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Introduction 

A boost converter (step-up converter) is a DC-to-DC 
power converter that steps up voltage (while 
stepping down current) from its input (supply) to its 
output (load).  Generally convectional energy sources 
are used to generate electricity throughout world but 
latest usable techniques are implemented without 
pollutant and also generate electricity. Isolated 
topologies use transformers or coupled inductors 
with required turn’s ratio to achieve the required 
voltage gain [5]-[8]. High turns ratio is not preferred 
due to high leakage at the secondary which cause 
increased switching losses at the output. These 
topologies suffer from limited switching frequency, 
increased transformer losses, increased voltage stress 
across the device and are bulky. Converters that 
operate without a transformer but are still suitable 
for grid connection are necessary for improving 
system efficiency. In [9] and [10], coupled inductors 
and switched capacitors were used to obtain the 
required high conversion ratio. These topologies 
provided the required voltage gain by using more 
components and complex magnetic elements. Due 
to these reasons, such converters are not widely used 
in practice.  Irregular energy sources are solar, wind, 
geothermal, biomass, fuel cell etc. Fuel cell is an 
electrochemical energy conversion device that 
continuously converts chemical energy of a fuel 
directly into electrical energy [1] [2]. Derived from 
generalized topologies [5] [6]. Topology of dc-dc 

converters with reduced switch stress utilizes a 
hybrid switched capacitor technique for providing a 
high voltage gain without extreme duty cycle and 
enabling the use of a lower voltage. The voltage 
multiplier cell is composed of the coupled inductors, 
a series capacitor and two diodes [7] [8]. The 
proposed topology is high gain is achieved without 
using transformer and extreme duty cycle.  

Block Diagram 

One of most important applications of the DC-DC 
multilevel converter is renewable energy generation. 
Multilevel DC-DC converter combines the function of 
convectional DC-DC converter and voltage multiplier 
as shown in Fig. The gain of multilevel converter is 
depends upon the duty cycle of gate pulse and 
number of levels present in voltage multiplier.  

 

Fig. 1 Block diagram 

Abstract 

This paper contain rechargeable battery operated multiple level boost converter which is used in place 
of regular step up converter which is simulated in MATLAB. Regular step up converter doesn’t stand at 
high gain due to heavy voltage stress.  Here we can use the solar energy, wind energy as a source for 
the step up converter. Cascade connections of C-D can be use to increase the voltage level at the 
output.  The proposed topology uses one switch, 2N-I Diodes and 2N capacitors to get output voltage 
which is more than the supply input voltage.  

Keywords: Step up converter, MATLAB, cascade connection. 
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Table1. Type of converter with gain equation 

 

When convectional converter operation is designed 
into multilevel converter operation, only changes the 
output voltage and number of levels are added in it. 
Following table shows comparison between them. 

Methodology 

Modes of Operation 

A] When switch is ON 

 In operation of circuit is divided into two modes 
first one is switch on and second one is switch off. 
When the switch is on state than inductors L1 and L2 
are charged through diode D6 and D7. 
 First assume that output side voltages are 
charged, then capacitor C1 charges the input 
capacitor C2 through diode D2, when D2 is forward 
biased condition. 
 In this operation capacitor C1 and C3 charges 
the capacitor C2 and C4 through a diode D4 at that 
time diode D4 is forward biased. 

 

Fig 2: Inductors L1 and L2 charged 

 

Fig 3: Capacitor C1 charges capacitor C2 

 

Fig 4: Capacitor C1, C3 charges capacitor C2, C4 

B] When Switch is OFF 

 First assumed that output side capacitor are fully 
charged but when switch is off then capacitor C1, C3 
and C5 are discharged through respective forward 
diodes and inductors are also discharged series 
through diode D7, D1 and charges the capacitor C1. 

 When diode D7, D3 is forward biased condition then 
capacitor C1, C3 charged by capacitor C2, Inductors 
L1 and L2. 

 In the next operation when diode D7, D5 is forward 
biased then capacitor C1, C3, C5 are charged by 
inductors L1, L2 and capacitors C2, C4. 

  

  
 Fig 5: Inductors L1, L2 discharged and charges the 

capacitor C1 

Sr.no Types of converter Gain Equation 

1 Convectional boost 
converter  

2 Multilevel boost converter 
 

3 Switched inductor boost 
converter  

4 Switched inductor 
multilevel boost converter  
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Fig 6: Capacitor C1, C3 are charged 

 

Fig 7: Capacitor C1, C3, C5 charged 

Design Analysis 

While considering simple dc-dc boost converter 
equations of voltage gain as follows. Voltage gain for 
3-level boost converter is, 

 

Thus, voltage gain for N-level DC-DC boost converter 
is  

 

Thus, voltage gain for multilevel DC-DC boost 
converter is 

 

When added the diode and capacitor in levels of 
circuit, the voltage drop across diode and switch 
assumed to be zero. 

 

 

 

 

 

 

 

When switch is off position the output capacitors C1, 
C3, C5 are charged by input capacitors C2, C4 

 

 

 

For three level switched inductor dc-dc boost 
converters, ratio is  

 

When this simulation is proposed for high voltage 
gain with high duty cycle below graph shows number 
of levels increases then effect of duty cycle and 
voltage gain calculated on graph. 

 

Fig 8: Voltage gain verses duty cycle 

Simulation Result  

By using the proposed topology designing the 
parameters and is simulated in MATLAB. 
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Fig 9: Output voltage and current waveform 

 

Fig 10: Power waveform 

 

Fig 11: Voltage across output capacitor 

 

Fig 12: Inductor waveform 

Sr. No Parameters Values 

1 Input voltage 9v 

2 Output voltage  159v 

3 Inductor values(L1and L2) 1.5 mH 

4 Capacitor values 220 µF 

5 Load 500Ω 

6 Duty cycle 75% 

 

In the proposed topology has 9v input voltage and     
159v output voltage. 

Conclusions 

The proposed switched inductor DC-DC boost 
converter has been designed for battery applications 
where voltage needs to be stepped up without using 
magnetic components. 

The gain of proposed converter does not depend on 
duty cycle but depends on number of components.  

The performance of the proposed converter is 
verified through simulation results. 
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