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Abstract: In this paper modified SEPIC converter is preferred and based on preferred converter two types of step-up  

converters  with high static gain  are presented. These preferred converters  are required to obtain high output voltage 

for applications which are supplied by low input voltage  sources .The preferred converters  are  modified  SEPIC  

converter  without  magnetic  and with  magnetic coupling . These two converters increases static gain and efficiency 

keeping switch voltage  low.  Also to limit crises of overvoltage at the output diode in the preferred converter with 

magnetic coupling, voltage multiplier is included in secondary part. This voltage multiplier raises static gain and it also 

considered as non-dissipative clamping circuit. The preferred converter with magnetic coupling comprises of leakage 

inductance of transformer and voltage multiplier which reduces losses. Simulation of these two proposed converters are 

done using MATLAB/SIMULINK and output results are compared. 
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I.  INTRODUCTION 

The  converters  having  static gain which is high  are  required for  many applications which are  powered  by low dc  

power sources. The renewable energy sources are  low   power  sources [1] . To  get  high  static  gain  the  usual 

solution  is isolated  converters. In these type of converters transformer turns ratio raises static gain.  But due to losses 

in transformer and leakage inductance  there is  reduction  in  efficiency .  Converter weight and volume also raised due 

to the transformer. Therefore to increase efficiency, the usual solution is non isolated dc dc converters.  However static 

gain (q = Vo /Vi) of these type of converters is limited for example conventional boost converter. In boost converter  it 

is  difficult to get high  static gain  and to  increase efficiency simultaneously . 

 

This is due to the  presence of parasitic  resistances, which  decreases  step-up ratio and efficiency as  duty cycle 

increases. For this reason many solutions were considered  to raise  static gain of  non isolated  converter to obtain high 

efficiency and high power density solutions.  Main solutions  are the switched capacitors,  switched inductors [2],[3] 

,voltage multiplier cells[4]-[6] ,  inductor magnetic coupling [7]-[9] and combinations of these solutions. The  modified  

SEPIC  converter  is presented in this paper to obtain high output voltage for applications which are provided by low 

input voltage  sources .Thus there are two  types  of topologies  based  on  modified  SEPIC   converter  .  One  is  

modified  SEPIC  converter  without  magnetic  coupling  and  other  is with  magnetic  coupling . 

 

The  modified  SEPIC  converter  without  magnetic coupling presents a static gain  which  is  approximately double  of  

the  static  gain  of  boost converter and  switch voltage is also equal  to  the  half  value of the  boost converter  for high  

values  of  duty  cycle  operation. The  other  preferred converter  using a magnetic coupling  includes a secondary 

winding in  inductor of converter, which  helps in  increasing  the  static  gain.  

 

However  in  this   part of the power  which  is  generated by  converter  gets transfer to the output via  coupling 

inductor and another part of  power  get transfer directly by  non isolated converter  and due  to this  losses of the 

transformer , weight and volume of converter  gets reduce . Also the leakage inductance plays important role in this 

topology to get ZCS turn-on commutation and to limit reverse recovery current of diodes, which raises  efficiency of  

converter.  The simulations and comparison of both preferred converters are presented in this paper .  

 

II.  PREFERRED SEPIC CONVERTER WITHOUT MAGNETIC COUPLING 

The  SEPIC converter is shown in Fig. 1.  Static  gain  of   SEPIC converter can  be  step –up  and  step – down  which  

is  very  important  for  different ranges of  input voltage   .  Also total of  input and output voltages  is equal to  voltage 

switch  of  SEPIC  converter  and  due  to  this  reason   static  gain  is  less than step –up converter i.e classical  boost  

converter . For  this  reason SEPIC converter is modified to increase its static gain . 
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Fig.1.  SEPIC  converter 

 

A. Preferred  Converter  without  Magnetic  Coupling 

In  this preferred converter   Dm and  Cm  are  included which  increases static gain  . Also output voltage of  boost  

converter  charges Cm  and also polarity of  Cs is changed  .  

 
Fig.2. Preferred converter without magnetic coupling 

 

B. Working  Principle 

Consider  preferred converter without magnetic coupling  conducts in continuous conduction mode  and it  includes two  

stages. For analysis assume all capacitors as a voltage source and semiconductors to be ideal  First Stage  : In this stage  

switch S  turns-on the diodes Dm and Do  gets  block and  energy  gets store  in the inductors L1 and L2.  Input voltage is 

given to  input inductor L1 and the voltage Vcm - Vcs is given to  inductor L2. 

 
Fig.3. First  stage 

 

Second Stage : In this stage  switch S is turns-off   and the diode Dm and Do gets forward biased . The stored  energy in  

L1 gets transfer to the output through the Cs  and  Do and also it gets transfer to  Cm  through  Dm . Due to this the switch 

voltage is equal to the Cm  voltage.  Energy stored in  L2 gets transfer to  output through  Do. 

 
Fig.4.  Second  stage 

 

Important  characteristics of this topology are : 

Voltage  of all diodes and  switch are nearly equal to Cm voltage.  

Sum of the Cs and Cm capacitors voltage equal to output voltage.  

Input current is equal to average   L1 inductor current  and output current is equal to average  L2 inductor current . 

 

Static gain is obtained by integrating the voltage across L1 and L2 over a time period T equal to zero yields 

L1 :      Vin DT +   Vin − Vcm   1 − D T = 0  

             Vin D + Vin −  Vin D − Vcm + Vcm D = 0         

             Vin − Vcm  1 − D = 0 

             Vin  = Vcm (1 − D)  =  0 
             Vin  =  Vcm (1 − D) 

              Vcm =   Vin  /(1 − D)     (1) 

L2:       (Vcm  –  Vcs )DT + (Vcm  –  Vo )(1 − D)T =  0 

             Vcm D –  Vcs D  +  Vcm   −  Vcm D –  Vo  +  VoD = 0 (2) 

 

As         Vo  = Vcm  +  Vcs        (3) 
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Substitute equation (3) in (2)  

         −(𝑉𝑜  –  𝑉𝑐𝑚 )𝐷 +  𝑉𝑐𝑚  –  𝑉𝑜  +  𝑉𝑜𝐷  =  0 
          −𝑉𝑜𝐷 + 𝑉𝑐𝑚𝐷 +  𝑉𝑐𝑚  –  𝑉𝑜 + 𝑉𝑜𝐷 =  0 
           𝑉𝑐𝑚 (1 + 𝐷)  = 𝑉𝑜  
𝑉𝑐𝑚  =  𝑉𝑜  / (1 + 𝐷)      (4) 

Comparing equation (1) & (4)  we get  

 𝑉𝑜  /  𝑉𝑖𝑛  =  (1 + 𝐷) / (1 − 𝐷)     (5) 

 

Comparing  step –up converter i.e boost converter  static gain  is high  .    

Equation (1)  represents  capacitor Cm voltage and  it  is equal  to  maximum switch voltage . For this reason  switch  

voltage  is less than converter output voltage 

 Capacitor  CS  voltage is calculated by 

 𝑉𝑐𝑠  / 𝑉𝑖𝑛   =  𝐷/(1 − 𝐷)      (6) 

 

C. Design  Analysis 

1. Switch Duty Cycle  :𝐷 =  
(𝑉𝑜  – 𝑉𝑖𝑛   )  

(𝑉𝑜+ 𝑉𝑖𝑛   )
 

2. Switch and Diodes Voltages   𝑉𝑠  =  𝑉𝐷𝑂  =  𝑉𝐷𝑚 =  
𝑉𝑖𝑛   

(1 – 𝐷)
   

3.  L1 and L2 Inductance  𝐿1 =  𝐿2   =
( 𝑉𝑖𝑛 × 𝐷)   

( 𝛥𝑖𝐿  × 𝑓  )
 

4. Capacitors Cs and Cm  : Voltage ripple  of the capacitors Cs and Cm  are same.   Assuming capacitor voltage 

ripple ΔVC  is  approximately equal to 10 percent  of voltage of the capacitor Cs , the capacitances  of Cs   and Cm are  

given as 

 𝐶𝑠  =  𝐶𝑚  =  
𝐼𝑜×𝐷  

(𝛥𝑉𝑐  × 𝑓)
     where  𝛥𝑉𝑐   =  

𝑉𝑖𝑛 ×𝐷   

(1 – 𝐷)
×  (

10 

100
) 

5.  Diode Current : The average current of  Dm and Do  are  calculated as 𝐼𝐷𝑜  =  𝐼𝐷𝑚  =  𝐼𝑜  =
 𝑃𝑜   

𝑉𝑜
 

 

III.  PREFERRED  SEPIC  CONVERTER  WITH  MAGNETIC  COUPLING 

A. Preferred  converter  with  Magnetic  Coupling 

The  operation   where duty –cycle  is  high ,static gain of  preferred converter without magnetic coupling  is twice of  

static gain of  step –up converter  i.e boost converter.  However to get maximum static gain, the duty cycle of preferred 

converter without magnetic coupling  must  be high. Thus  a secondary winding  included in  L2 of    preferred 

converter without magnetic coupling to raise  static gain without raising  voltage of switch and duty cycle  , this 

inductor windings turns ratio (n)   raises output voltage . The preferred converter with magnetic coupling is shown in 

Fig .5.  However,  preferred  converter  with  magnetic coupling  presents some limitation i.e  due to Do reverse  

recovery current  , stored energy in  leakage inductance  causes voltage ring and high reverse voltage at  Do . Also the 

classical snubbers or dissipative clamping  not  able to control  this overvoltage . For this reason the voltage multiplier 

is included at the secondary side.  Voltage  multiplier raises  static gain of converter, also Do voltage is decreased to 

value lesser than  output voltage and  stored  energy in  leakage inductance gets transfer to  output. Thus voltage 

multiplier which includes Dm2 and  CS2 is  consider as non dissipative clamping circuit for Do. The preferred converter 

with magnetic coupling and output diode voltage clamping circuit shown in Fig.6 . 

 
Fig.5. Preferred converter with magnetic coupling 

 

 
Fig.6. Preferred converter with magnetic coupling and output diode clamping 
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B. Working  Principle 

Consider   preferred  converter with magnetic coupling and output diode clamping  conducts in continuous conduction 

mode  and it includes five  stages. For analysis assume all semiconductors to be ideal and capacitors of converters as 

voltage source. 

 

First Stage :  In this stage  switch S  is  in operating  state and energy gets store in  inductor L1 . The  Cs2  gets charge  

by the L2s and  Dm2 . Leakage inductance controls current and  transfer  of energy take place  in a resonant way. The  Do 

gets block, and  maximum  Do  voltage is same as (Vo−Vcm). At  end of this stage, when transfer of energy  to the  CS2  

gets finish and  DM2 gets block. 

 
Fig.7.  First  stage 

 

Second Stage :  In this stage the Dm2  gets block and energy gets store in L1 and L2 . 

 
Fig.8.Second stage 

 

Third Stage :  In this stage , switch S   turns OFF. The stored energy in   L1 gets transfer to  Cm. Also, energy  gets 

transfer to output via  CS1, CS2 , L2 and  DO. 

 
Fig.9.  Third  stage 

 

 Fourth Stage :  In this stage  when transfer of  energy  to the capacitor Cm  gets finish, diode Dm1  gets block. The 

transfer of energy  to the output is  retained  till  end of this stage. 

 
Fig.10. Fourth  stage 

 

 Fifth Stage :  In this stage , the  switch  gets  turn  ON and  the current at the  Do  linearly  reduces and the transformer 

leakage inductance limits  di/dt  which limits reverse recovery current  constraint of  Do . When the   Do gets block,  

converter returns back to the first  stage. 

 
Fig.11. Fifth stage 

 

The static gain  is given by   : 
𝑉𝑜

𝑉𝑖𝑛
 =  

1

(1−𝐷)
× (1 +  𝑛)  

Where ( 𝑛)  is inductor windings turns ratio  which is given as  𝑛 =
 𝑁L2S

𝑁L2P

 

Without raising switch voltage , the  static gain can be raised  by  value of  ( 𝑛)   

C.  Design  Analysis  

1. Switch Duty Cycle  is given as : 𝐷 =  1 −
𝑉𝑖𝑛  

𝑉𝑜
×  (1 +  𝑛)  

2. Switch and Diodes Voltages  are given as  : Vs  =  VDm 1  =  
Vin   

(1 – D )
 

3. The  voltage  of  diode Dm2 and diode Do  are  equal  and  given  as :  VDo  =  VDm 2 =  Vo  −  Vcm  = n ×  
Vin   

(1 – D )
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4. L1 and L2P−L2S Inductance:  L1 = L2P =
( Vin × D)  

( ΔiL  × f )
   L2S =  n2  ×  L2p  

5. Capacitors Cs and Cm :   Assuming  voltage  ripple  of capacitor CS2 is  approximately equal  to 10 percent  of  

capacitor Cm  voltage and value of  capacitor CS2 is given as Cs2  =  
Io ×D  

(ΔVc  × f)
 

Where  ΔVc   =  Vin ×
D  

(1 – D)
 ×  (10 /100) 

 

The voltage ripple  of capacitors Cs1 and Cm are  approximately  equal .  Assuming it is equal to  be 15 percent of  

capacitor Cm  voltage and  value of capacitors   Cs1  and  Cm  is given as  

  Cs1  =  Cm  =  
(Io  × n ×D) 

(ΔVC × f) 
  where   ΔVc  =  Vin  ×

D

( 1−D)
×  

15

100
     

6.  Diode  current : The average current of  D0    , Dm1 , Dm2 is given as IDo  =  IDm 1  =  IDm 2  =  Io  =   
Po

Vo
 

 

IV.  SIMULATION  RESULTS 

Using  MATLAB /SIMULINK model  both  preferred converters  are  simulated. 

The  parameters for preferred converter  without  magnetic  coupling and with magnetic coupling  are shown  in this 

table. 

Components  required for 

preferred  converter without  

magnetic coupling 

Values of 

Components 

Components 

required for preferred  converter 

with  magnetic coupling 

Values of 

Components 

Voltage Source 15V Voltage Source 15V 

Inductor L1 & L2 102μH Inductor L1 102μH 

Capacitor Cs & Cm 3.37μF Inductor  L2p & L2s 102μH , 689.52μH 

Capacitor Co 1μF Capacitor Cs2 3.3μF 

Resistor 225 ohm Capacitor Cs1 & Cm 2.9μF 

  Capacitor  Co 1μF 

  Resistors 900 ohm 

 

 
Fig.12. Simulation result of  preferred converter without magnetic coupling 

 

  
Fig.13. Simulation result of preferred converter with magnetic coupling 

 

The  simulation  result  are  shown  in  Fig 12 and  Fig 13 . From  these  results  we  observe  that  the  output  voltage  

which  is  obtained in  preferred   converter with  magnetic  coupling  is double compared to  preferred   converter  

without  magnetic  coupling. 

 

V. CONCLUSION 

Two modified SEPIC converters having  static  gain which is high are introduced  in this paper. The first  preferred 

converter without magnetic coupling  operate with a static gain higher than  boost  converter  and  second  preferred  

converter with magnetic coupling operates  with static gain higher than  first  preferred  keeping  voltage of  switch  low  

. Also   output  voltage  of  preferred converter  with  magnetic  coupling  is  higher  than  preferred  converter  without  
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magnetic  couple .The leakage inductance of transformer and  secondary voltage multiplier  which  considered as  non 

dissipative clamping circuit to  output diode  limits  losses of  preferred converter with magnetic coupling   . 

 

ACKNOWLEDGMENT 

I would like to articulate my deep gratitude to my project guide Mr. Dinesh Shetty , Assistant Professor who has always 

been source of motivation and also I express my gratitude to Prof. Dr. Nagesh Prabhu, HOD, Department of Electrical 

and Electronics Engineering NMAMIT, Nitte, for his valuable suggestions and constant encouragement. 

 

REFERENCES 
[1]. C. W. Li and X. He, “Review of non-isolated high step-up DC/DC converters in photovoltaic grid-connected applications,” IEEE Trans. 

Ind.Electron., vol. 58, no. 4, pp. 1239–1250, Apr. 2011. 

[2]. B. Axelrod, Y. Berkovich, and A. Ioinovici, “Switched-Capacitor/Switched-Inductor structures for getting transformerless hybrid DC–DC 

PWM     converters,” IEEE Trans. Circuits Syst. I, Reg. Papers, vol. 55, no. 2, pp. 687–696, Mar. 2008. 
[3]. L.-S.Yang, T.-J. Liang, and J.-F. Chen, “TransformerlessDC–DC converters with high step-up voltage gain,” IEEE Trans. Ind. 

Electron.,vol56,no. 8, pp. 3144–3152, Aug. 2009. 

[4]. D. Zhou, A. Pietkiewicz, and S. Cuk, “A Three-Switch high-voltage converter,” IEEE Trans. Power Electron., vol. 14, no. 1, pp. 177–183, 

Jan.1999. 

[5]. M. Prudente, L. L. Pfitscher, G. Emmendoerfer, E. F. Romaneli, and R. Gules, “Voltage multiplier cells applied to non-isolated DC–DC 

converters,” IEEE Trans. Power Electron., vol. 23, no. 2, pp. 871–887, Mar. 2008. 
[6]. E. H. Ismail, M. A. Al-Saffar, A. J. Sabzali, and A. A. Fardoun, “A family of single-switch PWM converters with high step-up conversion 

ratio,” IEEE Trans. Circuits Syst. I, Reg. Papers, vol. 55, no. 4, pp. 1159–1171, May 2008. 

[7]. Q. Zhao and F. C. Lee, “High-efficiency, high step-upDC–DCconverters,” IEEE Trans. Power Electron., vol. 18, no. 1, pp. 65–73, Jan. 2003. 
[8]. G. Henn, R. Silva, P. Prac¸a, L. Barreto, and D. Oliveira, “Interleaved boost converter with high voltage gain,” IEEE Trans. Power Electron., 

vol. 25, no. 11, pp. 2753–2761, Nov. 2010. 

[9]. R. J. Wai and R. Y. Duan, “High-efficiency power conversion for low power fuel cell generation system,” IEEE Trans. Power Electron., vol. 
20, no. 5, pp. 847–856, Sep. 2005. 


