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ABSTRACT: In this paper, to achieve high step-up voltage gain and high efficiency, a novel high step-up ratio using 
clamp-circuit in addition capacitor and diode along with the boost inductor is proposed. The capacitor gets charged 
during the switch-off period and discharged during the switch-on period by the energy stored in the inductor which 
leads to high voltage gain. The leakage-inductor energy of the coupled inductor is recycled with a passive clamp 
circuit. Thus, the voltage stress on the main switch is reduced. The switch with low resistance RDS is used to reduce the 
conduction loss which increases the efficiency. The operating principle and steady-state analyses are discussed in 
detail. Finally, a prototype circuit with 24-V input voltage, 48-V output voltage, is implemented in the laboratory to 
verify the performance of the proposed converter. 
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I. INTRODUCTION 

 
In recent years, based on renewable energy sources on-site generation have rapidly developed. The On-Site Generation 
systems are composed of micro-source like fuel cells, photovoltaic (PV) cells, and wind power. But fuel cells and PV 
source are low-voltage sources to provide enough dc voltage for generating ac voltage. So PV cells can connect in 
series to obtain sufficient dc voltage, it is difficult to avoid the shadow effect. Hence, high step-up dc–dc converters are 
usually used as the front-end converters to step from low voltage to high voltage which are required to have a large 
conversion ratio, high efficiency, and small volume [1]. 
 
     Theoretically, high step-up voltage gain with an extremely high duty cycle can be provided by the boost converter. 
In practice, due to the effect of power switch, rectifier diode, and the equivalent series resistance of the inductors and 
capacitors can limit the step-up voltage gain. Also, serious reverse-recovery and electromagnetic interference problems 
are caused by the extreme duty cycle operation [2-5]. 
 
To achieve a high step-up voltage gain the turn ratio of the transformer can be adjusted by some converters like the 
forward and fly-back converters.. However, high voltage spike and high power dissipation caused by the leakage 
inductor of the transformer will suffer the main switch. Although the non-dissipative snubber circuits and active-clamp 
circuits can be employed, due to the extra power switch and high side driver the cost is increased. [20-24]. 
 
    Coupled-inductor technique is used by the converter to achieve a high step-up gain [8]. However, the leakage 
inductor leads to a voltage spike on the main switch which affects the conversion efficiency. For this reason, coupled 
inductor is used by the converter with an active-clamp circuit have been proposed [9],[10]. An integrated boost fly-back 
converter is proposed in which the secondary side of the coupled inductor is used as a fly-back converter [11], [12]. 
Thus, the voltage can be increased. Also, the energy of the leakage inductor is recycled and gives it to the output load 
directly which limits the voltage spike on the main switch. Additionally, by the turn ratio of the coupled inductor the 
voltage stress of the main switch can be adjusted. It has been proposed that the secondary side of the coupled inductor 
can be used as fly-back and forward converters [13], [14] to achieve a high step-up gain. Also, output-voltage stacking 
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are combined by the several converters to increase the voltage gain are proposed. Additionally, multiple coupled 
inductors are used by the high step-up boost converter with output stacking has been proposed [15-18]. 
 
This paper proposes a novel high step-up ratio and clamp-mode converter to achieve high step-up voltage gain and high 
efficiency. To achieve a high step-up voltage gain the proposed converter uses the capacitor that gets charged during 
the switch-off period and discharged during the switch-on period by the energy stored in the inductor [20]. However, 
high power loss and a high voltage spike on the switch may be caused by the leakage inductor of the coupled inductor. 
Thus, a passive clamping circuit is required to clamp the voltage level of the main switch and to recycle the energy of 
the leakage inductor. 
 

II.CIRCUIT CONFIGURATION OF CONVENTIONAL CONVERTER 
  
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

Fig 1.Circuit Diagram of Conventional Converter 
 
Fig1.shows the circuit configuration of conventional  converter which consists of dc input voltage V୧୬, main switch S, 
coupled inductors  N୮ and Nୱ, one clamp diode Dଵ, clamp capacitor Cଵ, two capacitors Cଶ and Cଷ, two diodes  Dଶand 
Dଷ,output diode D, and output capacitor C.It has magnetizing inductor L୫, leakage inductor L୩, and an ideal 
transformer. The leakage inductor energy of the coupled inductor is recycled to capacitor Cଵ, and thus, the voltage 
across the switch S can be clamped. The voltage stress on the switch is reduced significantly. Thus, low conducting 
resistance Rୈୗ() of the switch can be used. 
 
 The original voltage –clamp circuit was first proposed in [1] to recycle the energy stored in the leakage inductor. 
Based on the topology, the conventional converter combines the concept of switched-capacitor and coupled inductor 
techniques. The switched-capacitor technique in [4] has proposed that capacitors can be parallel charged and series 
discharged to achieve a high step-up gain, Based on the concept, the conventional converter puts capacitors   Cଶ and Cଷ 
on the secondary side of the coupled inductor. Thus, capacitors Cଶ and Cଷ are charged in parallel and discharged in 
series by the secondary side of the coupled inductor when the switch is turned off and turned on. Because the voltage 
across the capacitors can be adjusted by the turn ratio, the high step-up gain can be achieved significantly [25-26].Also, 
the voltage stress of the switch can be reduced. Compared to earlier-studies [3] – [7], the parallel-charged current is not 
inrush. Thus, the conventional converter has low conduction loss. Moreover, the secondary-side leakage inductor of the 
coupled inductor can alleviate the reverse-recovery problem of diodes, and the loss can be reduced. In addition, the 
conventional converter adds capacitors  Cଶ and Cଷ to achieve a high step-up gain without an additional winding stage of 
the coupled inductor. The coil is less than that of other coupled inductor converters. 
 
      The main operating principle is that, when the switch is turned on, the coupled inductor induced voltage on the 
secondary side and magnetic inductor L୫ is charged byV୧୬. The induced voltage makesV୧୬,Vେଵ,Vେଶ, Vେଷrelease energy 
to the output in series. The coupled inductor is used as a transformer in the forward converter. When the switch is 
turned off, the energy of magnetic inductor L୫ is released via the secondary side of the coupled inductor to charge 
capacitors  Cଶ and Cଷ in parallel. [27-29], 
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III.BLOCK DIAGRAM 
 

 Fig.2 shows the block diagram of proposed converter. In the proposed converter, an integrated boost fly-back 
converter is presented in which the secondary side of the coupled inductor. The voltage stress of the main switch can be 
adjusted by the turn ratio of the boost inductor. A high step-up boost converter that uses multiple coupled inductors. 
Less components are used to achieve the high step up voltage end. 
 
 The fly back converter is used in both AC/DC and DC/DC conversion with galvanic isolation between the input and 
any outputs. More precisely, the fly back converter is a buck-boost converter with the inductor split to form a 
transformer, so that the voltage ratios are multiplied with an additional advantage of isolation. 
 
A proportional-integral-derivative controller (PID controller) is a control loop feedback mechanism (controller) widely 
used in industrial control systems. A PID controller calculates an error value as the difference between a measured 
process variable and a desired set point. The controller attempts to minimize the error by adjusting the process through 
use of a manipulated variable. 
 
From the DC Source the DC supply is fed to Fly back converter. In fly-back converter the DC supply is converted into 
boost DC supply. The leakage current present in the primary side of fly-back converter is converted into useful energy 
in output side. Now the boosted output is again increased by connecting voltage lifter. Voltage lifter output is directly 
connected to load. The output of voltage lifter is taken as feedback for PID controller. The PID controller produces a 
corrected PWM for fly-back converter. The synchronous rectification operation of fly-back converter which helps to 
increase the efficiency. 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 

Fig.2. Block Diagram for High Step Up Dc-Dc Converter 
 

IV. CIRCUIT CONFIGURATION OF PROPOSED CONVERTER 
 

Fig3.shows the circuit topology of the proposed converter, which is composed of dc input voltage Vin, main switch S, 
inductor L, one clamp diode D1, clamp capacitor C1, output diode Do and output capacitor Co. The leakage inductor 
energy of the inductor is recycled to capacitor C1. Thus, the voltage across the switch S can be clamped. The voltage 
stress on the switch is reduced significantly by the low conducting resistance RDS(ON) of the switch can be used. 
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Fig3.Circuit configuration of the proposed converter 
 

The original voltage-clamp circuit was used to recycle the energy stored in the leakage inductor. Based on the topology, 
the proposed converter combines the concept of switched-capacitor and coupled-inductor techniques. The switched-
capacitor technique has proposed that capacitors can be charged and discharged to achieve a high step-up gain. Based 
on the concept, the proposed converter puts capacitorC1 in parallel with the inductor. Thus, capacitor is charged and 
discharged by the inductor when the switch is turned off and turned on. Because the voltage across the capacitors can 
be adjusted by the turn ratio, the high step-up gain can be achieved significantly. Also, the voltage stress of the switch 
can be reduced. Compared to earlier studies, the parallel-charged current is not inrush and also the proposed converter 
reduces the number of components. Thus, the proposed converter has low conduction loss. Moreover,   leakage 
inductor can alleviate the reverse-recovery problem of diodes, and the loss can be reduced. 
 
The main operating principle is that, when the switch is turned on, the coupled-inductor-induces the voltage. The 
induced voltage makes Vin,VC1release energy to the output in series. The inductor is used as a forward converter. 
When the switch is turned off, the energy of the inductor Lis used to charge capacitorC1. The coupled inductor is used 
as a transformer in the flyback converter. 
 
From the conventional converter, the proposed converter reduces the number of capacitors and diodes. And also instead 
of coupled inductor the proposed converter uses the single inductor (boost inductor) which increases the voltage level. 
So, conduction loss can be reduced and also efficiency can be improved. Instead of R load, the proposed converter uses 
the RL load. 
 

V.OPERATING PRINCIPLE OF THE PROPOSED CONVERTER 
 

 Operation of the proposed converter 
 
This section presents the operating principle of the proposed converter. The following analysis contains the explanation 
of the power flow direction of each mode. There are three operating modes in the proposed converter. The operating 
modes are described as follows. 
 
1) Mode I [t0, t1]: During this time interval, Sis turned off. Diodes D1 is turned off and Diode D0 is turned on. When 
supply is given the capacitor C1 gets charged by ܸ.The capacitor is charged during the switch- off period. Output 
capacitor C0 provides its energy to load RL. When current iD0 becomes zero at t = t1, this operating mode ends. 
 
2) Mode II [t1, t2]: During this time interval, switch S gets turned on. In this mode also diodeD1 is turned off, and Do 
is turned on. The inductor L is charged byV୧୬ . During switch-on period capacitor C1 gets discharged and inductor L 
gets charged. The input supply 24V is given to the load through the capacitor C1 and diode D0.  Due to boost inductor 
L the input voltage get increased and it is given to the load. Output capacitor Co provides its energy to load RL. This 
operating mode ends when switch S is turned off at t = t2. 
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3) Mode III [t2, t3]: During this time interval, S is turned off. Diodes D1, Do are turned on. During this mode the 
capacitor C1 again gets charged and inductor L gets discharged. The increased input voltage due to boost inductor L is 
given to the load through the diode D1. Output capacitor Co provides its energy to the load RL. When current 
݅ଵbecomes zero at t=ݐଷ , this operating mode ends. 
 

VI. DESIGN AND EXPERIMENT OF THE PROPOSED CONVERTER 
 

To verify the performance of the proposed converter, a prototype circuit is implemented in the laboratory. The 
specifications are as follows: 
1) Input dc voltage Vin: 24 V; 
2) Output dc voltage Vo: 48 V; 
3) Maximum output power: 58 W; 
4) Switching frequency: 50 kHz; 
5) Output dc currentI୭:1.2A 

 
VII.SIMULATION CIRCUIT 

 
Fig .4.By using the MATLAB 2010, the proposed DC-DC Converter is developed. 
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VIII.SIMULATION WAVEFORM 
 

 
 

Fig.5. Simulation Results 
 

IX.CONCLUSION 
 
This paper has proposed a novel high step-up dc–dc converter for DG systems. By using the capacitor charged in 
parallel and discharged in series by the coupled inductor, high step-up voltage gain and high efficiency are achieved. 
The steady-state analyses have been discussed in detail. Finally, a 24- to48-V, 58-W prototype circuit of the proposed 
converter is put into operation in the laboratory. The experimental results have confirmed that high efficiency and high 
step-up voltage gain can be achieved. Thus, a switch with low voltage ratings and low ON-state resistance RDS(ON) 
can be selected. 
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