
International Journal of Electrical, Electronics and Data Communication, ISSN (p): 2320-2084, Volume-1, Issue-1, March-2013 

Comparative Study Of Active Power Factor Correction In Ac-Dc Converters 
 

12 

COMPARATIVE STUDY OF ACTIVE POWER FACTOR 
CORRECTION IN AC-DC CONVERTERS 

 
1ABHINAYA VENKATESAN, 2AISWARYA MOHAN, 3GAYATHRI. K, 4R.SEYEZHAI 

 
1,2,3,4Department of EEE, SSN College of Engineering, Chennai, India 

Email: 1abhinaya.venkatesan@gmail.com, 2aiswaryassn@gmail.com, 3kgthree@gmail.com, 4seyezhair@ssn.edu.in 
 
 
Abstract- Majority of the applications involving electronic circuitry such as those used in automotive applications and 
battery chargers require a regulated DC supply. Since AC supplies are more commonly available, a suitable AC-DC 
converter becomes mandatory for such applications. These AC-DC converters involve a number of non-linear devices which 
reduce the system power factor and introduce harmonics in the power system leading to adverse effects. Hence it is essential 
to use a suitable power factor correction technique to condition the supply current. This paper presents a comparative 
analysis of three such active power factor correction topologies. Simulation studies have been carried out using 
MATLAB/SIMULINK.  
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I. INTRODUCTION 

 
Automotive batteries such as those used in hybrid 
electric vehicles typically require a 200 volt regulated 
DC supply. The most commonly used AC-DC 
Converter, namely the simple diode bridge rectifier 
however produces only a pulsating DC output. In 
addition, the use of non-linear devices in such 
rectifiers injects undesirable harmonics at the source 
end. These harmonics, particularly, the 3rd and the 
5th harmonics have very well recognized ill-effects. 
These harmonics hinder the smooth control of 
acceleration and introduce jerks in the vehicles. In 
power systems, harmonics result in increased 
magnitudes of neutral current in three phase systems, 
overheating of loads, equipment damage and the 
degradation of system voltage profile. Specific to 
household applications, these harmonics give rise to a 
power factor much lesser than unity. Since low power 
factor loads tend to draw higher currents for the same 
value of power, an increase in electricity bills results. 
These effects discussed above necessitate an effective 
power factor correction method for improving the 
quality of power. This power factor correction can be 
implemented in two ways, namely active and passive 
power factor correction. This paper introduces 
various high frequency active power factor correction 
topologies- Buck converter, Boost converter and 
Interleaved Boost converter. It also compares their 
vital performance parameters such as Total Harmonic 
Distortion (THD), Distortion Factor, Displacement 
Factor and Power Factor. The necessary waveforms 
have been provided and the results tabulated. 
  

II. POWER FACTOR CORRECTION 
TECHNIQUES  

 
Power factor is defined as the ratio of the real power 
drawn by the load to the apparent power in the 

circuit. Most commonly encountered loads are 
inductive (linear loads) in nature and hence draw  
 
lagging current resulting in reduced values of power 
factor. Non-linear loads such as rectifiers distort the 
supply current waveform and also lower the power 
factor to much less than unity. Hence it is necessary 
to use a suitable power factor correction technique to 
counteract the distortion and to improve the power 
factor.  
Power factor correction topologies can be classified 
into:  
1. Passive Power factor correction  
2. Active Power factor correction  
 
 Passive Power factor correction involves the use of 
passive elements such as inductors and capacitors as 
filters for reactive power compensation. This 
technique suffers from the following drawbacks:  

 Circuit becomes bulky and expensive  
 Poor dynamic response  
 Lack of voltage regulation  
 Shape of the input current depends on load  

 
Active Power Factor Correction involves reactive 
elements in conjunction with active switches, such as 
IGBTs, MOSFETs and thyristors which are switched 
at a desirable predetermined frequency. This results 
in source current shaping and improves the system 
power factor, in addition to providing a controllable 
output voltage. Based on the frequency of switching 
of the active devices involved, active power factor 
correction can be classified as: 
 
1. Low Frequency active power factor correction  
2. High Frequency active power factor correction  
In general, high frequency active power factor 
correction is preferred due to slow regulation of 
output voltage and the large size of reactive elements 
in low frequency active power factor correction 
topologies.  
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In high frequency active power factor correction 
circuits, the load behaves like a resistor which brings 
the power factor closer to unity, thus minimizing the 
harmonics. [1, 2] 
 
III. PERFORMANCE PARAMETERS OF 

PFC TOPOLOGIES  
 
Any power electronic converter circuit is 
characterized by certain parameters that are used to 
ascertain its performance. In this section, basic 
definitions of important performance parameters such 
as Total Harmonic Distortion (THD), Distortion 
Factor (Kp), Displacement Factor (Kd) and Power 
Factor (PF), along with their mathematical 
expressions have been provided. 
 

 Total Harmonic Distortion (THD):  
The total harmonic distortion or THD is a 
measurement of the harmonic distortion present in a 
signal and is defined as the ratio of the square root of 
the sum of the squares of all harmonic components to 
the fundamental frequency component. 
Mathematically, it is represented as: 

 
 
Where In,rmsdenotes the rms value of the nth harmonic 
component of the current waveform. 
 

 Distortion Factor or Purity Factor (Kp):  
The distortion factor describes how the harmonic 
distortion of a load current decreases the average 
power transferred to the load. Mathematically, it is 
represented as: 

 


 Displacement factor (Kd):  
Displacement factor is defined as the cosine of the 
angle (Ø) between the voltage and current.  
Kdcos� d K  

 Power Factor (PF):  
 
Power factor is defined as the product of the 
Distortion Factor and the Displacement Factor. 

 
 
IV. ACTIVE PFC TOPOLOGIES  
 
The active PFC topologies discussed in this paper are 
as follows:  
i. Buck Converter  
ii. Boost Converter  

iii. Interleaved Boost Converter (IBC)  
i. Buck Converter  
The buck converter is a simple DC-DC step down 
converter. The circuit diagram of a simple buck 
converter is as shown below: 

 
Fig.1. Circuit diagram of Buck Converter 

 
Circuit operation:  
 
When the switch is closed, the DC source supplies 
power to the circuit and gives rise to an output 
voltage across the resistor. When the switch is 
opened, the energy stored in the inductor and 
capacitor discharges through the resistor. By 
controlling the duty ratio appropriately, a desired 
value of output voltage, lower than the input voltage 
can be obtained. 
 
Design Considerations:  
 
The duty ratio (D) of a typical buck converter is given 
by: 

 
Where Vout and Vin denote the output and input 
voltages respectively.  
 
The inductor shown in Fig.1 can be designed using 
the expression:[3] 

 
Where f denotes the switching frequency and Iripple 

denotes the output current ripple.  
 
The value of capacitance is given by the expression: 

 

 
ESR = Effective Series Resistance 
The values of design parameters of the buck 
converter topology are as shown below: 

Table I: Simulation Parameters of Buck 
Converter 
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ii. Boost Converter  
 
The boost converter is a simple DC-DC step up 
converter. The circuit diagram of a simple boost 
converter is as shown below: 

 
Fig.2. Circuit Diagram of Boost Converter 

Circuit operation:  
 
When the switch is closed, the DC source energizes 
the inductor. Meanwhile, the capacitor maintains the 
output voltage using previously stored energy. When 
the switch is opened, both the DC source and the 
energy stored in the inductor will supply power to the 
load, thus boosting the output voltage.By controlling 
the duty ratio appropriately, a desired value of output 
voltage, higher than the input voltage can be 
obtained. 
Design Considerations:  
 
The duty ratio (D) of a typical boost converter is 
given by: 

 
 
The inductor shown in Fig.2 can be designed using 
the expression: [4] 

 
Where f = switching frequency and R= Load 
resistance.  
 
The value of capacitance is given by the expression: 

 
 
Where ΔV = Output voltage ripple  
 

The values of design parameters of the boost 
converter topology are as shown: 

Table II: Simulation Parameters of 
Boost Converter 

 
 
iii. Interleaved Boost Converter  
 
The interleaved boost converter is an improvement 
over the conventional boost converter in that a 
number of boost converters are connected in parallel. 
The number of such boost converters denotes the 
phase number of the interleaved boost converter 
topology. All the boost converters involved have the 
same switching frequency and phase shift. This paper 
discusses the two phase IBC topology. An n-phase 
IBC comprises n boost converters operating 360°/n 
out of phase. [5]  
Conventionally, active power factor correction 
circuits involve only the boost converter topology. 
But the IBC topology has significant advantages over 
the conventional boost converter. Some of these are 
as listed under: 
 

1. Minimization of ripple content in input current  
2. Lower switching and conduction losses  
3. Reduced size, improved efficiency and 
transient response  
4. Higher power capability  
5. Higher reliability and modularity  

 
The circuit diagram of a 2 phase interleaved boost 
converter where the two phases operate 180° out of 
phase is as shown below:  
 

 
Fig.3. Circuit Diagram of two-phase Interleaved Boost 

Converter 
Circuit Operation:  
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In the two phase IBC topology shown above, when 
switch 1 is closed, current through the inductor L1 
increases thereby energizing it. When switch 1 is 
turned off, diode D1 conducts and the energy stored 
in the inductor is transferred to the load. After half 
the switching cycle, the same process is repeated, this 
time with switch 2. The input current is the sum of 
the two inductor currents, IL1 and IL2. Since the 
inductors’ ripple currents are out of phase, they 
cancel each other out thereby reducing the input 
ripple current caused by the boost inductors. The best 
ripple current cancellation has been found to occur at 
a duty ratio of 50%. [6, 7] As the duty ratio 
approaches 100%, the diode currents become ripple 
free. At this point, the output capacitor has to filter 
only the inductor ripple current. Due to the 
minimization of the input current ripple, as discussed 
above, the IBC topology is highly suitable for active 
power factor correction. 
 
Design Considerations:  
 
The duty ratio (D) of the interleaved boost converter 
is given by: 

 
The inductors shown in Fig.3 have identical values 
and can be designed using the expression: 

 
The value of output capacitor can be designed using 
the expression: 

 
Where ΔV = Output voltage ripple  
The values of design parameters of the interleaved 
boost converter topology are as shown below: 
 
Table III: Simulation Parameters of IBC 

 

 
 
V. SIMULATION RESULTS  

 
In practical applications of active power factor 
correction, the input AC voltage is first rectified 

using a diode bridge rectifier. This DC voltage is then 
fed via a coupling capacitive filter to the active power 
factor correction circuit- namely the buck, boost or 
interleaved boost converters. This results in 
minimization of output voltage ripple in addition to 
power factor correction. [8, 9,10]  
 
The circuit diagrams of the various practical active 
PFC topologies are shown below: 
 

i. Rectifier + Buck Converter 

 
Fig.4. Circuit Diagram of Rectifier + Buck Converter 

 

 
 

Fig.5. Supply Current and Supply Voltage Waveforms of 
Rectifier+ Buck converter 

The supply current waveform of the Rectifier+ Buck 
Converter topology is highly distorted. This results in 
a very high value of THD. 
 

ii. Rectifier + Boost Converter 

 
 

Fig.6. Circuit Diagram of Rectifier + Boost Converter 
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Fig.7. Supply Current and Supply Voltage waveforms of 

rectifier + Boost Converter 
 
The distortion in the supply current waveform of the 
Rectifier + Boost converter topology, although is 
lesser in comparison to the buck topology, is still 
significant. The value of THD, in this case is lesser in 
comparison to the earlier topology. 
 
VI. RECTIFIER + INTERLEAVED BOOST 

CONVERTER 

 
Fig.8. Circuit Diagram of Rectifier + IBC 

 
Fig.9. Supply Current and Supply Voltagewaveforms of 

rectifier + IBC 
This topology affords the least supply current 
distortion. The low value of THD obtained makes it 
the most preferable alternative.  
 
The following waveforms show the AC input voltage 
and the DC output voltage of the Rectifier+ IBC 
topology: 

 
Fig.10. AC input voltage waveform of the Rectifier + IBC 

topology 

 
Fig.11. DC output voltage waveform of the Rectifier + IBC 

topology 
The following table shows a comparison between the 
three topologies discussed above: 

Table IV: Comparison between Buck, 
Boost and IBC Topologies 

 
 
The following conclusions can be drawn from the  
table above:  

 The THD which signifies the amount of distortion 
present in the signal is found to be the least for the 
Rectifier + IBC topology. The THD is maximum for 
the Rectifier + Buck topology.  

 Best values of Kp and Kd have been obtained for 
the Rectifier + IBC topology. This leads to an 
improved value of power factor in comparison to the 
other topologies.  
 
Thus, it is obvious that the performance of the AC-
DC converter improves significantly if the interleaved 



International Journal of Electrical, Electronics and Data Communication, ISSN (p): 2320-2084, Volume-1, Issue-1, March-2013 

Comparative Study Of Active Power Factor Correction In Ac-Dc Converters 
 

17 

boost converter is used. It also results in superior 
power factor correction.  
 
CONCLUSION  
 
The comparative study of the buck, boost and 
interleaved boost topologies for active power factor 
correction in AC-DC converters has been carried out 
in this paper. The performance parameters for various 
active power factor corrected power converter 
topologies have been tabulated and compared. From 
the results, it is found that the Interleaved Boost 
Converter topology for Active power factor 
correction is the best among the three topologies as it 
affords improved Total Harmonic Distortion and 
power factor closer to unity. The power factor can be 
corrected still more by adopting a closed loop current 
control strategy such as Average current control, Peak 
current control, Hysteresis control or Borderline 
control. 
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