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Abstract— Electronics devices require power conditioning of 

some form, typically rectification, for their proper 

functioning and operation. But since they have non-linear 

input characteristics and the higher line harmonics. With 

constantly increasing demand of this kind of devices at a high 

rate, line current harmonics pose a major problem by 

degrading the power factor of the system thus affecting the 

performance of the devices. By this, the objective of this work 

is how to develop PFC circuit for electronics devices. Hence 

the power factor is improved and line current harmonics is 

reduced. This presents a generalized approach to develop a 

single phase power factor correction circuit with bridgeless 

and voltage doubler configuration. This requires two dc/dc 

converter converters connected in parallel input - series 

output manner. Compared to conventional full bridge diode 

rectified circuit.   This circuit using buck converter improves 

the power factor.  
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I. INTRODUCTION 

The objective of this work is to develop a circuit with all the 

necessary components and control system that will 

incorporate in to the design of any single-phase rectifier and 

hence, improves the power factor. The AC mains utility 

supply ideally is supposed to be cleaned and free from high 

voltage spikes and current harmonics in order to ensure good 

quality and efficient power system harmonics to electronics 

equipment. Discontinuous input current that exists on the AC 

mains caused by the non-linearity of the rectification process 

could be shaped to follow the sinusoidal form of the input 

voltage. The process of shaping the input current is done by 

the Buck converter, which is properly controlled by control 

method. The control circuits for this project used low- cost 

components, easily available yet giving excellent 

performance and satisfactory results. 

Full bridge diode rectifier has long been used in 

ac/dc conversion due to its simple and robust circuit. A single 

dc/dc converter, which is connected after the rectifier, is then 

able to perform power factor correction (PFC) and output 

voltage regulation. However as the output power increases, 

the forward voltage drop across these standard Si diodes will 

cause significant conduction loss. Bridgeless PFC rectifiers 

have been introduced to reduce or eliminate the full-bridge 

rectifier hence its losses [6]. There are a number of 

approaches is to replace all or partly the full-bridge rectifier 

by MOSFET which has lower conduction loss if the on – state 

resistance is small enough [9]. The other approach is to use a 

pair of MOSFETs to form a bi-directional switch for bi-

directional current flow during positive and negative ac line 

cycles [4]. 

In universal line 90V-264V ac to dc converters that 

require PFC, maintaining a high efficiency across the total 

load and line ranges poses a major challenge. Typically a 

boost PFC exhibits 1% – 3% lower efficiency at 100V line 

compared to that at 230V line. This drop of efficiency at low 

line can be attributed to increased input current that produces 

higher losses in semiconductors and input EMI filter 

components. Another disadvantage of boost PFC is related to 

its higher output voltage, typically in the 380 to 400V range. 

At lower power levels, i.e., below 300-350W, the 

disadvantage of the universal line boost PFC may be 

overcome by the PFC with the buck topology [4]. 

II. DIODE RECTIFIER BRIDGE 

Most power electronics system use diode bridge rectifiers, 

like the one shown in Figure (1) even though they draw 

currents with highly distorted waveforms and the power 

through them can flow only in one direction. In switch mode 

dc power supplies, these diode bridge rectifiers are 

supplemented by a power factor correction circuit, to meet 

current harmonic limits [11]. 

Diode rectifiers rectify line frequency ac into dc 

across the dc- bus capacitor, without any control over the dc-

bus voltage. For analyzing the interaction between the unity 

and the power electronic system, the switch mode converter 

and the load can be represented by an equivalent resistance 

across the dc-bus capacitor. Assume diodes ideal for this 

discussion [11]. 

Figure (1) shows a Simulink diagram of single phase 

full bridge diode rectifier with a capacitive filter, used in 

much of today’s low power equipment. The input current 

produced by this rectifier is illustrated in Figure (2), it appears 

highly distorted due to the presence of the filter capacitor. 

This current has harmonic content shown in Figure (4), with 

a current THD = 194.75%. The rectifier in Figure (1) has a 

very low power factor of PF = 0.45, due mainly to its large 

harmonic content. 

 
Fig. 1: Simulink Diagram of single phase Full bridge 

rectifier 
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Fig. 2: Simulated Input voltage and current waveform of 

single phase Full bridge rectifier 

The relevance of the problems originated by 

harmonics in single phase line commutated rectifiers has 

motivated some agencies to introduce restrictions to these 

converters. The IEC 610003-2 class D international standard 

establishes limit to all low power single phase equipment 

having an active input current with a “special wave shape” 

and an active input power less than or equal to 600W. Class 

D equipment has an input current with a special wave shape 

contained within the envelope given in Figure (2). This class 

of equipment must satisfy certain harmonic limits, shown in 

Figure (3). It is clear that a single phase line – commutated 

rectifier with the parameters shown in Figure (1) is not able 

to comply with the standard IEC 61000-3-2 class D. The 

standard can be satisfied only by adding huge passive filters, 

which increase the size, weight, and cost of the rectifier. This 

standard has been the motivation for the development  of  

active  methods  to  improve  the  quality of  the  input  current  

and, consequently, the power factor. 

The main disadvantages of the classical line-commutated 

rectifiers are that: 

1) They produce a lagging displacement power factor with 

respect to the voltage of the utility, 

2) They generate an important amount of input current 

harmonics. 

These aspects have a negative influences on both 

power factor and power quality. In the last several years, the 

massive use of single-phase power converters has increased 

the problems of power quality in electrical systems. In effect, 

modern commercial buildings have 50% and even up to 90% 

of the demand, originated by non-linear loads, which are 

composed mainly by rectifiers [12]. Today it is not unusual 

to find rectifiers with total harmonic distortion of the current 

THD greater than the 40%, originating severe overloads in 

conductors and transformers. 

 
Fig. 3: Input current harmonics produced by a single phase 

full bridge rectifier [12] 

 
Fig. 4: Simulated FFT analysis single phase Full bridge 

rectifier 

III. CONVENTIONAL BUCK PFC RECTIFIER 

The conventional buck topology is efficient for PFC 

applications. It uses a dedicated diode bridge to rectify the 

AC input voltage to DC, which is then followed by the buck 

section. The conventional input stage for single phase power 

supplies operates by rectifying the ac line voltage and 

filtering with large electrolytic capacitors. This process 

generates a distorted input current waveform with large 

harmonic content. 

Thus, the resulting power factor is poor. The 

reduction of input current harmonics and high power factor 

operation are important requirements for power supplies. The 

technique usually employed to correct power factor of single 

phase power supplies consist of front end full bridge diode 

rectifier followed by a buck converter, as shown in Figure (5). 

This approach is good for low to medium power range. As the 

power level increases, the diode bridge begins to become an 

important part of the application. 

Figure (6) shows the input voltage and current 

waveform of the conventional buck PFC rectifier. At the time 

of working process generates a distorted input current 

waveform with large harmonic content. Thus the resulting 

power factor is very poor. FFT analysis of this conventional 

buck PFC rectifier is shown in Figure (7). This PFC circuit 

generates large %THD is 127.55%. 

 
Fig. 5: Simulink Diagram of Conventional PFC Buck 

rectifier 

 
Fig. 6: Simulated Input voltage and current waveform for 

Conventional PFC Buck rectifier 
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IV. BRIDGELESS POWER FACTOR CORRECTION CIRCUIT 

Researchers have been directed toward the development of 

efficient bridgeless PFC circuit topologies. Compared to the 

conventional PFC circuit, bridgeless PFC circuit allows the 

current to flow through a minimum number of switching 

devices. The converter conduction losses can significantly be 

reduced and thus resulting in high efficiency with cost 

savings [8]. The basic and highly used bridgeless topologies 

are boost-type circuit configuration because of the low cost 

and high efficiency. 

The major drawbacks are, higher dc output voltage 

than the peak input voltage, difficulties in implementation of 

isolation between input and output, high inrush current at 

startup, and problem arising due to the current limitation 

during overload conditions. To overcome these drawbacks, 

several bridgeless topologies, which are suitable for step-

up/step-down application have been recently introduced. 

 
Fig. 7: Simulated FFT analysis for Conventional PFC Buck 

rectifier 

 
Fig. 8: Two DC/DC converter in voltage doubler 

configuration 

Figure.(8) shows two dc/dc converters forming a 

bridgeless PFC circuit with voltage doubler structure. Note 

that a common path must be available for both converters to 

arrange their output voltages in series. Diodes Da and Db are 

used to force unidirectional current flow and prevent charging 

up of both inductors at the same time. This is in particular 

valid for MOSFET switch. As shown in Figure (8) supposes 

during the positive line cycle S1 is operating and S2 is idle. 

If Da and Db are absent, inductor L2 will still be charged up 

by Vac due to the conduction of body diode even though it is 

not supposed to be charged during this positive half line 

period. 

Figure (9) shows the simulation diagram of the PFC 

circuit with voltage doubler configuration with R-L load. In 

this circuit two dc-dc converter are used and their input are 

connected in parallel and series output. In this diode D1 and 

diode D2 are used for the unidirectional flow of the current in 

the circuit otherwise both inductor are charge simultaneously. 

 

In this circuit two dc-dc converter are used but only 

one converter works at a time. During positive cycle only 

upper dc converter is used and capacitor C1 start charging and 

during negative cycle only lower dc converter is used and 

capacitor C2 start charging and output voltage can be 

expressed as the 

Vo =  Vc1 + Vc2 

 
Fig. 9: Simulink Diagram of Bridgeless PFC circuits with 

Voltage doubler Configuration 

 
Fig. 10: Simulated Input voltage and current waveform for 

Bridgeless PFC circuit with voltage doubler 

The proposed Buck PFC rectifier, as shown in 

Figure (9), employs two back to back connected buck 

converters that operate in alternatives halves of the line 

voltage cycle. The buck converter during positive half cycles 

of the line voltage Vac and consist of a unidirectional switch 

implemented by diode Da in series with switch S1, 

freewheeling diode D1, filter inductor L1, and output 

capacitor C1. During its operation, the voltage across 

capacitor C1, which must be selected lower than the peak of 

line voltage, is regulated by pulse width modulation of switch 

S1.similarly, the buck converter consisting of the 

unidirectional switch implemented by diode Db in series with 

switch S2, freewheeling diode D2, filter inductor L2, and 

output capacitor C2 operates only during negative half-cycles 

of the line voltage Vac. 

Figure (10) shows the simulated input voltage and 

input current waveforms. The measured THD of the power 

factor circuit is also shown in figure (11).Figure (12) shows 

the simulated output voltage for the bridgeless PFC circuit. 

 
Fig. 11: Simulated FFT analysis for Bridgeless PFC circuit 

with voltage doubler 
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Fig. 12: Simulated Output Voltage wave form for 

Bridgeless PFC circuit with voltage doubler 

V. SIMULATION RESULT 

Circuit parameters are shown in the table (1) and also the 

simulation result output shown on table (2) with different 

rectification circuit. 

Finally from this result, line current harmonics 

distortion is reduced up to 4.20% compared to full bridge 

rectifier (194.75%) and conventional buck PFC rectifier 

(127.55%) and also the power factor is improved is shown 

table (II) Simulation done in MATLAB for full bridge 

rectifier is shown in section II and conventional buck PFC 

rectifier is shown in section III and for the bridgeless power 

factor correction circuit is shown in figure (I). 

Paramete

rs 

ConventionalBuckPFC

Rectifier 

Bridgeless PFC   

Circuit 

Input 

voltageV

ac 

230V A.C 80V A.C 

Output 

Voltage

Vout 

160V D.C 60V D.C 

Capacito

r 
2µF 

C1=1.3

7µF 

C2=1.3

7µF 

Inductor 1.2mHenry 
L1=1.2

mH 

L2=1.2

mH 

Table 1:  Experimental conditions and circuit parameters 

Paramete

rs 

FullBridgeRectifi

er 

Convention

al 

BuckPFC 

Rectifier 

Bridgeles

s 

PFCCircu

it 

%THD 194.75% 127.55% 4.20% 

Power 

Factor 
- 0.9 0.981 

Table 2: Simulated output result of the different topology 

VI. CONCLUSION 

A Bridgeless Power Factor Correction circuit using voltage 

doubler configuration has been presented. The Simulation 

design is focused on the Power factor improvement and 

reduction of the %THD using closed loop buck - converter. It 

is shown that with a different configurations related analysis 

is done. 

Simulation done in MATLAB and Simulated results 

are shown in below table. 

 

 

 

Paramete

rs 

FullBridgeRectifi

er 

Convention

al 

BuckPFC 

Rectifier 

Bridgeles

s 

PFCCircu

it 

 

%THD 194.75% 127.55% 4.20% 

Power 

Factor 
- 0.9 0.981 

A bridgeless power factor correction circuit with 

voltage doubler configuration, compared with the 

conventional buck rectifier –shows improvement in the 

power factor and the total harmonic distortation. 
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