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A high voltage gain modified SEPIC converter is proposed in this paper. This proposed converter has many 

advantages i.e., high output voltage, lower voltage stress, high efficiency, voltage gain is high without any 

coupled inductor and transformer, continuous input current. Thus, there is no overshoot voltage at turn-off 

process for switches. By using single switches, the CCM mode operation can be easily controlled by this 

converter, so control system is simple and also wide output values is obtained only by modifying the duty 

cycle. This modified converter has lower components than conventional converter. The operating modes and 

design of modified converter are discussed. The output power of this converter is 6 watts. By this converter, 

this converter capable of developing the two and half times of input voltage. The PV system also used this 

converter to develop high voltage gain. This high voltage gain is achieved by using MATLAB/SIMULIMK 

platform. 

 

KEYWORDS: DC-DC converter, non-isolated converter, non-coupled inductor SEPIC converter, High step up 

SEPIC converter. 

 
 

I. INTRODUCTION 

In recent years, improved voltage gain is an 

important research area. Due to increasing in 

demand of high voltage gain converters for various 

applications, this converter is proposed. DC to DC 

converters are widely used in power electronic 

appliances, industry field and renewable energy 

applications. Low power wind turbine, PV, 

fuel-cells, embedded systems, portable electronic 

equipment’s, uninterruptable power supply (UPS), 

electric tractions, battery backup for UPS, 

automobile headlamps, some medical equipment 

and battery powered equipment are some 

applications of improved gain DC-DC converters [1]. 

In this converter, the input current is continuous. 

By this converter, the ripple and voltage stress on 

switches are reduced with high voltage gain. The 

boost converter is used to step up the output 

voltage. In order to boost the output voltage, 

continuous input current is preferred more than 

discontinuous input current due to some 

disadvantages [2]. Boost converter (DC-DC) is used 

widely to step up the output voltage. But the 

voltage stress is higher in boost converter and also 

high rated switch is needed. And also, traditional 

buck-boost converter is used to step up or step 

down the voltage level. But it is not suitable for 

high voltage gain by the discontinuous input 

current. Several dc-dc converters such as the 

fly-back converter, single-ended 

primary-inductance converter (SEPIC), the Cuk 

converter, forward converter, inverting buck–boost 
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converter has been proposed to obtain the high 

voltage gain and high efficiency. In fly-back 

converter, efficiency is low due to its high-leakage 

inductance and transformer is required. The high 

gain buck-boost converter without transformer has 

discontinuous input current and negative polarity 

so it is not suitable. 

 

Mostly isolated DC-DC converters used in high 

voltage gain. In isolated DC-DC converters, the 

overall weight and volume is increased by 

transformer and also high voltage gain is achieved 

by transformer turns ratio. During turn off process, 

the transformer causes voltage spikes due to 

leakage inductance. The switch voltage is limited 

by additional clamping circuits and also it recycles 

the energy. Due to this, cost and complexity is 

increased with reduced efficiency [3]. 

 

 Nowadays, a non-isolated dc-dc converter is 

used widely because of its simplicity, small size, 

and high efficiency, low cost in comparison with 

other converters [4]. 

 

Due to unique characteristics of SEPIC 

converter, it is most widely used in power 

electronics and other applications. In several 

papers, high voltage gain SEPIC converter is 

achieved with transformer and coupled inductor 

but due to its aforementioned drawbacks, it is not 

widely used [10]-[12]. To improve the performance 

of SEPIC converter, a modified high voltage gain 

SEPIC converter is presented in this paper. The 

proposed converter is uncomplicated and lower 

number of components to have gain compared with 

other converters. In CCM mode of operation, the 

converter control is easy and simple by using single 

switches. No clamping circuit is needed. 

 

In this existed converter, C4 charged by 

secondary side of coupled inductor. In existed 

converter, the C3 and C4 is charged by both sides of 

coupled inductor. The voltage across the main 

switch is clamped by D1 and C1. The existed circuit 

diagram is shown in the fig.1 (a). It includes that all 

capacitors are enough capacity without any ripples 

in their voltages and also all inductors L and Lm are 

large without any ripples in their currents. All 

components are ideal. The operation of the existed 

circuit is in continuous conduction mode (CCM) 

and it has five intervals. The principle operation of 

the proposed converter under steady state is 

explained in two modes. The proposed converter is 

simple with continuous input current. So, it is 

suitable for renewable energy applications. The 

proposed SEPIC DC-DC converter is analysed and 

performance are verified by the simulation results 

for low input voltage and high output voltage. 

 
Fig -1(a): Circuit diagram of coupled inductor 

SEPIC converter. 

 

 
Fig -1(b): Circuit diagram of existing SEPIC 

converter 

Topology of existed converter is modification from 

conventional SEPIC converter topology which 

consists of several components, such as inductor 

L1, inductor L2, capacitor Cs, capacitor Cm, 

switching device Q, diode Dm, diode Do and 

capacitor Co. The circuit diagram of existed SEPIC 

converter is shown in fig.1(b). 

 

In section II, modes of operation of the proposed 

SEPIC converter is presented. In section III, 

comparison with other converters is discussed. In 

section IV, the experimental results are given, 

finally, section V, conclusion is presented. 

II. OPERATING PRINCIPLE OF PROPOSED 

SEPIC CONVERTER 

 

A modified high voltage gain SEPIC converter is 

shown in Fig.2. The proposed circuit diagram 

consisting of single switch (S), inductors (L1, L2, L3), 

capacitors (C1, C2, Co), diodes (D1). Three diodes, 

and two capacitors are reduced from voltage 
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multiplier of basic circuit. It has low ripple factor 

due to utilizing capacitors, inductors. It improves 

filtering action. The pulsating DC output voltage is 

filtered by capacitor connected at the output side. 

The aim of a circuit is to provide ripple free DC 

output voltage.The operation is divided into two 

levels depend on time interval. 

 
Fig -2: Proposed high step up gain SEPIC 

converter. 

 

Mode 1: In this mode, switch gets turned on and 

diode is in reverse conduction. The inductor L1 is 

charged directly by dc source. The inductor L2 is 

charged by C1 and the remaining source delivered 

to C2. The inductor L3 is charged by C1 and C2. The 

current flow in mode 1 is given in Fig.2(a). From 

switch on mode, 

 
 

Fig -2(a): Circuit diagram of switch on mode 

 

The voltage across inductors are obtained as, 

𝑉𝐿1 = 𝑉𝑆                               (1)                                                                                                                     

𝑉𝐿2 = 𝑉𝑐1 − 𝑉𝑐2 (2)       

𝑉𝐿3 = 𝑉𝑐2 − 𝑉0 (3)   

 

Mode 2: In this mode, switch gets turned off and 

diode is in forward conduction. Here also inductor 

L1 is charged by dc source. The current flow in 

mode 2 is given in Fig.2(b). Therefore voltage across 

input inductors are obtained as 

 
Fig -2(b): Circuit diagram of switch off mode 

 

𝑉𝐿1  =  𝑉𝑠 − 𝑉𝐶2(4) 

 

𝑉𝐿2  =  𝑉𝐶1(5)     

 

The voltage across L3 is obtained as 

𝑉𝐿3 = 𝑉𝑐2 − 𝑉0               (6)                                                                                        

𝑉𝐶𝑜  =  𝑉0                               (7) 

 

For inductor L1,  

             (𝑉𝐶1 − 𝑉𝑐2) ∗  𝐷𝑇 +  𝑉𝑐1 ∗  𝑇 − 𝐷𝑇 = 0      (8) 

             𝑉𝑠𝑇 − 𝑉𝑐2𝑇 + 𝑉𝑐2𝐷𝑇=0     

 

𝑉𝑐2=  
𝑉𝑠

1−𝐷
(9) 

 

For inductor L2, 

 

             𝑉𝑠 ∗ 𝐷𝑇 +  𝑉𝑠 − 𝑉𝑐2 ∗  𝑇 − 𝐷𝑇 = 0(10)   

 

Substituting (9) equation in (10), 

𝑉𝐶2𝐷𝑇 = 𝑉𝐶1𝑇 

 

                          𝑉𝑐1=  
𝑉𝑠∗𝐷

1−𝐷
 (11)  

 

  For inductor L3, 

 𝑉𝐶2 − 𝑉𝑜 ∗ 𝐷𝑇 +  𝑉𝐶2 − 𝑉𝑜 ∗  1 − 𝐷 = 0(12) 

 

Substituting (9) equation in (12), 

𝑉𝐶2 =  𝑉𝑜 

 

𝑉𝑜  =  
𝑉𝑠

1−𝐷
 

 

 

 

The voltage gain of the modified SEPIC converter 

is given by the equation, 

 

 
𝑉𝑂

𝑉𝑖𝑛
=

1

1−𝐷
              (13) 

 

Where, 

 D is the duty ratio of switching pulse 
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 VC1 is the capacitor voltage across capacitor C1 

 VC2 is the capacitor voltage across capacitor C2 

 VL1 is the inductor voltage across inductor L1 

 VL2 is the inductor voltage across inductor L2 

Vo is the output voltage  

 VS is the input voltage.  

The voltage gain (Vo/Vin) is necessary for duty 

cycle ratios. 

 

III. COMPARISON WITH OTHER CONVERTERS 

 

The proposed converter features are comparing 

with other converter topologies like conventional 

SEPIC converter, boost converter is provided in 

table I. The table shows the voltage gain is high in 

proposed converter than the classical SEPIC 

converters and it is gain same for boost converter. 

In table I, the voltage stress on switches in 

proposed converter is low. The number of 

components is high compared with existed 

converter. The proposed converter shows 

continuous input current as same as conventional 

SEPIC converter. The high voltage gain is achieved 

by using single switches, one diode, three 

inductors and three capacitors. 

 

Table-1: Comparison between the proposed 

converter and other converters 

Parameters  Propos

ed 

Existi

ng 

SEPI

C  

Boo

st 

Voltage gain 1

1 − D
 

 

1 + 𝐷

1 − D
 

 

D

1 − D
 

 

1

1 − D
 

 

Number of 

switches 

1 1 1 1 

Number of 

diodes 

1 2 1 1 

Number of 

inductors 

3 2 2 1 

Number of 

capacitors 

3 3 2 1 

Total device 

count 

8 8 6 4 

Continuous 

input current 

Yes Yes Yes Yes 

 

IV. SIMULATION RESULTS 

 

The components are specification in table II. The 

pulse generator is used to generate pulse for 

switches of converter. The switching frequency in 

continuous conduction mode is 8 kHz with 60% 

duty cycle. This converter based on SEPIC 

converter. To validate the theoretical analysis of 

this step-up converter and justify the feasibility of 

the proposed converter, the experimental results of 

implemented circuit of the proposed converter are 

analysed in this session. The simulation diagram 

for proposed system is shown in Fig.3. This 

simulation of this converter has been carried out in 

MATLAB/SIMULINK environment. The 

connections are made as per the circuit diagram 

without feedback. An input voltage of 10V DC is 

given to the circuit, with the duty cycle ratio of 60 

i.e. (D=0.6). An output voltage of 24.1V DC and 

output current is 0.2A is obtained. Under the 

balanced condition, the proposed converter 

operating in CCM which is caused low current 

ripples and low stress. Finally, the derived voltage 

gain equation is similar to the boost converter. The 

output voltage is improved with duty cycle 

increases. Here, the voltage is boosted as the 

operation mainly depends on the duty cycle. The 

proposed converter is applicable for renewable 

energy applications because it has continuous 

input current. 

 
Fig -3: Simulation diagram of the proposed 

system 

 

The inductor’s voltage and current are shown in 

Fig.5. The voltage and current of capacitors are 

given in Fig.6. The pulse generator pulse waveform 

is given in Fig.4(a). The simulation results of 

proposed SEPIC converter shows the higher output 

voltage than other converters. 

Table-2: Circuit parameters 

Parameter’s Name Symbol Range 

Input voltage Vs 10V 

Output voltage Vo 24.1V 

 

Inductor 

L1 

L2 

210µH 

10mH 
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L3 

 

1mH 

 

 

Capacitor 

C1 

C2 

Co 

 

1µF 

330µF 

2mF 

Switching 

frequency 

fs 8kHz 

Load resistance RL 100Ω 

Duty cycle D 0.6 

 

 
Fig -4(a): Gating pulse to MOSFET switch 

 

 
Fig -4(b): Waveform of input voltage (VS) 

 

 
Fig -4(c): Waveform of output voltage (Vo) 

 

 
Fig -4(d): Waveform of output current (Io) 

 

 
Fig -5(a): Waveform of voltage across 

inductor (L1) 

 

 
Fig -5(b): Waveform of current through 

inductor (L1) 

 

 
Fig -5(c): Waveform of voltage across inductor 

(L2) 

 

 
Fig -5(d): Waveform of current through 

inductor (L2) 

 
Fig -5(e): Waveform of voltage across inductor 
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(L3) 

 

 
Fig -5(f): Waveform of current through 

inductor (L3) 

 

 
Fig -6(a): Waveform of voltage across capacitor 

(C1) 

 

 
Fig -6(b): Waveform of current through 

capacitor (C1) 

 

 
Fig -6(c): Waveform of voltage across capacitor 

(C2) 

 

Fig -6(d): Waveform of current through 

capacitor (C2) 

 
Fig -6(e): Waveform of voltage across 

capacitor (Co) 

 

 
Fig -6(f): Waveform of current through 

capacitor (Co) 

 

 
Fig -7(a): Waveform of voltage across Diode (D1) 

 

 
Fig -7(b): Waveform of current through Diode 

(D1) 

 

V. CONCLUSION 

 

A modified high voltage gain SEPIC converter is 

proposed in this paper. The proposed converter is 

modified and makes simple. The modified SEPIC 

converter is tested with an input voltage of 10V at a 

switching frequency of 8 kHz. The proposed 

converter produces desired output voltage 24.1V.  

The presented converter has many advantages i.e., 
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lower voltage stress, high efficiency, voltage gain is 

high without any coupled inductor and 

transformer, continuous input current. The 

analysis of proposed converter under continuous 

conduction mode operation have been analysed by 

MATLAB/SIMULINK platform. Based on the 

results, the output voltage is higher than the 

conventional SEPIC converters. To validate the 

advantages of proposed SEPIC converter, the 

simulation results were presented. 
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