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Abstract— Renewable energy sources such as photvoltaic 

(P.V) panels and fuel cells needs high step up ratio dc-dc 

converter. This is because, such energy resources generates 

low dc voltage which needs to be converted into high dc, 

before converting to ac voltage. Two modified SEPIC 

converters for low input voltage and high output voltage 

application topologies are studied and they results in reduced 

switching voltage and increases the static gain. The 

configurations with and without magnetic coupling are 

analysed. The magnetic coupling allows the increase in static 

gain than the circuit without the magnetic coupling and 

maintains the reduced switch voltage. Simulation is done 

using MatlabR2014a. experimental prototypes of modified 

SEPIC converter with magnetic coupling were developed 

with input voltage equal to 8V.  The circuit with magnetic 

coupling gives an output voltage of 160V.  The configuration 

with magnetic coupling is modified for obtaining dual output. 
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I. INTRODUCTION 

Recently, renewable power generation is the most importance 

in power sector. Due to the crescent demand 

of this technology more than two but not lot 

applications supplied by low DC output voltage power 

sources like, low power wind turbine, photovoltaic (PV) 

modules and other applications as fuel cells electrical storage 

devices etc . The development of high static gain DC-DC 

converters are important. 

Requirements such as reduced loses, low weight, 

high power density and volume are normally necessary in 

these applications.  An applications where the modified 

converters can be applied is the photovoltaic energy 

generation in grid – connected systems. 

The usually in high-power grid-connected systems 

are connected in series in order to obtain the DC voltage level 

necessary for the inverter operation and energy can be moved 

from one place to another to the grid with low-current 

harmonic distortion. A common problem in this structure is 

the power losses due to the controlled by one centre place 

maximum power point tracking (MPPT), mismatch losses 

among the PV modules. Some of these problems are rectified 

by multistring structure, connecting reduced strings with DC-

DC converters with the MPPT algorithm. In domestic 

applications most of the papers are concentrated and the 

energy generated in the PV modules are boosted in order to 

transfer the energy into the grid, the high step up gain 

converters are used for this. Modularity, allowing an easy 

increase of the installed power, the individual MPPT and 

reduction of the partial shading and panel mismatching 

effects, thus improving the energy-harvesting capability are 

some of the main advantages of this PV generation structure.  

Some challenges faced by ac module systems like losses, cost 

is high, and the reliability. An alternative for the ac module 

implementation is a two-stage topology as presented in Fig. 

1. 

 
Fig. 1: Two – stage AC module structure. 

The usual solution is the use of isolated dc–dc 

converters where high step-up ratio is necessary for putting 

inti use of the first power stage. The transformer turns ratio 

increase the converter gain. The efficiency reduction due to 

the power transformer losses and problem presented in the 

isolated solution. The power transformer also presents an 

important contribution in the converter weight and volume. 

Normally boost converter can be operated with an adequate 

static and dynamic performance with a duty cycle near to D 

= 0.8. The result will be an output voltage around five times 

the input voltage.  

 Three static gains are considered.  

 A DC-DC converter operating with a static gain range 

q=5 is considered a static gain. 

 A static gain range higher than q=10 is considered a high 

static gain solution. 

 A static gain higher than q=20 is considered a very high 

solution. 

Main concepts are static gain equal or higher than 10 

times, the voltage across the switch is low, input current 

ripple low, reduced weight and volume, and high efficiency.  

To increase the static gain of non-isolated structures 

for implementation of high efficiency and high power density 

solutions, many techniques were developed [1]. The main 

techniques used are the switch capacitors and voltage 

multiplier cells [4]–[6], switched inductors [7], [8], inductor 

magnetic coupling [9]–[15] and also combinations of these 

ways doing things as the combination of things together that 

work as one unit  .[9]–[10]. 

Related to ideas about how things work or why they 

happen and analysis for the low dc input and high output 

voltage application is the Modified SEPIC dc–dc converter . 

Topology using the magnetic coupling with the inclusion of 

an coupled inductor  is studied in this paper  to  increase the 

static gain and  maintaining low switch voltage.  

II. MODIFIED SEPIC CONVERTER 

    Two circuit configurations are discussed in this section 

 Modified SEPIC Converter without magnetic coupling 

 Modified SEPIC Converter with magnetic coupling 

A. Modified SEPIC Converter without Magnetic Coupling: 

The Modification of the SEPIC converter is accomplished by 

adding two components, diode  𝐷𝑀 and capacitor     𝐶𝑀 in the 

classical SEPIC converter. The modified SEPIC converter 

without magnetic coupling shown in Fig. 2. 
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Fig. 2: Modified SEPIC converter without magnetic 

coupling. 

The continuous conduction mode (CCM) of the 

modified SEPIC converter presents two operations stages. 

First stage : [𝑡0 - 𝑡1] (Fig. 3) 

At the instant 𝑡0 the switch S is in OFF state. And 

the stored energy in the input inductor 𝐿1 is transferred to the 

output through the capacitor 𝐶𝑆 and output diode𝐷0. Also the 

stored energy charges the capacitor 𝐶𝑀 though the diode𝐷𝑀. 

So the capacitor voltage 𝑉𝐶𝑀 is equal to the switch voltage. 

Through 𝐷0 , the stored energy in the inductor 𝐿1 transferred 

to the output. 

 
Fig. 3: First Operation Stage 

Second Stage : [𝑡1 - 𝑡2] (Fig.4) 

At the instant 𝑡1 , switch S is conducting and diodes 

𝐷𝑀and 𝐷0 and the energy stored in the inductor 𝐿1 and 𝐿2 . 

The input voltage is applied to the input inductor 𝐿1 , and 

the voltage 𝑉𝐶𝑆 - 𝑉𝐶𝑀 is  applied to the 𝐿1 and 𝐿2. 

 
Fig. 4: Second Operation Stage 

The maximum voltage in all diodes and in the power 

switch is equal to the voltage across capacitor voltage 𝑉𝐶𝑀 . 

The output voltage is equal to the sum of the capacitor 

voltages 𝑉𝐶𝑆 and 𝑉𝐶𝑀 . The static gain of the converter is given 

by 
𝑉0

𝑉𝑖
 = 

1+𝐷

1−𝐷
 . where D is the duty cycle, D = 0.818 

The main theoretical wave forms is shown in Fig. 5 

 
Fig. 5: Main Theoretical Wave Form 

B. Modified SEPIC Converter with Magnetic Coupling 

The modified SEPIC converter without magnetic coupling 

can operate with the double of the static gain of the classical 

boost converter for a high duty-cycle operation.  Some 

applications requires high static gain. In order to attain high 

static gain without changing duty cycle and switch voltage 

include a secondary winding in inductor 𝐿2 . A secondary 

winding can increase the output voltage by the inductor 

winding turns ration (n).  

However the converter possess a challenge of over 

voltage at the output diode  𝐷0 due to the coupling winding 

𝐿2 leakage inductance. Using classical snubbers and 

dissipative clamping the over voltage cannot be controlled. A 

simple solution for this is inclusion of a voltage multiplier at 

the secondary side. The secondary voltage multiplier 

composed by the diode 𝐷𝑀2 and the capacitor 𝐶𝑆2  is sown in 

Fig. 6.  

 
Fig. 6: Modified SEPIC Converter with high static gain 

The CCM operation of the modified SEPIC 

converter with magnetic coupling and output diode clamping 

presents five operations stages. 

First Operation Stage : [𝑡0 - 𝑡1] (Fig. 7)  

Switch S is ON.  The energy stored in the inductor𝐿1. The 

capacitor 𝐶𝑆2 is charged by the secondary winding 𝐿2𝑆 . And 
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the diode 𝐷𝑀2 is forward biased. The output 𝐷0 is reversed 

biased and the maximum diode voltage is equal to (𝑉0 - 𝑉𝐶𝑀).   

At the time 𝑡1 , the capacitor 𝐶𝑆2 is fully charged and the diode 

𝐷𝑀2 is reverse biased. 

      
Fig. 7: First Operation Stage 

Second Operation Stage : [𝑡1 - 𝑡2] (Fig. 8)                            

From the instant 𝑡1, when the diode 𝐷𝑀2 is reverse biased, to 

the instant 𝑡2 , when the power switch is turned OFF, the 

inductors 𝐿1 and 𝐿2 store energy, currents increases linearly.  

 
Fig. 8:  Second Operation Stage 

Third Operation Stage : [𝑡2 - 𝑡3] (Fig. 9) 

At the instant 𝑡2 , the power switch S is not conducting. The 

stored energy in the inductor 𝐿1 is transferred to   the capacitor 

𝐶𝑀 . Through the capacitors 𝐶𝑆1 , 𝐶𝑆2 , inductor 𝐿2 and output 

diode 𝐷0 , the energy is transferred   to the output. 

 
Fig. 9: Third Operation Stage 

Fourth Operation Stage : [𝑡3 - 𝑡4] (Fig. 10)         

At the instant 𝑡3 , the capacitor 𝐶𝑀 is fully charged and Diode 

𝐷𝑀1 is reverse biased. Until the instant 𝑡4 , when the power 

switch is turn ON, the energy transference to the output is 

maintained.  

 
Fig. 10: Fourth Operation Stage 

Fifth Operation Stage : [𝑡4 - 𝑡5] (Fig. 11)  

   

When the power switch is turn ON, the current at the 

output diode 𝐷0 linearly decreases and the 
𝑑𝑖

𝑑𝑡
⁄  is  limited 

by the transformer leakage inductance, reducing the diode 

reverse recovery current problems. When the otput diode 𝐷0 

is reverse biased, the converter returns to the first operation 

stage. 

 
Fig. 11: Fifth Operation Stage 

The static gain of the modified SEPIC converter 

with magnetic coupling and voltage multiplier is calculated 

by 
𝑉0

𝑉𝑖
 = 

1

1−𝐷
 . (1 + n) , where n is the inductor winding turns 

ratio, n = 2.6. 

The main theoretical waveforms of the modified 

SEPIC converter with magnetic coupling and with the voltage 

multiplier at the secondary side are presented in Fig. 12. 

 

 
Fig. 12: Main theoretical waveforms of the modified SEPIC 

converter with magnetic coupling and voltage multiplier at 

the secondary side. 

III. SIMULATION STUDIES AND RESULTS 

The simulation is done by MATLAB/SIMULINK. The 

modified SEPIC converter without magnetic coupling and 

with magnetic coupling is done with the input voltage of 8V 

and  output power of 10 W. The configuration with magnetic 

coupling is modified for obtaining dual output is proposed 
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and is simulated using MATLAB2014a. Dual converter is 

obtained an output of 160V and 120V. 

The simulation parameters using MATLAB2014a 

shown in the Table1. 

 

Parameter 

 

Modified SEPIC 

without  

magnetic 

coupling 

 

Modified SEPIC 

with Magnetic 

coupling 

INPUT 

VOLTAGE 
8 V 8V 

OUTPUT 

VOLTAGE 
80 V 160 V 

OUTPUT 

POWER 
10 W 10 W 

SWITCH 

FREQUENCY 
10KHz 10KHz 

DUTY – 

CYCLE 
81.81% 81.9% 

STATIC GAIN 10 20 

Table 1: Simulation parameters 

 Fig 13 shows the Simulink model of power circuit without 

magnetic coupling. 

 
Fig. 13: The Simulink model of power circuit without 

magnetic coupling. 

  Here obtained an output voltage of 80V. Voltage 

stress across the switch is reduced to 42V.  Hence the voltage 

across the switch is reduced. The second inductor in the 

modified sepic converter without magnetic coupling is 

replaced with a coupled inductor, the static gain of the 

converter is doubled. The Simulink model with magnetic 

coupling is shown in Fig.14. 

 
Fig. 14: The Simulink model of power circuit with magnetic 

coupling. 

The power circuit with magnetic coupling is 

simulated and obtained an output of 160V. Voltage stress 

across the switch is remains same as that of power circuit with 

magnetic coupling. The  simulation results are given below. 

.  

Fig. 15: Voltage across the switch without and with 

magnetic coupling 

.  

Fig. 16: Output Voltage (a) without magmetic, (b) with 

magnetic coupling 

A. Proposed Dual Output Converter 

The configuration with magnetic coupling is modified for 

obtaining dual output is proposed and is simulated using 

MATLAB214a.dual converter is obtained n output of 160V 

and 120V.The voltage across the switch remains the same as 

42 V. The Simulink model and results are shown below. 
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Fig. 17: Simulink model of proposed dual converter 

The simulation result of dual converter is shown 

below. output voltage of 160 V and 120 V obtained. 

 
Fig. 18: Output Voltage of dual output converter 

IV. HARDWARE IMPLEMENTATION 

A prototype of Modified SEPIC converter with magnetic 

coupling is setup in the laboratory and various parameters that 

indicates the converter is measured using a DSO. Control unit 

produce control pulses for the converter.it consist of a 

PIC16F877A micro controller. It is a 40 pin package. PIC 

produces control pulse according to the program write on it. 

The 5V input is applied to the PIC using L7805 IC from a 8V 

input. MIKROC is used for programming the PIC. 

The gate signal is taken from the PIC. The frequency 

of the gate pulse is 10khz. And the main circuit consist of only 

one mosfets, three diodes, four capacitors, one coupled 

inducto, one inductor and a 1k resistors are added to the gate 

to source of mosfet for vanishing the effect of junction 

capacitance. 

The Figure given below shows the experimental 

setup. 

 
Fig. 19: Experimental setup 

The pulse have a switching frequency of 10Khz is 

generated and the gate pulse is shown below.  

 
Fig. 20: gate pulse 

  The experimental results are tested in digital storage 

oscilloscope and it is recorded. Thus the feasibility of the 

circuit is tested and verified. From the experimental setup we 

can assure that the hardware is working and gives the desired 

output. Output waveform is shown in figure. 

 
Fig. 21: Output voltage obtained from DSO 

V. CONCLUSION 

This paper has presented the topological principles, and 

experimental results for a cost effective modified SEPIC 

converters. The circuit without magnetic coupling is designed 

for an input voltage of 8V and output 80V at 10W output 

power. The circuit parameters were calculated for this 

requirement.  The circuit with magnetic coupling is designed 

for an input voltage of 8V and output 160V at 10W output 

power.  Simulation has been done using MATLAB/Simulink 
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environment for the designed parameters. Results are found 

to be satisfactory. The voltage stresses over the power 

switches are in both the circuits are restricted (42VV) and are 

lower than the output voltage. Experimental setup is done for 

the circuit with magnetic coupling has been done. The output 

voltage of the power circuit with magnetic coupling is 156V 

and the gain obtained is 19.5 and designed value is 20. This 

result also found to be satisfactory. Converter is extremely 

suitable for PV systems or other renewable energy 

applications that need high static gain 
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