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Abstract- Switched mode rectifiers are popular nowadays for supplying dc loads and the main challenge is to obtain high 
efficiency with better power factor. This paper focuses on boost and interleaved boost converter. Boost converter is a type of 
DC-DC converter whose output voltage is greater than that of the input voltage. But the conventional boost converter puts a 
limitation on the duty ratio to obtain a higher output. Therefore, Interleaved Boost converter (IBC) is proposed in this paper. 
The parallel connection of boost converter results in interleaved converter. IBC is better than a conventional boost converter 
as it reduces the input current ripple, output voltage ripple and the component size and improves the transient response. Also 
an Interleaved Boost converter offers a better power factor improvement compared to conventional Boost converter. This 
paper deals with the comparative study of boost and IBC for power factor correction in terms of  input and output current 
ripple, voltage ripple, THD and power factor[1]. The results show that there is a considerable reduction in the ripple and 
power factor improvement in the case of Interleaved Boost converter than a Boost converter. Simulation of the proposed 
circuits is executed in MATLAB and the results are verified.  
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I. INTRODUCTION 
 
A DC-DC converter is used to convert a fixed voltage 
DC source to a variable voltage DC source. Similar to 
a transformer, it can be used to step down or step up a 
DC voltage source. A DC converter can be 
considered as DC equivalent to an AC transformer 
with a continuously variable turns ratio. They are 
used widely in many applications, like traction motor 
control in electric automobiles, mine haulers, trolley 
cars, etc. They can also act as DC voltage regulators, 
regenerative braking of DC motors. It is also used for 
power factor improvement in the case of AC- DC 
converter. Diode rectifiers are commonly used when 
the input is an AC source [2]. Discontinuous input 
current exists in the AC source due to the presence of 
non-linear devices, which reduces the power factor of 
the system and also introduces harmonics. So the 
input current must be shaped so that the power factor 
is close to unity. There are two methods by which this 
can be done. One way is to introduce an inductor in 
the AC mains. This method is not used practically. 
The other method is to use DC-DC converters for 
shaping the input current and it is referred to as the 
active power factor correction. This is the most 
commonly used method [3]. 
A conventional Boost converter is a type of DC-DC 
converter which is used to step up the input DC 
voltage. A desired output DC voltage can be obtained 
by varying the duty ratio of switching of the 
transistor. An Interleaved Boost converter is the 
parallel connection of two or more conventional 
Boost converters. The number of parallel connections 
determines the number of phases of the Interleaved 
Boost converter. An Interleaved Boost converter 
offers better current and voltage ripple reduction, 

improved power factor, etc. Also it reduces the 
component size, improves the transient stability of the 
system. Hence it is widely used in applications which 
require ripple reduction and power factor 
improvement. 
 
This paper deals with the investigation of the 
conventional AC-DC Boost converter and a two- 
phase AC-DC Interleaved Boost converter. For 
different duty ratios, the corresponding input and 
output current ripple and the output voltage ripple are 
obtained. The performance parameters of both the 
topologies like Total Harmonic Distortion (THD), 
displacement factor, distortion factor and power 
factor are computed and compared. The results show 
that an Interleaved Boost converter offers reduced 
current and voltage ripple and an improved power 
factor. The results are verified. 
 
II. AC-DC CONVERTER USING THE 
CONVENTIONAL BOOST CONVERTER 
 
A Boost converter steps up the input voltage by 
stepping down the current from input to output side. 
Hence it produces a voltage greater than the input 
voltage. It is a class of switched-mode power supply 
(SMPS). It contains at least two semiconductors (a 
diode and a transistor) and at least one energy storage 
element, a capacitor, inductor, or the two in 
combination. 
 
To reduce voltage ripple, filters made of capacitors or 
a combination of capacitors are included in the output 
and input side in order to reduce the ripple voltage/ 
current. Fig.1 shows the circuit diagram of a AC-DC 
converter with conventional boost converter. 
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Fig. 1 Circuit diagram of AC-DC Converter using the 

conventional boost converter 
 
The AC source is converted into a DC source using a 
bridge rectifier and the DC output is fed to the boost 
converter. Transistors are commonly used as the 
switch for switching at a high frequency. 
 
1.1. WORKING PRINCIPLE 
There are two modes of operation of a conventional 
Boost converter.  
(i) Mode 1 begins when the switch S is 
switched ON at t=0. The input current increases and 
flows through inductor L and the switch. 
(ii) Mode 2 begins when the switch S is 
switched OFF at t=t1. The current that was flowing 
through the switch would now flow through L, C, 
load and the diode D. The inductor current falls until 
switch S is turned ON again in the next cycle. The 
energy stored in inductor L is transferred to the load. 
 
The waveforms for voltages and currents are shown 
in Fig. 2 for continuous load current, assuming that 
the current rises or falls linearly. 
 

 
Fig. 2 Voltage and current waveforms of conventional Boost 

converter 

2.2. DESIGN EQUATIONS FOR 
CONVENTIONAL BOOST CONVERTER 
 
1. The duty ratio D of the converter is given by 

  (1) 

 
where, 
Vout is the output voltage of the converter 
Vin is the input voltage of the converter 
2. Inductance              (2) 

where, 
f is the frequency of switching 
ΔI is the inductor current ripple 
3. Capacitance       (3) 

where, 
ΔV is the output voltage ripple [4]. 
 
The values of the inductor, capacitor and load 
resistance are calculated using the design equations 
and it is shown in table:1. 
 
TABLE :1  Simulation parameters for AC-DC Converter with 

Boost topology 

 
 

3. AC-DC CONVERTER USING 
INTERLEAVED BOOST CONVERTER 
 
In the case of conventional Boost converter, ripple is 
present in the input current due to rise and fall of the 
inductor current. This problem can be eliminated by 
using Interleaved Boost converter. An Interleaved 
Boost converter is the parallel connection of 2 or 
more Boost converters, also called the phases.  
Interleaved control of such a topology with n number 
of phases has phase shifting by 2π/n or T/n where T is 
the switching time period. 
 
The advantages of Interleaved Boost converter 
compared to the Boost converter are reduced current 
and voltage ripple, improved power factor, increased 
efficiency, reduction in the power rating of the 
inductors and the switch, etc. 
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Fig. 3 shows the circuit diagram of an AC-DC 
Interleaved Boost converter having two phases. 
 

 
Fig. 3 Circuit diagram of AC-DC Converter with two- phase 

IBC 
 

3.1. WORKING PRINCIPLE 
An Interleaved Boost converter consists of 2 or more 
conventional Boost converters connected in parallel. 
The number of parallel connections is also called the 
phases of the Interleaved Boost converter. In the case 
of 2 phase IBC, the phase difference between the 
switching of the 2 switches is 180 degrees. Hence 
ripple cancellation takes place [5].  
 
Mostly in IBC the minimum input ripple occurs at a 
duty ratio of 0.5, this is due to the 180 degrees phase 
difference between the two devices. There are two 
operating modes which can be defined by the 
inductor:   
(i) Mode 1, D>0.5: over a particular period of 
time the current in both the inductors rises.  
(ii) Mode2, D<0.5: over a specified period of 
time both the inductors discharge. 

 

 
Fig. 4 Voltage and current waveforms of IBC 

3.2. DESIGN ASPECTS OF IBC 
 
1. Duty ratio 
 
The duty ratio D of the converter is given by 

 (4) 

where, 
Vout is the output voltage of the converter 
Vin is the input voltage of the converter 
2. Input current 
Input current can be calculated by the ratio of input 
power to the input voltage. 
Inputcurrent                                 (5) 

where 
Pin is the input power 
Vin is the input voltage 
3. The inductor current ripple is given by 
                    
                                (6) 

where, 
             f is the switching frequency 
              L is the inductance 
4. Selection of duty ratio 
 
Mostly in IBC the minimum input ripple occurs at a 
duty ratio of 0.5. This is due to the 180 degrees phase 
difference between the two branches of Inductor. 
 
3.3. DESIGN EQUATIONS 
 
The design equations for calculating the values of 
inductor and capacitor for an IBC are given below 
[7]. 
 
1. Inductance                 (7) 

where, 
f is the frequency of switching 
ΔI is the inductor current ripple  
 
2. Capacitance                (8) 

where, 
ΔV is the output voltage ripple 
 
3. Selection of the device 
 The device which is chosen for the interleaved boost 
converter is power MOSFET because of its high 
commutation speed and high efficiency at low 
voltages. 
 
4. For the case of a 2 phase IBC, the phase difference 
between the switching of the 2 switches is maintained 
at 180o , so that ripple cancellation takes place. 
The values of the inductor, capacitor and load 
resistance are calculated using the design equations 
and it is shown in table:2.    
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TABLE 2. Design parameters of AC-DC Converter with 
Interleaved Boost converter 

 
 
IV. PERFORMANCE PARAMETERS 
 
1. Total Harmonic Distortion (THD) 
The Total Harmonic Distortion (THD) is an indicator 
of the distortion of a signal. It 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:  
 

        (9) 
2. 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  

  (10) 
3. Displacement factor (Kd) 
Displacement factor is defined as the cosine of the 
angle (Ø) between the voltage and current. 
                                                Kd= cos Ø             (11) 
4. Power Factor (PF) 
 Power factor is defined as the product of the 
Distortion Factor and the Displacement Factor. 
                                                   PF= Kp*Kd         (12) 
 
V. SIMULATION RESULTS 
 
Conventional Boost Converter 
Fig. 5 shows the circuit diagram of the conventional 
boost converter implemented in MATLAB. The 
various performance parameters obtained from 
simulation are discussed.  

 
Fig. 5 Circuit diagram of boost converter implemented in 

MATLAB 
 

Fig. 6 shows the output voltage waveform obtained 
for an input AC voltage of 5V. The duty ratio is kept 
at 0.667. The DC output voltage value is 13.9V. 

 

 
Fig. 6 Output voltage waveform of conventional Boost 

converter 
 
Fig. 7 shows the output voltage ripple waveform for 
the AC-DC boost converter for a duty ratio of 0.667. 
The ripple value is 3.592x10-3. 

 

 
Fig. 7 Output voltage ripple of conventional Boost converter 

 
Fig. 8 shows the output current waveform of a 
conventional Boost converter for a duty ratio of 
0.667. The output current ripple 3.7852x10-3. 
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Fig. 8 Output current ripple of conventional Boost converter 

 
Fig. 9 shows the input current ripple waveform for 
conventional Boost converter with duty ratio of 
0.667. The ripple obtained is 0.5714.  

 

 
Fig. 9 Input current ripple of conventional Boost converter 

 
Fig. 10 shows the input current and voltage 
waveforms of the conventional Boost converter. The 
AC voltage applied is 5V and the frequency of supply 
is 50 Hz.  

 

 
Fig. 10 Input current and voltage waveforms of conventional 

boost converter 
 

Fig. 11 shows the THD of the input side current 
obtained from FFT analysis. The THD obtained is 
99.27%. 

 
Fig. 11 FFT analysis for THD of Boost converter 

 
Table :3 shows the values of output current ripple, 
input current ripple, voltage ripple and gain for 
different values of duty ratio, varying from 0.2 to 
0.85.  
 
TABLE 3. Simulation results for conventional Boost converter 

 
 
Interleaved Boost converter 

 
Fig. 12 Circuit diagram of Interleaved Boost converter 

implemented in MATLAB 
Fig. 13 shows the output voltage waveforms obtained 
for an input AC voltage of 5V at a duty ratio of 0.667. 
The output voltage observed is 13.9V. 
 

 
Fig. 13 Output voltage waveform of Interleaved Boost 

converter 
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Fig. 14 shows the output voltage ripple of the IBC for 
a duty ratio of 0.667. The ripple observed is 
1.1057x10-3 

 

 
Fig. 14 Output voltage ripple of Interleaved Boost 

converter 
Fig. 15 shows the output current ripple waveform of 
an Interleaved Boost converter. The duty ratio is 
0.667 and the ripple observed is 1.0987x10-3. 

 

 
Fig. 15 Output current ripple of Interleaved Boost converter 

 
Fig. 16 shows the input AC voltage and current 
waveforms for the Interleaved Boost converter. The 
input voltage is 5V and the frequency is 50Hz. 

 

 
Fig. 17 shows the FFT analysis done for obtaining the THD of 

the input current. The THD obtained is 84.36% 

 
Fig. 17 FFT analysis for obtaining the THD of Interleaved 

Boost converter 
 
Table :4 shows the results obtained from the 
simulation of Interleaved Boost converter. The values 
of output current ripple, input current ripple, voltage 
ripple and gain are given for various values of duty 
cycle ranging from 0.2 to 0.85. 

 
TABLE 4. Simulation results for Interleaved Boost converter 

 
 
Table: 5 shows the comparison between the 
conventional Boost converter and Interleaved Boost 
converter in terms of its performance parameters. 
From the results obtained, it is observed that an 
Interleaved Boost converter has lower THD and a 
higher power factor.  
 

TABLE 5. Performance parameters comparison between 
conventional Boost converter  and IBC 

 
 
Fig. 18-20 shows the graphical comparison between 
the conventional Boost converter and interleaved 
Boost converter for input and output current ripple, 
voltage ripple for different duty cycles. 
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Fig. 18 Voltage ripple vs Duty cycle graph for conventional 

Boost converter and IBC 
 

 
Fig. 19 Input current ripple vs Duty cycle for conventional 

Boost converter and IBC 

 
Fig.20 Output current ripple vs duty cycle graph for 

conventional Boost converter and IBC 
From the above graphs, it is observed that an 
Interleaved Boost converter has a lower output 
voltage ripple, output current and input current ripple 

compared to the conventional Boost converter 
topology.  
 
CONCLUSION 
 
From the above results, it is observed that an 
Interleaved Boost converter topology offers better 
voltage and current ripple reduction, improved power 
factor and lower THD compared to conventional 
Boost converter. Hence the Interleaved Boost 
converter topology is widely used for power factor 
correction and in applications demanding lower 
voltage and current ripple.  
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