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Abstract:  

This paper presents the design and simulation of a DC-DC converter, namely, 

Ćuk converter. The step-down mode of the converter is designed and then 

simulated in MATLAB/SIMULINK and the results discussed. The converter uses 

17V DC as its input voltage and 12V DC as the desired output voltage. This 

converter can be used in photovoltaic solar charge controllers to either step up 

or step down the fluctuating DC voltage from the solar panels for effective 

battery charging. To further enhance the charging process and to extend the 

battery life, the design of the Ćuk type converter becomes paramount. The Ćuk 

converter has several advantages over its counterparts. 
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INTRODUCTION 

A DC-DC converter is an electronic circuit that converts direct current (DC) 

supply from one voltage level to the other by changing the duty cycle of the 

main switches in the circuit (Mahesh et al. 2014). The DC-DC converters are 

widely used in regulated switch-mode dc power supplies and for dc motor 

drives applications (Dwivedi et al. 2014). In most cases the input of this 

converter is an unregulated dc voltage, which is obtained by rectifying the line 

voltage and hence, it fluctuates due to changes in the line voltage magnitude. 

Switch-mode DC-DC converters are used to convert the unregulated dc input 
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into a regulated dc output for a desired voltage value, Ejury J. (2013). The heart 

of Maximum Power Point Tracking (MPPT) hardware is a switch-mode DC-

DC converter (Chafle et al. 2013). MPPT uses the converter for a different 

purpose: regulating the input voltage at the PV MPP and providing load 

matching for the maximum power transfer (Rahman et al. 2012) and (Preeja 

and Kayalvizhi, 2014). 

 

The major advantages of Ćuk converter over the other types are [5]: 

• Both the input current and the current feeding the output stage of the Ćuk 

converter are reasonably ripple-free.    

• Ćuk converter is also able to step up and down the voltage. It uses a 

capacitor as the main energy storage which results in a continuous output 

current.     

• The Ćuk converter circuit has lower switching losses and higher 

efficiency.  

• Ćuk converter does not allow electromagnetic interference like others.   

In this paper, the Ćuk converter is assumed to operate in a Continuous 

Conduction Mode (CCM) and designed to function as a step-down converter. 

Thereafter, the model-based circuit will be simulated and the output voltage and 

current levels and response curves are discussed. 

 

OPERATION PRINCIPLES OF THE PROPOSED DC-DC 

CONVERTER 

DC-DC converter is a power electronic circuit that changes the level of its input 

by altering the pulse width modulation (PWM) waveform by adjusting the ON-

OFF timings thereby keeping the output at the desired value (Lindiya & 

Iyyappan, 2012). Many different types of converters with a variety of control 

schemes were used. With the increase in circuit complexity and improved 

technology, a more severe requirement for accurate and fast regulation is 

necessary (Pradhan et al. 2013). This has led to the need for newer and more 

reliable design of DC-DC converters. 

 

Ćuk Converter Operation 

The basic non-isolated Ćuk converter is shown in Figure 1. It is one of the basic 

DC-DC converters that has negative voltage at its output which can be higher 

or lower than the input. It has the advantage of having higher efficiency and 

lower ripple currents and reduced switching losses [5]. 
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Figure 1: Schematic Diagram of Basic Ćuk Converter 

The converter circuit operates in two different modes. During mode 1, when the 

switch T is closed, the current through inductor L1 increases. At the same time 

the voltage of capacitor C1 reverse biases diode D and turns it off. The capacitor 

C1 discharges its energy to the circuit formed by C1, C, L2 and the load. 

During mode 2, when the switch T is open, the diode D is forward biased and 

capacitor C1 is charged through L1, input supply Vd and D. The energy stored in 

the inductor L2 is transferred to the load.  

 

METHODOLOGY 

The research methodology employed the use of Matlab/Simulink software to 

design and simulate the DC-DC converter. The Simulink model of the Ćuk 

converter is shown in figure 2. The model consists of a PWM generator block 

that is responsible for producing PWM pulses of varying duty cycle. Hence, the 

values of the duty cycle, inductors and capacitors for the step-down mode 

operation of the converter are calculated under the design considerations. 

 

Ćuk Converter Design 

The Ćuk converter can step the voltage either up or down, depending on the 

duty cycle. 

The desired output voltage for the Ćuk converter design is 12V. The input is 

also assumed to be 17V. 

Output voltage and the duty cycle are related as shown in Equation (1). 

  Vo = −Vd [
D

1−D
]        (1) 

The switching frequency is chosen as Fs = 120 kHz with a Time period T =
0.083ms. 

Design equations for non-isolated Ćuk converter elements are shown in 

Equations (2) to (5). 

L1min ≥
(1−D)2R

2DFs
        (2) 

L2min ≥
(1−D)R

2Fs
        (3) 
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C1min ≥
D

2FsR
         (4) 

C2min ≥
1

8FsR
         (5) 

The calculated values of the designed variables are; D = 0.41, L1 = 1.8mH, 

L2 = 1.2mH, C1 = 3.4μF, C2 = 21µF and R = 5Ω. 

 

RESULTS AND DISCUSSION 

The Ćuk converter circuit model is shown in Figure 2. It consists of two 

inductors, two capacitors, a diode and a transistor switch. The parameters 

calculated were used during the simulation of the circuit model in the 

MATLAB/SIMULINK environment. Its output voltage and current responses 

are shown in Figures 3 and 4 respectively. 

From the results shown in figures 3 and 4, it can be seen that the respective 

output voltage and current responses of the converter are reasonably ripple-free. 

The settling time for both responses is relatively fast, nearly 5ms. The desired 

output voltage value of 12V can be seen to have been realized. Both the output 

voltage and current are seen to be negative, but can be made positive by simply 

adding a gain block with a magnitude of -1 to each output. 

 

 
Figure 2: Ćuk Converter Simulation in Matlab/Simulink 
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Figure 3: Ćuk Converter Output Voltage Response in Step-Down Mode 

 

 
Figure 4: Ćuk Converter Output Current Response in Step-Down Mode 
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CONCLUSION 

The DC-DC step down conversion using Ćuk converter has been carried out for 

constant voltage applications. The converter has been designed to deliver 12V 

at its output. The step down capability of the converter is presented on the basis 

of simulation in MATLAB/SIMULINK. The design concept is validated 

through simulation and results obtained showed that the step down conversion 

using Ćuk converter has higher efficiency and lower switching losses. Also, the 

result shows that the Ćuk converter is reasonably ripple-free. 
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