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Abstract— A Single phase AC-DC bridgeless rectifier with 

multiplier stage improves the efficiency at low input voltage 

and reduce the switch-voltage stress. The absence of an 

input rectifier bridge in the Bridgeless SEPIC Rectifier and 

the presence of only two semiconductor switches in the 

current flowing path during each switching cycle result in 

less conduction losses and improved thermal management 

compared to the conventional full bridge topology. Lower 

switch voltage stress allows utilizing a Mosfet with lower 

RDS-on. The Bridgeless SEPIC Rectifier is designed to 

operate in discontinuous conduction mode (DCM) to 

achieve almost zero-current turn-on in the power switches 

and simple control circuitry. Bridgeless SEPIC Rectifier is 

simulated and verified in MATLAB 2014a. Experimental 

results for a 20 W/40Vdc bridgeless PFC rectifiers are 

detailed. 
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I. INTRODUCTION 

On the other hand, SEPIC rectifier has several advantages 

such as: Step up and step down capabilities in addition to 

magnetic coupling that will lead to reduction in input current 

ripple[6]–[8]. In [8], a wide static gain SEPIC converter 

operating in continuous conduction mode (CCM) have been 

proposed to increase the static gain at low input voltage 

without extreme switch duty-cycle and with reduced switch 

voltage stress. This has been achieved by inserting a voltage 

multiplier cell (DM and CM) in the conventional SEPIC 

converter as shown in Fig.1.However, the topology in [8] 

utilizes a full bridge at the input side resulting in higher 

conduction losses because the current path flows through at 

least two bridge diodes at any instant of time. In addition, 

the reported topology in [2] utilizes a snubber circuit to 

decrease switching losses. 

Power supplies with active power factor correction 

(PFC) techniques are becoming necessary for many types of 

electronic equipment to meet harmonic regulations and 

standards, such as the IEC 61000-3-2 [3]. The active power 

factor correction (PFC) circuits are widely used to 

effectively draw the energy from the mains via an AC to DC 

converter. These PFC circuits are normally consists of full 

bridge diode rectifier and DC-DC converter. On the other 

hand, some PFC circuits are realized without the full-bridge 

rectifier circuit, which is known as the bridgeless PFC 

topology. D.M Mitchell has proposed the very first 

bridgeless PFC topology back in 1983 [1] PFC rectifiers 

have wide array of industrial applications such as 

telecommunication and biomedical industries The bridgeless 

PFC circuit combines the operation of bridge rectifier and 

DC-DC converter into a single circuit. With a simple circuit 

analysis, it can be identified that the bridgeless PFC 

topology namely the Boost bridgeless has less number of 

components conduct at each switching cycle compared to 

the conventional Boost PFC circuit. Most power factor 

correction topologies so far implement a boost-type circuit 

configuration at its front end [2]–[6]because of its low cost 

and its high performance in terms of efficiency, power 

factor, and simplicity. However, for universal input voltage 

applications, the boost converter suffers from lower 

efficiency and higher total harmonic distortion at low input 

voltage. In addition, the boost converter has relatively high 

switch voltage stress which is equal to the output voltage. 

Also, the boost rectifier has some practical drawbacks, such 

that, input–output isolation cannot easily be implemented, 

thes startup inrush current is high, and there is a lack of 

current limiting during overload conditions. Furthermore, it 

is well known that the boost converter operating in 

discontinuous current mode (DCM) can offer a number of 

advantages, such as inherent PFC function, very simple 

control, soft turn-on of the main switch and reduced diode 

reversed-recovery losses. However, the DCM operation 

requires a high-quality boost inductor since it must switch 

extremely high peak ripple currents and voltages. As a 

result, a more robust input filter must be employed to 

suppress the high-frequency components of the pulsating 

input current, which increases the overall weight and cost of 

the rectifier. In addition, several PFC topologies based on 

flyback, buck-boost, and Cuk converters have been 

published [2]–[4].However, these topologies have an 

inverting output.  

A single-phase ac–dc PFC bridgeless rectifier with 

extended gain range operating in DCM is presented. The 

DCM operation results in soft turn-on switching and 

relatively low inrush current. 

. 

Fig. 1: Circuit configuration of Conventional Bridge Sepic 

Rectifier [7] 

II. BRIDGELESS SEPIC RECTIFIER 

A. Circuit configuration of bridgeless SEPIC rectifier 

Fig 2. shows the proposed bridgeless SEPIC PFC rectifier 

with voltage multiplier cell. The bridgeless configuration 

will reduce the conduction losses and the multiplier cell (D1, 

C3 and D2, C3) will increase the gain and reduce the switch 

voltage stress. Hence, the proposed topology enhances the 

overall efficiency. The proposed circuit consists of two 
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symmetrical configurations. Each configuration will operate 

in a half-line cycle. By implementing two slow diodes Dp 

and Dn, the output ground is always connected to the 

terminals of ac mains directly over the whole ac line cycle. 

As a result, this stabilizes voltage potential of output ground 

and reduces common mode EMI generation. 

The converter utilizes two nonfloating switches 

(Q1 and Q2). Switch Q1 is turned ON/OFF during the 

positive half-line cycle [see Fig. 3(a)] the current flows back 

to the source through Diode Dp. During the negative half-

line cycle, switch Q2 is switched ON/OFF with the current 

flowing back through diode Dn as illustrated in Fig. 3(b). 

Moreover, the two power switches Q1 and Q2 can be driven 

by the same control signal, which significantly simplifies the 

control circuitry. 

Despite the advantages of the rectifier, the addition 

of the multiplier cell makes the characteristics of the 

topology similar to the characteristics of the classical boost 

converter. 

In other words, the topology has the same major practical 

drawbacks as the conventional boost converter, such that the 

dc output voltage is always higher than the peak input 

voltage, input–output isolation cannot be easily 

implemented, high startup inrush current, as well as a lack 

of current limiting during overload conditions 

 
Fig. 2. Circuit configuration of Bridgeless Sepic Rectifier 

B. Modes of operation 

Since the proposed circuit consists of two symmetrical 

configurations as illustrated in Fig. 3, the circuit is analyzed 

for the positive half line cycle. Assuming that the three 

inductors are operating in DCM, then the circuit operation 

during one switching period Ts in a positive half-line period 

can be divided into three distinct operating modes, as shown 

in Fig. 3(a)–(c), and it can be described as follows. 

1) First Stage 

In this stage, switch Q1 is turned-on by the control signal 

and both diodesD1 and Do are reversed biased as shown in 

Fig. 3(a) in this stage, the three-inductor currents increase 

linearly at a rate proportional to the input voltage vac 

     
Fig. 3(a): First Stage 

2) Second Stage 

During this subinterval, switch Q1 is turned-off and both 

diodes D1 and Do will conduct simultaneously providing a 

path for the three inductors’ currents as shown in Fig. 3(b). 

In this stage, the three inductors’ currents decrease linearly 

at a rate proportional to the capacitor C1 voltage VC1 . This 

stage ends when the sum of the currents flowing in the 

inductors add up to zero, hence diodes D1 and Do are 

reverse biased 

 
Fig. 3(b): Second stage 

3) Third Stage 

In this stage, switch Q1 remains turned-off while both diodes 

D1 and Do are reverse biased as illustrated in Fig. 3(c). 

Diode Dp provides a path for iLo. The three inductors 

behave as current sources, which keeps the currents 

constant. Hence, the voltage across the three inductors is 

zero. This period ends when switch Q1 is turned-on 

initiating the next turn-on of the switching cycle. 

Fig.4illustrates the theoretical DCM waveforms during one 

switching period Ts for the proposed rectifier 

 
Fig. 3(c): Third stage 
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Fig. 4: Theoretical Waveform 

C. Design Procedure: 

In this section, the components of the circuit will be 

designed 

1) Voltage Conversion Ratio, M 

Average diode current over half-line cycle is 

 ..(1) 

where TL is the period of the line voltage and iDo is 

the average output diode current over a switching cycle. 

Hence, the average current of diode Do over half-line cycle 

can be presented by 

..(2) 

where VM is the peak input voltage, M is the conversion 

ratio (Vo/VM), and Le is the parallel combination of 

inductors L1 , L2 , and Lo .Note that the integral part in (2) 

can be simplifies as 

.(3)  

Solving (3) and substituting into (2) and using the 

fact that(2) is equal to the average current through the load 

(Vo/RL ),the switch control cycle can be expressed as 

function of M as follows 

..(4) 

where α and K are 

..(5) 

..(6) 

2) Input Current and Effective Input Resistance 

Using the ideal waveforms of Fig. 6, the average output 

current over a switching cycle can be represented by 

where      

..(8) 

effective input resistance is 

..(9) 

 

3) Boundaries Between CCM and DCM 

Referring to the diode Do current waveform in Fig. 6, the 

DCM operation mode requires that the sum of the duty cycle 

and the normalized switch-off time length be less than one 

..(11) 

        The principle of inductor volt–second balance was 

applied on the three inductors L1 , L2 , and Lo and the duty 

cycle of the second stage d2 can be expressed as                     

..(12) 

condition for DCM is 

..(13) 

where Kcrit is the critical value of K operating at DCM that 

has a maximum and minimum values depending on the 

input line angle ωt. 

D. Inductors Design: 

The inductor values are calculated using inductor current 

ripple equation shown below 

..(14) 
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The maximum inductor current ripple can be 

calculated from the peak input current 

…(15) 

By substituting (15) into (14), the input inductances  

L1 and L2 can be calculated. The value of inductance Lo can 

be found from the following relation 

…(16) 

E. Capacitor Design: 

The energy transfer capacitors C1 and C2 are important 

elements in the proposed topology since their values greatly 

influence the quality of input line current. These capacitors 

are designed under the following constraints: 

(17) 

To present nearly constant voltage value during 

switching cycle and to follow the input voltage profile 

during line cycle. The resonant frequency between (L1 , C1 , 

Lo , and C3 ) during DCM stage of the switching cycle 

shown in Fig. 4(c) must be much greater than the line 

frequency (fL ) to avoid input current oscillations at every 

line half cycle and lower than switching frequency (fs ) to 

assure constant voltage in a switching period 

where 

(18) 

F. Output Capacitor Co: 

The output capacitor must be large enough to minimize the 

output voltage ripple since the output voltage ripple 

frequency is twice the input line frequency. The output filter 

capacitor(Co ) is determined as in bridgeless Sepic rectifier 

proposed in [8]. For an output voltage ripple equal to 2% of 

the output voltage, the output capacitance is expressed as 

(19) 

where 

(20) 

III. DESIGN PARAMETERS 

PARAMETER VALUE 

Input ac voltage, Vi 12 V,50 Hz 

Inductors L1, L2 2.2mH 

Inductor Lo 180μH 

Capacitor C1,C2,C3 1.2µF 

Capacitor Co 1000μF 

Output power 40W 

Duty cycle 37% 

Switching frequency 50kHz 

TABLE 1: 

IV. SIMULATION STUDIES AND RESULTS 

Performance of thc rectifier can be done by computer aided 

simulation, MATLAB/SIMULINK is used for this. Voltage 

of 12 V given as input, SIMULINK model of Bridgeless 

SEPIC rectifier is shown in the figure. 

 
Fig. 5: Simulink block diagram of the Bridgeless SEPIC 

Rectifier 

From the figure 7 it is found that the rectifier has 

been simulated using the calculated components.The control 

circuitry is shown below. 

 

Fig. 6: Control circuitry block diagram 

 
Fig. 7: Input Voltage and input current 

 

 

Fig. 8: Switch Voltage and Gate pulses across Switch Q1 
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Input voltage and input current are in phase.The 

voltage across the switch is reduced as its soft switched. 

DCM operation is noted by observing the inductor currents 

L1,L2 and L0. An output voltage of 40V as desired is 

obtained. 

 

Fig. 9: Inductor currents L1,L2,L0 

 

Fig. 10: Output Voltage of 40 V and Current 

V. HARDWARE IMPLEMENTATION 

The computer aided simulations are verified experimentally 

by hardware implementation. The most difficult task in the 

hardware implementation is Pulse generation. PIC 

microcontroller is one of the best microcontrollers used in 

the world. PIC 16f877a microcontroller is used to generate 

the gate pulses for hardware implementation. PWM wave 

and all port values are generated by programming in PIC. 

MIKROC is used for programming this device. 

The pulses are not directly fed to the gate and 

source of the mosfet. An optocoupler driver IC generated 

gate voltage to drive the mosfet according with the gate 

pulses. IR2111 IC used as optocoupler. Resistors and 

capacitors are used with the IR2111. The frequency of the 

gate pulses are 50khz. And the main circuit consist of 2 

mosfets, 5 diodes, 3 capacitors, and a 10k ,10W resistors are 

used 

The figure shows the experimental setup of the circuit. 

 
Fig. 11: Complete Hardware Setup of the Rectifier 

The experimental results are tested in digital storage 

oscilloscope and it is recorded. Thus the feasibility of the 

circuit is tested and verified. From the experimental setup 

we can assure that the hardware setup is working and 

produces the desired output. The output waveforms are 

shown in figure  

 

Fig. 12: Output voltage obtained from DSO 

VI. CONCLUSIONS 

An output ripple current of 0.12 A is obtained. The output 

dc voltage of 46.4V is obtained experimentally. Satisfactory 

results are obtained. The topology exhibits lower voltage 

stress over the whole input voltage range than the 

conventional SEPIC and boost converters. The two power 

switches in the proposed topology can be driven by the same 

control signal, which significantly simplifies the control 

circuitry. Simulation and experimental results have been 

presented to validate the operation of the circuit. 
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