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Renewable power generation is the most importance in power sector. Renewable energy sources are 

more advantageous than fossil fuels because of their abundance and sustainability. Some examples are 

renewable energy sources as low power wind turbine, photovoltaic (PV) modules and other applications as 

fuel cells, embedded systems, portable electronic equipment’s, uninterruptable power supply, and battery 

powered equipment .However application of renewable energy sources has some challenges because of 

their output characteristics. For instance the low output voltage of the PV panels must be boosted to be 

suitable for grid integration. Important researches are being done for the development of high static gain 

DC–DC converters for several applications supplied by low dc output voltage power sources. Some of the 

requirements are necessary in this application such as reduced losses, high power density, low weight, 

and volume.  An application where the proposed converters can be applied is the photovoltaic energy 

generation in grid-connected systems using the ac module or micro inverter structure. In usual, high-power 

grid-connected photovoltaic generation PV modules are connected in series in order to obtain the DC 

voltage level necessary for the inverter operation and energy can be transferred to the grid with 

low-current harmonic distortion. However, a common problem in this structure is the power losses due to 

the centralized maximum power point tracking (MPPT), mismatch losses among the PV modules, and 

generation reduction due to a partial shading of the series-connected PV modules 
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I. INTRODUCTION 

Most of the domestic application focuses on the 

module-integrated converters where energy 

generated by the PV module is transferred to the 

grid through the high gain converter which can be 

integrated with the PV module system. Some of the 

main advantages of this PV generation structure 

are the 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. However, Efficiency improvement, cost 

reduction, and the reliable operation throughout 

the module lifetime are some design challenges in 
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ac module system. Commercial monocrystalline 

and multicrystalline PV module presents normally 

a maximum output power (PMPP) lowers than 

350W with maximum power point voltage (VMPP) 

range from 15V to 40 V. In this condition, DC-DC 

converter input current and the converter 

conduction losses are maintained almost at the 

same level. The most part of the proposed solutions 

of non-isolated high static gain DC-DC converter 

are based on the boost topology with an additional 

technique associated. The main techniques used 

are the switch capacitors and voltage multiplier 

cells, switched inductors, inductor magnetic 

coupling and also combinations of these 

techniques as the integration of the voltage 

multiplier cell with the inductor magnetic coupling. 

The base topology presented in this paper is a 

modification of the SEPIC DC-DC converter and the 

main operation characteristics obtained with this 

modification comply with the requirements 

necessary in the high static gain applications. The 

basic structure without magnetic coupling 

presents a static gain close to twice of the classical 

boost converter and the switch voltage is close to 

half of the value obtained with the classical boost 

converter in the operation with high values of 

duty-cycle. The proposed solution using magnetic 

coupling is obtained including a secondary winding 

in an inductor of the converter, operating as a fly 

back transformer, increasing the static gain. The 

leakage inductance is a problem for the single 

switch isolated DC-DC converters resulting in 

switch overvoltage and the energy stored in the 

leakage inductance must be dissipated in snubber 

or clamping circuits. The energy stored in the 

leakage inductance is transferred to the converter 

output through the diodes and capacitor of the 

circuit. The voltages in all semiconductors are 

clamped by the intrinsic converter operation 

without dissipative components. The topology 

using magnetic coupling with the inclusion of an 

inductor auxiliary winding operating as a fly back 

transformer is also presented and studied in this 

paper in order to increase the static gain 

maintaining low switch voltage. 

 

II. OBJECTIVE 

 To increase static gain. 

 To increase efficiency. 

 To maintain low switch voltage 

 

 

 

III. BLOCK DIAGRAM 

 

Fig.1 Block Diagram 

IV.DESCRIPTION 

The Modified SEPIC is essentially a boost 

converter followed by a buck-boost converter, 

therefore it is similar to a traditional buck-boost 

converter, but has advantages of having 

non-inverted output the output performance. It 

can be used for the high static gain application 

using renewable energy sources. The MPPT 

(maximum power point tracking) technique can be 

used to tap the high power output from the panel. 

The duty cycle are varied by the MPPT (P&O) 

algorithm respectively to the error generated by the 

PID controller. Normally the duty cycle ratio is 0.8 

for the switch. 

V. MODIFIED SEPIC CONVERTER WITHOUT 

 MAGNETIC COUPLING  

The modification of the SEPIC converter is 

accomplished adding only two components with 

the inclusion of the diode DM and the capacitor 

CM, as presented in Figure 2.  Many operational 

characteristics of the classical SEPIC converter are 

changed with the proposed modification, as the 

elevation of the converter static gain.  The capacitor 

CM is charged with the output voltage of the 

classical boost converter. The polarity of the CS 

capacitor voltage is inverted in the proposed 

converter and the expressions of the capacitors 

voltages and other operation characteristics are 

presented in the theoretical analysis. 

 

Fig.2 Modified SEPIC converter without 

magnetic coupling 
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5.1 Continuous conduction mode: 

At the instant t0, switch S is turned-off and the 

energy stored in the input inductor L1 is 

transferred to the output through the CS capacitor 

and output diode Do and also is transferred to the 

CM capacitor through the diode DM. Therefore, the 

switch voltage is equal to the CM capacitor voltage. 

The energy stored in the inductor L2 is transferred 

to the output through the diode Do. 

 

Fig.3 First operation stage without magnetic 

coupling 

At the instant t1, switch S is turned-on and the 

diodes DM and Do are blocked and the inductors 

L1 and L2 store energy. The input voltage is applied 

to the input inductor L1 and the voltage VCS-VCM 

is applied to the inductor L2. The VCM voltage is 

higher than the VCS voltage. 

 

Fig.4 Second operation stage without magnetic 

coupling 

The maximum voltage in all diodes and in the 

power switch is equal to the CM capacitor voltage. 

The output voltage is equal to the sum of the CS 

and CM capacitors voltage. The average L1 

inductor current is equal to the input current and 

the average L2 inductor current is equal to the 

output current. 

 
V0

Vi
=

1+D

1−D
   (5.1)     

Vcm

Vi
=

1

1−D
   (5.2)     

The voltage across the CS capacitor is 

calculated by  .    
Vcs

Vi
=

D

1−D
   (5.3)    

The static gain of the proposed converter can be 

obtained considering null the average inductors 

voltage at the steady state and it is presented in 

(5.1) considering the CCM operation.The CM 

capacitor voltage is calculated by (5.2) that is the 

same output voltage of the classical boost 

converter. The maximum switch voltage is equal to 

the VCM voltage. Therefore, the switch voltage will 

be lower than the converter output voltage. 

VI. 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. A simple solution to elevate 

the static gain without increases the duty-cycle 

and the switch voltage is to include a secondary 

winding in the L2 inductor. The L2 inductor 

operation is similar to a buck-boost inductor and a 

secondary winding can increases the output 

voltage by the inductor windings turns ratio (n), 

operating as a fly back transformer. Figure 5 shows 

this alternate circuit. 

 

Fig.5 Modified SEPIC converter with magnetic 

coupling 

However, this converter structure presents the 

problem of overvoltage at the output diode Do due 

to the existence of the coupling winding L2 leakage 

inductance. The energy stored in the leakage 

inductance, due to the reverse recovery current of 

the output diode, results in voltage ring and high 

reverse voltage at the diode Do. This overvoltage is 

not easily controlled with classical snubbers or 

dissipative clamping. A simple solution for this 

problem is the inclusion of a voltage multiplier at 

the secondary side as presented in Figure. 6. This 

voltage multiplier increases the converter static 

gain, the voltage across the output diode is reduced 

to a value lower than the output voltage and the 

energy stored in the leakage inductance is 

transferred to the output. 



 

 
24     International Journal for Modern Trends in Science and Technology 

 

 

Induja S.D and Dr.K.Yasoda, “Design and Analysis of Modified SEPIC Converter with High Static Gain for Solar Photovoltaic System” 

 

Fig.6 Modified SEPIC converter with magnetic 

coupling and output diode clamping 

 

Therefore the secondary voltage multiplier 

composed by the diode DM2 and capacitor CS2 is 

also a non-dissipative clamping circuit for the 

output diode. The circuit presented in Figure 5.2 is 

the power circuit studied in this paper. The 

solutions based on the classical boost converter 

with magnetic coupling or the integration of the 

magnetic coupling and the voltage multiplier cell 

can present very high voltage gain and an excellent 

performance as presented. However, as the 

magnetic coupling is accomplished with the input 

inductor in the boost based solutions, the input 

current ripple is significantly increased and 

depends on the inductor winding turns ratio. 

Increasing the inductor turns ratio and the static 

gain, the input current ripple rises. The input 

current ripple increment is a non-desirables 

operation characteristic for some applications as 

the fuel cell power source. As the magnetic 

coupling is not accomplished with the input 

inductor in the proposed topology, the input 

current ripple is low and is not changed by the 

magnetic coupling. 

6.1 Continuous conduction mode: 

The continuous conduction mode operation of 

the modified SEPIC converter with magnetic 

coupling and output diode clamping presents five 

operation stages. All capacitors are considered as a 

voltage source and the semiconductors are 

considered ideals for the theoretical analysis. 

 

1) First Stage [t0 - t1] (Fig. 7) – Condution 

happens through power switch S and the energy is 

stored by input inductor L1. The secondary 

winding L2S and diode DM2 charges the capacitor 

CS2. The leakage inductance limits the current 

and the energy transference happens in a resonant 

way. The output diode is blocked and the 

maximum diode voltage is equal to (Vo-VCM). At 

the instant t1 the energy transference to the 

capacitor CS2 is completed and the diode DM2 is 

blocked. 

 

Fig.7 First operation stage with magnetic 

coupling 

2) Second Stage [t1 - t2] ( Fig. 8) – From the 

instant t1, when the diode DM2 is blocked, the 

power switch is off  to the instant t2, energy is 

stored by the inductors L1 and L2 and there is 

linear increase in current. 

 

 

Fig.8 Second operation stage with magnetic 

coupling 

3) Third Stage [t2 - t3] (Fig. 9) - At the instant t2 

the power switch S is turned off. Energy transfer 

happens from the inductor L1 to the capacitor C1. 

Also there is the energy transference to the output 

thought the capacitors CS1, CS2 inductor L2 and 

output diode Do. 

 

Fig.9 Third operation stage with magnetic 

coupling 

4) Fourth Stage [t3 - t4] (Fig. 10) - At the instant 

t3, the energy transference to the capacitor CM is 

finished and the diode DM1 is blocked. The energy 

transference to the output is maintained until the 

instant t4, when the power switch is turned on. 
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Fig.10 Fourth operation stage with magnetic 

coupling 

5) Fifth Stage [t4 - t5] (Fig. 11) – When the power 

switch is turned on at the instant t4, the current at 

the output diode Do linearly decreases and the 

di/dt is limited by the transformer leakage 

inductance, reducing the diode reverse recovery 

current problems. When the output diode is 

blocked, the converter returns to the first operation 

stage. 

 

Fig.11 Fourth operation stage with magnetic 

coupling 

The switch voltage and the voltage across all 

diodes are lower than the output voltage. The 

power switch turn on occurs with almost zero 

current reducing significantly the switching losses.  

VII. RESULTS AND DISCUSSION 

 

Fig.12 Matlabsimulink circuits for modified 

SEPIC converter without magnetic coupling 

The figure 12 shows the implementation of 

modified SEPIC converter without magnetic 

coupling circuit diagram in MATLAB Simulink. 

 

 

 

7.1 Simulation Waveform for without coupling 

 

Fig.13 Output waveform for without magnetic 

coupling 

X-axis=Time in sec 

Y-axis=voltage (V) 

 

Modified SEPIC converter shows increase of the 

input voltage up to 25 times. The details of the 

input and output voltage is given in the table 1. 

S.No Input voltage Output voltage 

1 12V 306.8V 

Table.1 Results for converter without magnetic 

coupling 

 

Fig.14 Matlabsimulink circuits for modified 

SEPIC converter with magnetic coupling 

The figure 14 shows the implementation of 

modified SEPIC converter with magnetic coupling 

circuit diagram in MATLAB Simulink. 

7.2 Simulation Waveform for converter with 

coupling 

 

Fig.15 Output waveform for without magnetic coupling 
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X-axis=Time in sec 

Y-axis=voltage (V) 

 

Modified SEPIC converter shows increase of the 

input voltage up to 25 times. The details of the 

input and output voltage is given in the table 2. 

S.No Input voltage Output voltage 

1 12V 309.8V 

Table.2 Results for converter with magnetic 

coupling 

VII. CONCLUSION 

Two new topologies of non-isolated high static 

gain converters are presented in this paper. The 

first topology without magnetic coupling can 

operate with a static gain higher than 10 with a 

reduced switch voltage. The modified SEPIC 

converter without magnetic topology presents an 

efficiency of 91.9% at nominal power. The 

structure with magnetic coupling can operate with 

static gain higher than 20 maintaining low the 

switch voltage. The efficiency of proposed converter 

without magnetic coupling is equal to 92.2% 

operating with input voltage equal to 15 V, output 

voltage around 300 V and output power equal 100 

W.The diode reverse recovery current is reduced by 

the presence of transformer leakage inductance 

and the secondary voltage multiplier that operates 

as a non-dissipative clamping circuit to the output 

diode voltage. The presence of transformer leakage 

inductance reduces the turn-on commutation loss 

and reduced the negative effects of diode reverse 

recovery current. The efficiency obtained with both 

the topologies is adequate for many applications 

with high static gain. 
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