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Abstract— This paper aims at design and simulation closed loop 

synchronous single ended primary inductor converter (SEPIC) 

and synchronous ZETA converter are designed for stand-alone 

photovoltaic system. The biggest advantage being the circuit can 

produce both buck and boost operation. Here   diode is replaced 

by pulse width modulation controlled switch to obtain an 

increase in efficiency. The output voltage ripple and output 

voltage stability for different load conditions are studied for both 

converters. The proposed synchronous SEPIC and ZETA 

converters are simulated in MATLAB Simulink. Hardware 

design of ZETA converter is built and results are compared with 

the corresponding simulation results.  
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I. INTRODUCTION 

olar, wind, hydro, biomass and geothermal are the 

renewable energy sources used for the production of 

electricity. Photovoltaic system (PV) is clean renewable 

energy technique. Nowadays renewable energy sources are 

mostly used for generation of electricity since they are 

renewable, pollution free and easy production. 

   The DC-DC power electronics converter circuits are used to 

obtain the regulated output from variable input supply [1] [2]. 

This converter is very helpful for solar applications during 

less solar and night. Sliding mode controlled converter is 

most effective converter for photovoltaic maximum power 

point tracking (MPPT) applications [3]. For solar installation 

open loop and closed loop controlled buck converter is 

implemented [4]. This converter is not useful during less solar 

and night time because during less solar supply this circuit 

will not going to boost the supply voltage to meet the loads. 

To overcome this problem pulse width modulation (PWM) 

based buck-boost converter with robust voltage regulation 

DC-DC converter circuit is designed [5]. A synchronous cuk 

converter is designed for photovoltaic energy system and it is 

simulated in MATLAB Simulink [6]. The conventional buck-

boost converter and cuk converters were compared on the 

basis of optimum magnetics [7].  

   In this paper synchronous SEPIC and synchronous ZETA 

converters are designed and simulated. The converters will 

work in both buck mode and boost mode. The circuit is 

designed by considering the voltage ripple and current ripple. 

These circuits will work in both continuous and discontinuous 

mode depending on the duty cycle. The section II introduces 

the stand alone photovoltaic system. In section III synchronous 

SEPIC and synchronous ZETA converters are presented 

(design). The section IV shows simulation of both converters 

(open & closed). The conclusion is given in V section.  

II. The STAND-ALONE PHOTOVOLTAIC SYSTEM 

   The stand-alone PV system uses the storage system to fulfill 

the load demand during night time and less solar irradiance. 

To maintain the voltage constant at specific value DC-DC 

converter will reduce the charge current continuously like a 

battery. Fig. 1 shows the PV system block diagram which 

consists of photovoltaic system, synchronous SEPIC or ZETA 

converter controlled by PWM switching technique and the DC 

load block. 

 

 
Fig. 1 PV system 

 

   The photovoltaic system takes irradiance and temperature as 

the input parameters. The switches in the converters are 

controlled using PWM signals by applying the proper duty 

cycle. 

   The PV system consists of combined series or parallel 

combination of PV solar modules which are combination of 

PV cells usually assembled in series. By the principle of 

photovoltaic effect the PV cell converts light energy into 

electrical energy in DC form. The equivalent circuit model for 

PV system is shown in fig. 2.    

 

S 
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Fig. 2 Equivalent circuit of photovoltaic cell 

 

III INTRODUCTION of SYNCHRONOUS SEPIC and 

SYNCHRONOUS ZETA CONVERTER 

  The single ended primary-inductance converter (SEPIC) is a 

DC-DC converter which will step-up/step-down the input 

voltage without any polarity reversal. The converter output 

voltage greater or less than input without polarity reversal 

useful in so many applications. This type of circuits can be 

used to maintain output voltage constant. 

   Fig. 3 shows the asynchronous SEPIC converter which 

consists of  input capacitor Cin, an output capacitor Co, 

coupling capacitor Cfly, inductors L1 and L2, a diode and a 

switch Q1. 

 
Fig. 3 Asynchronous SEPIC converter 

   

 The above circuit consists of diode so there will be loss of 

inverse diode voltage. The proposed method diode is replaced 

by switch Q2 to save the inverse diode voltage and to operate 

the circuit in continuous conduction mode.  

   Fig. 4 shows the synchronous SEPIC converter circuit and 

Fig. 5 shows the synchronous ZETA converter cicuit. 

   The two switches of  both the converetrs are complemetary 

to each other they are operated by applying pulse width 

modulation (PWM) signals. There are two operating modes 

when Q1 is and Q2 is off and when Q2 is ON and Q1 is OFF. 

ON time of switch will DT and OFF time of switch is (1-D)T. 

Where D is the duty cycle of the switch and T is the time 

period. 

 
Fig. 4 equivalent circuit of synchronous SEPIC converter 

 
Fig. 5 equivalent circuit of synchronous ZETA converter 

 
(a) Switch Q1 is ON and Q2 is OFF mode 

 

 
(b) switch Q1 is OFF and Q2 is ON 

 

Fig. 6 Two modes of operation of SEPIC 

 

   Fig. 6 shows two modes of operation when Q1 is ON and Q2 

is OFF and when Q1 is OFF and Q2 is ON. When Q1 is ON 

and Q2 is OFF the converter Cfly charged to input voltage 

Vin. 

Apply KVL for the loop containing Vin, L1, Cfly and L2 for 

Fig. 6 (a) gives 

                   -Vin+VL1+VCfly-VL2=0                                   (1)  

 

Using average of these voltages, 

                  

-Vin+0+VCfly-0=0, 

                VCfly=Vin                                                        (2) 

                       

The inductor L2 is connected parallel to Cfly so voltage across 

L2 is also Vin. Inductors L1 and L2 charges from the voltages 

Vin and VCfly respectively. Co discharges through output.  

   When Q1 is OFF and Q2 is ON, then what ever the stored 

energy in L1 is discharged to Cfly, switch Q2 and into Cout  

and to the load. Voltage Vo will appear across L2 since they 

are parallel. Capacitors Cfly and Co will recharges and cycle 

repeats. 
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(a) When Q1 in ON and Q2 is OFF 

 

 
(b) When Q1 is OFF and Q2 is ON 

Fig. 7 Two modes of operation of ZETA 

   

   Fig. 7 shows the equivalent circuit diagram for synchronous 

ZETA converter. Q1 and Q2 are the complementary switches. 

When Q1 is ON and Q2 is OFF, current will flows in two 

paths. First path through switch, Cfly, L2 and  load. Second 

path through switch L1 and back to Vin. 

Apply KVL to the loop containing L1, Cfly, L2 and Vo for 

Fig. 7 (a) 

 

-VL1-VCfly+VL2+Vo=0 

 

Using average of these voltages 

 

-0-VCfly+0+Vo=0 

 

Vo= VCfly 

 

VL1=Vin,  

 

Since L1 is parallel to Vin. 

 

Both inductors are charged to the input voltage, Cfly is 

discharging and Co starts charging during this mode. 

   When Q2 is ON and Q1 is OFF then the voltage Vo appear 

across L1 and L2. Both L1 and L2 discharges through Cfly 

and load respectively. So current in L1 and L2 stars 

decreasing and cycle repeats. Voltage across the switch is 

Vsw=Vin+Vo. 

 

A. Design     

Output voltage equation is given by 

 

 

Thus the converter works as buck converter for D less than 0.5 

and boost converter for D greater than 0.5. 

 

  
 

 
 

Where =30% Iin, L1=L2 

 

 
 

And 

 

 
 
∆Vo=1%, D is chosen as 30% for design purpose. 

 

IV. SIMULATION RESULTS 

   The designed synchronous SEPIC and synchronous ZETA 

converter with PV system is simulated in MATLAB Simulink 

platform. The PV system consists of 36 number of cells per 

module. Number of series connected modules per string is 1 

and number of parallel strings are 100. Different parameters of 

PV system are shown in below Table 1. 

Table 1 

Parameters of PV system 
 

Parameters Values 

Open circuit voltage (Voc) 18V 

Short circuit current (Isc) 20.37A 

Voltage at Pmax 17.5V 

Current at Pmax 19.63A 

Rs 0.106Ω 

Rp 180.84Ω 

    

   The converter switching frequency is chosen as 20KHz. 

Duty cycle of switches is varied from 30% to 70% for buck 

and boost operations. The output voltage from the PV system 

Vin=22V. Components values for simulation of synchronous 

ZETA and synchronous SEPIC converter are tabulated in 

below Table 2. 
Table 2 

Converter parameters 
 

Parameters values 

Cfly 1000uF 

Co 1000uF 

Cin 10mF 

L1 100uH 

L2 100uH 

Rds(on) 13mΩ 
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B. Open circuit simulation of synchronous SEPIC converter 

 
Fig. 8 Open loop simulation circuit for Synchronous SEPIC converter 

   

   Below Fig. 9 and Fig. 10 shows the PWM signals applied 

for the switches Q1 and Q2 respectively 

 

 
Fig.9 PWM signals for Q1 

 

 
Fig. 10 PWM signals for Q2 

 

 

 
 

Fig. 11 Input voltage Vin 

 

   The above Fig. 11 shows the input voltage to the converter 

from the PV system. 

 

 
 

Fig. 12 output voltage for 30% D buck operation 

 

   The above Fig. 12 shows output voltage for open loop 

synchronous SEPIC converter. 

 

 
     

Fig. 13 SEPIC converter output voltage is zoomed 

 

 The Fig. 13 shows the zoom in of output voltage for 30% duty 

cycle. 

 

 
 

Fig. 14 SEPIC converter output voltage for boost operation 
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Fig. 15 Inductor currents during 60% duty cycle 

    

   The above Fig. 15 shows inductors current for CCM 

operations.  

C. Open loop simulation of synchronous ZETA converter 

 

 
Fig. 16 Simulation circuit for open loop synchronous ZETA circuit 

 

 
Fig. 17 Output voltage of synchronous ZETA converter 

 

 
Fig. 18 ZETA converter output is zoomed 

 

   From the Fig. 12 and Fig. 17 shows that output voltage 

became stable within the less time for ZETA converter but 

SEPIC converter will take more time. 

 

 
Fig. 19 Output ripple voltage for SEPIC 

            

 
 

Fig. 20 Output ripple voltage for ZETA 

 

   The output voltage of SEPIC contains more ripple compare 

to ZETA converter as shown in Fig. 19 and Fig. 20. SEPIC 

converter contains approximately 3% ripple and ZETA 

converter contains 2% ripple in output voltage. 
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D. Closed loop simulation of synchronous SEPIC converter 

 
Fig. 21 Closed loop simulation of synchronous SEPIC converter 

 

   The above Fig. 21 shows the closed loop simulation SEPIC 

converter circuit. Since it is a closed loop system duty cycle is 

automatically set by the circuit by comparing the output 

voltage with a required reference voltage. so by using above 

circuit without changing the duty cycle circuit will give the 

required output voltage. 
 

 
Fig. 22 Output voltage for Vref = 30V and R=10Ω 

 

 
Fig. 23 Output voltage for Vref= 30V and R=20Ω 

 
 

Fig. 24 Output voltage for Vref=30V and R=30Ω 

      The above Fig. 22, Fig. 23, Fig. 24 shows that output 

voltage is constant for changing the load.  

E. Closed loop simulation of  synchronous ZETA converter 

 

 
Fig. 25 Closed loop simulation of synchronous ZETA converter 

 
 

 
 

Fig. 26 Output voltage for Vref= 30 and R=10Ω 

 

 
 

Fig. 27 Output voltage for Vref=30 and R=20Ω 

 

 
 

Fig. 28 Output voltage for Vref= 30 and R=30Ω 

 

   Both SEPIC and ZETA converter will give the same output 

voltage even through load resistance is changed. So these 

converter can be used to supply the variable load demand is 

shown in above Fig. 26, Fig. 27, Fig. 28. 
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   The synchronous SEPIC and synchronous ZETA converters 

can be used for many applications one of application shown 

in below Fig. 29 and Fig. 30 Here output voltage of converter 

is inverted in to AC by using full bridge inverter and it can be 

used for any AC applications. 

 

 
Fig. 39 SEPIC for AC application 

 
Fig. 30 ZETA for AC application 

 

 
 

Fig. 31 Inverter output voltage from SEPIC 

 

 
  

Fig. 32 Inverter output voltage from ZETA 

 

V. CONCLUSION 

   In this paper open loop and closed loop synchronous SEPIC 

and synchronous ZETA converter are designed for standalone 

photovoltaic system. In open loop condition the circuit is 

analyzed for different duty cycles and CCM, both the circuits 

will operates in CCM mode. The performance of synchronous 

ZETA is better as compared to the synchronous SEPIC in 

terms of voltage ripple. The ZETA converter gives the 

promising results as compared to the SEPIC converter. Both 

the converters will maintain the constant output voltage for 

variable load conditions and for variable inputs. So efficiency 

of the photovoltaic system is improved. 
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