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ABSTRACT: A high static gain dc-dc converter based on the modified SEPIC converter is presented in this scheme. 
The preferred topology presents low switch voltage with high efficiency for low input and high output voltage 
applications. The configuration of this converter with magnetic coupling and output diode voltage clamping is 
presented and analyzed. The magnetic coupling allows to elevate the static gain maintaining a reduced switch voltage. 
In order to reduce the problem of overvoltage at the output diode, inclusion of a secondary voltage multiplier is made 
mandatory. This voltage multiplier increases the static gain of the converter and also acts as a non-dissipative clamping 
circuit for the output diode. The simulation is done using MATLAB/SIMULINK and results are investigated in order to 
validate the performance of the converter. 
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I.INTRODUCTION 

The development of high step-up conversion technique is widely used in the renewable energy applications such as 
solar energy, wind energy, fuel cells etc [1]. The main features of these renewable energy sources are that they are 
clean as well as pollution free [2]. Since they are natural resources, there will be having some significant variations on 
the level of voltage and power, such that  power  electronics technology  become more prior  to  improve  the  
characteristics of steady-state and transient  of  these  systems. Furthermore, the output of such systems may be very 
insufficient at times. Therefore it is very mandatory to increase the output of the renewable energy systems. Thus step 
up converters introduce an important application in this scheme. Conventional boost converter employed in these 
applications have several advantages such as simple structure, continuous input current, and reduced switch voltage 
stress, but it is very difficult to obtain high voltage conversion ratio and high efficiency simultaneously [3].This is due 
to the existence of parasitic resistances, which leads to inherent degradation in the step-up ratio and efficiency as the 
operating duty cycle increases. 
 
 As a result, the classical non-isolated dc–dc converters have limited step-up static gain (푞 =  푉 /푉 ). The boost 
converter is the classical step-up dc–dc non-isolated converter with a duty cycle close to  퐷 = 0.8 , where output 
voltage is around five times the input voltage. So three static gain ranges are considered in this scheme. A dc–dc 
converter operating with a static gain range, 푞 = 5  is considered as a standard static gain, a static gain range higher 
than  푞 = 10  is considered as high static gain solution and static gain higher than 푞 = 20  is considered as a suitable 
static gain solution. In isolated dc-dc converters, turns ratio of transformer is used to increase the converter static gain 
[4]. But the usual problem of these converters is the efficiency degradation due to the transformer power losses and 
leakage inductance. The losses are due to the weight of the converter topology. Therefore, elimination of power 
transformer is the usual solution for improving efficiency and power density. Many techniques are developed on the 
basis of boost topology in order to achieve high static gain. The main techniques used are the switch capacitors and 
voltage multiplier cell, inductor magnetic coupling and also combination of these techniques [5]-[9]. 
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In this paper, the topology employing magnetic coupling based on modified SEPIC is presented which increases static 
gain equal or higher than 20 times with reduced switch voltage. Fig.1 shows the classical SEPIC converter. Apart from 
the conventional topology the new topology have more desired characteristics. In the conventional topology hard 
switching operation is used. Due to several disadvantages of such operation, they cause extreme switching as well as 
conduction losses. By implementing soft switching techniques, such losses can be decreased significantly [10].  
However, a very small leakage inductance is necessary in this converter in order to achieve ZCS turn-on commutation 
and thus to decrease the diodes reverse recovery current. Thereby the losses can be reduced and overall performance of 
the converter can be improved. Moreover, closed loop control of modified SEPIC converter enables better load 
regulation. Thereby, the suggested converter topology becomes digitalized. Using digitally controlled converters, better 
sensitivity can be enhanced with respect to the parameter variations [11]. The  digitally  controlled step up converters  
have  the  some features such as less sensitive  to  noise, temperature independent, better  sensitivity  to  parameter  
variations. In this topology voltage mode control is employed. The advantages of  voltage  mode  control  is  that  there  
is  a  single  voltage feedback path in which Pulse Width Modulation(PWM) technique is implemented by comparing the 
error signal with a constant ramp waveform. Thus a digital controlled modified SEPIC converter is introduced with 
better voltage regulation. 

II.REVIEW OF STATIC GAIN TOPOLOGIES  

Fig: 1 shows the classical SEPIC converter. For wide range of input voltage applications, step up and step down static 
gain of this converter is an important characteristic. However, since the switch voltage is equal to the sum of the input 
and output voltages, the static gain is lower than the classical boost converter. In Fig: 2, SEPIC  Converter with Magnetic 
Coupling converter topology, static gain is improved without increasing the duty cycle. The main aim is to insert a 
secondary winding in the 퐿  inductor, which increases output voltage by the turns ratio (n). However, the overvoltage 
across the diode 퐷  is due to the presence of the coupling winding leakage inductance. Because of reverse recovery 
current of the output diode 퐷 , the stored energy in the inductance results in voltage ring and high reverse voltage at 퐷 . 
This overvoltage cannot controlled with dissipative clamping. 

 
Fig.1. Conventional SEPIC converter 

 

 
Fig.2. Modified SEPIC converter with magnetic coupling. 

 

III.CIRCUIT DESCRIPTION 

Fig: 3 shows the modified SEPIC converter with magnetic coupling and output diode voltage clamping. In order to 
reduce the overvoltage across the output diode 퐷 , a simple solution is the inclusion of a voltage multiplier at the 
secondary side. Therefore, the secondary voltage multiplier consists of diode 퐷  and capacitor 퐶 , which is a non-
dissipative clamping circuit for the output diode. This voltage multiplier technique increases the static gain without any 
extreme duty cycle and reduces the voltage across the output diode  퐷  lower than the output voltage. Thus the energy 
stored in the inductance is transferred to the output. The power switch turn-on occurs with zero current reducing the 
switching losses. Because of the existence of the coupling inductor leakage inductance, the current variation ratio 
(푑푖/푑푡)  presented by all diodes is limited. In case of single switch isolated dc-dc converters, the leakage inductance is a 
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problem which results switch overvoltage. The stored energy in the leakage inductance must be dissipated through 
clamping circuits. However, the leakage inductance is needed in the preferred topology in order to achieve ZCS turn-on 
commutation and to alleviate the diode reverse recovery problems.  

The classical boost converter with magnetic coupling or the integration of the magnetic coupling and the voltage 
multiplier can provide very high static gain and better performance as discussed. As the magnetic coupling is inserted 
with the input inductor in the boost-based techniques, correspondingly ripple current at input side is increased with 
respect to the inductor windings turns ratio. In order to obtain high efficiency, the solutions based on the integration of 
the SEPIC converter are illustrated. Thus an isolated active clamp technique is accomplished in the SEPIC flyback 
converter. However, this topology presents pulsating current, and the active clamp technique with additional switch 
leading to converter complexity. The integration of the boost converter with a SEPIC converter is also suggested. While 
comparing the previous topologies, preferred topology has some advantages are the ZCS switch turn-on obtained with a 
resonant stage, reducing commutation losses and switch voltage, higher static gain considering the same transformer 
turns ratio. 

 
Fig.3. Modified SEPIC converter with magnetic coupling and output diode clamping. 

 

IV.OPERATING PRINCIPLE 

The main aim of this scheme is to elevate the converter static gain double than that of conventional topology and 
thereby reduce the switch voltage. But to attain such features, it becomes necessary to operate the converter in 
continuous conduction mode (CCM) at a duty cycle greater than 0.5. The continuous conduction mode of modified 
SEPIC converter consists of five operation stages in a single switching cycle, corresponding modes are represented by 
Fig.3.The detailed analyze of operational characteristics are following below. Following assumptions are done in the 
theoretical analysis  order  to simplify the suggested circuit. 

1) All semiconductors are considered to be ideal. 
2) All capacitors are assumed as a voltage source. 

 

In mode 1 (t0 – t1 ), the switch S is conducting and the inductor 퐿  stores energy. The capacitor 퐶   is charged by the 
secondary winding 퐿 and diode 퐷 .The leakage inductance reduces the current and the energy transference happens in 
a resonant way. The output diode is blocked, and the maximum diode voltage is equal to 푉 − 푉 . At the instant 푡 , the 
energy transference to the capacitor 퐶  is completed and 퐷  is blocked. In mode 2 (t1 – t2), the switch S is turned-OFF 
at the instant 푡 , and the diodes 퐷  is blocked and the inductors 퐿  and 퐿  store energy and the currents linearly 
increase. In mode 3 (t2 – t3), the energy stored in the inductor퐿  is transferred to the capacitor 퐶 . Also, there is the 
energy transference to the output through the capacitors 퐶 , 퐶 , inductor 퐿  and output diode 퐷 .In mode 4 (t3 – t4), the 
energy transference to the capacitor 퐶  is completed at the instant 푡  and the diode 퐷  is blocked. The energy 
transference to the output is maintained until the instant 푡 , when the switch is turned ON. In mode 5 (t4 – t5) the switch 
is turned ON at the instant 푡 , 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. 
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Fig.4. Mode 1 

 
Fig.5. Mode 2 

 

 
Fig.6. Mode 3 

 
Fig.7. Mode 4 
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V. ANALYSIS AND DISCUSSION 
 

The voltage gain of the suggested converter is given by 

      

푉표
푉푖

=
1 +퐷
1−퐷                           (1) 

 The switch voltage, 푉푆 is equal to the voltage of the capacitor 퐶 and the voltage across the diode, which is calculated as 

푉 =
푉

1 −퐷                                     (2) 

The average current of the diodes 퐼  and 퐼  is equal to the output current of the converter, which is given by 

퐼 =
푃
푉                                             (3) 

The preferred converter topology is simulated using MATLAB SIMULINK model. In order to clarify the performance 
of the converter, digital control are selected in order to obtain regulated output voltage and ZCS. Here the output power 
is taken at 100W. The waveforms of the input voltage is 15V and corresponding output voltage is 300V for obtaining 
24 kHz switching frequency are shown in below. 

 

 

Fig.8.Waveforms of input voltage, 푉 = 15푉 and output voltage, 푉 = 300푉 

  

Fig.9.Waveforms of rated output voltage, 푉 = 300푉 and output voltage,퐼 = 0.33A 

 

Fig.10.Switching waveforms of voltage and current 
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VI.APPENDIX 

 
TABLE I 

Parameter Modified SEPIC 
converter 

Input voltage,푉  15V 

Output voltage,푉  300V 

Output power,푃  100W 

Switching frequency, f 24kHz 

Static gain, q 20 

Duty cycle, D 0.82 

 

VII.CONCLUSION 
Modified SEPIC converter with magnetic coupling is the most advanced scheme in order to achieve a very high static gain 
for low input voltage and high output voltage applications. This converter structure can operate with static gain higher than 
20 with low switch voltage. Inclusion of voltage multiplier cell at the secondary side will not affect the complexity of 
converter. Furthermore, it increases the converter static gain. The commutation losses of the suggested converter with 
magnetic coupling are reduced due to the existence of the transformer leakage inductance. Implementing voltage mode 
control, the circuit gets modified with better voltage regulation. 
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