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ABSTRACT 

  Shortage in Power, Depleting Non- renewable resources has started a revolution towards the use of 

renewable energy sources. More than quantity, the rate of energy conversion or the quality/efficiency of energy 

conversion plays an important role. In this paper, we discuss the various types of DC-DC converters for the 

efficient conversion of solar energy. Solar energy being globally found, if harnessed to full potential would lead to 

an out surge of Power removing the entire energy crisis of the word. One problem with the solar energy is the 

conversion factor, when solar panel absorbs the solar energy it gives out un-regulated DC output, which cannot be 

used for further applications. In order to overcome this, we compare the various types of DC-DC converters-CUK, 

SEPIC, ZETA and obtain a result. The best converter is obtained with proper simulation in MATLAB software. We 

also apply the best converter to an automobile application for an efficient energy transfer. 
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INTRODUCTION 

A DC-to-DC converter is an electronic circuit which converts a source of unregulated/regulated direct 

current (DC) from one voltage level to another regulated voltage level. Switched DC to DC converters offer a 

method to increase voltage from a partially lowered battery voltage thereby saving space instead of using multiple 

batteries to accomplish the same thing also most DC to DC converters regulate the output voltage. There are 

developed to maximize the energy harvest from renewable resources for photovoltaic systems and wind turbines. In 

this paper, individual performance analysis of various switched DC – DC converters n amely CUK, SEPIC and 

ZETA, were carried out. The best efficient converter was hence found. Further its real-life applications in 

automobile sectors were also discussed.  

TYPES OF SWITCHED MODE DC-DC CONVERTERS 

CUK converter: CUK is essentially a boost converter followed by a buck converter with a capacitor to couple the 

energy. The main applications of this circuit are in regulated dc power supplies, where a negative polarity output 

may be desired with respect to the common terminals of the input voltage and the average output is either higher or 

lower than the dc input voltage. The cuk converters have low switching losses and the highest efficiency. It can 

provide better output current characteristics due to the inductor on the output stage.  

Output voltage is given by:  

WORKING: The CUK converter is a step-down/step-up converter based on a switching boost-buck 

topology. Essentially, the converter is composed of two sections, an input stage and an output stage. The input 

voltage V1 is fed into the circuit via inductor L1. When MOSFET is on, current I builds the magnetic field of the 

inductor in the input stage. The diode D1 is reverse biased, and energy dissipates from the storage elements in the 

output stage. When MOSFET turns off, inductor L1 tries to maintain the current flowing through it by reversing 

polarity and sourcing current as its magnetic field collapses. It thus provides energy to the output stage of the 

circuit via capacitor C1. R1 is the LOAD to the circuit. 

 
 

Fig.1Design of CUK converter Fig.2 CUK Converter simulated output 
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SEPIC CONVERTER 

SEPIC stands for Single Ended Primary Inductor Converter, is a type of converter, similar to a traditional 

buck-boost converter. Working of the SEPIC converter, When the MOSFET is closed, the capacitor and inductor 

charges. When the MOSFET opens, the capacitor discharges, boosting the output voltage. Based on the values 

inductor capacitor, the characteristics of SEPIC converter would be either buck type or boost type. SEPIC converter 

has advantages of having non-inverted output (the output has the same voltage polarity as the input), using a series 

capacitor to couple energy from the input to the output (and thus can respond more gracefully to a short-circuit 

output), and being capable of true shutdown. However, it suffers a disadvantage of fairly hefty transient dump of 

charge before it delivers a constant output. 

 

 

Fig.3 Design of SEPIC converter Fig.4 SEPIC Converter simulated output 

ZETA CONVERTER 

The ZETA converter topology provides a positive output voltage from an input voltage that varies above 

and below the output voltage. The ZETA converter needs two inductors and a series capacitor, sometimes called a 

flying capacitor. Unlike the SEPIC converter, which is configured with a standard boost converter, the ZETA 

converter is configured from a buck controller that drives a high-side PMOSFET. The ZETA converter is another 

option for regulating an unregulated input-power supply. Working: When the MOSFET switch is “on”, and the 

diode D is “off”. The inductor L1 stores the energy received from the rectifier. The capacitor C1 supplies energy to 

the load (R) via the inductor L2, and the capacitor C2 the currents through the inductors L1 and L2 increase 

linearly, while no current flows through the diode. When the MOSFET switch is “off”, and the diode D is “on”. 

The diode D is forward biased due to the voltage across the inductor Lm has reversed polarity, while the currents 

IL1 and IL2 decrease linearly. The stored energy in the inductor L1 is transferred to the capacitor C2. The load R 

receives energy from the inductor Lo. Hence, the current iD=iC2+iL1. To minimize board space, a coupled 

inductor can be used. It has an advantage of minimal components being used. 
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Fig.5 Design of ZETA converter Fig.6 ZETA Converter simulated output 

COMPARION OF CUK, SEPIC, ZETA CONVERTER 

All the three converters are designed for a standard application need. We had consider a solar panel as the 

input. The input range being 8-14 Volts. The simulation was designed such that for the varying input voltage, the 

output voltage must be constant 24 Volts. The sampling time was fixed at 50microSeconds and the simulation was 
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proceed and the results were obtained. By analyzing the results obtained, the above mentioned converter circuits, a 

comparison table (table 1.) is formed discussing various output parameters.  

Table: 1 Comparison Table 

Parameters CUK SEPIC ZETA 

Output Voltage INVERTED NON-INVERTED NON-INVERTED 

Settling Time 0.2 0.9 0.15 

Ripple Current in load 0.85 0.56 0.72 

Rise time 0.06 0.4 0.03 

Transients in Output LESS HIGH LESS 

By referring the above table and output response of various converters, it was seen that ZETA converter 

proved to be the most effective and efficient converter satisfying all the required parameters. 

VI.REASONS FOR OPTING ZETA CONVERTER 

1. Provides a non-inverted output. 

2. Stable output response is obtained. 

3. Control over the circuit, proves to be effective. 

4. Fewer transients in the output response. 

5. Circuit losses is less when compared to SEPIC converter. 

APPLICATIONS 

Zeta Converter can be employed for various applications as it can be tuned to different ranges. For a small 

solar panel of range 8-12 Volts unregulated supply, a controlled 24 Volts can be obtained. Thus when a solar panel 

is incorporated in a vehicle/automobile design this small ZETA converter device can be fitted and used to obtain 

regulated DC sources supply on the go. One such good examples of using the ZETA converter is the “Automotive 

battery” that can be recharged with solar power. Here the converter here works similar to an adaptor, where it 

regulates the Sun’s solar energy to usable range for DC power to charge the battery. Advantages of this battery is 

the battery recycling. Battery recycling of automotive batteries reduces the need for resources required for 

manufacture of new batteries, diverts toxic lead from landfills, and prevents risk of improper disposal. Some of the 

other Application for Zeta converter, powered by solar energy, in automobile sector, can be,  

1. Inbuilt mobile charger in vehicles 

2. Rechargeable Car Batteries, etc.    

CONCLUSION 

The objective of this comparison was to find the converter which efficiently converts the solar or any other 

renewable energy. For the effficient energy transfer we are employing a DC-DC converter and analysing it. Of the 

three most commonly used converters,CUK, SEPIC, ZETA the best converter was chosen after simulation and 

compared results. The best converter obtained was ZETA, with maximun efficiency. Thus by using such efficient 

energy transfer  technique, more and more renewable resources powered devices will be used, thereby  reducing the 

rate of consumption of nonrenewable sources. Currently many Automotive devices are getting powered by Solar 

power, making ZETA converter more preffered converter for the devices because of its compact size and rating. 

The future applications of this converter is also listed above. 
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