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Abstract: This paper presents about the comparison between 

single-phase PFC Cuk converter and bridgeless PFC (BPFC) 

Cuk converter for low power application.  This study attempts to 

investigate the characteristics of conventional and bridgeless 

PFC Cuk converter structures with three different output 

voltages and verified by the simulation results. The BPFC Cuk 

converter provides a lower Total Harmonic Distortion (THD) of 

input current than the conventional PFC Cuk converter. 

However, the conventional PFC Cuk converter has advantage of 

less maximum current stress at components compared to the 

BPFC Cuk converter. Conventional and BPFC Cuk converter 

can achieve an approximately unity power factor (PF).  

 

Indes Terms: single-switch, conventional, bridgeless, power 

factor correction, Cuk converter.  

I. INTRODUCTION 

The power electronic equipment with an active power 

factor correction (pfc) has becoming important especially 

for telecom, datacom, and automotive electrical system   

[1][2][3][4]. Most of power electronic supply with switch 

mode are used to convert ac to dc voltage [5]. Therefore, 

transformer and full bridge rectifier able to realize output dc 

voltage simply, but the input current will be affected [5]. 

When the bridge rectifier is connected with the non-linear 

load or non-linear device, the pf is poor and thd is high. 

Thus, the full-bridge rectifier requires pfc such as dc-dc 

converters as a passive pfc.  

Several types of DC-DC PFC converters were developed 

for PFC applications such as boost, buck, buck-boost, 

SEPIC and Cuk converters [6]. The most popular topology 

for PFC converter is boost converter [7]. Unfortunately, 
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The boost converter has drawback that is the output 

voltage is higher than the input voltage [8]. Thus, buck type 

converter is needed, but the discontinuous input current 

makes the buck converter becomes unstable when the output 

line voltage is higher than the input line voltage [5].    

Buck converter is usually used for low power application, 

[9]. However, at the zero crossing of input line voltage, the 

line current is not able to follow the input voltage [10]. 

Additional passive filter is required at the input buck 

converter to filter the input current [8]. Pfc buck converter 

tends to have high thd of current and low pf. Therefore, pfc 

cuk converter is proposed to overcome these issues.  

Cuk converter produces a negative polarity output and can 

act like buck-boost converter. The converter able to step-up 

and step-down the output voltage by controlling the duty 

cycle [11]. Cuk converter has advantage for pfc application 

which are, easy to implement in transformer isolation, 

natural defense against inrush current from start-up or 

overload current, low ripple of input current and less 

electromagnetic interference associated with the dcm 

topologies [5][12][13]. The limit of the dcm operation of the 

cuk converter only in low-power applications [14].  

A conventional pfc converter has low efficiency in term of 

thd of input current compared to the bpfc converter due to 

significant losses at the full bridge diodes [15]. In order to 

overcome the drawback of the conventional pfc converter, a 

bpfc converter is introduced [15]. The bpfc converter allows 

the current to flow through a minimum number of switching 

devices. Hence, the converter able to achieve low thd of 

input current.  

The remainder of this study is systematized as follows:  

mode operation of conventional cuk converter will be shown 

in section ii. Then mode operation for bpfc cuk converter 

presented in section iii. Section iv discusses about the 

simulation result and analysis, followed by conclusion in 

section v.   

II. MODE OPERATION OF CONVENTIONAL PFC 

CUK CONVERTER 

Conventional PFC Cuk converter structure has full bridge 

diodes at the input supply, but the bridgeless structure 

eliminates the diode bridge at the input supply. Both 

structures operate with positive and negative cycle. 

Conventional PFC Cuk converter consists 6 mode operation 

while bridgeless PFC Cuk converter has 12 modes 

operation. 

Mode-1 operates when the MOSFET M is turned-on and 

Dp also is on-state as shown in Fig. .Meanwhile, Mode-

2operates when the MOSFET M is turned-off and Dnare on- 
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state as shown in Fig. In the mode-1 and mode-2, the energy 

from the AC source  is stored in inductor Lin, capacitor Cin is 

discharging to inductor Loutand capacitor Coutand the power 

is supplied to the loads.   

 

Fig. 1 Mode-1 operation of PFC cuk converter 

 

Fig. 2 Mode-2 operation of  PFC cuk converter 

Mode-3operates when the MOSFET M is turned-off and 

Dp are on-state as shown in Fig.Meanwhile, Mode-4operates 

when the MOSFET M is turned-on and Dnare on-state as 

shown in Fig. 4 . In the mode-3 and mode-4, the inductor Lin 

recharges the capacitor Cin, and inductor Lout recharges the 

capacitor Coutthrough the freewheeling diodes Dout and the 

power is supplied to the loads.  

 

Fig. 3 Mode-3 operation of  PFC cuk converter 

 

Fig. 4 Mode-4 operation of  PFC cuk converter 

Mode-5and mode 6 operates when the MOSFET M is 

turned-off and Dnare on-state as shown in Fig and Fig. In the 

mode-5 and mode-6, the capacitor Cinand inductor 

Loutreceive energy through the discharging of inductors Lin. 

The capacitor Coutis discharging. During this interval, the 

diode Doutis turned-off and the power is supplied to the 

loads. 

 

Fig. 5 Mode-5 operation of  PFC cuk converter 

 

Fig. 6 Mode-6 operation of  PFC cuk converter 
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III. MODE OPERATION OF BPFC CUK  

CONVERTER 

Mode-1 operates when the MOSFETM is turned-on, Dp, 

D1 are on-state and Doutis off-state as shown in Figure 7. 

There are two conditions in this operation mode. First, the 

inductorsL1and L2are charging, the capacitor C1andcapacitor 

C2 are discharging, the output inductor Lois charging and 

capacitor Coutis discharging. In the second condition, 

capacitorC1andcapacitor C2 are charging through 

inductorsL1and L1. Meanwhile, the inductor Lout recharges 

the capacitor Cout.  

Mode-2 operates when the MOSFET M is turned-on, Dn, 

D2 are on-state and Doutis off-state as shown in Fig. There 

are two conditions in this operation mode. First, the 

inductorsL1and L2are charging, the capacitor C1andcapacitor 

C2 are discharging, the output inductor Lois charging and 

capacitor Coutis discharging. In the second condition, 

capacitorC1andcapacitor C2 are charging through 

inductorsL1and L1. Meanwhile, the inductor Lout recharges 

the capacitor Cout.  

 

Fig. 7 Mode-1 operation of  bridgeless PFC cuk 

converter 

 

Fig. 8 Mode-2 operation of  bridgeless PFC cuk 

converter 

Mode-3 operates when the MOSFET M is turned-off, Dp, 

is on-state and Dout is on-state as shown in Fig. 9 .  Mode 3 

consists of four conditions operation modes. First, capacitor 

C1andcapacitor C2 are charging while inductorsL1and L2are 

discharging. At the same time, the output inductor Lout is 

discharging, capacitor Cois charging and the power is 

supplied to the load.  Second,  inductor L1,inductor 

L2andcapacitor C2 are discharging,while inductor 

L1,inductor L2andcapacitor C2 are discharging,then capacitor 

C1is charging. Output inductor Loutis discharging and 

capacitor Cout is charging and the power is supplied to the 

load. Third, inductor L1,inductor L2andcapacitor C2 are 

discharging,while capacitor C1is charging. At the same time, 

capacitor Coutis discharging through output inductor Lout and 

the power is supplied to the load. Fourth, capacitor 

C1andcapacitor C2 are discharging through inductorsL1. 

Meanwhile, L2is in charging mode. Output inductor 

Loutrecharges capacitor Cout.and the power is supplied to the 

load. 

Mode-4 operates when the MOSFET M is turned-off, Dn, 

is on-state and Doutis on-state as shown in Fig. First, 

capacitor C1andcapacitor C2 are charging while 

inductorsL1and L2are discharging. At the same time, the 

output inductor Lout is discharging, capacitor Cois charging 

and the power is supplied to the load.  Second,  inductor 

L1,inductor L2andcapacitor C2 are discharging,while 

inductor L1,inductor L2andcapacitor C2 are discharging,then 

capacitor C1is charging. Output inductor Loutis discharging 

and capacitor Cout is charging and power is supplied to the 

load. Third, inductor L1,inductor L2andcapacitor C2 are 

discharging,while capacitor C1is charging. At the same time, 

capacitor Coutis discharging through output inductor Lout and 

the power is supplied to the load. Fourth, capacitor 

C1andcapacitor C2 are discharging through inductorsL1. 

Meanwhile, L2is in charging mode. Output inductor 

Loutrecharges the capacitor Cout.and the power is supplied to 

the load. 

 

Fig. 9 Mode-3operation of  bridgeless PFC cuk converter 

 

Fig. 10 Mode-4 operation of bridgeless PFC Cuk 

converter 
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IV. SIMULATION RESULT 

The performance of single-switch conventional and BPFC 

Cuk converter is verified by the simulation results by using 

PLECS software. Both converters are designed by the 

following specifications: 

 Input voltage, VAC = 230 V 

 Output voltage, VDC = -42 V, -48 V, -54 V 

 Output power, Pout = 200 W 

 Switching frequency, fsw = 50 Hz 

 Maximum output voltage ripple, ∆Vout= ˂ 2V 

Power factor 

Since the conventional PFC Cuk and BPFC Cuk converter 

are PFC type converter, both of the converters are designed 

to  achieve high power factor. Fig.  and Fig show the current 

and voltage in single phase for both types of converters.  

. 

 

Fig. 11 Input waveform of conventional PFC Cuk 

 

Fig. 12 Input waveform  of  BPFC Cuk 

Maximum current stress 

In this section, the maximum current stress at the 

components will be discussed with three differences value 

of output voltages. Power switch are used to open and close 

a circuit. When a circuit is opened, current flowing through 

the power switch is interrupted. So, low maximum current 

stress the MOSFET is required to avoid the switching losses 

and prevent MOSFET from damage. 

Figure 13 and Figure 14 show the current waveform 

characteristics of voltage and current at MOSFET for 

conventional and BPFC Cuk converter. The BPFC Cuk 

converter has higher maximum current stress compared to 

the PFC Cuk converter. As when the the output voltage 

increases, the maximum current stress reduced.The result 

shows that the conventional PFC Cuk converter has less 

maximum current stress at the components compared to the 

BPFC Cuk converter.  

 

 

Fig. 13  MOSFET voltage and current of conventional 

PFC Cuk, Vout = -42V 

Fig. 14 MOSFET voltage and current of  BPFC Cuk, 

Vout = -42V 

Figure 15 shows the current waveform of input and output 

diode for conventional PFC Cuk converter with -42 Vout 

while Figure 16 show the input and output diode with -42 

Vout for BPFC Cuk converter. Different ouput voltage 

which are -42 V, -48 V and -54 V demonstrate same 

maximum input diode current stress, such that the maximum 

input current diode for conventional PFC Cuk are 1.39 A 

and 1.66 A for BPFC Cuk converter. For the ouput diode, 

the maximum current stress will increase when the ouput 

voltage decreases as shown.  Hence, it can be concluded that 

the BPFC Cuk converter has higher maximum current stress 

compared to the conventional PFC Cuk converter.  

 

Fig. 15 Input and output diode current of conventional 

PFC Cuk 
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Fig. 16 Input and output diode current of BPFC Cuk 

The current waveforms for input and output capacitor are 

shown in Figure 17 with -42 Vout. Meanwhile, Figure 18 

shows the capacitor current waveform for -42 Vout BPFC 

Cuk converter. The highest input capacitor maximum 

current stress which are -20.49 A for conventional PFC Cuk 

converter and -20.84 A for BPFC Cuk converter occurs 

when the output voltage is -42 V. However, the maximum 

current stress at output capacitor when the output voltage is 

-42 V reduces to 15.73 A for conventional PFC Cuk 

converter and 15.92 A for BPFC Cuk converter. As the 

output voltage increases the maximum current at the 

capacitor will decrease. 

 

Fig. 17 Input and output capacitor current of 

conventional PFC Cuk 

 

Fig. 18 Input and output capacitor current of BPFC Cuk 

In order to store more energy in an inductor, 

the current through the inductor must be increased. This 

means that the strength of the magnetic field must increase , 

and the change in field strength produces the corresponding 

voltage according to the principle of electromagnetic self-

induction. 

The current waveforms for input and output inductor are 

illustrated in Figure 19 with -42 Vout. Meanwhile, Figure 20 

shows the inductor current waveform for -42 Vout BPFC 

Cuk converter. The ouput inductor has low maximum 

current stress compared to the ouput capacitor for 

conventional PFC Cuk converter and BPFC Cuk converter. 

The -48 Vout has higher input inductor current which are 

1.40 A for conventional PFC Cuk converter and 1.43 A for 

BPFC Cuk converter. Meanwhile, the -42 V and -54 V 

output voltages have the same value of input inductor 

current which is 1.39 A for conventional PFC Cuk converter 

and 1.42 A for BPFC Cuk converter .  The output inductor 

current increases when the ouput voltage is decreased and 

the conventional PFC Cuk converter has lower input and 

output inductor current compared to the BPFC Cuk 

converter. 

 

Fig. 19 Input and output inductor current of 

conventional PFC Cuk 

 

Fig. 20 Input and output inductor current of BPFC Cuk 

THD of input current 

Total harmonic distortion (THD) is an important aspect in 

power converter and should be kept as low as possible. High 

THD current will effect the PF and reduces the efficiency of 

converter. 

The THD of the input current for the both converters is 

shown in Fig. The conventional PFC Cuk converter has high 

THD of input current than the BPFC Cuk converter.  
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Fig. 21 Total harmonic distortion of the input current 

V. CONCLUSION 

In this paper, the comparison between single-switch 

conventional and BPFC Cuk converter has been presented 

and analyzed with -42 V, -48 V and -54V of output voltages. 

The simulation result shows BPFC Cuk converter has an 

advantage on less THD of input current compare to the  

conventional PFC Cuk converter. However in the BPFC the 

maximum current stress at the components is higher if to be 

compared to the conventional PFC Cuk converter. 

Maximum current stress on the components will decrease 

when the output voltage is increased. Both of the converters 

show a fair performance in PF and able to achieve 0.99.  
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