1 and Sp2. When the 
line voltage vs is less than the capacitor voltage Vp (or Vo/2), 
the converter is operated in the boost operation. Thus the duty 
cycle of the switches Sp1 and Sp2 is greater than 0.5. Fig. 2(b) 
gives the key waveforms of the proposed converter for the 
positive line voltage and vs<Vo/2 case. Since the PWM 
signals of the switches Sp1 and Sp2 are phase-shifted one-half 
of a switching period, there are four operation modes, mode 4 
→ mode 1 → mode 4 → mode 3, in the positive line voltage 
and vs<Vo/2 during one switching period. On the other hand, 
the converter is operated in the buck operation when vs>Vo/2. 
The duty cycle of the switches Sp1 and Sp2 is less than 0.5. Fig. 
2(c) gives the key waveforms of the proposed converter for 
the positive line voltage and vs>Vo/2 case. Similarly four 
operation modes, mode 1 → mode 2 → mode 3 → mode 2, 
can be found at vs>0 and vs>Vo/2 during one switching period. 
The four operation modes are discussed in the following. 
Mode 1 [Sp1, Dp1, Dp4: ON; Fig. 2(d)]: In this mode, only the 
switch Sp1 is in the on state. Since vs>0, the inductor voltages 
vLp1=vs and vLp2=-Vp. Thus the inductor current iLp1 increases 
with the slope of vs/Lp1 and iLp2 decreases with the slope of 
-Vp/Lp2 in this mode. There are two possible ways to end this 
mode. First, the switch Sp1 is turned off to end this mode. 
Then the operation of the converter goes to mode 2 as shown 
in Fig. 2(c). Second, this mode can be ended when the 
inductor current iLp2 decreases to zero such that the switch Sp2 
can be turned on under ZCS and the diode Dp4 can be turned 
off under ZCS. Therefore there is no reverse recovery 
problem on the diode Dp4. Then the operation of the converter 
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(e) 

 
(f) 

(g) 
Fig. 2.  Operation of the proposed converter during the 
positive half cycle of line voltage (a) line voltage and switch 
PWM signals (b) key waveforms of boost operation (ton>Tsw/2) 
(c) key waveforms of buck operation (ton<Tsw/2) (d) mode 1 (e) 
mode 2 (f) mode 3 (g) mode 4. 

goes to mode 4 as shown in Fig. 2(b). 
Mode 2 [Dp2, Dp4: ON; Fig. 2(e)]: In this mode, all of the 
active switches are in the off state. Since iLp1 and iLp2 are all 
positive, the freewheeling diodes Dp2 and Dp4 are conducting. 
The energy stored in the inductors Lp1 and Lp2 is released to 
the output capacitor Cp. The inductor voltages vLp1=vLp2=-Vp 

 
(a) 

 
 (b)     (c) 

(d) 
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and the inductor currents iLp1 and iLp2 decrease with the rate of 
-Vp/Lp1. The inductor current iLp2 is decreased to zero at the 
end of this mode. Then the operation of the adopted circuit 
goes to mode 3 as shown in Fig. 2(c). Thus the diode Dp4 is 
turned off under ZCS and the switch Sp2 is turned on under 
ZCS. 
Mode 3 [Sp2, Dp2, Dp3: ON; Fig. 2(f)]: In this mode, only the 
switch Sp2 is on. Since vs>0, the inductor voltages vLp2=vs and 
vLp1=-Vp such that the inductor current iLp2 increases with the 
slope of vs/Lp2 and iLp1 decreases with the slope of -Vp/Lp1. 
There are two possible ways to end this mode. If the adopted 
converter is operated under boost operation (vs<Vo/2), then 
this mode ends at iLp1=0. Then the operation of the proposed 
converter goes to mode 4 as shown in Fig. 2(b). Then the 
switch Sp1 is turned on under ZCS and the diode Dp2 is turned 
off under ZCS. If the adopted converter is operated under 
buck operation (vs>Vo/2), then this mode ends when the 
switch Sp2 is turned off. Then the operation of the proposed 
converter goes to mode 2 as shown in Fig. 2(c). 
Mode 4 [Sp1, Sp2, Dp1, Dp3: ON; Fig. 2(g)]: In this mode, the 
active switches Sp1 and Sp2 are on. This mode is only operated 
when vs>0 and vs<Vo/2. The inductor voltages vLp1=vLp2=vs>0 
such that the inductor currents iLp1 and iLp2 both increase with 
the slope of vs/Lp1. The input energy is stored in the inductors 
Lp1 and Lp2 in this mode. There are two ways to end this mode. 
First this mode can be ended when the switch Sp1 is turned off. 
Then the operation of the proposed converter goes to mode 3 
as shown in Fig. 2(b). Second, this mode can be ended when 
the switch Sp2 is turned off. Then the operation of the 
proposed converter goes to mode 1 as shown in Fig. 2(b). 
 
B. Negative Half Cycle of Line Voltage (vs<0) 

During the negative half cycle of the line voltage, the 
switches Sn1 and Sn2 are controlled with PWM operation and 
the switches Sp1 and Sp2 are off. The key waveforms of the 
proposed converter during the negative line voltage are 
shown in Figs. 3(a)~3(c). The voltage Vn is regulated by the 
PWM of the switches Sn1 and Sn2. When vs>-Vn (or -Vo/2), the 
converter is operated in the boost operation. Thus the duty 
cycles of the switches Sn1 and Sn2 are greater than 0.5. The 
key waveforms of the proposed converter at vs<0 and 
vs>-Vo/2 are shown in Fig. 3(b). In the boost operation, there 
are four operation modes, mode 4 → mode 1 → mode 4 → 
mode 3, during one switching period. If the proposed 
converter is operated in the buck operation, Fig. 3(c) gives 
the key waveforms of the proposed converter at vs<0 and 
vs<-Vo/2. Similarly there are another four operation modes, 
mode 1 → mode 2 → mode 3 → mode 2, in the buck 
operation during one switching period. These four operation 
modes are discussed in the following. 
Mode 1 [Sn1, Dn1, Dn4: ON; Fig. 3(d)]: In this mode, only the 
switch Sn1 is on. Since vs<0, the inductor voltages vLn1=-vs and 
vLn2=-Vn such that the inductor current iLn1 increases with the 
slope of -vs/Ln1 and iLn2 decreases with the slope of -Vn/Lp2. 
There are two ways to end this mode. If the buck-boost 
converter is operated under boost operation (vs>-Vo/2), then 

this mode ends when iLn2 is decreased to zero. Then the 
operation of the proposed converter goes to mode 4 as shown 
in Fig. 3(b). Then the switch Sn2 is turned on under ZCS at 
this moment and the diode Dn4 is turned off under ZCS. 
Therefore there is no reverse recovery problem on the diode 
Dn4. If the adopted converter is operated under buck operation 
(vs<-Vo/2), then this mode ends when the switch Sn1 is turned 
off. Then the operation of the proposed converter goes to 
mode 2 as shown in Fig. 3(c). 
Mode 2 [Dn2, Dn4: ON; Fig. 3(e)]: In this mode, all of the 
power switches are off. This mode is only operated in the 
buck operation (vs<-Vo/2). Since iLn1 and iLn2 are positive, the 
freewheeling diodes Dn2 and Dn4 are conducting. The energy 
stored in Ln1 and Ln2 is released to charge the capacitor Cn. 
Since vLn1=vLn2=-Vn, the inductor currents iLn1 and iLn2 decrease 
at a rate of -Vn/Ln1. This mode ends when iLn2 is decreased to 
zero. Then the operation of the adopted circuit goes to mode 3 
as shown in Fig. 3(c). Thus the diode Dn4 is turned off under 
ZCS and the switch Sn2 is turned on under ZCS. 
Mode 3 [Sn2, Dn2, Dn3: ON; Fig. 3(f)]: In this mode, only the 
switch Sn2 is in the on state. Since vLn1=-Vn and vLn2=-vs the 
inductor current iLn1 decreases with the slope of -Vn/Ln1 and 
iLn2 increases with the slope of -vs/Ln2. If the adopted converter 
is operated under boost operation (vs>-Vo/2), then this mode 
ends at iLn1=0. Then the operation of the proposed converter 
goes to mode 4 as shown in Fig. 3(b). Then the switch Sn1 is 
turned on under ZCS and the diode Dn2 is turned off under 
ZCS. If the adopted converter is operated under buck 
operation (vs<-Vo/2), then this mode ends when switch Sn2 is 
turned off. Then the operation of the proposed converter goes 
to mode 2 as shown in Fig. 3(c). 
Mode 4 [Sn1, Sn2, Dn1, Dn3: ON; Fig. 3(g)]: In this mode, the 
active switches Sn1 and Sn2 are both turned on. This mode is 
only operated when 0>vs>-Vo/2. The inductor voltages 
vLn1=vLn2=-vs>0 such that iLn1 and iLn2 both increase with the 
slope of -vs/Lp1. The input energy is stored in Ln1 and Ln2 in 
this mode. There are two possible ways to end this mode. If 
the switch Sn1 is turned off, then the operation of the proposed 
converter goes to mode 3 as shown in Fig. 3(b). If the switch 
Sn2 is turned off, then the operation of the proposed converter 
goes to mode 1 as shown in Fig. 3(b). 

 
 

IV. SYSTEM CHARACTERISTICS 

The theoretical waveforms of the gating signal, the switch 
current and the diode current during the positive and negative 
line voltages are shown in Figs. 2 and 3. Interleaved BCM 
operation with a constant turn-on time, such as that made 
possible by UCC28061, FAN9612 and NCP1631, is used to 
control the active switches. The turn-on time of the active 
switches is constant and the turn-off time is variable. Thus all 
of the active switches are turned on under ZCS and the diodes 
Dp2, Dp4, Dn2 and Dn4 are turned off under ZCS. There are 
only two power semiconductors (one diode and one power 
switch) in the line current path instead of the three power 
semiconductors in a conventional boost PFC converter. Thus 
the adopted converter has less conduction losses and low 
switching losses. The interleaved PWM scheme is used to 
reduce the ripple currents at the input and output sides. From 
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the power balance between the input and output sides, the 
maximum root mean square line current Is,max is expressed as: 

 
(e) 

 
(f) 

 
(g) 

Fig. 3.  Operation of the proposed converter during the 
negative half cycle of line voltage (a) line voltage and switch 
PWM signals (b) key waveforms of boost operation (ton>Tsw/2) 
(c) key waveforms of buck operation (ton<Tsw/2) (d) mode 1 (e) 
mode 2 (f) mode 3 (g) mode 4. 

min,max, / sos VPI    (1) 

where  is the circuit efficiency and Vs,min is the minimum 
root mean square line voltage. If the operating switching 
frequency fsw is much higher than the line frequency fline, the 

 
(a) 

 
(b)  (c) 

(d) 
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(a) 

 
(b) 

Fig. 5.  Measured switch signals, vSp1,gs and vSn1,gs, switch 
currents, iSp1 and iSn1, and input current is1 of circuit module 1 at 
full load and (a) low line voltage (vs=110 Vrms) (b) high line 
voltage (vs=220 Vrms). 

 
(a) 

 
(b) 

Fig. 4.  Measured AC source voltage vs and line current is at full 
load and (a) low line voltage (vs=110 Vrms) (b) high line voltage 
(vs=220 Vrms). 

line current can be considered as a constant value during one 
switching period. Since the turn-on time of the active 
switches is related to the peak inductor current, the switching 
frequency is variable. The minimum switching frequency 
fsw,min occurs at the peak value of the minimum line voltage. It 
is assumed that two circuit modules supply one-half of the 
rated power to the output load. From Fig. 3, the peak of the 
inductor currents iLp1,max,pk and iLp2,max,pk are given as: 

LtVIii onsspkLppkLp /2'/2 min,max,max,,2max,,1    (2) 

where Lp1=Lp2=L,  ’ is the duty ratio of Sp1 and Sp2 at the 
peak value of the line voltage, and ton is the turn-on time of 
the switches Sp1 and Sp2. Thus the turn-on time ton can be 
expressed as: 

)'/(2/ min,max,min,max,,1 ssspkLpon VLIVLit    (3) 

The turn-off time of the active switches can be obtained by 
the output capacitor voltage and the peak inductor current. 
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The switching period Tsw is obtained from (1), (3) and (4).  
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From (5), the maximum switching period Tsw,max at the peak 
value of low the line voltage is derived as: 

)
22

1(
'

min,
2
min,

max,
o

s

s

oo
sw V

V

V

ILV
T 


  (6) 

If the minimum switching frequency is selected, the 
inductances of Lp1~Ln2 can obtained from (7). 
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The voltage stress of the active switches is expressed as: 

)2/(2 max,

,2,1,2,1

os

stressSnstressSnstressSpstressSp

VV

vvvv




 (8) 

The maximum reverse voltages of the diodes Dp1~Dn4 are 
given as: 
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(a) 

 
(b) 

Fig. 7.  Measured switch signals, vSp1,gs and vSp2,gs, switch 
currents, iSp1 and iSp2, and the net input current iac=iSp1+iSp2 
during the positive line voltage with full load and (a) low line 
voltage (vs=110 Vrms) (b) high line voltage (vs=220 Vrms). 

 
(a) 

 
(b) 

Fig. 6.  Measured AC side currents of two circuit modules at 
full load condition and (a) low line voltage vs=110 Vrms (b) 
high line voltage vs=220 Vrms. 

max,,3,1,3,1 2 sstressDnstressDnstressDpstressDp Vvvvv   (9) 
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Based on the voltage-second balance of the inductors Lp1, Lp2, 
Ln1 and Ln2, the DC voltage conversion ratio of the proposed 
converter is derived as: 

)1/(2||/   sodc vVM  (11) 

where =ton/Tsw. 
 

V. DESIGN PROCEDURE AND EXPERIMENTAL 
RESULTS 

In this section, the design procedures for a laboratory 
prototype are presented and experiments are provided to 
verify the performance of the proposed converter. The 
specifications of the proposed converter are 
vs=90Vrms~265Vrms; Vo=200V; Po=500W; =90% and 
fsw,min=20kHz. From (3) and (5), the duty ratio at the peak 
voltage of the low line voltage can be obtained. 
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From (1) and (2), the peak inductor currents are given as:  
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From (7), the inductances of Lp1~Ln2 are obtained as: 
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From (8)-(10), the voltage stresses of the active switches and 
the rectifier diodes are given as: 
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(a) 

 
(b) 

Fig. 8.  Measured switch signals, vSp1,gs and vSp2,gs, and inductor 
current, iLp1 and iLp2, at full load and (a) low line voltage (vs=110 
Vrms) (b) high line voltage (vs=220 Vrms). 

 
(a) 

 
(b) 

Fig. 9.  Measured gate voltage vSp1,gs, switch current iSp1, 
diode current iDp2 and inductor current iLp1 of circuit module 1 
at full load and (a) low line voltage vs=110 Vrms (b) high line 
voltage vs=220 Vrms. 
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Fast recovery diodes MUR1560 are used for the rectifier 

diodes Dp1~Dn4. MOSFETs IRFP460 are used for the active 
switches Sp1~Sn2. The output capacitances of Cp and Cn are 
680 F. 　 A boundary conduction mode control PWM IC 
UCC28061 is used to generate the control signals for the 
active switches Sp1~Sn2 and to regulate the output voltage Vo. 
A type-II voltage controller based on the k-factor approach is 
adopted to select the zero-pole frequencies with a 70 degree 
phase margin and a -20dB gain margin. 

The measured AC source voltage vs and the line current is 
at low and high line voltages with the rated power are shown 
in Fig. 4. The line current is a sinusoidal waveform in phase 
with the mains voltage. The measured power factor is 0.99, 
the total harmonic distortion of the line current is 7.9%, and 

the measured circuit efficiency is 92.7% at a low line voltage. 
Similarly the measured power factor is 0.93, the total 
harmonic distortion of the line current is 10.3%, and the 
measured circuit efficiency is 90.5% at a high line voltage. If 
a low conduction resistance on the MOSFETs and a low 
voltage drop on the rectifier diodes are adopted in the 
proposed circuit, the circuit efficiency can be increased by 
about 2-3% under full load. Fig. 5 gives the measured switch 
signals, vSp1,gs and vSn1,gs, the switch currents, iSp1 and iSn1, and 
the input current is1 of circuit module 1 under full load. It is 
clear that the switch Sp1 is controlled at the positive line 
voltage and that the switch Sn1 is controlled at the negative 
line voltage. Thus the input current is1 of circuit module 1 is a 
sinusoidal waveform due to the BCM operation. Fig. 6 gives 
the measured AC side currents of the two circuit modules is1, 
is2 and iac under full load. It is clear that the two AC source 
currents are balanced. Fig. 7 shows the measured switch 
signals, vSp1,gs and vSp2,gs, the switch currents, iSp1 and iSp2, and 
the net input current iac=iSp1+iSp2 during the positive line 
voltage under full load. Fig. 8 illustrates the measured switch 
signals, vSp1,gs and vSp2,gs, and the inductor current, iLp1 and iLp2, 
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(a) 

 
(b) 

Fig. 11.  Measured gate voltages, vSn1,gs and vSn2,gs, diode 
currents, iDn2 and iDn4, and the resultant current iDn2+iDn4 at full 
load and (a) low line voltage vs=110 Vrms (b) high line voltage 
vs=220 Vrms. 

 
(a) 

 
(b) 

Fig. 10.  Measured gate voltage vSn1,gs, switch current iSn1, diode 
current iDn2 and inductor current iLn1 of circuit module 1 at full 
load and (a) low line voltage vs=110 Vrms (b) high line voltage 
vs=220 Vrms. 

under full load. Since the interleaved PWM operation is 
adopted in the proposed converter, the ripple current of iLp1 
and iLp2 can partially cancelled each other out. Fig. 9 gives the 
measured gate voltage vSp1,gs, the switch current iSp1, the diode 
current iDp2 and the inductor current iLp1 of circuit module 1 
under a positive line voltage and a full load. Similarly the 
measured gate voltage vSn1,gs, the switch current iSn1, the diode 
current iDn2 and the inductor current iLn1 of circuit module 1 
under a negative line voltage and a full load are shown in Fig. 
10. It is clear that the switches Sp1 and Sn1 are turned on under 
ZCS and that the diodes Dp2 and Dn2 are turned off under ZCS. 
Thus the switching losses of the active switches and the 
reverse recovery losses of the fast reverse diodes are reduced. 
Fig. 11 gives the measured results of the two PWM signals, 
vSn1,gs and vSn2,gs, the diode currents, iDn2 and iDn4, and the 
resultant current iDn2+iDn4 under a full load. 
 
 

VI. CONCLUSION 

This paper presents an interleaved bridgeless buck-boost 

PFC converter with voltage doubler output to achieve power 
factor correction, conduction loss reduction, a low harmonic 
current, a low ripple current and a sinusoidal AC source 
current. The BCM operation in the proposed converter can 
achieve ZCS turn-on for the power switches and ZCS 
turn-off for the fast recovery diodes. Thus the switching 
losses of the active switches and the reverse recovery losses 
of the rectifier diodes are reduced. The buck-boost 
conversion can reduce the voltage stress of the active 
switches in the post stage such as the isolated DC/DC 
converter. The voltage doubler output can double its output 
voltage to extend the useable energy of the capacitor when 
the line voltage is off. Finally, experiments, conducted on a 
500W laboratory prototype, are presented to demonstrate the 
circuit performance. 

 
 
 

ACKNOWLEDGMENT 

The project is supported by the National Science Council 
of Taiwan under Grant NSC99-2221-E-224- 083-MY2. 



386                        Journal of Power Electronics, Vol. 12, No. 3, May 2012 

 

REFERENCES 

[1] M. Jabbari and H. Farzanehfard, “A new soft switching 
step-down/up converter with inherent pfc performance,” 
Journal of Power Electronics,  Vol. 9, No. 6, pp. 
835-844, Nov. 2009. 

[2] X.-S. Pu, T.-H. Nguyen, D.-C. Lee, and S.-G. Lee, 
“Identification of dc-link capacitance for single-phase ac/dc 
pwm converters,” Journal of Power Electronics, Vol. 10, 
No.3, pp. 270-276, May 2010. 

[3] Y. C. Chang and C. M. Liaw, “Design and control for a 
charge-regulated Flyback switch-mode rectifier,” IEEE 
Trans. Power Electron., Vol. 24, No. 1, pp. 59-74, Jan. 
2009. 

[4] K.-T. Kim, W.-Y. Choi, J.-M. Kwon, and B.-H. Kwon, “A 
single-stage ac/dc converter with low voltage stresses and 
reduced switching losses,” Journal of Power 
Electronics, Vol. 9, No.6, pp. 823-834, Nov. 2009. 

[5] Y.-C. Kim, L. Jin, J.-M. Lee, and J.-H. Choi, “Direct digital 
control of single-phase ac/dc pwm converter system,” 
Journal of Power Electronics, Vol. 10, No. 5, pp. 
518-527, Sep. 2010. 

[6] E. H. Ismail, A. J. Sabzali, and M. A. Al-Saffar, 
“Buck–boost-type unity power factor rectifier with extended 
voltage conversion ratio,” IEEE Trans. Ind. Electron., Vol. 
55, No. 3, pp. 1123-1132, Mar. 2008. 

[7] M. M. Jovanovic and Y. Jang, “State-of-the-art, single-phase, 
active power-factor-correction techniques for high-power 
applications - an overview,” IEEE Trans. Ind. Electron., Vol. 
52, No. 3, pp. 701-708, Jun. 2005. 

[8] G. K. Andersen and F. Blaabjerg, “Current programmed 
control of a single-phase two-switch buck-boost power 
factor correction circuit,” IEEE Trans. Ind. Electron., Vol. 
52, No. 1, pp. 263-271, Feb. 2005. 

[9] C. A. Gallo, F. L. Tofoli, and J. A. C.  Pinto, “Two-stage 
isolated switch-mode power supply with high efficiency and 
high input power factor,” IEEE Trans. Ind. Electron, Vol. 57, 
No. 11, pp. 3754-3766, Nov. 2010. 

[10] L. Huber, Y. Jang, and M. M. Jovanovic, “Performance 
evaluation of bridgeless PFC boost rectifier”, IEEE Trans. 
Power Electron., Vol. 23, No. 3, pp. 1381-1390, May 2008. 

[11] W. Y. Choi, J. M. Kwon, E. H. Kim, J. J. Lee, and B. H. 
Kwon, “Bridgeless boost rectifier with low conduction losses 
and reduced diode reverse-recovery problems,” IEEE Trans. 
Ind. Electron., Vol. 54, No. 2, pp. 769-780, Apr. 2007.  

[12] W. Wang, H. P. Liu, S. Jiang, and D. Xu, “A novel 
bridgeless buck-boost PFC converter,” in Proc. of IEEE 
PESC, Vol. 1, pp. 1304-1308, 2008. 

[13] A. J. Sabzali, E. H. Ismail, M. A. Al-Saffar, and A. A. 
Fardoun, “New bridgeless DCM sepic and Cuk PFC 
rectifiers with low conduction and switching losses,” IEEE 
Trans. Ind. Applications., Vol. 47, No. 2, pp. 873-881, 
Mar./Apr. 2011. 

[14] B. Su, J. Zhang, and Z. Lu, “Totem-pole boost bridgeless 
PFC rectifier with simple zero-current detection and 
full-range ZVS operating at the boundary of DCM/CCM,” 
IEEE Trans. Power Electron., Vol. 26, No. 2, pp. 427-435,  
Feb. 2011. 

[15] Y. Jang, and M. M. Jovanovic, “Bridgeless 

high-power-factor buck converter,” IEEE Trans. Power 
Electron., Vol. 26, No. 2, pp. 602-611, Feb. 2011. 

[16] M. Mahdavi and H. Farzanehfard, “Zero current transition 
bridgeless PFC without extra voltage and current stress,” 
IEEE Trans. Ind. Electron., Vol. 56, No. 7, pp. 2540-2547, 
Jul. 2009. 

[17] H. Y. Tsai, T. H. Hsia, and D. Chen, “A family of 
zero-voltage-transition bridgeless power-factor-correction 
circuits with a zero-current-switching auxiliary switch,” 
IEEE Trans. Ind. Electron., Vol. 58, No. 5, pp. 1848-1855, 
May 2011. 

[18] E. H. Ismail, “Bridgeless SEPIC rectifier with unity power 
factor and reduced conduction losses,” IEEE Trans. Ind. 
Electron., Vol. 56, No. 4, pp. 1147-1157, Apr. 2009. 

 
 
 
 
 

 

Bor-Ren Lin received his B.S. in Electronic 
Engineering from the National Taiwan 
University of Science and Technology, 
Taipei, Taiwan, in 1988, and his M.S. and 
Ph.D. in Electrical Engineering from the 
University of Missouri, USA, in 1990 and 
1993, respectively. From 1991 to 1993, he 

was a Research Assistant with the Power Electronic Research 
Center, University of Missouri. Since 1993, he has been with the 
Department of Electrical Engineering, National Yunlin 
University of Science and Technology, Douliou, Taiwan, where 
he is currently a Professor. He has authored and published more 
than 200 technical journal papers in the area of power electronics. 
His main research interests include power-factor correction, 
multilevel converters, active power filters, and soft-switching 
converters. Dr. Lin is an Associate Editor of the IEEE 
Transactions on Industrial Electronics and The Institution of 
Engineering and Technology Proceedings—Power Electronics. 
He was the recipient of Research Excellence Awards in 2004, 
2005, 2007 and 2011 from the College of Engineering, National 
Yunlin University of Science and Technology. He received best 
paper awards from the IEEE Conference on Industrial 
Electronics and Applications 2007 and 2011, from the Taiwan 
Power Electronics 2007 Conference, and from the IEEE Power 
Electronics and Drive Systems 2009 Conference. 
 
 
 
 

Li-An Lin is currently working toward his 
M.S. in Electrical Engineering from the 
National Yunlin University of Science and 
Technology, Yunlin, Taiwan. His research 
interests include the design and analysis of 
power factor correction techniques, 
switching mode power supplies and soft 

switching converters. 


	Implementation of an Interleaved AC/DC Converter with a High Power Factor
	Abstract


