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Abstract: This paper presents a double-stage micro-

inverter with an isolated Sepic converter used for 

optimal power flow control in a small grid connected 

PV system. The proposed micro-inverter has two 

stages. Stage I is a DC-DC converter with isolated 

Sepic transformer and stage II is a DC-AC converter 

based on voltage source inverter. The main features 

of the proposed inverter include: high efficiency, 

small dimension, low cost, lightweight, and a stable 

AC current injection. Three controllers used 

comprise non-MPPT (Maximum Power Point 

Tracker), Constant Voltage (CV), Perturb & 

Observe (P&O), and Incremental Conductance (IC). 

To validate the effectiveness of the design, such 

methods are examined under different irradiance. 

The results show that the designed micro-inverter 

controlled by IC MPPT method has satisfactory 

performance and the efficiency is relatively higher 

than that of non-MPPT, CV or P&O method. Thus, 

it can be used as an alternative solution of micro-

inverter topology. 

Keywords: Photovoltaic (PV), DC-DC converter, 

Maximum Power Point Tracking (MPPT), Constant 

Voltage (CV), Perturb & Observe (P&O), and 

Incremental Conductance (IC). 

I.INTRODUCTION 

Renewable energy is one of popular issues that the 

whole world is facing today as fossil fuel reserved is 

not infinite. Solar PV system can probably be 

considered as the most popular green power in 

Indonesia. Indonesia is located on the equator 

having only two seasons, heavy rainfall, constant 

high temperature and relatively high humidity. The 

average solar irradiance in Indonesia is about 4.8 

kWh/m2/day [1]. However, it is quite difficult to 

obtain a clear sky without sunshading even in period 

of the dry season. The PV panel may be completely 

or partially shaded by cloud and thus reducing its 

efficiency. So, if the solar irradiance is low, a 

controller should search the more optimum such that 

that the PV panel can produce as much energy as 

possible [2]. The main component of a solar PV 

system is an inverter. It converts the DC power from 

PV into AC power in accordance with the voltage 

and frequency of grid network. A solar PV inverter 

has maximum power point controller to ensure an 

optimum power flow from a solar PV system. For a 

residential PV application, a solar micro-inverter 

can be considered as a viable solution. It is an 

inverter developed to work with a single PV module. 

It is common that the voltage conversion from the 

DC power of solar PV to the grid may produce high 

voltage spiking pulse. Addressing this issue, a 

simple technique using a large capacitor can be 

implemented, it guaranteed that the high voltage 

ripple can be reduced. However, this method is 

considered as an expensive method and it is not 

practical. To overcome this problem, Shimizu 

proposes inverter by using power decoupling 

method [3]. There are also various schemes of 

micro-inverter topologies have been developed by 

many researchers as can be found in Refs. [4]. 

Flyback-type inverter configurations have been also 

investigated in [3]. Based on those two kinds of 

literature, this type of inverter may provide a stable 

current injection a reduced harmonic distortion. 

Moreover, this configuration is considered an 

attractive topology because it is simple and low cost. 

A sensorless MPPT controller for a flyback-type 

inverter is introduced by Kasa in [2]. However, the 

algorithm developed is quite complex. This paper 

proposes an alternative method to get maximum 

power from solar PV by using a simple technique 

comprises a combination of Sepic converter and 

flyback type inverter. For justifying the 

effectiveness of the inverter design, the selected 
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MPPT methods are used. Based on our best 

understanding, there are a few number of research 

works related to this particular subject. 

II.LITERATURE SURVEY 

[1] Nobuyuki Kasa, Takahiko Iida, and Liang Chen, 

”Flyback Inverter Controlled by Sensorless Current 

MPPT for Photovoltaic Power System, in IEEE 

Transactions on Industrial Electronics, volume 52, 

no. 4,2005, pp. 1145-1152. 

This paper presents a flyback inverter controlled by 

sensorless current maximum power point tracking 

(MPPT) for a small photovoltaic (PV) power 

system. Although the proposed system has small 

output power such as 300 W, a few sets of small PV 

power systems can be easily connected in parallel to 

yield higher output power. When a PV power system 

is constructed with a number of small power 

systems, the total system cost will increase and will 

be a matter of concern. To overcome this difficulty, 

this paper proposes a PV system that uses no 

expensive dc current sensor but utilizes the method 

of estimating the PV current from the PV voltage. 

The paper shows that the application of this novel 

sensorless current flyback inverter to an MPPT-

operated PV system exhibits satisfactory MPPT 

performance similar to the one exhibited by the 

system with a dc current sensor as well. This paper 

also deals with the design method and the operation 

of the unique flyback inverter with center-tapped 

secondary winding. 

 [2] Toshihisa Shimizu, Keiji Wada, and Naoki 

Nakamura, ”A flyback-type single phase utility 

interactive inverter with low-frequency ripple 

current reduction on the DC input for an AC 

photovoltaic module system”, in IEEE Transactions 

on Industrial Electronics, vol. 21, no. 5, 2006, pp. 

1264-1272.  

In recent years, interest in natural energy has grown 

because of increased environmental concerns. Many 

kinds of inverter circuits and their control schemes 

for photovoltaic (PV) power generation systems 

have been studied. In a conventional system, the PV 

array in which many PV modules are connected in 

series is used to obtain sufficient DC-bus voltage for 

generating an AC utility line voltage from an 

inverter circuit. However, the total power generation 

of the PV array is sometimes decreased remarkably 

when a few modules are partially covered by 

shadows, thereby decreasing its inherent current 

generation, and preventing the generation current 

attaining its maximum value on the array. To 

overcome this drawback, an AC module strategy has 

been proposed. In this system, a small power DC-

AC utility interactive inverter is mounted on each 

PV module individually. This inverter operates so as 

to generate the maximum power from its 

corresponding PV module. This paper proposes a 

novel flyback-type utility interactive inverter circuit 

suitable for AC module systems. The features of the 

proposed system are that it: (1) is small in volume 

and lightweight; (2) allows stable AC current 

injection into the utility line; (3) enables the stable 

parallel operation without AC current sharing 

control; and (4) enables the capacitance of the DC 

capacitor to be small.  

[3] Sinan Zengin, Frat Deveci, and Mutlu Boztepe, 

”Decoupling Capacitor Selection in DCM Flyback 

PV Microinverters Considering Harmonic 

Distortion”, in IEEE transactions on Power 

Electronics, vol. 28, no. 2, 2013, pp. 816-825.  

Electrolytic capacitors as a decoupling reservoir 

restrict the lifetime of photovoltaic (PV) 

microinverters. This has led to the development of 

several improved decoupling circuits that can reduce 

the capacitor value to allow the use of 

nonelectrolytic types. In this paper, the minimum 

decoupling capacitor value for the proper operation 

of discontinuous conduction mode flyback PV 

microinverters is analyzed by taking into account the 

total harmonic distortion (THD) and PV power 

utilization ratio. The results presented show that the 

decoupling capacitor value influences the THD 

more than PV power utilization. A decoupling 

capacitor selection method for single-stage and two-

stage flyback inverters is proposed.  

[4] Yi-Ping Hsieh, Jiann-Fuh Chen, Tsorng-Juu 

Liang, and Lung-Sheng Yang,”A Novel High Step-

Up DCDC Converter for a Microgrid System”, in 

IEEE transactions on Power Electronics, vol. 26, no. 

4, 2011, pp. 1127-1136 

A novel high step-up dc–dc converter for a 

distributed generation system is proposed in this 

paper. The concept is composed of two capacitors, 

two diodes, and one coupled inductor. Two 

capacitors are charged in parallel, and are discharged 

in series by the coupled inductor. Thus, high step-up 

voltage gain can be achieved with an appropriate 

duty ratio. The voltage stresses on the main switch 

and output diode are reduced by a passive clamp 
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circuit. Therefore, low resistance R DS(ON) for the 

main switch can be adopted to reduce conduction 

loss. In addition, the reverse-recovery problem of 

the diode is alleviated, and thus, the efficiency can 

be further improved. The operating principle and 

steady-state analyses of the voltage gain are also 

discussed in detail. Finally, a 24-V input voltage, 

400-V output voltage, and 400-W output power 

prototype circuit of the proposed converter are 

implemented in the laboratory to verify the 

performance. 

[5] Doo-Yong Jung, Young-Hyok Ji, Sang-Hoon 

Park, Yong-Chae Jung, and Chung-Yuen Won, 

”Interleaved Soft-Switching Boost Converter for 

Photovoltaic Power-Generation System”, in IEEE 

transactions on Power Electronics, vol. 26, no. 4, 

2011, pp. 1137-1145. 

In this paper, a interleaved soft switching boost 

converter (ISSBC) for a photovoltaic (PV) power-

generation system is proposed. The topology used 

raises the efficiency for the dc/dc converter of the 

PV power conditioning system (PVPCS), and it 

minimizes switching losses by adopting a resonant 

soft-switching method. A detailed mode analysis of 

the proposed topology is presented. The feasibility 

of the proposed topology is experimentally verified 

for a 1.2-kW prototype. The experimental results 

imply that 97.28% efficiency is achieved under the 

full-load condition. Consequently, it is confirmed 

that the overall efficiency is increased by about 1.5% 

compared with the conventional hard switching 

interleaved boost converter. 

III. PROPOSED SYSTEM 

Fig.1 shows the circuit that combines a Sepic 

converter and a flyback-type inverter. It consists of 

three MOSFETs, two diodes, an inductor-capacitor 

coupling and a center-tapped flyback transformer 

(CT) on the secondary side. This flyback 

transformer works not only to transform the power 

from DC to AC, but also to insulate the PV side from 

the grid side. The inverter has two MOSFETs on the 

AC side (SAC1 & SAC2) and are connected in series 

with Diode D1 & D2 , respectively. SAC1 & SAC2 

work depending on the polarity of AC waveform of 

the grid line.  

 

Fig.1. The proposed dual-stage micro inverter 

The advantages of this this configuration include:  

(a) it uses simple circuit because use three switches 

& two diode; 

 (b) it is safe to use because the ground reference is 

used directly from the CT point; 

 (c) it uses simple algorithm 

 PV CELL MODELLING 

Figure 2 represents a single diode model which is 

widely used as compared to other PV module 

design. In this circuit, Rsh is shunt resistance, I is 

open circuit currentof a solar cell, Io is diode 

saturation current, Iph is the light-generated current 

which depends upon solar radiation and cell 

temperature, Ish is shunt resistance current which 

flows through Rsh and flows between the n and p 

layers, Rse is series resistance which represents the 

losses due to flowing current across highly resistive 

emitter and contacts, Voc is terminal voltage of a 

solar cell, respectively. 

 

Fig. 2 Solar cell equivalent circuit 

In this circuit the mathematical expression for cell 

current in single diode model is obtained by 

applying KCL,  

 I= Iph-Io-Ish(1)      (1) 

 Where, Iph= [Isc+Ki (Tk-T)] *G/1000     ( 2) 

 Iph is photocurrent under standard test conditions 

(STC), with reference solar radiation of 1000 W / 

m2 at solar spectrum of 1.5A and reference 

temperature of solar cell Tk of 25°C. T is 

instantaneous solar cell temperature, Ki is current 

temperature coefficient and G is an instantaneous 

solar radiation.   
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Module Reverse Saturation Current (Irs)  

Module reverse saturation current, Irs, is expressed 

as,  

Irs= Isc/ [exp (q*Voc/Ns*k*A*T)-1]                       (3)  

Where q is the electron charge , Voc is Solar module 

open-circuit voltage, Ns is the number of cells 

connected in series, A is the ideality factor. and k is 

the Boltzmann constant (k= 1.3805 × 10í23 J/K).  

Module Saturation Current (I0)    

Variation of module saturation current I0takes place 

with respect to cell temperature. It is expressed as,  

I0=Irs [T/Tr] 3*exp [q*Eg0/Ak*{(1/Tr)-(1/T)}]    (4) 

 Where Eg0 is the band gap energy of semiconductor. 

Simulation of equation (7.4) has been done and 

represented in Figure 4. Here, the inputs are module 

reverse saturation current, module operating 

temperature and reference temperature.  

Module Output Current (IPV)        

The PV module output current of single diode 

model is IPV represented in Figure 5 is described by 

a basic equation and is expressed as,  

Ipv=Np*Iph-Np*I0  

[exp {q*(Vpv+Ipv*Rse)*Ns*A*k*T1]          (5) 

SEPIC CONVERTER DESIGN  

The first step to design a Sepic converter is 

determining the duty cycle D. At ideal situation, the 

output voltage of the converter is expressed as 

follows [20]: 

  (6) 

Vo & Vi are the output & input voltage, respectively. 

Whereas, D is the duty cycle, VD is drop voltage of 

the diode. If we consider VD, then we can rewrite 

Eq. (6) as follows: 

  (7) 

 (8) 

From Eq. (9) we can calculate the maximum duty 

cycle by determining the input voltage at the 

minimum voltage condition as given by following 

equation: 

 (9) 

To allow the peak to peak ripple current equals to 

40% of the maximum input voltage, we can 

approximate the value of inductance by using the 

following equations: 

 (10) 

 (11) 

 

fS(DC) is the switching frequency at DC-DC side 

and Dmax is the maximum duty cycle. The peak 

current flowing via the inductor Ls should be chosen 

such that the inductor does not saturated. The peak 

current is formulated as follows: 

 (12) 

 

The rating current of MOSFET SM can be observed 

by using Equation (13) 

 (13) 

The RMS current flowing via the MOSFET SM is 

calculated by using the following equation 

 (14) 
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PSM is the total power dissipation of MOSFET SM. 

IG is the gate current to drive SM, RDS−ON is the 

resistance of SM when MOSFET is switched ON, 

and TGD gate-drain charge at SM. Cin is used to 

decrease the ripple current at input side of the 

converter and the RMS current flowing via Cin is 

defined as follows: 

 (16) 

 

During ON-state condition of SM, the inductor 

LSepic is charged and then the CDC1 & CDC2 is 

also charged. The RMS current of these capacitors 

are expressed as follows 

 (17) 

The ESR of capacitor is an important parameter to 

select the suitable capacitance to reduce the ripple 

voltage at the output side. The output capacitor is 

denoted as CDC and output current of Sepic 

converter is assumed as Io. The ripple voltage value 

should be chosen such that the following conditions 

are met: 

 (18) 

 (19) 

 

 

 

 

 

The selection of the coupling capacitor CS depends 

on the RMS current as follows: 

 (20) 

The rating of CS should be selected for a large RMS 

current. Furthermore, the voltage rating of CS must 

be higher than the maximum PV voltage. Tantalum 

and ceramic capacitors are usually used as the best 

choice for this condition. If we assume that the ESR 

equals to zero then the peak to peak ripple voltage 

on CS (ΔVCS ) is expressed by: 

 (21) 

The peak voltage usually equals to the input voltage 

 

IV. SYSTEM WITH CONTROLLER 

Fig. 3 shows the circuit design of the micro inverter. 

A 120 Wp PV modules is used as the PV model. The 

MPPT techniques used to verify of the investigated 

circuit include non-MPPT, CV, P&O and IC 

method. SM is driven by the MPPT algorithm with 

fS(DC) of 50 kHz and operated in DCM mode. 

SAC1 and SAC2 works synchronized with the AC 

grid line. Moreover, these two switches are operated 

in DCM with the switching frequency of 20 kHz. 

The circuit parameters of the micro-inverter are 

listed in Table I. 

 

Fig. 3 The Investigated Circuit 
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TABLE I 

 THE CIRCUIT PARAMETER OF MICRO-

INVERTER 

 

V. SIMULATION RESULTS 

 

Fig.4 MATLAB/SIMULINK circuit diagram of the 

proposed dual-stage micro inverter 

 

Fig.5 shows the waveform of the output voltage 

(VAC ) and the current flowing through Lm when 

the micro-inverter works at irradiance of 1000 

W/m2 and using Incremental Conductance method. 

This figure depicts that the microinverter operates at 

unity power factor and produces the output power. 

 

(a) 

 

(b) 

 

(c) 

Fig. 5 The output waveforms of grid voltage, grid 

current and switching current ILm 

Figures. 6  to 9 shows power output of micro-

inverter under various irradiance i.e.: 200 W/m2, 

1000 W/m2, 750 W/m2, and 500 W/m2. The 

simulation is performed with various MPPT 

technique. 

 

Fig .6 The PV power output under NO 

MPPT method and various irradiance 

 

Fig.7 The PV power output under CV 

MPPT method and various irradiance 
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Fig.8 The PV power output under P and O 

MPPT method and various irradiance 

 

Fig.9 The PV power output under INC 

MPPT method and various irradiance 

 

CONCLUSION 

A double-stage micro-inverter with isolated Sepic 

has been discussed. To verify the performance of the 

proposed micro inverter, the simulation variations 

were performed with various irradiance conditions, 

i.e.: 200 W/m2, 1000 W/m2, 750 W/m2, and 500 

W/m2. The efficiency of micro-inverter is also 

compared with various methods, i.e.: non-MPPT 

(fixed duty cycle), constant voltage, Perturb & 

Observe, and Incremental Conductance. The result 

show micro-inverter with Incremental Conductance 

(IC) has satisfactory optimum performance and can 

tracking maximum power under varying irradiance. 

The result also indicates that micro-inverter with 

Incremental Conductance method has better 

efficiency compared with that of CV and P&O 

methods. 

REFERENCES 

[1] Winner Sianipar, ”Centralised Photovoltaic 

Development Policy In Indonesia”, in EKONID-eclareon 

GmbH, 2015.  

[2] Nobuyuki Kasa, Takahiko Iida, and Liang Chen, 

”Flyback Inverter Controlled by Sensorless Current 

MPPT for Photovoltaic Power System, in IEEE 

Transactions on Industrial Electronics, volume 52, no. 

4,2005, pp. 1145-1152.  

[3] Toshihisa Shimizu, Keiji Wada, and Naoki Nakamura, 

”A flyback-type single phase utility interactive inverter 

with low-frequency ripple current reduction on the DC 

input for an AC photovoltaic module system”, in IEEE 

Transactions on Industrial Electronics, vol. 21, no. 5, 

2006, pp. 1264-1272.  

[4] Sinan Zengin, Frat Deveci, and Mutlu Boztepe, 

”Decoupling Capacitor Selection in DCM Flyback PV 

Microinverters Considering Harmonic Distortion”, in 

IEEE transactions on Power Electronics, vol. 28, no. 2, 

2013, pp. 816-825.  

[5] Yi-Ping Hsieh, Jiann-Fuh Chen, Tsorng-Juu Liang, 

and Lung-Sheng Yang,”A Novel High Step-Up DCDC 

Converter for a Microgrid System”, in IEEE transactions 

on Power Electronics, vol. 26, no. 4, 2011, pp. 1127-1136 

[6] Doo-Yong Jung, Young-Hyok Ji, Sang-Hoon Park, 

Yong-Chae Jung, and Chung-Yuen Won, ”Interleaved 

Soft-Switching Boost Converter for Photovoltaic Power-

Generation System”, in IEEE transactions on Power 

Electronics, vol. 26, no. 4, 2011, pp. 1137-1145. 

 [7] Quan Li, and Peter Wolfs, ”A Review of the Single 

Phase Photovoltaic Module Integrated Converter 

Topologies With Three Different DC Link 

Configurations”, in IEEE transactions on Power 

Electronics, vol. 23, no. 3, 2008, pp. 1320-1333.  

[8] Yaosuo Xue, Liuchen Chang, Søren Bækhøj Kjær, 

Josep Bordonau, and Toshihisa Shimizu, ”Topologies of 

Single-Phase Inverters for Small Distributed Power 

Generators: An Overview”, in IEEE transactions on 

Power Electronics, vol. 19, no. 5, 2004, pp. 1305-1314.  

[9] Zheng Zhao, Ming Xu, Qiaoliang Chen, Jih-Sheng 

(Jason) Lai, and Younghoon Cho, ”Derivation, Analysis, 

and Implementation of a BoostBuck Converter-Based 

High-Efficiency PV Inverter”, in IEEE transactions on 

Power Electronics, vol. 27, no. 3, 2012, pp. 1304-1313. 

 [10] Guanghai Gong, Dominik Hassler, and Johann W. 

Kolar, ”A Comparative Study of Multicell Amplifiers for 

AC-Power-Source Applications”, in IEEE transactions on 

Power Electronics, vol. 26, no. 1, 2011, pp. 149-164.  

[11] Wensong Yu, Jih-Sheng Jason Lai, Hao Qian, and 

Christopher Hutchens,”High-Efficiency MOSFET 

Inverter with H6-Type Configuration for Photovoltaic 

Nonisolated AC-Module Applications”, in IEEE 

transactions on Power Electronics, vol. 26, no. 4, 2011, pp. 

1253-1260.  

[12] Jong-Hyun Lee, Do-Hyun Kim, Sol Mun, Minh Thao 

Nguyen, Viet Thang Tran, and Joung-Hu Park, ”Series 

connected forward-flyback converter for high step-up 

power conversion”, in 8th International Conference on 

Power Electronics - ECCE Asia, 2011, pp. 3037-3040.  

[13] Shih-Ming Chen, Tsorng-Juu Liang, Lung-Sheng 

Yang, and JiannFuh Chen, ”A Cascaded High Step-Up 

http://jespublication.com/


Vol 13, Issue 06, June/2022 
ISSN NO:0377-9254 

www.jespublication.com Page No:788 

 
 
 

 
 
 

DCDC Converter With Single Switch for Microsource 

Applications”, in IEEE transactions on Power Electronics, 

vol. 26, no. 4, 2011, pp. 1146-1153.  

[14] Shih-Ming Chen, Tsorng-Juu Liang, Lung-Sheng 

Yang, and JiannFuh Chen, ”A Safety Enhanced, High 

Step-Up DCDC Converter for AC Photovoltaic Module 

Application”, in IEEE transactions on Power Electronics, 

vol. 27, no. 4, 2012, pp. 1809-1817.  

 

http://jespublication.com/

