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------------------------------------------------------------ABSTRACT----------------------------------------------------------

Renewable energy systems offer environmental and economic advantages in producing energy compared to the 

conventional fossil fuel systems. However, the renewable energy generated by these sources such as 

photovoltaic cells has a low-voltage output characteristic, and for most potential applications, a high boost DC-

DC converter is required. The selection of an appropriate converter topology is an important and fundamental 

aspect of designing a photovoltaic cell system as the converter alone plays a major role in determining the 

overall performance of the system. A number of modified high step-up converter topologies have been proposed 

in order to increase the voltage conversion ratio. However, the converter efficiency is quite low because of the 

leakage inductance energy stored in the auto-transformer and the coupled inductors. Therefore, this research 

develops a converter topology which is based on the incorporation of the voltage multiplier module and the 

conventional boost converter in order to achieve a high voltage gain. The develop topology of the DC-DC boost 

converter has been modelled and simulated using MATLAB/SIMULINK software package. A novel topology for 

DC-DC boost converter, with new switching techniques; higher efficiency and improve performance in term of 

duty ratio and output voltage is presented. The simulation result shown to demonstrate the effectiveness of the 

developed high step-up single-switch DC-DC converter for low-input and high-output voltage systems. The 

results also show that incorporation of the voltage multiplier module to the conventional boost converter, step-

up voltage-conversion ratio yields a maximum efficiency of 96%. 
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I INTRODUCTION 

Renewable energy systems offer environmental and economic advantages in producing energy 

compared with the conventional fossil fuel systems. The renewable energy sources such as photovoltaic (PV) 

arrays have received increasing attentions due to energy shortage and environmental contamination [1]. Such 

renewable energy systems typically generate low voltage output. Therefore, high step-up DC-DC converters are 

widely employed in many renewable energy system applications. The output voltage generated from a single PV 

panel is about 15V to 40V [2]. This voltage level is not sufficient for the dc-link voltage of a single-phase 

inverter to generate the ac power with 220V grid voltage. However, to step up the low output voltage up to the 

higher level, a conventional boost converter is commonly used because of its simple structure and control. 

Unfortunately, it cannot achieve a high step up conversion with high efficiency due to the extreme duty cycle 

operating limitations. Many researchers proposed modification to the DC-DC boost converter topologies in 

order to increase the voltage conversion ratio [3]. The modified single-ended primary inductance converter 

(SEPIC) with the combination of an auto-transformer and the coupled inductors is introduced to photovoltaic 

application in order to increase the voltage gain of the converter [4]. 

The DC- DC converter input is an unregulated DC voltage and the output is a constant or regulated 

voltage. The regulators can be mainly classified into linear and switching regulators. All regulators have a 

power transfer stage and a control circuitry to sense the output voltage and adjust the power transfer stage to 

maintain the constant output voltage. State space analysis is typically used to develop a small signal model of a 

converter and then depending on the type of control scheme used, the small signal model of converter is 

modified to facilitate the design of the compensation network [5]. 
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From the above, a number of step-up converter topologies have been proposed by researchers in order 

to increase the voltage conversion ratio. Advances in semiconductor switching capability combined with the 

desire to improve the efficiency and performance of converter is very important. The electronic device used for 

the switch will not be perfect and will have losses. However, the efficiency of the converter can still be quite 

high (more than 90 percent). The inductor resistance also has an effect on the power efficiency of converters. 

Efficiency is the ratio of output power to output power plus losses. In [6], a current source is added for the 

control purposes at the output of the converter to represent a load disturbance in the model. In [7], the averaged 

model of the power electronic switch and diode are replaced by the combination of controlled current and voltage 

sources. However, the converter efficiency is very low (90%) as a result of the leakage inductance energy stored 

in the auto-transformer and the coupled inductors. Clearly, these reported topologies do not provide required 

efficiency and high voltage gain. Therefore, this research develop a converter topology which is based on the 

incorporation of the voltage multiplier module and the conventional boost converter in order to achieve 

efficiency (high voltage gain) of approximately 96%. 

In this research the high step-up DC-DC converter with a single power switch will be proposed for 

photovoltaic system applications. A new topology for the proposed high step-up boost converter will be 

developed that has higher efficiency; high power output compared to conventional boost converter which 

delivers constant output voltage for solar photovoltaic applications. In order to boost the low output voltage of 

PV system to a higher level, a conventional boost converter is commonly used because of its simple structure 

and control. Unfortunately, it cannot achieve a high step up conversion with high efficiency due to the extreme 

duty cycle operating limitations. A number of modified high step-up converter topologies have been proposed in 

order to increase the voltage conversion ratio. However, the converter efficiency is quite low because of the 

leakage inductance energy stored in the auto-transformer and the coupled inductors. This research will develop a 

new topology for DC-DC converters that has higher efficiency; high power output and gives constant output 

voltage for solar photovoltaic applications. 

 

II MATERIAL AND METHOD 

A novel high step-up DC-DC converter topology is developed as shown in Fig. 1. In order to achieve 

the high boost conversion ratio, the developed converter configuration is basically based on two parts; the 

voltage multiplier module in the first stage and the conventional boost converter in the second stage. As it can 

be seen in Fig 1, the developed converter consists of only one switch, the input inductor L1, the output diode DO, 

the filter capacitor CO, the inductor L2, the dc-link capacitor C3. The voltage multiplier cell is configured from 

two identical capacitors, C1 and C2, and three diodes, D1, D2 and D3. The blocking diode D4 is between the 

voltage multiplier module and the boost converter. 
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Fig. 1 the developed high boost DC-DC converter configuration The operation of the converter during 

one switching period can be basically divided into four modes. The operating principle of the developed 

converter can be described briefly as follows: 

 

Mode 1: the switch S and the diode D3 are turned on. The remaining diodes are all OFF. Vs and C1 deliver 

energy to L1 and L2. Thus, during this operation mode, both iL1 and iL2 increase linearly to store energy in L1 and 

L2, respectively. The capacitor C3 is charged. The output power is supplied from capacitor CO. 
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Mode 2: the switch S remains conducting and diode D3 is off. The diodes D1, D4 and DO remain reversely biased 

but D2 is forward biased. The energy stored in C3 is released through L2. The capacitors C1 and C2 are now in 

charging and discharging stages, respectively. 

Mode 3: the switch S is turned OFF but D2 becomes reversely biased. The diodes D1, D3 and DO are in forward 

biased state. The inductor L1 releases energy to C2 while C1 delivers energy to L2 through D3. In addition, the 

output filter capacitor CO is supplied from the energy stored in L2 through DO. 

Mode 4: the switch S is still in turned-OFF state and D1 becomes reversely biased. The diodes D3 and DO remain 

in forward-biased state. The energy stored in L1 and C1 is transferred the boost converter side charging the 

output capacitor filter CO via diodes D3 and DO. 

 

III MODELING OF THE HIGH STEP-UP DC-DC CONVERTER 

The high step-up DC-DC converter circuit consists of following components as shown in Fig. 1: 

inductor, diode; electronic switch and output capacitor. The converter generally has two modes of operation; that 

is, the continuous conduction mode (CCM) and discontinuous conduction mode (DCM). In CCM, which has been 

used in this research, the inductor current is constantly greater than zero. The converter switching always occurs 

at a constant frequency fs.  

By its nature, the high step-up DC-DC converter is a nonlinear system. To transform it into a linear 

form, the state space averaging method is used to approximate it to a continuous nonlinear system and the 

linearization is used to approximate the resulting nonlinear system to a linear model as reported in [6]. The initial 

step in the state space averaging technique is the formation of the state equations that describe the first and second 

intervals. 

 

IV SIMULATION RESULTS AND DISCUSSIONS 

To verify the effectiveness of the developed high boost DC-DC converter, simulation has been 

presented using MATLAB/SIMULINK. The developed high boost DC-DC converter scheme is modelled in 

Simulink as shown in Figure 2. The model parameters of the developed converter shown in Fig. 2 is designed as 

L1, L2 = 15 mH because selecting a very large inductor and capacitors will greatly decrease ripples but also 

inductor resistance directly affect power efficiency so it should be as low as is practicable, C1, C2 = 100μF and 

C3 = 150 μF, while CO = 100 μF and R = 20Ω. Here the situation where the load changes suddenly from one 

value of load resistance to another is considered. This is particularly interesting because it is a typical problem 

for power electronics, where the power supply is supposed to compensate quickly for the load variation.  

 

 
Fig. 2 MATLAB SIMULINK model of the proposed system with DC source. 

 

Figure 3 and 4 shows the simulation result with the voltage multiplier and constant load. The input 

voltage is a photovoltaic source. At time 0.5 ms, maintain a constant voltage output of 34.1 V and the input 

voltage varies between 1 V to 17.3 V. From this result one can say that the converter regulate the output voltage 

at a steady-state voltage of 34.1 V. It means that the converter completely reduced the effect of the ripple 

disturbance in the input voltage.  
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Figure 5 shows the simulation result with the voltage multiplier and constant load. The input voltage is a 

photovoltaic source. At time 0.5 ms, maintain a constant current output of 7.1A and the input current of 1.2 A. 

From this result one can say that the converter regulate the output current at a steady-state voltage of 7.1A. 

The high step-up boost DC-DC converter developed which can step-up a low input voltage to a high level 

without an extremely large duty cycle, is really suitable and applicable in the PV system since it is capable of 

achieving optimal operation regardless of the load value and better performance efficiency. 

 
Figure 3 Simulation result of output voltage with voltage multiplier 

 
Figure 4 Simulation result of input voltage with voltage multiplier 
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Figure 5 Simulation result of current with voltage multiplier 

 

Figure 6 and 7 shows the simulation result under step load change with photovoltaic source. The input voltage 

varies between 1V to 17.3V. At time 4.2 ms, a step load change occurs, the load resistance changes from 20Ω to 

10Ω. As a result of this change, it is shown that the inductor current 6.8A. The drop in the regulated output 

voltage went down by 18 V and it took about 0.2 ms for it to attain constant again. From this result one can say 

that the converter accomplish to regulate the output voltage at a steady-state voltage of 34.1V. It means that the 

converter completely reduced the effect of the ripple disturbance in the input voltage.  

 

 
Figure 6 Simulation result of voltage with voltage multiplier under load variation 
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Figure 7 Simulation result of current with voltage multiplier under load variation 

 

V PERFORMANCE COMPARISON OF THE HIGH STEP-UP DC-DC CONVERTERS 

For demonstrating the performance of the developed converter, the developed converter is compared 

with other high step-up converters introduced in [2] and [8]. The high step-up converter introduced in [2] is also 

suitable as a candidate for high step-up, high-power conversion of the PV system, and the other high step-up 

converter introduced in [8], which is an asymmetrical cascaded structure as developed converter is favorable for 

DC-Microgrid applications. The voltage conversion ratio characteristic of the developed converter as a function 

of duty cycle is shown in Fig. 8a. As can be seen, a much higher voltage conversion ratio of the developed 

converter can be achieved than that of the other two boost converters over a range of duty cycle as in Fig. 8b and 

8c respectively. In addition, it is clear that the developed converter can provide a high voltage gain without the 

extreme duty cycle.  

 

 
(a) 
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(b) 

 
(c) 

Fig. 8 Performances comparison of the developed high step-up DC-DC converter conversion ratio 

characteristic and other converters. 

 

VI CONCLUSION 

A number of step-up converter topologies have been proposed by researchers in order to increase the 

voltage conversion ratio. In some, a current source is added for the control purposes at the output of the converter 

to represent a load disturbance in the model or the averaged model of the power electronic switch and diode are 

replaced by the combination of controlled current and voltage sources. However, the converter efficiency is very 

low as result of the leakage inductance energy stored in the auto-transformer and the coupled inductors. Clearly, 

these reported topologies do not provide required efficiency and high voltage gain. Therefore, this research 

proposes converter topology which is based on the incorporation of the voltage multiplier module and the 

conventional boost converter in order to achieve a high voltage gain. 

The operating principle and steady analysis as well as a comparison with other boost converters are 

presented. Thus, the proposed converter is suitable for PV systems or other renewable energy applications that 

need high step-up high-power energy conversion.  

 

REFERENCE 
[1]. seng, K C., Huang C C. and Shih W.Y. A high step-up converter with a voltage multiplier module for a photovoltaic system. IEEE 

Trans. Power Electron, 28(6), 2013, pp. 3047-3057. 

[2]. Chen S. M., Liang T. J., Yang L. S. and Chen J.F. A boost converter with capacitor multiplier and coupled inductor for ac module 

applications; IEEE Trans. Ind. Electron., 60(4), 2013, pp. 1503-1511. 
[3]. Li W. and He X.. Review of Non-isolated High-Step-Up DC/DC Converters in Photovoltaic Grid-Connected Applications. IEEE 

Trans. Industrial Electronics, 58(4), 2011, pp. 1239-1250. 



Modeling And Simulation Of Novel Topology For Dc-Dc Boost Converter For 

DOI:10.9790/1813-0705017582                                      www.theijes.com                                                  Page 82 

[4]. Ghasemi A., Eilaghi S.F. and Sdib E. A new non-isolated high step-up SEPIC converter for photovoltaic applications. (PEDSTC), 

2012, pp.51-56.  
[5]. Smedley K. and Cuk S., Switching flow-graph nonlinear modeling technique, IEEE Trans. Power Electron., vol. 9, no. 4, 1994, pp. 

405–413. 

[6]. Bacha, S., I. Munteanu, and A.I. Bratcu. Power Electronic Converters Modeling and Control: with Case Studies, Imprint: Springer; 
2013, pp.179-186 

[7]. Abdullah, M.A. Chee W. T., Yatim A.H.M., Al-mothafar M. R. D., and Saleh R. M., Input Current Control of Boost Converters 

using Current-Mode Controller Integrated with Linear Quadratic Regulator. International Journal of Renewable Energy Research 
(IJRER), 2(2): 2012, pp. 262-268 

[8]. Hwu K. I. and Yau Y. T., A KY boost converter, IEEE Transactions on Power Electronics, vol. 25, no. 11, 2010, pp. 2699–2703. 

 

J. D. Jiya, B. U. Musa." Modeling And Simulation Of Novel Topology For Dc-Dc Boost Converter For 

Solar Pv Applications. " The International Journal of Engineering and Science (IJES) 7.5 (2018): 75-82 


