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Abstract - In this paper, a high gain DC/DC boost converter 
is presented. The presented converter consists of a power 
switch, a coupled-inductor and four diodes and capacitors. The 
presented converter is based on the conventional basic SEPIC 
converter. A voltage multiplier cell is used for the purpose 
voltage gain. The leakage current of the coupled inductor is 
recycled by the passive clamp circuit, so the voltage spikes on 
the power switch are minimized. In addition, the voltage stress 
on the power switch is reduced. Therefore the efficiency of the 
conversion is increased due to the low switching loss. The 
simulation results are provided by the MATLAB/Simulink 
Software. The closed loop simulation of proposed converter is 
done using PI controller with an input of 20V and output 
obtained is 240V DC. 
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1. INTRODUCTION  
 
Renewable energy resources have the wide role in the field 
of power electronics research. The photovoltaic cells which 
give a very low output voltage, are used in most of the 
applications. The DC-DC boost converter has to be connected 
with the renewable energy source in order to increase the 
available voltage for various high voltage applications. 
Different topologies have been introduced to achieve a very 
high voltage gain which doesn’t include the method of 
increasing the duty cycle. By combining switched inductors, 
coupled inductors with the classical boost converter, a high 
frequency transformer or switched capacitors with high step 
up ratio and a low voltage stress can be obtained [5].  
 
Due to the vast improvements in semiconductor 
technologies, power electronic devices are now widely used 
in various applications [1, 2]. DC/DC converters are among 
the power electronic devices which are generally available in 
applications such as LED drivers, renewable energy sources, 
battery chargers and so on [3]. Renewable energy sources 
are very favorable because they are abundant and pollution 
free. The most important renewable energy sources are 
photo voltaic panels (PVs), fuel cells (FCs) and wind energy. 
The output power of the PV panels is highly dependent on 
the environmental conditions for instance temperature, 
irradiance level and unexpected shadows [4, 5]. The output 
voltages of these sources are low DC voltage. Therefore, 
suitable converters are required to boost the low DC voltage. 
It can be then connected to the grid via a grid-connected 
inverter. 
 

The output voltage of the PVs are between 24-40V. The DC-
link voltage of the inverter must be at least 400V in order to 
connect the inverter to the load/grid. Series connection of 
the PV panels is the easiest solution. However, there are 
some disadvantages such as in partial shading condition. 
Therefore, it is very efficient to use a DC/DC converter for 
each PV panel. This method, known as distributed MPPT 
(DMPPT) can be implemented using various DCIDC 
converters [6] or micro inverters [7]. In this case, the 
converter must have some especial characteristics such as 
the high output voltage gain. 
 
Isolated converters using transformers with large tum ratio 
can also have high voltage gain. However, these converters 
have poor performance and low conversion efficiency due to 
leakage inductance and the parasitic capacitance formed by 
the secondary winding of the transformer which causes 
voltage and current stresses [10, 11]. In [12], quadratic 
converters are also presented which are actually two 
conventional converters in cascade. Therefore, they are not 
very efficient in processing energy. Some novel structures of 
high step up converters are also presented in [14, 15]. The 
DMPPT method can be implemented using all structures 
mentioned above. However, the implementation cost would 
increase dramatically if a converter is employed for each PV 
module. 
 

2. A HIGH GAIN DC/DC BOOST CONVERTER 
 
The proposed converter is shown in Fig.1. The proposed 
converter consists of a power switch, a coupled-inductor and 
four diodes and capacitors. The presented converter is based 
on the conventional SEPIC converter and it benefits from all 
the advantages of the SEPIC converter.  The converter 
consist of a single switch ‘S’. ‘Co’ is the output capacitor and 
‘R’ is the load connected across. A voltage multiplier cell is 
used to increase the voltage gain. The leakage current of the 
coupled inductor is restored to a capacitor so that the 
voltage spikes on the power switch are avoided. The 
proposed converter is suitable for PV power system 
applications where each PV module can be independently 
connected to the presented converter. The clamping diodes 
employed in the structure of the presented converter allow 
the operation of the converter when a power input cannot  
provide power to the system. The mentioned problem can 
occur under different conditions in PV power systems such 
as partial or complete shading of a PV. Also, the presented 
converter benefits from some advantages such as high 
voltage gain. 
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Fig -1: Proposed high gain converter 

 
3. OPERATION PRINCIPLE OF PROPOSED 
CONVERTER 
 
The proposed topology consists of a power switch, a 
coupled-inductor, 4 capacitors and 4 diodes. To simplify the 
analysis of the converter, the ripples of the capacitor 
voltages are neglected. In addition, all the components are  
ignored. In renewable power system applications, the input 
power sources should be operated in continuous conduction 
mode (CCM). For instance, in PV power systems, a main 
purpose is to minimize the current ripple in order to set 
their output power on reference value. Therefore, in this 
paper, steady state and dynamic behavior of the converter 
have been analyzed in CCM. The steady-state and dynamic 
analyses of the proposed converter are explained as follows. 
There are five operation modes in the CCM operation of the 
converter. 
 

3.1 Mode I: 
 

In this time interval diode D3 and switch S are turned on 
as shown in Fig.2 . The magnetizing and leakage inductors 
are charged by the input source. Capacitor C3 is charged by 
the secondary side current of the coupled inductor. The 
output capacitor is discharged to the load. This mode ends 
when the inductor currents iLk and iLm become equal. 

 
 
 
 
 
 
 
 
 
 
 

Fig -2: Mode I operation of converter 
 

3.2 Mode II: 
 
In this interval switch S and diode D2 are turned on. The 

magnetizing and leakage inductors are charged by the input 
sources. Capacitor C1 is charged by the secondary side 
current of the coupled inductor and the energy stored in 

capacitor C2. The output capacitor provides energy to the 
load. This mode ends by turning switch S off. 

 
 
 
 
 
 
 
 
 
 
 

 

Fig -3: Mode II operation of converter 
 

In the second operation mode as shown in Fig.3, the voltage 
on the magnetizing inductor is as follows: 

       
              VLm = VI                                                         (1) 
 
In addition, the following equation can be written in mode 
II. 

              VC1 = VC2 + nVLm                                          (2) 
 
3.3 Mode III: 

 
In this mode, switch S is turned off as shown in Fig.4. 

Diodes D1, D2, and D4 are turned on. The leakage inductor 
current is decreased linearly. Capacitor C1 is charged 
through diode D1 Capacitors C1 and C3 are discharged to the 
load through diode D4. This mode ends when the 
magnetizing and leakage inductor currents become equal. 

 
 
 
 
 
 
 
 
 
 
 

 
Fig -4: Mode III operation of converter 

 

3.4 Mode IV: 
 
In this time interval diodes D1, D3, and D4 are turned on as 

shown in Fig.5.The leakage inductor is demagnetized to 
capacitor C2 through diode D1. Capacitors C1 and C3 are 
discharged to the load through diode D4. This mode ends 
when diode D1 is turned off.  
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Fig -5: Mode IV operation of converter 
 

The voltage on the magnetizing inductor is as below: 
 
               VLm = - VC3 = VI – VC2                                 (3) 
                               n 
 

In mode IV, the following voltages can be expressed: 
 
               VO = VC1+ VC2 + VC3                                    (4) 
 

3.5 Mode V: 
 

In this mode diodes D3 and D4 are turned on. The 
magnetizing and leakage inductor currents are decreased 
linearly. Capacitor C3 is discharged to the load. Capacitors C1 
and C3 are discharged to capacitor the load. This mode ends 
by turning switch ‘S’ on again. 

 
 
 
 
 
 
 
 
 
 
 
 

 
Fig -6: Mode V operation of converter 

 
In mode V, the following equation, according to Fig. 6, 
can be derived: 

 
               Vo = VC1 + VI +VC3 – VLm                           (5) 
 

By applying the voltage-second balance on the magnetizing 
inductor, the voltage of the capacitor C3 can be calculated: 
                  
                    VC3 =  nDVI                                                  (6) 

                           1-D 
 
By substituting (6) into (3) and simplifying the equations, 
the voltage of the capacitor C2 can be expressed: 

 
 

              VC2 =  VI                                                          (7) 
                         1-D 

 
According to (2) and (7), the voltage of the capacitor Cl will 
be written: 

 
              VC1 = (1=n-nD) VI                                         (8) 
                                  1-D 
 
              VO = (n+2) VI                                                 (9) 
                           1-D 

 
‘n’ is the turns ratio of coupled inductor. 

 
The typical waveforms of the proposed converter in steady 
state are depicted in Fig. 7. 
 

 
 

Fig -7: Waveform of converter in Continuous Conduction 
Mode 

 

4. SIMULATION RESULTS 
 
The MATLAB/Simulink software is used for the closed loop 
simulation of the proposed converter. The input voltage is 
20V and the output voltage is 240V, with switching 
frequency 50 kHz. 
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Table -1: Parameters used in simulation 
 

Parameters Values 
Input Voltage 20V 
Output Voltage 240V 
Coupled Inductor n=3 
Switching Frequency 50kHz 

 
The closed loop simulation of proposed converter is shown 
in Fig.8. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 

Fig -8: Simulation of converter (Closed Loop) 
 
 
 
 
 
 
 
 
 
 
 

Fig -9: Closed loop feedback of Proposed Converter 
 

Simulation outputs waveforms are shown Fig.10. The output 
voltage is 240 V, Input voltage is 20V. 

 
 
 
 
 
 
 
 
 
 
      
 
  Fig -10: Output waveform of Proposed Converter 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
   
 
     Fig -11: Waveform of voltage and current across switch 
 
The voltage and current cross the power switch and 

diodes are shown in Fig.11 and Fig.12. 
 

 
 
 
 
 
 
 
 
 
 
 
  
Fig -12: Waveform of voltage and current across diode 
 

5. CONCLUSION 
 
In this paper, a high gain DC/DC boost converter has been 
proposed. The proposed converter has various advantages 
such as high voltage output gain and low voltage stress. The 
efficiency of the presented converter is high because the 
coupled-inductor leakage current is restored. The detailed 
analysis of the converter has been discussed. The closed loop 
simulation has been carried out by the MA TLAB/Simulink 
Software. The obtained results have shown that the 
presented converter has a proper, favorable and efficient. 
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