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Abstract: In this paper, the simulation analysis of a non-isolated diode rectifier-fed DC-DC boost converter with high 

voltage gain is presented. The proposed two-switch converter is operated in continuous conduction mode (CCM). The 

suggested converter exhibits improved voltage gain compared to the traditional boost converter and other topologies. The 

simulation of the proposed two-switch converter with switching frequency of 50 kHz has been carried out in 

MATLAB/SIMULINK environment. An uncontrolled diode bridge rectifier supplies the rectified DC voltage to the 

proposed DC-DC converter. The AC input supply to the rectifier is 25 V (rms). This voltage is converted into around 24 

V (DC) at the output of the rectifier stage. At the output of the DC-DC converter, a DC voltage of 370 V is obtained for 

the same duty cycle (k) of 70% for the two switches. The converter is capable to provide wide range of high step-up 

output voltage with significantly reduced overshoot and settling time for a range of duty cycle (k). However, the converter 

can produce high value of output voltage at low duty cycle itself. The ripple content in the output voltage is very much 

reduced with the help of a suitable filter capacitor at the output. Further, low voltage stress is observed on the two active 

switches.  
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I. INTRODUCTION 

 

The recent research focus is towards the improvement of the voltage gain of DC-DC converters appropriate for renewable 

energy applications. Despite the robust environmental and financial effects of renewable energy sources like photovoltaic 

(PV) and wind energy conversion, they have low output voltage, and there are some limitations on their use [1]. High-

step-up DC-DC converters have been used to get rid of the restriction [1]. There are two categories of DC-DC conversion 

configurations such as non-isolated and isolated structures. The isolated structures can achieve high voltage conversion 

ratio. However, there are certain drawbacks associated with them [2]-[3]. The transformerless configurations with high 

voltage gain and simple control strategy are preferred for most of the applications.   

 

In recent times, as per the demands of modern applications, certain highly efficient and reduced switch count structures 

have been developed with low switch voltage stress for non-isolated high gain DC-DC converters [4]. Some authors 

summarized the review of certain high step-up non-isolated DC-DC converters [5]-[7]. There are certain voltage boosting 

techniques such as switched capacitor, voltage multiplier, switched inductor, magnetic coupling, and multi-level concept. 

Depending on the application, each of the above techniques has their own merits and demerits in terms of price, 

complexity, power density, and reliability. With the proper duty cycle and low turns ratio, the coupled inductor method 

in combination with the super-lift technique can produce a greater voltage gain with reduced voltage stress on the active 

switches [8]-[9]. The Voltage Multiplier Cells (VMCs), comprised of switched inductors and switched capacitors, are 

employed in DC-DC converters to achieve high voltage gain [10]. The proposed single switch topology proposed in [9] 

has the benefits of reduced switch voltage stress and high voltage gain.  

 

There is a need for improving the DC voltage profile in DC microgrid applications. The high step-up gain DC-DC 

converters play a significant role in DC microgrid for voltage gain improvement [11]. With the available AC supply, the 

DC-DC converters can be energized from AC source through rectifier. The topology of an AC-DC converter with single 

switch capable of producing wide range of voltage gain is proposed for SMPS applications in [12]-[13]. 

 

The traditional DC-DC boost converter can have high voltage gain at high duty ratio [14]-[15]. The high duty ratio of the 

conventional DC-DC boost converters is responsible for the reduction in efficiency of the conversion scheme. The high 
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voltage gain can be achieved by connecting the converters in series. But, it leads to increased cost of conversion.  Certain 

non-isolated positive output converters like SEPIC (Single Ended Primary Inductor Converter) and the CUK converter 

providing inverting output have simple control, reduced complexity, and cost effective. However, the SEPIC structure 

has drawbacks of poor voltage gain and complex duty cycle control for multiple output systems energized by multiple 

inputs.  
 

The drawback of CUK converter is that the proper converter operation requires complex compensation circuitry. 
 

This paper suggests a high step-up non-isolated DC-DC converter with high voltage conversion ratio and reduced ripples 

in the output voltage. The proposed converter is fed by a diode bridge rectifier. The ripples in the output of the rectifier 

are filtered out by a suitable choice of capacitor. The converter has two active switches and less number of passive 

components. The same duty cycle is used for the control of two active switches. Due to the use of two inductors in the 

converter, the voltage gain is improved. At low duty cycle itself, the converter produces high DC output voltage [16]. 

The ripples present in the output voltage of the converter proposed in [15] are further reduced by introducing a suitable 

capacitor at the output. The low voltage stress is observed on the two power switches and the diodes in the converter.  

  

The remaining part of the paper is organized as follows: Section II elaborates on the proposed rectifier-fed DC-DC 

converter topology and its modes of operation. The simulation results and discussion for the proposed high gain DC-DC 

converter are presented in Section III. The features of the proposed work are given in Section IV.  

 

II. PROPOSED NON-ISOLATED DC-DC CONVERTER TOPOLOGY WITH  

IMPROVED VOLTAGE GAIN 

 

The proposed non-isolated DC-DC converter with improved voltage gain is fed by a diode bridge rectifier as shown in 

Fig. 1. The converter is operated in continuous inductor current mode. The converter has two active switches S1 and S2 

with same duty cycle, two identical inductors L1 and L2, four capacitors C1, C2, C3, and C4, and three main diodes D1, D2, 

and D3 respectively. The capacitor C4 acts as filter capacitor for filtering out the ripples present in the DC output voltage 

of the converter.  

               
 

Fig. 1. Power circuit diagram of the proposed non-isolated DC-DC converter with improved voltage gain 

 

The proposed converter topology has two modes of operation. During mode-I operation, both switches S1 and S2 are 

turned ON, the inductor L1 is magnetized by the input voltage (Vdc) and the capacitor (C1) is charged. The diodes D1 and 

D2 are reverse biased, and D3 is forward biased. The inductor L2 is magnetized by the summation of the voltage across 

the capacitor (C1) and the input voltage (Vdc). The filter capacitor C4 supplies the load current. The equivalent circuit of 

the converter for mode-I is shown in Fig. 2. The inductor voltages are given by Equation (1). 

 

dcL1 VV = ;        C1dcL2 VVV +=     (1) 
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Fig. 2. Equivalent circuit of the converter during Mode-I 

 

During mode-II operation, both switches S1 and S2 are turned OFF, and the inductor L1 is demagnetized through the 

capacitor C1 and the diode D1. The diodes D1 and D2 are forward biased, and the diode D3 gets reverse biased. The 

inductor L2 discharges its energy through the diode D1 and the voltage across the capacitor C2 is equal to that of capacitor 

C4. The corresponding equivalent circuit is shown in Fig. 3. The inductor voltages are given by Equation (2). 

 

C1dcL1 VVV −= ;        0dcL2 VVV −=     (2) 

 

 
 

Fig. 3. Equivalent circuit of the converter during Mode-II 

 

The volt-second balance principle is applied to the two inductors L1 and L2 during mode-I and mode-II and the following 

equations (3) and (4) are obtained. 

 

0k)1)(V(VkV C1dcdc =−−+      (3) 

 

0k)1)(V(V)kV(V 0dcC1dc =−−++     (4) 

 

From the above equations, the voltage gain equation (GCCM) of the proposed converter with duty ratio ‘k’ is derived as 

shown by the Equation (5). 
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III.  SIMULATION RESULTS AND DISCUSSION 

 

The proposed rectifier-fed non-isolated DC-DC converter is simulated using the MATLAB/SIMULINK software as 

shown in Fig. 4. The continuous inductor current mode operation of the converter is considered. The switching frequency 

(fs) of the converter is chosen as 50 kHz. The simulation model is developed using the Simulink library and the ‘ode23tb’ 

solver. The MOSFET switches and the diodes are assumed to be ideal.  

 
 

Fig. 4. Simulink model of the proposed converter 

  

Based on the design considerations, the values of passive components are obtained. The simulation parameters and the 

specifications of the converter are listed in Table I and II.  The power graphical user interface (power GUI) is used for 

solving process simulations with a stop time of 5 sec. The duty ratio (k) is chosen as 0.7 for both switches S1 and S2. The 

PWM gating pulses to the MOSFET switches S1 and S2 are shown in Fig. 5. The simulation results of the proposed 

converter are shown in Fig. 6, Fig. 7, Fig. 8, Fig. 9, Fig. 10, Fig. 11, Fig. 12, and Fig. 13 respectively. The simulation 

results demonstrate that the proposed converter has improved output voltage with lower amount of ripples.  

 

TABLE I:   SIMULATION PARAMETERS FOR THE PROPOSED CONVERTER TOPOLOGY  

 

Circuit components Values 

Inductors (L1, L2) 0.5 mH 

Filter Capacitor (C) 100 µF 

Capacitors (C1, C2, C3, C4) 1000 µF each 

Load Resistance (R) 290 Ω 

Duty ratio (k) of the Switch S1 & S2 0.7 

 

TABLE III:   SPECIFICATIONS OF THE PROPOSED CONVERTER TOPOLOGY  

 

Specifications Values 

Input AC voltage (Vi) (35 / 2 ) V (rms) 

Output voltage (V0) 371 V (DC) 

Switching frequency (fs) 50 kHz 

Maximum output power (P0)  474 W 

Average output current (I0) 1.28 A 
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Fig. 5. PWM pulse waveform for the switches S1 and S2 

 

 
 

Fig. 6. Input AC voltage waveform 

 

 
Fig. 7. Input AC current waveform 
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Fig. 8. DC input voltage (Vdc) 

 

 
 

Fig. 9. DC input current (Idc) 

 

 
 

Fig. 10. Voltage stress across the Switch S1 
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Fig. 11. Voltage stress across the Switch S2 

 

 
Fig. 12. Load voltage (V0) 

 

 
Fig. 13. Load current (I0) 
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IV.  CONCLUSION 

 

This paper presents the simulation analysis of a rectifier-fed high gain DC-DC converter operated in continuous inductor 

current mode. The AC input voltage is 35V (max). The AC supply frequency is taken as 50 Hz. The converter has been 

simulated in MATLAB / SIMULINK environment. The switches are triggered using Pulse Width Modulation (PWM) 

pulses produced by pulse generator. The duty ratio (k) of 0.7 is used for both active switches.  The results demonstrate 

that the proposed converter is capable of producing output voltage (V0) of 371 V which is 15.44 times the average input 

DC voltage (Vdc) of 24 V. The proposed converter exhibits improved voltage gain at low duty cycle itself. The switching 

losses and the voltage stress across the switches are found to be low. The ripple content in the DC output voltage is found 

to be less than 5% due to the proper selection of filter capacitor C4. The suggested converter may find applications in 

electric vehicle and renewable energy based power generation.        

 

REFERENCES 

 

[1]. E. Babaei, H. M. Maheri, M. Sabahi, and S. H. Hosseini, “Extendable nonisolated high gain DC–DC converter based 

on active–passive inductor cells”, IEEE Transactions on Industrial Electronics, Vol. 65, No. 12, pp. 9478-9487, 

2018..  

[2]. A. Chub, D. Vinnikov, F. Blaabjerg, and F. Z. Peng, “A review of galvanically isolated impedance-source DC-DC 

converters”, IEEE Transactions on Power Electronics, Vol. 31, No. 4, pp. 2808-2828, 2016. 

[3]. M. A. Chewale, R. A. Wanjari, V. B. Savakhande, and P. R. Sonawane, “A review on isolated and non-isolated DC-

DC converter for PV application”, IEEE International Conference on Control, Power, Communication and 

Computing Technologies (ICCPCCT), pp. 399-404, 2018. 

[4]. P. Shaw, M. D. Siddique, S. Mekhilef, and A. Iqbal, “A new family of high gain boost DC-DC converters with 

reduced switch voltage stress for renewable energy sources”, International Journal of Circuit Theory and 

Applications, Vol. 51, No. 3, pp. 1265-1285, 2022. 

[5]. W. Li and X. He, “Review of nonisolated high-step-up dc/dc converters in photovoltaic grid-connected applications”, 

IEEE Transactions on Industrial Electronics, Vol. 58, No. 4, pp. 1239–1250, 2011. 

[6]. F. Mumtaz, N. Z. Yahaya, S. T. Meraj, B. Singh,  Ramani Kannan, and O. Ibrahim, “Review on non-isolated DC-

DC converters and their control techniques for renewable energy applications”, Ain Shams Engineering Journal, 

Vol. 12, No. 4, pp. 3747-3763, 2021. 

[7]. K. Shruthi and D. Murali, “A review of non-isolated high step-up DC-DC converter structures and simulation 

analysis of a high gain quadratic converter”, International Journal of Innovative Research in Electrical, Electronics, 

Instrumentation and Control Engineering, Vol. 11, No. 1, pp. 23-29, 2023. 

[8]. M. Forouzesh, Y. P. Siwakoti, S. A. Gorji, F. Blaabjerg, and B. Lehman, “Step-up DC–DC converters: A 

comprehensive review of voltage-boosting techniques, topologies, and applications”, IEEE Transactions on Power 

Electronics, Vol. 32, No. 12, pp. 9143-9178, 2017. 

[9]. R. Fani, E. Farshidi, E. Adib, and A. Kosarian, “Analysis and implementation of high step-up DC/DC convertor with 

modified super-lift technique”, Journal of Power Electronics, Vol. 19, No. 3, pp. 645-654, 2019. 

[10]. M. Zaid, C. -H. Lin, S. Khan, J. Ahmad, M. Tariq, A. Mahmood, A. Sarwar, B. Alamri, and A. Alahmadi, “A 

family of transformerless quadratic boost high gain DC-DC converters”, Energies, Vol. 14, pp. 1-25, 2021. 

[11]. J. Ahmad, M. Zaid, A. Sarwar, C. -H. Lin, M. Asim, R.K. Yadav, M. Tariq, K. Satpathi, and B. Alamri. “A new 

high-gain DC-DC Converter with continuous Input current for DC microgrid applications”, Energies, Vol. 14, pp. 

1-14, 2021. 

[12]. L. Sri Sivani, B. Nagi Reddy, K. Subba Rao, and A. Pandian. “A new single switch AC/DC converter with 

extended voltage conversion ratio for SMPS applications”, International Journal of Innovative Technology and 

Exploring Engineering, Vol. 8, No. 3, pp. 68-72, 2019. 

[13]. D. Murali and S. Annapurani, “A High Voltage Gain Rectifier-fed Two-stage Step-up DC-DC Converter with 

PI Controller”, International Journal of Engineering Applied Sciences and Technology, Vol. 4, No. 8, pp. 160-164,  

2019. 

[14]. Y. P. Hsieh, J. F. Chen, T. J. Liang, and L. S. Yang, “Novel high step-up DC-DC converter for distributed 

generation system”, IEEE Transactions on Industrial Electronics, Vol. 60, No. 4, pp. 1473-1482, 2013. 

[15]. C. Hua, C. Leu, Y. Jiang, and F.C. Lee, “Novel zero-voltage-transition PWM converters”, IEEE Transactions 

on Power Electronics, Vol. 9, No. 2, pp. 213-219, 1994. 

[16]. S. S. Lee, B. Chu, C. S. Lim, and Kyo-Beum Lee, “Two-Inductor Non-Isolated DC-DC Converter with High 

Step-Up Voltage Gain”, Journal of Power Electronics, Vol. 19, No. 5, pp. 1069–1073, 2019. 

https://ijireeice.com/

