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Abstract: 

This paper presents a high step-up converter, magnetically coupled to a voltage multiplier circuit, which obtains a high voltage gain. 

Combination of a conventional fly-back converter and coupled magnetizing inductors provides the voltage multiplier structure. The 

converter configuration alleviates large voltage spikes across the power switches as function as an active clamp circuit  and 

additionally it reduces the current stress through each power switch. In this paper, a converter consisting of two interleaved and 

inductor coupled step-up converter has been proposed to maximize the system output and to reduce the output ripple. The energy 

stored in leakage inductances is recycled to the output terminal for the purpose of improvement on efficiency. The feedback from 

the converter is given to the PID controller and then the output signal from the feedback loop is given to the proposed conve rter 

power switches for suitable switching cycles. The operation of the proposed step up converter module with respect to the PID 

controller is simulated and analysed with experimental results. 
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I.  INTRODUCTION 

 

In last decade, the renewable energy is cherished and employed 

widely because of the energy crisis and environment pollution. 

The renewable energy sources, such as the PV cells, generate 

the low voltage output. Thus, the high step-up DC-DC 

converters have been widely employed in such green energy 

systems [1]-[3]. 

 

 
 

Figure 1 Typical renewable energy system 

 

The connection of renewable energy sources to utility grid is 

not possible without power electronics converters i.e. step-up 

converter optimize the efficiency of PV panels, rectifiers, and 

inverter which are needed in conversion system. The majority of 

stand-by power supply systems are implemented with an 

interleaved converter due to its low part count and its ability to 

operate efficiently in a wider range of input voltage [4]-[7]. The 

typical renewable energy system that contains proposed 

converter module is shown in Figure 1. 

 

 
Figure 2 High step-up techniques based on a conventional boost 

converter (a) Integrated fly back–boost converter module. (b) 

Interleaved boost converter with a voltage-lift capacitor module. 
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The light energy converted into an electrical energy by solar 

energy system is practically too low; thus the output voltage 

converted into high voltage through a step-up converter, which 

can be used as electricity via grid-by-grid inverter or stored in a 

battery set. Batteries and photo voltaic cells are used as the 

primary source in autonomous systems has become more 

common in order to provide green electric energy. Figure 2 (a) 

shows a conventional step-up converter with a single switch is 

unsuitable for high-power applications which provide large 

current ripple in input that increases conduction losses. 

Modifying a conventional fly back converter with a voltage-lift 

capacitor is one of the simple approaches to obtain high step-up 

gain; this gain is realized via a coupled inductor as shown in 

Figure 2 (b). The advantages of the proposed converter are as 

follows [8]-[15] 

 

1) Due to a low input current ripple and low conduction losses, 

the proposed converter is suitable for high power applications. 

 

2) The converter achieves the step-up voltage gain higher than 

the conventional converter topologies. 

 

3) Low cost and high efficiency are achieved by the low voltage 

rating of the power switching device such as MOSFET  

 

4) The large voltage spike is avoided by recycling the leakage 

energy and sent it to the output terminal.  

 

5) The diodes reverse-recovery problem is allev iated by natural 

commutation of the clamped d iodes. 

 

6) Due to the charging loops during the on period of switches, 

the current stresses of the power switches are reduced. 

 

II. OPERATING PRINCIPLE OF THE PROPOS ED 

CONVERTER 

 

The conversion of the low dc input voltage to high dc output 

voltage is done by the high step-up converter. There are many 

converters available for converting this DC-DC conversion; 

here a Voltage multip lier module based High Step-Up 

Converter is chosen. Figure 3 (a) shows a voltage multiplier 

module where two coupled inductors is stacked on a 

conventional converter to make an asymmetrical interleaved 

structure. The equivalent circuit of the proposed converter is 

shown in Figure 3 (b) where Lm1 and Lm2 represent the 

magnetizing inductors, Lk1 and Lk2 are the leakage inductors, S1 

and S2 are the active switches, Cv denote the voltage-lift 

capacitor. The coupled inductor leakage is recycled to the 

capacitors C1 and C2 thus the voltage spikes on the active 

switches are significantly reduced. This makes availability of 

power switches having low conducting resistance. Thus the 

efficiency is improved and the high step-up conversion gain can 

be achieved without operating extreme duty cycle and also the 

voltages across the capacitors C3 can be regulated by the turn 

ratio of the coupled inductor.  

 

 
Figure 3 Proposed converter structure (a) High step-up 

converter with a voltage mult iplier module. (b) Equivalent 

circuit  

Due to the utilization of multiple voltage levels on the DC bus, 

the multilevel inverter has ability to reduce the voltage stress on 

each power device. Thus the single leg multilevel inverter 

provide transformer less operation which reduce the harmonics  

in output and achieves the high-voltage, high-power capability. 

In this paper, a fixed DC voltage from high step-up converter is 

given to the multilevel inverter and a controlled AC output 

voltage is obtained by adjusting the on and off time periods of 

the inverter switching components. Then the PID controller was 

used for start-up transient to achieve stable steady-state 

response in the output waveform. 

 

III. S TEADY-STATE ANALYS IS 

The steady waveforms in one switching period of the proposed 

step-up converter as shown in the Figure 4 contain six stages of 
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operation. The proposed step-up converter operates in 

continuous conduction mode (CCM).  

 

Stage 1 [t0, t1]:  

 

In this transition interval, the power switching devices S1 and S2 

are both turned ON to conduct, while all of the diodes are 

reverse-biased. Magnetizing inductors Lm1 and Lm2 as well as 

leakage inductors Lk1 and Lk2 are linearly charged by the 

voltage supply Vin.  

 

Stage 2 [t1, t2]:  

 

In this transition interval, the power switching devices S2 is 

switched OFF, thereby turning ON d iodes D2 and D4. The 

energy which magnetizing inductor Lm2 has stored is transferred 

to the secondary side charging the output filter capacitor C3. 

The voltage supply Vin, magnetizing inductor Lm2, leakage 

inductor Lk2 and voltage-lift capacitor Cv release energy to the 

output filter capacitor C1 via d iode D2 there by extending the 

voltage on the capacitor C1. 

 

Stage 3 [t2, t3]:  

 

In this transition interval, diode D2 automatically turned OFF 

because the total energy of leakage inductor Lk2 has been 

completely released to the output filter capacitor C1. 

Magnetizing inductor Lm2 transfers energy to the secondary side 

charging the output filter capacitor C3 via d iode D4 until time 

period t3.  

 

Stage 4 [t3, t4]:  

 

The operating modes of stages 1 and 4 are similar. In this 

transition interval, the power switching device S2 is turned ON 

while all the diodes are turned OFF. 

 

Stage 5 [t4, t5]:  

 

In this transition interval, the power switching device S1 is 

turned OFF, that turns ON diodes D1 and D3. The energy stored 

in magnetizing inductor Lm1 is transferred to the secondary side 

charging the output filter capacitor C2. The voltage supply Vin 

and magnetizing inductor Lm1 release energy to voltage-lift 

capacitor Cv through diode D1, which stores excess energy in 

Cv. 

 

Stage 6 [t5, t6]:  

 

In this transition interval, diode D1 is automatically switched 

OFF because the total energy of leakage inductor Lk1 has been 

completely released to voltage-lift capacitor Cv. Magnetizing 

inductor Lm1 transfers energy to the secondary side charging the 

output filter capacitor C2 through diode D3 until time period t0. 

 
Figure 4 Steady state waveforms of the proposed converter 

 

IV. DES IGN OF THE PROPOS ED CONVERTER  

 

The proposed system of interleaved boost converter for high 

voltage and high power applications is simulated using 

MATLAB/SIMULINK. The circu its are drawn  using 

SIMPOW ER SYSTEM toolbox. 
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Figure 5 Proposed converter SIMULINK model (a) PID 

controller based High step-up converter. (b) PV panel 

 

The simulated diagram for PID controller based High step-up 

converter and PV panel are illustrated in the Figure 5 (a) and 5 

(b) respectively. 

 

V. EXPERIMENTAL RES ULTS 

 

 
Figure 6 SIMULINK result of step-up converter using PID 

controller (a) voltage (b) current  

 

The Figure 6 (a) shows the SIMULINK result for the PID 

controller based High Step-Up Converter for a PV System with 

a Voltage Mult iplier Module where the x-axis represents time in 

seconds and y axis represents output AC voltage, output DC 

voltage and voltage supply respectively. The Figure 6 (b) shows 

the SIMULINK result for the proposed topology where the x-

axis represents time in seconds and y axis represents inverter 

AC current, converter DC current and supply current 

respectively. 

 

 

VI. CONCLUS ION 

This paper has presented the topological principles, analysis of 

steady state waveforms, and experimental results for a proposed 

step-up converter. The proposed converter based on PID 

controller for a PV System has been successfully imple mented 

in an efficiently high step-up conversion without an extreme 

duty cycle and turns ratio via the voltage multiplier module and 

voltage clamp circuit function. The results indicate that leakage 

energy stored in leakage inductor is recycled through lift 

capacitor to the output terminal. The main switching device that 

enabled to low voltage rated and low on-state resistance 

MOSFET can be selected to restrict the voltage stresses over it. 

Thus, the proposed converter module is suitable for such kind of 

renewable energy applications which need the high step-up 

energy conversion. 
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