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Abstract:  

The renewable energy resources are flattering a boon to the biosphere where electrical energy is an inadequacy. There are 

numerous forms of renewable energy resources in spite of their types the solar energy is particularly becoming prevalent due to 

its source abundancy and direct conversion from the sunlight .The extraction of the solar power from the solar panel is a straight 

progression but obtaining high efficiency from the solar panel is really a challenging process. In order to obtain high efficiency 

and stable output a boost converter should be used. There are many types of boost converter butbasically they are classified as 

synchronous and non-synchronous converter. Synchronous converters are now becoming more advantageous than the other 

converters due to its reduced current ripple and better efficiency. Most importantly synchronous converters limit the usage of 
maximum power point tracking techniques that is without the closed loop maximum power point is achievable.In order to 

analyse the best synchronous boost converter with better efficiency the comparison of synchronous single-ended primary 

inductance converter (SEPIC)and synchronous super lift Luo converter are done. The above stated converters are designed, 

modelled and simulated using MATLAB/Simulink. The simulation results are compared in terms of voltage ripple, current 

ripple, output power and efficiency. 
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I.INTRODUCTION 

The renewable energy resources are becoming a boon to the 
developing world where the necessity of electrical energy is 

increasing day by day. There are many types of renewable 

energy resources among them the solar energy is the 

superlative.Though Photovoltaic (PV) cell has some 

limitations of high capitation cost, lower conversion 

efficiency, partial shading and seasonal energy production, it 

has seized the attention of many researchers [1] because of its 

special virtues. The special virtues include costless source and 

maintenance free system. These systems are also pollution 

free that is environmental contamination is reduced to the 

minimum of zero percentage.  

The power obtained by the panel is very low and not 
regulated. In order insure impedance adaptation between the 

PV source generation and the main utility a boost converter is 

employed. There are many types of boost converter but 

basically these are classified as synchronous and non-

synchronous converter. Synchronous converters are now 

becoming more advantageous than the other converters due to 

its reduced current ripple, voltage ripple and better efficiency. 

Most importantly synchronous converters eliminate the usage 

of maximum power point tracking techniques that is without 

the closed loop maximum power point is achievable and 

therefore ordinary PWM controllers are enough to control the 
circuits and the block diagram is shown in Figure 1. 

      Comparison of synchronous SEPIC and synchronous 

super lift Luo converters is a necessity because we need to 

find the best converter with the higher efficiency. There are 

also lot of other types of boost converters like the cuk [2], 

SEPIC [3], super lift Luo converter [4] but the efficiency of 

these converters decreases due to low conversion ratio and 
switching losses. Therefore the high efficiency converters can 

be achieved by reducing the switching losses, the output 

voltage ripple, the output current ripple, reducing the number 

of parasitic elements and the stress of the individual elements 

which is possible easily in these two converters. 

 

 

 

 

 

 

 
 

FIGURE 1 

BLOCK DIAGRAM OF THE PV POWERED 

CONVERTERS 

 

      There are many researches made in the pitch of the PV 

conversion and based on this research work the PV panel is 

modelled mathematically. This paper analyse each converters 

operating modes, design constraints, the importance of these 

converters about their output voltage and current ripples and 

output power. This paper also concludes about the efficiency 
deviation and efficiency performance of the converter. These 

converters are designed and simulated using the 

MATLAB/Simulink. Organisation of this paper is as follows, 

the section 2 describes the modelling of the PV panel and the 

section 3 explains about the design and modelling of the 
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synchronous SEPIC and synchronous super lift Luo converter 

respectively. The section 4 & 5 contains the simulation and 

results and discussion respectively. Finally the section 6 

concludes the paper. 

 

II OPERATION, CHARACTERISTICS AND 

MATHEMATICAL MODELLING OF PV PANEL 

2.1 Operation of solar cell: 

The presence of diffuse and drift current for the reverse and 
direct polarization in the PN junction describes the operation 

of solar cell. When the PN junction is exposed to sunlight 

electron hole pair is created, when the photons with energy 

greater than the band gap energy are observed [5]. Thus a 

current proportional to the solar irradiance is created when 

these carriers are separated in the junction under the influence 

of the electric field. 

 

2.2 Characteristics of solar cell: 

The solar cell naturally exhibits nonlinear characteristicsof I-V 

and P-V curve that varies with solar irradiance and 

temperature. The archetypal I-V and P-V curve of the solar 
cell are shown in Figure 2. 

 

 

 

 

 

 

 

 

 

 
FIGURE 2 

CHARACTERISTICS OF SOLAR CELL 

 

The fundamental parameters [4] that are related to the 

characteristics of the solar cell are 

 

Short circuit current (   ):The current corresponding to the 

short circuit condition when the impedance is low and the 

voltage will remain zero at this point. 

 

I (at V=0) =                                        (1) 

 

Open circuit voltage (   ): The voltage at the open circuit 

condition that is no current passes through the cell. 

 

  V (at I=0) =                                      (2)  

 

Maximum power point (Pmpp):  Maximum power across the 

load. 

 

                                              (3) 

 

Where,     is the maximum voltage and      is the 

maximum current. 

 

Efficiency ( ): The ratio of the maximum power (      and 

the incident light power (   ) 

 

    
    

   
    (4) 

Where,     is taken as the product of the solar irradiation of 

the incident light and the surface area of the solar cell. 

 

Fill Factor: It is a measure of quality of the solar cell and it is 

defined as the ratio of maximum power to the product of the 

open circuit voltage and the short circuit current. 

  FF=
    

      
                                            (5) 

 

2.3 Mathematical model of the PV cell: 

The modelling of solar cell is important for solar energy 

system and it is the vital criteria to model the solar cell. A 
photovoltaic array is generally defined as the array made by 

combining the photovoltaic cells in seriesconnection. The 

equivalent circuit of the PV cell is given in Figure 3 and the 

equivalent circuit includes the current source and a diode that 

is connected antiparallel to the current source and finally the 

series and shunt resistance. 

 

 

 

 

FIGURE 3 
 

EQUIVALENT CIRCUIT OF THE PHOTOVOLTAIC CELL 

 

From the circuit it is clear that the photovoltaic current is 

proportional to the solar illumination. Therefore the 

mathematical equation for the proportionality can be given as 

 

                   
        

   
     

     

  
                 (6) 

 

Where, I and V are the current and voltage of the photovoltaic 

panel.                  , the typical PV panel generated 

current consisting of    cells connected in parallel in the 

module. Each cell can generate photo current          .   

            , is the classicreverse saturation current of the PV 

module.Eachdistinct cell has the reverse saturation current 

of         . The constants A (=1.0~1.5) is the ideality factor of 

the diode, k (=        J/K) is the Boltzmann’s constant andq 
(=1.602e-19 C) is the electronic charge. T is temperature of 

the array in Kelvin.  &   are the series and shunt 

resistance.Where, the diode saturation current can be given as 

the dependence of the variable temperature  

 

        
 

  
 
 

           

 

  
 

 

 

   
                (7)              

 

Here     is the cell saturation current at   (variable 

temperature) and    is the band gap energy. The photovoltaic 

generated current can be given by 

 

                                                           (8) 

 

Where     the short circuit current of the cell and     is the 

temperature coefficient at the nominal temperature.From the 
experimental results we can infer that the current variation is 

less dependent on the shunt resistance and is more dependent 

on the series resistance and therefore the overall characteristic 

equation of the cell can be given as 
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                                     (9) 

 

III OPERATION OF CONVERTER 

Synchronous circuits 

Generally the synchronization of the circuit is instigated by 

swapping the diodes by switch. The term synchronization 

came from synchronizing the pulses of MOSFET switch. The 

need for synchronization is to produce continuous conduction 

mode and the inverse voltage of the diode can be eliminated. 

The main role of the converter is to uphold the output voltage 

constant which can improve the photovoltaic systems 
efficiency and confirm a good transfer of energy. 

 

3.1 Synchronous SEPIC converter: 

The SEPIC converter is a step up/step down converter that can 

produce a constant output voltage and is shown in figure 4. In 

order to produce a continuous conduction mode the converter 

is to be synchronized. 

 

 

  

 

 

 

 

FIGURE 4 

THE CIRCUIT DIAGRAM OF SEPIC CONVERTER 

 

The synchronization of the circuit [6] can be implemented by 

replacing the diode with a MOSFET switch in order to save 

the diode inverse voltage and is shown in figure 5. 

 

 

 
 

 

 

FIGURE 5 

THE CIRCUIT DIAGRAM OF SYNCHRONOUS SEPIC 

CONVERTER 

 

The two switches are controlled by two complementary PWM 

signals. In the continuous mode the synchronousSEPIC 

converter has two modes of operation that is “Q1” on and 

“Q2” off and “Q1” off and “Q2” on and the discontinuous 
mode has to be avoided. 

 

MODE1: When the “Q1” is on and the “Q2” off the current 

flows across the inductor L1 and therefore L1 and L2 are 

charging and the capacitor Cc and     are discharging. 

 

MODE2: When the “Q1” is off and the “Q2” on the inductor 

L1 and L2 discharges and the capacitor Cc and      charges. 

 

3.1.1 Design constraints: 

The output voltage       of the converter can be given  

 

                        
 

   
                                 (10) 

 

Where,      is the input voltage of the converter and D is the 

duty cycle of the converter. The inductor    and    can be 

given as  

                 
     

       
                                   (11) 

 

Where, f and   are the frequency and the ripple inductor 
current respectively. 

                 
      

         
  

                                  (12) 

 

                                   
      

          
                                       (13) 

 

Where,   and       are the coupling capacitor and the output 

capacitor respectively. 

 

3.2 Synchronous super lift Luo converter: 

The effect of parasitic elements limits the output voltage and 
the power transfer efficiency of the converter and the voltage 

lift technique opens a good way to improve the characteristics. 

This super lift Luo converter works on the voltage lift 

technique that is the positive output super lift Luo-converters 

performs the voltage transformation from one positive source 

to another positive load and its circuit diagram shown in 

figure 6.They work in the first quadrant with large voltage 

amplification, and their voltage-transfer gain is high. 

 

 

 

 
 

 

 

FIGURE 6 

THE CIRCUIT DIAGRAM OF SUPER LIFT LUO 

CONVERTER 

 

      In order to improve converter performance in the aspect of 

efficiency and better output the converter should be 

synchronized and is shown in figure 7.In the continuous mode 

the synchronous SEPIC converter has two modes of operation 
“S1” on and “S2” off and “S1” off and “S2” on. 

 

voltage using the voltage-lift technique. 

 

 

 

 

 

 

FIGURE 7 

THE CIRCUIT DIAGRAM OF SYNCHRONOUS SUPER 

LIFT LUO CONVERTER 
 

Therefore the continuous mode of operation can be explained 

as 

MODE MODE 1:When the switch    is closed, the capacitor 

   is charged to    and the inductor current     flows through 

the inductor    which increases with the source voltage     
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MODE 2:When the switch    is closed and the switch    is 

open and the diode   does not conduct and the inductor 

voltage decreases with the voltage          . 

 

3.2.1 Design constraints: 

The output voltage     of the converter can be given  

                                   
   

   
                                                (14)  

 

Where,     is the input voltage of the converter and D is the 

duty cycle of the converter. The coupling capacitor    can be 

given as 

                                  
   

          
                                    (15) 

Where, f and   are the frequency and the output current 

respectively and          is the ripple inductor voltage. 

The inductor   can be given as  

                                 
     

       
                                               (16) 

Where,     is the ripple inductor current of the converter. 

 

IV. SIMULATION 

The proposed synchronous super lift Luo converter and the 
synchronous SEPIC converter are designed and simulated 

using MATLAB functioning platform. Then the performance 

of the converters was tested with the photovoltaic energy 

generation system. The various parameters of the converter for 

which the converters are designed are tabulated in table 1, 

table 2 and table 3.The table 1 contains the PV panel 

specification. The table 2 contains the synchronous SEPIC 

converter specification these are designed based on the 

designed constraints which are given in section 3.1.2. The 

table 2 contains the parameter specification for the 

synchronous super lift Luo converter and these specifications 
are based on the section 3.2.2 which describes the design 

constraints for the synchronous super lift Luo converter. 

 

TABLE1 
PARAMETER SPECIFICATION FOR PV SYSTEM 

Parameter Value 

Short circuit current(   ) 1.73 A 

Open circuit voltage(     22.2V 

Power(P) 30W 

Current at maximum(    ) 1.63A 

Voltage at maximum(    ) 19.2V 

Current temp-

coefficient(    
0.123A/K 

Voltage temp-

coefficient(    
0.0032V/K 

 

TABLE2 
PARAMETER SPECIFICATION FOR SYNCHRONOUS SEPIC SYSTEM 

Parameter Value 

Inductor(    200    
Inductor(    200    

Coupling capacitor(    22    
Output capacitor       470    
Switching frequency(f) 40KHz 

Duty cycle range(D) 0.41-0.5 

Input voltage(     18.4V 
Input current 1.5A 

 

TABLE3 
PARAMETER SPECIFICATION FOR SYNCHRONOUS 

SUPER LIFT LUO SYSTEM 

Parameter Value 

Inductor(  ) 100mH 
Coupling capacitor(    30    
Output capacitor(    30    

Load resistor(R) 50ohm 
Switching frequency(f) 10KHz 

Duty ratio range(D) 0.4-0.56 
Input voltage(    18.4V 

Input current 1.5A 
 

The Simulink models of the converters powered by the solar 

panel and controlled by the PWM generator are illustrated in 

figure 8 and figure 9.  

 

 

 

 

 

 

 

 
 

 

 

FIGURE 8 

THE MATLAB DIAGRAM OF PV BASED SYNCHRONOUS SUPER 

LIFT LUO CONVERTER

 

FIGURE 9 

THE MATLAB DIAGRAM OF PV BASED SYNCHRONOUS SUPER 

LIFT LUO CONVERTER 

 

V. RESULT AND DISCUSSION 

The proposed synchronous super lift Luo converter and the 

synchronous SEPIC converter are designed and simulated 
using MATLAB functioning platform. The PV panel I-V and 

P-V characteristics are shown in figure 10 and figure 11 and 

therefore we can infer from that input current and input 

voltage to the converters are 1.73A and 22.2V respectively. 

 

 

 

 

 

 

 
 

 

FIGURE 10: I-V CHARACTERISTICS OF THE PV PANEL 
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FIGURE 11 
 P-V CHARACTERISTICS OF THE PV PANEL 

 

 

      The output voltage, current and the power of the converter 

are shown in figure 12. From these we can infer that the 

synchronous Luo converters show high voltage gain and have 
reduce ripples. The synchronous sepic converter compared to 

synchronous Luo reduces the output power about 10% of the 

expected output. Therefore the synchronous Luo converter 

also proves that it works well with the high voltage gain. 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

FIGURE 12 

OUTPUT VOLTAGE, CURRENT AND POWER OF THE 

SYNCHRONOUS SUPER LIFT LUO CONVERTER 

 

      The output power of the converters will produce more 

power when the irradiance increases and reduce with respect 

to the temperature and it is achievable with the both converter. 

But the synchronous Luo converter produces better 

performance and is shown in figure 13. 
 

 

 

 

 

 

 

 

 

 

 
 
 

FIGURE 13 

THE OUTPUT POWER VARIATION WITH RESPECT TO IRRADIANCE 

AND TEMPERATURE 
 

The performance efficiency of the converter were calculated 

at various simulation time using the expression below 
 

                     
  

                   
                       (17) 

 

        Where,    indicates the output power which can be taken 

as the product of the output voltage and the output current 

(         . From the analyses using the expression above 

can be graphically denoted and shown in figure 14. From the 

graphical analyses we can infer that synchronous Luo 

converter can achieve almost stable efficient output and the 

losses are minimum of about 0.19W while the synchronous 

sepic converter has the losses of about 0.9W. The efficiency 
deviation (ED) of the converter can also be calculated using 

the expression 
 

    
                                  

               
                        (18)   

 

The performance efficiency deviation of the converter is 

shown in figure 15 graphically. 

 

 
 

 

 

 

 

 

 

 

 

 

FIGURE 14 

PERFORMANCE OF THE CONVERTER EFFICIENCY 

 

 

 

 
 

 

 

 

 

 

 

 

FIGURE 15 

PERFORMANCE OF THE EFFICIENCY DEVIATION 
 

From the above analyses it is clear that the synchronous Luo 
converter is better than the synchronous SEPIC converter. The 

performance of the Luo converter is very efficient and it is 

maintaining constantly. Hence the synchronous Luo converter 

is better for the photovoltaic application 
 

VI. CONCLUSION 

The converters were simulated using the MATLAB platform 

by the design parameters which were evaluated manually and 

the output performance was studied. Then from the output 

performance the efficiency of the converter and the variation 

with respect to the temperature and the irradiance were been 

tested using the interface with the PV system. The tested 
results prove that it produces continuous conduction and with 

the increase in the irradiance the output power increases and 

with increase in the temperature the output power decreases. 

The Luo converters possess the reduced current and the 

voltage ripples compared to the SEPIC converter and the 

switching losses are reduced by using the auxiliary circuit to 

the converter. Therefore finally the tested result proves that 
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the synchronous Luo converters are better for the PV 

application. For the future work, the PID controllers for the 

converter can be used that make the voltage stable under 

varying load condition because the PWM controllers pose 

towards the output side. 
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