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Abstract - The main objective of this paper is a new bridgeless 
single-phase ac–dcconverter with an automatic power factor 
correction (PFC) is proposed. The proposed rectifier is based on 
the single-ended primary inductance converter (SEPIC) 
topology and it utilizes a bidirectional switch and two fast 
diodes. The absence of an input diode bridge and the presence 
of only one diode in the flowing-current path during each 
switching cycle result in less conduction loss and improved 
thermal management compared to existing PFC rectifiers. 
Other advantages include simple control circuitry, reduced 
switch voltage stress, and low electromagnetic-interference 
noise. Performance of proposed SEPIC PFC rectifier and its 
Simulation results are presented. 

Keywords: Bridgeless rectifier, discontinuous current 
mode(DCM), power factor correction (PFC), rectifier, single-
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I. INTRODUCTION 

Power quality determines the fitness of electric power to 
consumer devices. Without the proper power, an electrical 
device (or load) may malfunction, fail prematurely or not 
operate at all. To stabilize the power quality, a new 
bridgeless PFC circuit based on the SEPIC topology is 
introduced in this paper. Unlike the conventional boost 
PFC, the SEPIC converter offers several advantages in 
PFC applications, such as easy implementation of 
transformer isolation, inherent inrush current limitation 
during start-up and overload conditions, lower input 
current ripple, and less electromagnetic interference (EMI) 
associated with the DCM topology. 

Here a new bridgeless single-phase ac–dc converter with 
an automatic power factor correction (PFC) is proposed. 
The proposed rectifier is based on the single-ended primary 
inductance converter (SEPIC) topology and it utilizes a 
bidirectional switch and two fast diodes. The absence of an 
input diode bridge and the presence of only one diode in 
the flowing-current path during each switching cycle result 
in less conduction loss and improved thermal management 
compared to existing PFC rectifiers.  

Other advantages include simple control circuitry, reduced 
switch voltage stress, and low electromagnetic-interference 
noise. 

 

II. CONVENTIONAL TECHNOLOGIES ON 
POWER QUALITY IMPROVEMENT 

In recent years, the demand for improving power quality of 
the ac system has become a great concern due to the 
rapidly increased numbers of electronic equipment. There 
are several methods developed for power conditioning. 
But, To reduce harmonic contamination in power lines and 
improve the transmission efficiency, power factor 
correction (PFC) research became an active topic in power 
electronics, and significant efforts have been made on the 
developments of the PFC converters. 

As a matter of fact, the PFC circuits are becoming 
mandatory on single-phase power supplies as more 
stringent power quality regulations and strict limits on the 
total harmonic distortion (THD) of input current are 
imposed.The preferable type of PFC is active PFC since it 
makes the load behave like a pure resistor, leading to near-
unity load power factor and generating negligible 
harmonics in the input line current. 

Active PFC: 

The preferable type of PFC is Active Power Factor 
Correction (Active PFC) since it provides more efficient 
power frequency. Because Active PFC uses a circuit to 
correct power factor, Active PFC is able to achieve a 
theoretical power factor of over 95%. Active Power Factor 
Correction also markedly diminishes total harmonics, 
automatically corrects for AC input voltage, and is capable 
of a full range of input voltage.Active PFC is the use of 
power electronics to change the waveform of current drawn 
by a load to improve the power factor. 

III. BRIDGELESS ACTIVE PFC 

In an effort to improve the power supply efficiency, a 
number of bridgeless PFC circuit topologies have been 
proposed. All the presented bridgeless topologies so far 
implement a boost-type circuit configuration (also referred 
to as dual-boost PFC rectifiers) because of its low cost and 
its high performance in terms of efficiency, power factor, 
and simplicity. One of the key to perform Power factor 
correction without sensing the input line current & voltage 
is, by operating the circuit in DCM ( Discontinuous current 
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mode). 

A simplified schematic of the conventional bridgeless PFC 
boost rectifier is shown in the following fig1. The 
switching conduction sequences for the rectifier of this 
Fig1. are as follows: 1) during positive ac line cycle, Q1 − 
Dq2,             D1 − Dq2, and 2) during negative ac line 
cycle, Q2 − Dq1, D2 − Dq1. Thus, during each switching 
cycle, the current path goes through only two 
semiconductor devices instead of three. As a result, the 
total conduction losses on the semiconductor devices will 
be considerably lower compared to the conventional PFC 
boost rectifier.  

 
Fig1. Conventional Bridgeless Boost rectifier 

 
Although the bridgeless boost rectifier is very simple and 
popular, it has the same major practical drawbacks as the 
conventional boost converter. These drawbacks are: 

• The dc output voltage is always higher than the 
peak input voltage. 

• Input–output isolation cannot be easily 
implemented.  

• High start-up inrush current, as well as a lack of 
current limiting during overload conditions.  

Moreover, 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. 

 
IV. PROPOSED METHOD FOR POWER QUALITY 

IMPROVEMENT 

In order to overcome the limitations of the conventional 
methods, a new bridgeless PFC circuit based on the SEPIC 
topology is introduced in this paper. The proposed 
bridgeless SEPIC rectifier is shown in the following 

fig2.This circuit is formed by connecting two SEPICs, one 
with a positive input source and the other having an 
inverted input source. The proposed rectifier utilizes a 
bidirectional switch and two fast diodes. However, the two 
power switches, namely, Q1 and Q2, can be driven with 
the same PWM signal, which significantly simplifies the 
implementation of the control circuit.  

The operational circuits during a positive and a negative 
half-line cycle are shown in the following figures 3 and 4. 
Note that during each switching cycle, there is either one or 
two semiconductors in the flowing-current path; hence, the 
conduction losses as well as the thermal stresses on the 
semiconductor devices are further reduced, and the circuit 
efficiency is improved compared with that of the bridgeless 
boost rectifier. Another advantage of the proposed rectifier 
is a reduction in the semiconductor voltage stress as 
compared with that of the conventional SEPIC PFC 
rectifier. The voltage stress is reduced to a level that is 
comparable with that of the PFC boost rectifier.  

On the other hand, components’ current stresses are 
comparable with their counterparts in the conventional 
SEPIC. The proposed rectifier structure utilizes three 
inductors, which are often described as a disadvantage. 
However, the three inductors can be coupled on the same 
magnetic core, allowing considerable size and cost 
reduction, and additionally, the “near-zero-ripple-current” 
condition at the input port of the rectifier can be achieved 
without compromising performance. 

 
Fig.2 Proposed bridgeless sepic 

 

 
Fig.3 Circuit diagram for positive half-line cycle 

 
The proposed circuit actually contains two SEPIC 
converter in which operates on each half line cycle. Hence 
the proposed circuit can also be called as a Dual SEPIC 
PFC rectifier. The only component that operates differently 
at each half- line cycle is the diodes D01 and D02. 
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Fig.4Circuit diagram for negative half-line cycle 

V. SIMULATED RESULTS OF THE PROPOSED 
CIRCUIT. 

The proposed circuit in the previous chapter has been 
analysed and the circuit parameters have been determined. 
With the determined parameters, the circuit has been 
designed & simulated using the MATLAB ver.7.10 
simulatin software. The simulation results of the simulated 
circuit has been presented in this section. Also the circuit 
has been constructed & its results are included. 

INPUT VOLTAGE & CURRENT: 

 
Fig.5(a) Comparison of Input voltage & Input current 

Fig.5(a) shows that the input line current follows the input 
line voltage. The percentage of the THD in the input line 
current is 0.03%. It also indicates that the input voltage and 
current are almost in-phase with each other which clearly 
shows that the proposed circuit has achieved near-unity 
power factor. The harmonic distortion of the proposed 
bridgeless SEPIC PFC rectifier is found to be lesser than 
that of the conventional SEPIC PFC rectifier. 

INDUCTOR CURRENTS: 

The comparison of the three inductor currents has been 
made by employing the multiplexing capability in the 
MATLAB software. The three cuurents are shown in 
different colours in the following fig.5(b) for better 
comparison. 

 
Fig.5 (b) Comparison of inductor currents 

The comparison waveforms of the three inductors’ currents 
at peak input voltage are shown in the above Fig.5 (b) for 
several switching periods. The above waveforms also 
concur with the theoretical waveforms explained in the 
previous chapter. 

 
Fig.5(c) Current throught inductor L1 

 
Fig.5(d)Current throught inductor L2 

 
This figure is the simulated result of the current that is 
flowing through the inductor L2. It can be observed from 
the figure that the current IL2 does not go to the negative 
region but it remains in zero for sometime. 

 
Fig.5(e)Current throught inductor L3 

From the above fig.5(e) the result of the current flowing 
through inductor L3 is shown. It can observed from the 
figure that it extends even in the negative region. 

The sum of these currents is the resultant that flows 
through the diode DO1 & DO2. The DCM mode is 
achieved in the diodes by the sum of these three currents. 
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COMPARISON OF CAPACITOR VOLTAGE & INPUT 
VOLTAGE: 

Here the following Fig.5 (f) shows the intermediate 
capacitor voltage VC1 and the inverted input line voltage 
vac for a complete ac cycle. It is clear from Fig. that the 
intermediate capacitor voltage VC1 follows the input 
voltage vac. 

 
Fig.5(f) comparison Vc1 & Vac 

 
DIODE CURRENT & SWITCHING CURRENT: 

 
Fig.5(g) Current through the diode 

 
Fig.5(h) Current through the switches 

The current through the switches Q1 & Q2 is shown in the 
above fig.5(g) The current is bidirectional and it reaches a 
peak of 10 amps both in the positive as well as in the 
negative half cycles. 

OUTPUT VOLTAGE & CURRENT: 

Fig.5 (i) shows that the peak–peak output voltage ripple is 
8 Volts with an average dc value close to 400 Volts. This 
simulated waveform from fig. 5 (i) and (j) shows that the 
output of the proposed rectifier in the steady state and it 
has an allowable tolerance of nearly 20 volts. 

 

 
Fig.5(i) Simulated Output voltage waveform 

Fig.5(j)Simulated Output Current waveform 
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MATLAB SIMULATION CIRCUIT FOR PROPOSED RECTIFIER 

 

Fig. 6(a) MATLAB Simulation circuit of proposed rectifier 

 

 

Fig. 6(b) MATLAB Simulation sub circuit of proposed rectifier 
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VI. PROTOTYPE OF BRIDGELESS SEPIC 
RECTIFIER 

The simulated results of the proposed rectifier have been 
given in the previous section and it shows that the circuit 
operates at near unity power factor. Also the circuit runs 
without the aid of a bridge rectifier, which has reduced the 
conduction losses that usually incur in the bridge rectifier 
circuits. The hardware of the proposed circuit has been 
designed & constructed. Its performance & operation are 
verified with the simulated circuit. 

PRACTICAL PROTOTYPE: 

In the following figures, the part that is labelled as 1, is the 
Pulse circuit for triggering the switches of the proposed 
circuit. The transformer T1, is the input transformer for the 
bridgeless SEPIC, whereas the transformer T2 is for 
triggering circuit. The part 2 amplifies the generated pulse 
till it matches the firing pulse requirement of the switches 
Q1 & Q2. 

 

 
Fig.7 (a) Practical Prototype 

FIRING CIRCUIT: 

 
Fig.7 (b) Firing circuit using PIC microcontroller 

The firing circuit consists of the following components: 

• PIC16F877A 
• Crystal Oscillator (10 MHz) 
• Regulator (7805) 
• Rectifier-W10 
• Capacitor- 470uf,100uf,22pf 
• Resistor-330E, 1k 
• Power LED 
• Power supply (12v) 
• PCB Board 

The main circuit has been assembled in the general PCB 
board ranges of main circuit components are given in the 
following tabular column. 

Table.1 Main Circuit Components & Their Ranges 

Components Range 
Input transformer 
(Step down) 

230 V to 15 V 

Switches Q1 & Q2 FQP 50N60 
Diodes MUR840 
Inductor L1 1mH 
Inductor L1 1mH 
Inductors L2 & L3 100 micro H 
Capacitor C1 & C2 1 micro F 
Capacitor C01 & C02 440 micro F 
Load resistor RL 200 ohms 

Table.1Main circuit components & their range 
 
INPUT MEASUREMENT FROM CRO: 

 
Fig.7(c) Input measurement from the CRO 

MEASUREMENT OF TRIGGER PULSE AND OUTPUT 
VOLTAGE CRO: 

The firing pulses for the proposed rectifier switches are 
generated using the pulse generator circuit from the part 1. 
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Its output is measured in the CRO and it is given below 

 
Fig.7(d) triggering pulse of 15khz 

 

 
Fig.7 (e) output voltage Vo measured from CRO 

An output of 100 volts has been observed from the CRO. It 
can be also observed that the output is ripple free. 

MEASUREMENT OF INPUT AND OUTPUT VOLTAGE 
FROM CRO: 

A overall practical prototype of bridgeless sepic converter 
is shown in the below figures.An input of 4 volts has been 
given to the main circuit of the proposed rectifier and the 
output the output is measured for the given 4 volts input is 
exactly as 80 volts. The measurement of the input and 
output in to their respective terminals are shown in the 
figures 8(a) and 8(b). 

 
Fig.8 (a) Measurement of input voltage from CRO 

 
Fig.8 (b) Measurement of Output voltage from CRO 

 
VII. CONCLUSION 

In this project, a single-phase bridgeless rectifier with low 
input current distortion and low conduction losses have 
been presented and analysed. The bridgeless rectifier is 
derived from the conventional SEPIC converter. 
Comparing with conventional SEPIC and Power Factor 
Correction circuits, due to the lower conduction loss and 
switching loss, Bridgeless DCM SEPIC PFC rectifier 
topologies can further improve the conversion efficiency. 
To maintain same efficiency, the improved circuits could 
operate withhigher switching frequency. Thus, additional 
reduction in the size of PFC inductor and EMI filter could 
be achieved.  

Besides improving circuit topology and performance, 
further reduction in rectifier size could be realized by 
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integrating three inductors into a single magnetic core.A 
prototype of the proposed converter has been realized, and 
the experimental results have been presented. The 
measured efficiency shows 1%improvement in comparison 
to conventional bridgelessSEPICrectifier. 
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