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ABSTRACT 
Renewable energy is derivative from natural resources that are replenished constantly. The commonly used renewable energy 

systems include photovoltaic cells and fuel cells. A suitable DC-DC converter is proposed for highly efficient renewable energy 

systems. Modified Interleaved Boost Converter (MIBC) topology is discussed in this paper for renewable energy applications. This 

paper presents Modified Interleaved Boost Converter (MIBC) model which has lower inductor ripple current and higher step-up 

conversion ratio. This converter is applicable where the input voltage is low and the output voltage is high. Three MOSFETs are 

connected in parallel and MPPT controller used to maintain the maximum output. The converter is working in higher switching 

frequency. The proposed MIBC results higher step-up conversion ratio with smaller output current ripple compared with a 

conventional Interleaved boost Converter. The converter design, modes of operation, and corresponding simulation results of the 

proposed MIBC are presented in this paper. The analysis of MIBC is validated by the simulation results of prototype converters 

with 120V input, 1015V/24A output. 

 

KEYWORDS:  Modified Interleaved Boost Converter, MPPT Controller, Conversion Ratio, Inductor Current Ripple, MATLAB 
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INTRODUCTION 
 
 With the increase of battery powered application, there is a huge demand for highly efficient, small size, 
low cost and high static gain dc-dc converter. Typical applications are hybrid vehicle, uninterrupted power 
supply and renewable energy system such as solar. The step-up stage normally is the critical point for the design 
of high efficiency converters due to the operation with high input current and high output voltage, thus a 
detailed study should be carried out, in order to define the topology for a high step-up application. Magnetic 
coupled classic converter such as fly back or push-pull converter can be used to achieve high static gain. 
However, volume of power transformer will greatly influence the size of converter. The leakage inductance can 
produce voltage stress; high switching frequency will bring down the efficiency of the transformer itself and 
will cause electromagnetic Interference (EMI), thereby reducing the converter efficiency. Non-isolated 
conventional boost converter, can provide high step-up voltage gain but with the penalty of high voltage and 
current stress, high duty cycle operation. However, new non-isolated dc–dc converter topologies is proposed, 
showing that it is possible to obtain high static gain with low current stress and low losses, improving the 
performance with respect to conventional dc-dc converter.  A new alternative for the implementation is 
proposed in this paper by cascading the boost converter to get high step-up and multi-phasing to avoid current 
stress on semiconductor switches, thus designing a highly efficient converter with simpler structure. With 
increase in ripple frequency due to multi-phasing the filter size will reduce significantly. 
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Multiphase Boost Converter: 
 The concept of interleaving is that of increasing the effective pulse frequency of any periodic power source 
by synchronizing several smaller converters and operating them with relative phase shifts. In high power 
applications, the voltage and current stress can easily go beyond the range that one power device can handle. 
Multiple power devices connected in parallel and/or series could be one solution. However, voltage sharing 
and/or current sharing are still the concerns. Instead of paralleling power devices, paralleling power converters 
is another solution which could be more beneficial. Furthermore, with the power converter paralleling 
architecture, interleaving technique comes naturally. Benefits like harmonic cancellation, better efficiency, 
better thermal performance, and high power density can be obtained. With these multi-modular converters the 
current stress can be divided to a level that can be handled by semiconductor switches and reduces the ohmic 
component of their conduction losses. In many applications, one major concern is the input and output filters 
rely almost exclusively on tantalum capacitors due to the highest available energy-storage-to-volume ratio. 
However, the ESR of this filter capacitor causes high level thermal stress from the high switching pulsed 
current. The input and output filter capacitance is usually determined by the required number of capacitors 
sufficient to handle the dissipation losses due to the ripple current. Interleaving multiple converters can 
significantly reduce the switching pulsed current go through the filter capacitor. By properly choosing the 
channel number and considering the duty cycle, the ripple current may be reduced to zero. Furthermore, 
interleaving increases the ripple frequency to be n (n is the total number of phase) times the individual switching 
frequency. 
 

 
 
Fig. 1: modified interleaved boost converter. 
 

 
 
Fig. 2: switch 1, 2, 3 closed. 

 
 
Fig. 3: switch 1,2closed and 3 open.   
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Fig. 4: switch 1,3 closed and 2 open. 

 
 
Fig. 5: switch 2,3 closed and 1 open. 
 
 The ESR of the tantalum capacitors is inversely proportional to the frequency. Interleaving technique can 
effectively reduce the filter capacitor size and weight. Another concern of this application is packaging. Due to 
the thermal management issues, the power loss of non-interleave converter exceeds the typical power dissipation 
capability. In addition, the substantial bulky converter usually requires a larger heat sink module. Interleaving 
technique can divide the power transfer into multiple modules, lighter and smaller. With the interleaving 
architecture, increased output power may be supplied by adding additional identical modules. Use of multi-
phase boost converter is an optimal solution for high input current dc-dc converter such as conventional boost 
where the current is shared among different phases. The multi-phase booster can be achieved by adding more 
parallel legs to the conventional boost converter. The Fig.1.shows a three-phase boost converter, where two 
more legs connected in parallel with the conventional one. The multi-phase boost converter interleaves the clock 
signals of the paralleled power stages, reducing input and output ripple current without increasing the switching 
frequency. Because of the phase difference in clocking between the converters, the inductor ripple currents in 
the different phases tend to cancel each other, resulting in a smaller ripple current getting to the output capacitor. 
Thus the factors, such as reduced ripple current, increased ripple frequency contribute to a smaller output filter 
capacitor for the same ripple voltage requirement, thereby reducing the size and cost of the filter components. 
This results in improved dynamic response to load transients    
 Circuit description and operational analysis of Multi- Phase Boost Converter  
 The basic structure of three-phase boost converter can be constructed by adding two parallel legs to 
conventional boost converter. It is possible to add more number of parallel legs to have more phases, where the 
input current is shared among different phases. The converter is operating in continuous conduction modes for 
better operational characteristics results. Thus, the different operational stages and the theoretical waveforms are 
represented for CCM and considering three phases only. Different stage operations can be explained with 
reference to the Figs.2 – 6. The three-phase boost converter operates in six stages. The Table no.1 figures out the 
status of the three-phase boost converter for different switching conditions. In three-phase boost converter, the 
clock for the switches is phase shifted by 120 degree as shown in Fig.6. The three phase ripple current 
waveforms are shown with solid, dashed and dotted lines with reference to their clock signals, the ripple 
cancellation among different phase’s results in reduced magnitude and increase in frequency by three times [13]. 
The voltage transformation of three-phase boost converter is same as that of conventional boost converter. Due 
to interleaving of the clock pulses, all the three switches are closed for the duration � −23. �, three times a 
period with the interval of 1 − � 
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Fig. 6: Three base inductor current. 
 
Table 1: Switching status. 

stage S1 S2 S3 Status 

first ON ON ON 
All the three phase inductors stores energy, the stored energy in 

the output capacitor is supplied to load 

Second ON OFF ON 
The stored energy in the inductor L2 is transferred to load 

through diode D2 

Third ON ON ON 
Similar to stage 1, where all the three phases inductors stores 

energy. 

Fourth ON ON OFF 
The stored energy in the inductor L3 is transferred to load 

through diode D3 
Fifth ON ON ON Similar to stage 1 and 3 

Sixth OFF ON ON 
The stored energy in the inductor L1 is transferred to load 

through diode D1 

                                                                                                 
Proposed Topology: 
 A suitable DC-DC converter is proposed for highly efficient renewable energy systems. Modified 
Interleaved Boost Converter (MIBC) topology is discussed in this paper for renewable energy applications. This 
paper presents Modified Interleaved Boost Converter (MIBC) model which has lower inductor ripple current 
and higher step-up conversion ratio. This converter is applicable where the input voltage is low and the output 
voltage is high. Three MOSFETs are connected in parallel and MPPT controller used to maintain the maximum 
output. The converter is working in higher switching frequency. The proposed MIBC results higher step-up 
conversion ratio with smaller output current ripple compared with a conventional Interleaved boost Converter. 
The converter design, modes of operation, and corresponding simulation results of the proposed MIBC are 
presented in this paper.  
 
4. Design Consideration for Multi-Phase Boost Converter: 
 The design equations for Multi-Phase Boost converter operating in continuous conduction mode is 
presented with an example. Considering the following specifications, Input voltage: Vin = 120 V.  
 Output voltage: Vout = 1.0kV. Switching frequency: F = 100 kHz. The rated load for given output power: R 
= 100 Ω 
 
1) Static gain: 
 The static gain of MIBC.  
Vout = Vin/ 1−D 
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 Where D is switch duty cycle ratio. 
 

 
 
Fig. 7: Block diagram of Proposed Topology. 
 
2) Inductor: 
 Inductance in each phase is given by  
Lphase = (Vin .D.T/ ΔIL phase) 
 
3) Inductor current:  
 The inductor current through each phase is given by, 
IL phase = (Vout N×R.D)   
N – Number of phases. 
D = 1 – D 
 
4) Filter capacitance:  
 The capacitance value is given by,  
C = Vout (D*2/3) T/ ΔVout.R 
 
Simulation Result Of Multi Stage Boost Converter: 
 In application where non isolation step up conversion ratio and low output current with low ripple are 
required, modified interleaved boost converter (MIBC) has lot of attention due to its simple structure and low 
control complexity.  
 For the modified interleaved boost converter, the value of the parameters is same with the boost converter. 
The circuit for the interleaved boost converter is shown in the figure 7. 
 The circuit diagram of MIBC 

 
 
Fig. 8: simulation of modified interleaved boost converter. 
 
Simulation Result: 
 The value of the output voltage ripple from boost converter, IBC and MIBC converter are compared based 
on the table2 below. 
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Fig. 9: Waveform for Output Voltage and Current. 
 
Table 2: comparisons of converters. 

Type Boost converter IBC MIBC 
Input voltage 120V 120V 120V 
Output current 2A 7A 20A 
Output voltage 200V 320V 1015V 

Inductor 
ripple current 

3.21% 1.495% 0.62% 

Input current ripple 0.878% 0.15% 0.106% 
Output voltage ripple 0.042% 0.0206% 0.0001% 

                                 
Conclusion: 
 Software implementation of the Modified interleaved boost converter is proposed in this report. It is having 
a simple structure and the main advantage of the proposed MIBC is that in open loop even higher step-up 
conversion ratio is obtained. The voltage stress across the switches is reduced considerably when the operating 
duty is below 50%.The ripple current of each inductor and the output ripple current of the converter are very 
low compared with conventional IBC.Therefore, the proposed MIBC becomes smart choice in application 
where higher step up conversion ratio with low input voltage, low output current with lower ripple and low cost 
are required.                                                  
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