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Abstract— Photovoltaic power generation systems are 

becoming increasingly prevalent in distribution and 

generation systems. Many industrialized nations are 

installing significant solar power capacity in their grids as a 

supplement or alternative to other power sources. This 

project presents PV module with SEPIC converter for 

electrical applications especially for dc load application. A 

general boost converter has limited voltage step-up ratio 

because of its parasitic resistances. Thus, it is not applicable 

for high step-up applications. As a solution, combining a 

boost converter with a series output module can be 

considered to supplement the insufficient step-up ratio. By 

applying this concept, a new integrated boost-SEPIC (IBS) 

converter, which provides additional step-up ratio with the 

help of an isolated SEPIC converter. 
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I. INTRODUCTION 

The High step-up conversion technique is necessary in 

applications such as electric vehicles, uninterrupted power 

supplies (UPS), servo-drive systems, and photovoltaic 

systems. In such applications, a boost converter is generally 

used due to several advantages such as simple structure, 

continuous input current, and clamped switch voltage stress 

to the output voltage. But it is very difficult to achieved both 

high voltage conversion ratio and better efficiency at once 

[1]. This is primarily due to the parasitic resistances, which 

cause serious degradation in the step-up ratio and efficiency 

as the operating duty increases. Moreover, in high output 

voltage applications, a high voltage rating diode causes a 

severe reverse recovery problem and it requires a snubber 

components [2]-[6].Hence a boost converter cannot be used 

for high step-up applications. To overcome this difficulty, 

different types of step-up converters, using the voltage 

conversion ability of a transformer, can be adopted [7]-[8]. 

They require snubbers to limit the voltage spike across 

switches caused by the existence of transformer leakage 

inductance, resulting additional loss. Moreover, an auxiliary 

circuit for below 0.5 duty operation is needed and the input 

current is no longer continuous in this operation. 

Fig (1) shows basic circuit of Coupled-inductor 

boost converter. A coupled inductor employed boost 

converter is also utilized in low-to-medium power 

applications, as it is having simple structure, however the 

input current pulsating as in a boost converter and an 

auxiliary circuit is also require to reduces the switch voltage 

spike. 

 
Fig. 1: Basic Sepic Converter Circuit 

 
Fig. 2: SEPIC combines with Boost Converter 

II. THE INTEGRATED BOOST-SEPIC CONVERTER 

In order to achieve high step-up ratio, combining a boost 

converter with a series output module considered. As shown 

in Fig. 3, a boost converter and a SEPIC converter, as a 

series output module can be simply integrated. They shared 

boost inductor ( ) and a switch (Q) as shown in Fig. 

(2),which is offers benefit of continuous input current and 

clamped voltage stress across switch. Fig (3) shows 

proposed integrated boost-SEPIC (IBS) converter. the 

current snubbing effect is fulfilled by transformer leakage 

inductance (Llkg) ,results in reduces the reverse recovery 

problem 

 
Fig. 3: proposed integrated Boost-SEPIC Converter 

III. OPERATION PRINCIPLE 

For performing mode analysis of a proposed converter, 

several assumptions are being made. The transformer is 

modeled as a magnetizing inductor , a leakage inductor , and 

an ideal transformer, with a turns ratio n. The input voltage 
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Vs, the balancing capacitor voltage Vcb , the lower module 

output voltage V01, and the upper module output voltage V02 

are constant. The switch and diode are ideal. The basic 

operation of the IBS converter is a combined operation of a 

boost converter and a sepic converter with a common boost 

inductor and a switch. Each converter is operated with its 

original function and an additional effect of the transformer 

leakage inductance . During the switch off state, forces 

commutation of the diode current between two converters 

slowly from the lower diode D01 to the upper diode D02. The 

lower diode current ID01 can be decreased to zero or not 

according to the turns ratio n, though both the inductor 

current and are continuous conduction mode(CCM). Fig. 

4(a) and 4(b) show the key waveforms of case I (n>1) and 

case II (n<1), respectively. In case I ,is decreased to zero, 

but not in case II. 

 

 
Fig. 4: Key waveforms of SIB converter. (a) Case I (n > 1). 

(b) Case II (n < 1) 

A. Case I (n > 1) 

As shown in Fig. 4(a), one period is divided into 4 modes 

and their topological states are presented in Fig. 5. Before t0, 

both the boost inductor current ILb and the transformer 

magnetizing current ILm flow through D02. 

Mode 1 [ t0 ~ t1 ]: When switch Q is turned on at 

t0.but diode Do2 is in conducting mode, total voltage of 

VCb+Vo2/n is impressed on the transformer leakage 

inductor L1kg. Hence, the transformer primary side current 

I1kg growing in linear manner. IQ rises and IDo2 goes down 

accordingly, which cause commutation between IQ and IDo2. 

Since L1kg decreases di/dt of IDo2, i.e., current snubbing 

effect is catered by L1kg, the reverse recovery of Do2 can be 

decreases. Do1 is reverse biased condition due to Vo1. 

Mode 2 [t1 ~ t2] : At t1, IDo2 becomes zero, and 

both Ilb and Ilm flow through Q. I1kg only contains Ilm. Vs and 

Vcb are applied to LB and LM, respectively. Therefore, ILb 

and ILm increase linearly. Vcb is reflected to the secondary 

side of the transformer, thus Do2 is reverse biased by 

nVcb+Vo2. 

Mode 3 [ t2 ~ t3 ] : Q is turned off at t2, and the 

entire current of ILb and ILm flow through Do1, since L1kg 

prevent the current to flows through Do2. Vs –Vo1 and Vo2/n 

are applied to LB and LM, respectively. Thus, ILB and ILm 

decrease linearly. Meanwhile, Do2 starts to conduct and 

VCb+Vo2/n-Vo1 is impressed on L1kg, forcing I1kg to 

decrease slowly. As I1kg decreases, IDo1 decreases and IDo2 

increases accordingly. That is, the commutation between 

IDo1 and IDo2 is progressed. Since IDo1 has a gentle slope, the 

reverse recovery of D01 can be minimized. 

Mode 4 [ t3 ~ t4 ] : ID01 reaches zero at t3, and the 

entire current of ILb and ILm flow through D02. D01  is blocked 

by Vs-- V01 - V02/n, and Vs- Vcb- V02 /n is applied to LB. 

Therefore, ILb decreases less slowly than in mode 3. At t4, 

one period is completed, and the same operation is repeated. 

B. Case II (n < 1) 

The basic operation is similar to that of case I except that 

mode 4 is neglected. Therefore, one period is subdivided 

into 3 modes as shown in Fig. 5(b). The difference from 

case I is as follows. During the interval t2~t3, ID02 and ID01 

are commutated. However, ID01 does not reach zero in this 

case. At switch turn-on at t3, the current still remains in D, 

which  leads to abrupt current drop of ID01. This results a 

considerable reverse recovery current. On the other hand, 

ID02 is decreased slowly by Ilkg, which is the same as in case 

I. These different diode current slops can be directly 

observed on IQ during the interval t3~t0. 

IV. ANALYSIS OF IBS CONVERTER 

The simplified current waveform is presented in Fig. 5. For 

analysis of IBS, it is assumed that the time interval DOTS is 

zero, and are considered as a constant value parameter. { } 

is shows average value 
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Fig. 5: Simplified Current Waveforms (a) Case I (n > 1) (b) 

Case II (n < 1) 

A. Case I 

Considering {ID01 } = {ID02} = I0 , the voltage-second 

balance of LB and LM, and the current-second balance of CB, 

the steady-state equations are obtained as (1)-(12). 

            
𝑉0

𝑉𝑆
  =  

𝐷𝑛(1+𝑛)

(1−𝑑[{𝐾𝑛(1+𝑛)2𝐷+(1−𝐷)2}(2𝑛𝐷−𝑛+1))/(1−𝐷)2(𝑛𝐷+1)
  

(1) 

Where; K = 
𝐿𝑙𝑘𝑔

2𝑡𝑠𝑅0
   (2) 

𝑉0

𝑉𝑆
 = 

1+𝑛𝐷

1−𝐷
       (3) 

𝑉0 =  
𝑣𝑠

1 −𝐷
            (4) 

𝑉𝑐𝑏 = Vs   (5) 

The time interval D1TS and D2TS are given by (6) 

and (7), respectively, and are determined by the duty cycle 

D and the turns ratio n. As n decreases, D2TS reduces and 

becomes zero when n=1. 

D1Ts  =  
2(1−𝐷)

(1+𝑛)
 𝑇𝑠  (6) 

D2Ts  =  
(1−𝐷)

(1+𝑛)
 𝑇𝑠 (7) 

The average current ILb and ILm is given by (8) and (9); 

{ ILb} = Iin = 
1 + 𝑛𝐷

1 −𝐷
I0     (8) 

{ ILb} =  
1 + 𝑛𝐷Iin 

1 −𝐷
I0    = nI0 (9) 

The peak current across diode D01 and D02 as 

describe in below equation is sum of ILb and LLm. 

𝐼𝐷01_𝑝𝑒𝑎𝑘  = 𝐼𝑄_𝑝𝑒𝑎𝑘 = 𝐼𝐿𝑏 + 𝐼𝐿𝑚  (10) 

= (
1+𝑛

1+𝐷
)𝐼0  =  (

1+𝑛

1+𝑛𝐷
)𝐼𝑖𝑛  (11) 

                    𝐼𝐷02_𝑝𝑒𝑎𝑘  =  
1

𝑛
(𝐼𝐿𝑏  +  𝐼𝐿𝑚) =  

1

𝑛
(

1+𝑛

1−𝐷
)𝐼𝑜 (12) 

B. Case II : 

The basic steady-state equations are the same to those of 

case I, except for and . The values of and are expressed as 

(13). As the n increases, IDo1_E decreases, and becomes 

zero when n=1. This condition is matched to the border line 

between case I and case II 

𝐼𝐷01_𝐸  =  (
1−𝑛 

1 − 𝐷
)𝐼0, 𝐼𝐷02_𝐸  =  (

2

1−𝐷
)𝐼𝑜    (13) 

V. SIMULATION RESULTS 

A simulation of proposed converter in MATLAB is verified 

with a rating of 200 W, With 40 V dc input and 400 V dc 

output at operating frequency of 50 KHz. The duty cycle is 

selected 0.75 as it is used for a boost operation. 

 
Fig. 6: Open Loop Simulation of Sepic Converter 

 
Fig. 7: SEPIC Converter output voltag 

 
Fig. 8: Simulation for Integrated Boost SEPIC Converter 

 
Fig. 9: Wave Form for Integrated Boost SEPIC Converter 

 
Fig. 10: Boost inductor current and gate pulses 
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Fig. 11: 

VI. CONCLUSION 

A proposed converter for high step application is proposed 

in this paper which can achieve high step-up ratio with the 

additional step-up ability of the isolated sepic converter, and 

having advantages of the boost converter such as non-

pulsating input current and clamped voltage stress of switch. 

Secondly, the voltage stress across diode well step down 

with the clamp diodes. In Addition, the proposed converter 

needs no current snubber component, as the transformer 

leakage inductance increases di/dt ratio of the turn-off diode 

current. Although converter had a simple structure and high 

efficiency when applied to any application. 

REFERENCES 

[1] R. W. Erickson and D. Masksimovic, Fundamentals of 

Power electronics, 2nd Ed., John Wiley, New York, 

USA, 1950, pp. 39-55. 

[2] C. J. Tseng and C. L. Chen, A passive lossless snubber 

cell for nonisolated PWM DC/DC converters, IEEE 

Trans. Industrial Electronics, vol. 45, no. 4, pp. 593-

601, Aug., 1998. 

[3] N. Mohan, T. M. Undeland, and W. P. Robbins, Power 

Electronics, 2nd Ed., John Wiley & Sons Inc., New 

York, USA, 1995, pp. 172-178.. 

[4] E. J. Copple, and A. Heights, High Efficiency DC Step-

up Voltage Converter,US patent, 5929614, July 1999. 

[5] S. K. Han et al, A new active clamping zero-voltage 

switching PWM current-fed half-bridge converter, 

IEEE Trans. Industrial Electronics, vol. 20, no. 6, pp. 

1271-1279, Nov., 2005. 

[6] M. Nakamura, K. Ogura, and M. Nakaoka, Soft-

switching PWM boost chopper-fed DC-DC power 

converter with load side auxiliary passive resonant 

snubber, Journal of Power Electronics, vol. 4, no. 3, pp. 

161-168, Jul., 2004. 

[7] R. Redl and N. O. Sokal, "Push-pull current-fed 

multiple-output DC/DC power converter with only one 

inductor and with 0 to 100% switch duty ratio," in Proc. 

IEEE PESC, 1980, pp. 341-345. 

[8] E. J. Copple, and A. Heights, High Efficiency DC Step-

up Voltage Converter,US patent, 5929614, July 1999. 

[9] D. A. Grant and Y. Darroman, and J. Suter, Synthesis of 

tapped-inductor switched-mode. 


