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Abstract- The Photovoltaic (PV) systems have 

been realized using different architectures, 

starting with the string and centralized PV 

system to the modular PV system. In this 

project, a novel single-stage three port inverter 

that connects photovoltaic (PV) panel to a 

single-phase power grid is introduced. In a 

single-phase grid-connected PV panel, the input 

power is constant during the line-frequency 

period, while the output power oscillates at 

double-line frequency. It has been stated in 

literature that the energy storage capacitor 

(electrolytic type) in the single phase inverter is 

the most vulnerable electronic component. 

Hence, many techniques such as (power 

decoupling techniques) have been proposed to 

solve this problem by replacing the large 

electrolytic capacitor with a small film 

capacitor.  

 A series active power decoupling circuit 

utilizing thin-film capacitors is incorporated to a 

conventional flyback inverter to handle input 

and output power differences. Therefore, 

popularly low-reliable electrolytic capacitors are 

replaced with small long-lifetime thin film. The 

proposed inverter can extract the maximum 

power from PV, deliver a low total harmonic 

distortion sinusoidal current to the output, and 

decouple the input and output powers. The 

proposed power decoupling circuit shares the 

inverter main switch. Thus, these functions are 

achieved using just three switches and a simple 

control scheme which is applicable for both 

charging and discharging states. Operation 

principle and control strategy are discussed in 

detail. MATLAB/SIMULINK results verify 

feasibility and functionality of the proposed 

inverter. 

 

Index Terms— AC module inverter, grid 

connected, photovoltaic (PV), power decoupling 

circuit, single phase, three switch. 

 

I. INTRODUCTION 
 

 Distributed generator (DG) renewable 

resources using photovoltaic systems are becoming 

more attractive among homeowners. DG resources 

can be in two forms, stand-alone or grid-connected. 

Stand alone DG systems are more useful in non-

electrified regions, especially in developing 

countries, where the grid cannot reach these 

regions due to high cost. On the other hand, grid-

connected PV systems can be used everywhere and 

they are spreading rapidly due to their advantages. 

Grid-connected PV systems are easy to install at 

homes, schools, any public buildings. The 

generated electricity from these DG systems will 

mitigate the burden on the grid. In addition, the 

extra electricity will be pumped into the grid. In 

both, stand-alone and grid-connected DG systems, 

an interface stage between them and the end user is 

needed to convert the generated power to a usable 

form. Power electronic plays an important role in 

the field of modern electrical systems that based on 

renewable sources. Renewable energy sources 

generate either DC or variable frequency AC and 

require some form of power conversion to generate 

a form that is compatible or required by the end 

user. Power electronic is an essential part for the 

integration of renewable energy system to achieve 

high efficiency and performance in power systems. 

The main goal of the power electronics technology 

is to convert electrical power from one stage to 

another stage as efficient as possible with a high 

level of intelligence. In view of the fact that 

photovoltaic (PV) grid-connected system generates 

a DC power an DC/AC conversion stage (Inverter) 

must be used to convert the generated DC power 

into an acceptable AC power. The output of this 

stage has to satisfy all the standards required by the 

utility grid. In the subsequent sections we will 

explore the developments that have been done on 

the PV systems. 

 

II. POWER DECOUPLING CIRCUIT 
 

The power decoupling capacitor is 

connected to the PV panel through a buck-boost 

converter between the PV panel and the Inverter as 

shown in Figure 1. The power decoupling circuit 

can be controlled independently. 
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Fig.1: CPS-PAF topology. 

 

 The operation of this added circuit 

depends on the input and output power levels. 

Whenever the output power is less than the input 

power, the circuit will work in the boosting mode 

and charging the decoupling capacitor (CD). In the 

other mode (output power greater than the input 

power), the circuit will behave as a buck converter 

and the decoupling capacitor will be discharged. 

100μF film capacitor is used by setting a DC 

voltage level 68V and voltage ripple of 35V. 

Current hysteresis control is employed to control 

the current and make it following a certain 

function. Although, in no specific number about the 

efficiency is mentioned, the power losses 

associated with the decoupling circuit will reduce 

the overall efficiency. Moreover, using a smaller 

decoupling capacitor leads to have higher stresses 

on the power devices, which means more power 

losses and lower efficiency. 

Figure 2 shows the topology which was 

proposed in which a 40μF film capacitor was used 

as a decoupling capacitor for 100Watts micro-

inverter design. The operation of this topology is 

divided into four modes. First, by closing S1 the 

magnetizing inductor is charged from the PV panel. 

This lasts until the inductor current reaches the 

desired peak value ILp, then S1 is turned off. At 

this point, the second mode starts and the inductor 

current will be charging the decoupling capacitor 

CD through the build-in diode of S2. Then, the 

capacitor’s current will change its direction and the 

magnetizing inductance will be charged from the 

decoupling capacitor again during this mode. This 

mode is controlled by the output voltage, where the 

peak value of the magnetizing current in this mode 

depends on the rectified version of the output 

voltage. In the third mode, the power is transferred 

to the output side (to the grid). Both, S1and S2 are 

open and one of the AC switches (either S3 or S4 

depending on the grid voltage) is turned on. 

Finally, in the fourth mode no current flows 

through the circuit, and the transformer is 

initialized. 

 
Fig.2: Topology proposed. 

 

This capacitor is responsible on handling 

the power ripple at the input side. Peak current 

control scheme is used to generate the driving 

signals of the switches. A modified version of the 

previous topology was proposed, Figure 3. The 

operation of this topology is quite similar to the 

previous one. First, the magnetizing inductance is 

charged from the PV panel through SBB and the 

body diode of Ssync. Once the magnetizing current 

reaches the desired peak value, SBB is turned off. 

The decoupling capacitor (intermediate capacitor) 

will be charged from the transformer through the 

body diodes of the flyback switches (S1 and S2); 

which are turned on before the magnetizing current 

reaches the zero value. 

 
Fig.3: Modified topology proposed  

 

 In the third mode, the transformer will be 

charged again from the decoupling capacitor with 

the amount of energy that is required to be 

transferred to the secondary side during the next 

mode. In the last mode all the switches are open 

and the circuit is initialized for the next cycle. The 

flyback diodes (D1 and D2) are providing path for 

the leakage energy generated in the transformer to 

be stored in the decoupling capacitor when flyback 

switches are turned off and the power is transferred 

into the secondary side. In the previous topology, 

there is no way for this leakage energy when S is 

turned off and it results in a spike across its 

terminals. This leakage energy is handled by an 

additional circuit. Usually, a dissipative RCD, 

LCDD clamp, or an active SC clamp circuit is 

used. This way of handling the transformer leakage 

energy will reduce to some extent the losses and 

cost associated with the auxiliary circuits. 



International Journal of Scientific Research and Review                               ISSN NO: 2279-543X 

Volume 7, Issue 8, 2018                                           95                                  http://dynamicpublisher.org/ 
 

III. SYSTEM MODELING 
 

In the input-side power decoupling, the 

capacitors are placed at the PV side. They are 

classified as series and parallel methods. A parallel 

power decoupling using active filter concept is 

introduced. It have introduced a flyback-type 

double-stage ac-link inverter. In a parallel power 

decoupling using a six-switch inverter has been 

introduced that can recycle the energy of a leakage 

inductance. A modified version of this power 

decoupling is proposed with five switches. A 

combination of boost and flyback transformer has 

been suggested based on a capacitive idling 

technique. These microinverters process power in 

two stages: energy capture of PV using MPPT and 

power delivery using a power decoupling 

technique. It have proposed a push–pull type 

forward converter with power decoupling 

capability. Fig. 4 shows a conventional grid-

connected flyback inverter. The input power is a 

constant value which is determined by the MPPT 

algorithm. The output power is time varying and 

includes both dc and ac parts. Assuming the 

inverter to be loss less and the grid voltage and the 

injected current as sinusoidal inphase waveforms, 

dc part of the output power is equal to the input 

power and the ac part oscillates at double-line 

frequency. 

 
Fig. 4. Conventional grid-connected flyback 

inverter. 

 

In order to obtain a constant dc current at 

the input side, the oscillating part of the output 

power should be bypassed through a buffer. In a 

passive power decoupling circuit, a large 

electrolytic capacitor CPD is placed across the PV 

to limit the voltage variation. However, electrolytic 

capacitors are sensitive to temperature and may 

decrease the inverter overall reliability. Active 

power decoupling techniques are another method to 

compensate the power differences using long-

lifetime thin-film capacitors and active switches. 

The switches are controlled in such a way that the 

extra energy is conveyed from PV to the 

decoupling capacitor when the input power is more 

than the output power. The energy of the 

decoupling capacitor transfers to the output when 

the input power is less than the required grid 

power. In three-port power decoupling methods, 

one port is dedicated for power decoupling, while 

the other two ports capture the input power and 

deliver it to the output. Fig. 5 demonstrates a three-

port flyback inverter equipped with a power 

decoupling circuit. Based on the power difference 

between the input and the instantaneous output 

powers, the operation of the inverter can be divided 

in two states. During “state I,” the input power is 

less than the output power and the decoupling 

capacitor is discharged. On the other hand, during 

“state II,” the input power is more than the output 

power and the decoupling capacitor absorbs energy 

and it is charged. Since the decoupling circuit just 

handles pulsating power, its average power is zero. 

 
Fig. 5. Flyback inverter equipped with a power 

decoupling circuit. 

 

The proposed ac module is shown in Fig. 

6. It is a modified single-phase flyback inverter that 

is derived from the conventional flyback inverter 

by incorporating another transformer winding and 

an active power decoupling circuit. This three 

switch inverter can extract maximum power from 

PV according to the MPPT algorithm, deliver a 

sinusoidal current to the grid, and compensate the 

input and output power differences using a small 

thin-film capacitor. These functions are easily 

realized by controlling switches S1−S3 . 

 
Fig. 6. Proposed inverter. 

 

 The power decoupling circuit consists of 

diode D1 and decoupling capacitor C1 . It does not 

utilize a separate switch for handling the pulsating 

power. However, the flyback main switch S1 is 

exploited to store PV energy in the transformer as 

well as buffering the pulsating energy. A snubber 

capacitor is placed across S1 to reduce 

electromagnetic noise and provide soft switching 

condition. The secondary-side diodes D2 (D3) and 

switches S2 (S3), connected in series, are 

responsible for transferring power from the PV side 

to the grid through appropriate transformer 

winding. The proposed inverter is connected to the 

grid through a low-pass filter to filter switching 
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frequencies and delivers a low total harmonic 

distortion (THD) current to the grid. The proposed 

inverter has some advantages including: 1) it has a 

simple structure, where only one diode and one 

capacitor are added to the transformer secondary 

winding to implement the power decoupling 

function; 2) it can implement MPPT, inject a 

sinusoidal current to the grid, and perform power 

decoupling using just three switches; and 3) the 

circuit operates in discontinuous-conduction mode 

(DCM)which benefits a simple control algorithm 

and soft-switching technique. 

 

IV. SIMULATION RESULTS 

 
Fig:7(a) voltage across switch S1 

 

 
Fig:7(b) current of switch S1 

 

 
Fig:7(c) inverter input current 

 

 
Fig:7(d) current of a decoupling capacitor 

 

Fig:7.  Simulation results of proposed system.  

     

The simulation results as shown in Fig. 7 

depict some different voltage and current 

waveforms based on the actual parameter values. 

By turning S1 OFF, its voltage gradually increases 

due to the snubber capacitor. So, S1 is tuned OFF 

under ZVS condition. 

Fuzzy Logic is a particular area of 

concentration in the study of Artificial Intelligence 

and is based on the value of that information which 

is neither definitely true nor false. A fuzzy control 

system is a control system based on fuzzy logic—

a mathematical system that analyzes analog input 

values in terms of logical variables that take on 

continuous values between 0 and 1, in contrast to 

classical or digital logic, which operates on discrete 

values of either 1 or 0 (true or false, respectively). 

Fuzzy logic has two different meanings. In a 

narrow sense, fuzzy logic is a logical system, 

which is an extension of multivalued logic. 

However, in a wider sense fuzzy logic (FL) is 

almost synonymous with the theory of fuzzy sets, a 

theory which relates to classes of objects with 

unsharp boundaries in which membership is a 

matter of degree. In this perspective, fuzzy logic in 

its narrow sense is a branch of FL. Even in its more 

narrow definition, fuzzy logic differs both in 

concept and substance from traditional multivalued 

logical systems. 

By using fuzzy logic controller in this 

system to reduce the deviations in the waveforms. 

It can be observed in below waveforms, by 

comparing the proposed and extension of this 

project. 

 
Above figure shows the fuzzy logic controller for 

the system. 
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Fig:8(a) voltage across switch S1 

 

 

 
Fig:8(b) current of switch S1 

 

 
Fig:8(c) inverter input current 

 

 
Fig:8(d) current of a decoupling capacitor 

 

Comparison table between proposed and 

extension for the A Single-Phase Grid-Connected 

Photovoltaic Inverter Based on a Three-Switch 

Three-Port Flyback With Series Power Decoupling 

Circuit as shown below. 

Table-1 

 Proposed extension 

voltage across 

switch S1 

253 V 280V 

current of 

switch 

S1 

20A 17A 

inverter input 20.5A 17.2A 

current 

current of a 

decoupling 

capacitor 

21A 17.5A 

 

V. CONCLUSION 
 

The power ripple problem in single-phase 

micro-inverter has been studied in this thesis. 

Different power decoupling techniques also have 

been presented and classified. A comparison table 

between these techniques was made. A new three-

port topology that employs power decoupling at PV 

side and its complete analysis for the operation of 

the proposed topology have been presented in 

chapter three. Finally, the simulation results have 

been shown. 

A novel power decoupling method based 

on a three-switch three-port ac module has been 

proposed in this project. The proposed circuit 

extracts maximum power from PV, handles ripple 

power, and delivers a low THD sinusoidal current 

to the grid with just three switches. Reliability of 

the microinverter is expected to be improved by 

decreasing the number of active switches. This 

economic, compact, and reliable inverter with a 

simple control strategy is an excellent candidate for 

PV low-power decentralized applications. 
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