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 This paper proposes a low-cost single-phase micro-inverter for grid-connected 
photovoltaic (PV) system. The lifetime of the conventional flyback micro-
inverter is shortened, because lifetime of a large electrolyte capacitor is 

shortened. For this reason, the need for a large electrolyte capacitor is avoided 
by proposing power decoupling (PD) circuit. Dual advantages are achieved by 
proposed circuit, first high-power decoupling with small capacitances and 
other to protect the main MOSFET from spike voltage stress during turn off 
time without needing for additional a snubber circuit. Consequently, PD circuit 
is already used as a snubber circuit to absorb the leakage energy in the 
transformer, which may destroy the switch, and thus the voltage spike on the 
main MOSFET decreased. In addition, operating principle, modes, and control 
scheme of the proposed micro-inverter are discussed. As the simulation results, 

the input power ripple of the single-phase power fluctuation is under than 4%, 
unity power factor (P.F) and the total harmonic distortion (THD) of the 
proposed inverter output current is less than 5%. PSIM tool box is provided to 
simulate the proposed system and the simulation results are adequate. 
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1. INTRODUCTION  

In background, renewable energy, particularly solar energy is an important and promising as 

alternative electrical sources for electric power generation in recent years. Solar energy is plentiful, clean and 

free of pollution. It has the greatest availability among all the other energy sources. For this reason, solar energy 

is expected to take a main role in the world's electric power generation in the next decades [1-3]. This energy 

can be harvested by use of photovoltaic (PV) system. The PV systems can either be operated as stand-alone 

PV system or be connected to the utility grid. With rapidly declining cost of PV module, improvement in power 

electronics and government incentives towards PV system, it is imperative that penetration of PV systems on 
the utility grid would increases further especially on low and medium voltage grids [4]. The PV systems 

industry continued to go from strength to strength, recently recording many impressive developments and 

world-firsts [1-4]. Grid-connected micro-inverters as presents in Figure 1, with power level from100 to 300W 

connected to a single PV module are representing the largest majority of the market for many reasons including; 

low cost of installation; increased system efficiency; improved power harvest; plug and play operation for the 

system; and reinforce flexibility and modularity. Mostly, a single stage flyback micro-inverter topology for 

decentralized grid-connected PV systems are used shown in Figure 2 [5-7]. In this topology, there are two main 

problems associated with it, first problem the maximum power extract from the PV module must be constant 

when the power flow to the utility grid is varying with time for maximizing power harvest operation. For this 

reason, instantaneous PV power mismatch with the AC power feeds to the grid is occurred [8]. Therefore, a 
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large electrolytic capacitor has to be connected between the PV module and micro-inverter to balance this 

difference (availability power decoupling) as presented in reference [9].  

Furthermore, shortening the lifetime of the electrolytic capacitors at high temperatures as in the 

summer reason such as in Iraq, cause shorted of a micro-inverter lifetime. Hence, in order to transferred a high 

power a large capacitance of an electrolyte capacitor is required. This lead to be increase the total cost of the 

micro-inverter and reduce the efficiency. The second problem, in flyback micro-inverter the energy stored in 

the leakage inductance of transformer cannot be transferred to the secondary side when main MOSFET turns 

off and this energy may result in a high voltage spike across the main MOSFET which may destroy the 
MOSFET if the spike is not damped as presented in reference [10]. Therefore, a snubber circuit is used to 

reducing the voltage spike of the main MOSFET. There are many types of the snubber circuits are used to 

protect the main MOSFET from this problem such as RC snubber circuit, RCD snubber circuit or active 

clamped circuit [5-10]. These circuits required additional parameters such as switches, capacitors, and resisters 

to build the snubber circuit, this lead to additional design cost for micro-inverter and decrease the overall 

efficiency due to the increasing of switching losses.  

The proposed solution in this paper is solved the two problems in conventional flyback inverter with 

a new control strategy based on proposed power decoupling (PD) circuit. This technique can decoupling high 

maximum PV power to the micro-inverter that feeding to the grid with small capacitors, and protect the main 

MOSFET from the spike voltage by recycle the leakage energy of the transformer and absorbed it during this 

circuit without needing for additional a snubber circuit across the main MOSFET. 

 
 

 
 

Figure 1. Instalation of single phase micro-inverter [1] 

 

 

 
 

Figure 2. Conventional flyback micro-inverter topology [8] 

 

 

2. POWER DECOUPLING TECHNIQUES    

In a grid-connected micro-inverter as presented in Figure 3, the ac injected current to the utility grid, 

iout(t) and the utility grid voltage, vgrid(t) are given by [2, 3]: 

 

iout(t) = Îout sin(ωt + φ)              (1) 

 

vgrid(t) = V̂grid sin(ωt)           (2) 

 

where ω is the grid frequency and φ is the phase difference between the ac output current and the grid voltage, 
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which it equal to zero at unity power factor. The output power p(t), is given by [2]: 

 

P(t) =
1

2
 V̂grid  Îout cos(φ) +

1

2
 V̂grid  Îout cos(2ωt + φ)                                (3) 

 

at unity power factor (with zero phase shaft) this can be rewritten as follows: 

 

P(t) =
1

2
 V̂grid  Îout +

1

2
 V̂grid  Îout cos(2ωt)                                           (4) 

 

 

the instantaneous output power in (4) consists of the constant average output power, Pavg(t) =
1

2
 V̂grid  Îout, and 

pulsation output power Poac(t) =
1

2
 V̂grid  Îout  cos(2ωt), which is a time varying with twice grid frequency 

oscillation [10,11]. However, decoupling capacitor is used to maintain power balance and minimize the ripple 

effect at output power of PV system. The decoupling capacitor value will be calculated based on the energy 

amount that has to be stored in this capacitor, as shown follows [12-14]:  

 

Cin =
PPV

2 π f VPV ∆V
                                                            (5) 

 

where f is grid frequency, PPV is the output power from PV system,  VPV  is the output voltage of PV system, 

which mean voltage across the capacitor, ∆V is the voltage ripple. 

 

 

 
 

Figure 3. The overall power by the decoupling circuit [10] 

 
 

Moreover, power decoupling techniques depend on the type of micro-inverter topology single- stage 

or multi-stage inverters [15-18]. Furthermore, in single-stage micro-inverter as presented in Fig.4, the capacitor 

of power decoupling has been placed across PV input side.  

On the other hand, multi-stage micro-inverter such as DC-AC-AC, DC-AC-DC-AC, and DC-DC-AC 

the decoupling capacitor is selected according to the procedure that has to be discussed in reference [2], there 

are three decoupling techniques based on the location of the capacitor can be classified: (1) PV side decoupling 

capacitor (2) DC link decoupling capacitor (3) and AC side decoupling capacitor. 

 

  

DC/AC 

Converter
Grid

 
Figure 4. Single-stage micro-inverter 

 
 

3. PROPOSED MICRO-INVERTER TOPOLOGY 

The proposed micro-inverter with PD circuit is presented in Figure 5. It consists of PV module; 

primary side with two MOSFET switches, SPV and SPD; protection diode, DPV; flyback center-tap transformer, 

T; a PV input capacitor, Cin; power decoupling capacitor, CPD; ac MOSFET switches at secondary side   SAC1 

and SAC2; blocking diodes, D1 and D2; and ac C-L filter Cf and Lf. The PV module is used for the input dc 

𝐏𝐨 
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source of this micro-inverter, and the ac utility grid is connected as the output load. The proposed micro-

inverter circuit operates in discontinuous conduction mode (DCM) to reduce the control complexity. The 

operating principle of proposed micro-inverter is depending on the energy storage in the magnetizing 

inductance of transformer during the on time (Ton ) interval of main switch at primary side SPV, and discharge 

of this energy to the output at off time interval (Toff). The feature of DCM that all energy stored in the 

magnetizing inductance is transferred to an output circuit before the another on time period occurs.  In proposed 

micro-inverter by using a PD circuit, the maximum power from PV module is decoupling to the micro-inverter 
with a little ripple content. Also, using PD circuit the voltage spike generated the conventional flyback inverter 

is removed and the turn off loss of the main MOSFET, SPV is reduced. The unfolding switches, SAC1 and SAC2 

in secondary side operates with 50Hz like as utility grid frequency for grid connection. The output C-L filter 

is used for reducing the harmonic component in ac output current that feds to the grid. 

  

 

4. MODS OF OPERATION FOR PROPOSED MICRO-INVERTER TOPOLOGY 

The operation circuit of micro-inverter topology depends on the PD circuit consists of two state: (i) 

charging operation state; and (ii) discharging operation state. In PD circuit, the power decoupling capacitor 

(CPD) work as a load in charging mode and as a source in the discharging mode.  

Furthermore, depends on the value of the output power, Po, as presented in Figure 3, when Po < PPV, 

the circuit will be operating in charging state, where the extra energy will be stored in this capacitor ( CPD). On 

the other hand, when Po > PPV , the power decoupling capacitor will be discharging energy into the magnetizing 

inductance of the transformer and transferring the output power to the grid. 

 

 

 

 

 
Figure 5. The proposed circuit configuration of micro-inverter topology 

 

 

Mode I: SPV  is turned on the PV energy will be stored in magnetizing inductance of transformer, where the 

primary current (Ip) ramps up until it reaches to peak value, Ipk which can be written as [3, 12]: 

 

Ipk =
VPV Ton

Lm
=

VPV D Ts

Lm
                                                          (6) 

 
 

where Lm is the magnetizing inductance,  D is the duty ratio, Ts is the switching time period. Due to  

inductor volt-seconds balance and to avoid the continuous condition mode operation the duty ratio should be 

given as [4]: 

 

Dmax <
V̂grid

(N VPV+V̂grid)
                                                            (7) 

 
 

where N is the transformer ratio, Vgrid is the peak grid voltage. 

The peak primary current value varies with time and has  a rectifed sin waveform due to the sinosdal 

modulation as will be show later in simulation results.  

When the primary current reaches to the peak value, Ipk, SPV is turned off. During this mode, all other 

switches are off and the energy of transformer will have converted to decoupling capacitor as presented in 
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Figure 6 (a). However, from equation (6) and (7), to maintain in DCM operation condition the magnetizing 

inductance of transformer must be limited as follows [10]: 

 

Lm <  
1

2
 (

VPV

V̂grid
)

2
 Dmax

2  Vg‚rms
2

Po fs 
                                                  (8) 

 

 

Mode II:  When the SPV  is turned off, the primary current is released as, IPD, flows across decoupling 

capacitor,CPD, through the body diode of switch, SPD, as shown in Figure 6 (b).  Afterthought, this current 

decreases towards zero. Since, the direction of current, IPD, is changed and the SPD is turn on with one of the 

AC output side. The  switches, SAC1 or SAC2 will be turned on in zero voltage switching (ZVS), and the power 

will be transferred to output as shown in Figure 6 (c), the RMS value of output current approximately equal to 

average value of secondary current in every switching period after filtering as will be shown later in simulation 

results. 
 

 

 

 
 

Figure 6. Modes of operation for micro-inverter topology at half grid period 

 

 

5. A PROPOSED CONTROL STRATEGY AND MAXIMUM POWER POINT TRACKING FOR 

MICRO-INVERTER TOPOLOGY 

As presented in Figure 7, the control block diagram includes MPPT for proposed micro-inverter 

topology, in this diagram, the well-known perturbation and observation (P&O) method for MPPT is used. The 

main advantage of this method is the simplicity, where the voltage, VPV  and current, IPV of the PV system are 

sensed, then by decreasing or increasing the PV module current, the PV output power also decreasing or 
increasing, and then compared with previous value to achieve MPPT operating point with varied solar 

insulation and temperature. Since, constant input dc current, IMP
∗  from PV system is adjusted by MPPT. A 

proportional-integral controller (PI controller) is the most widely used in the process control circuit due to its 

simple and easy parameter adjusting. Since, the PI controller used to calculate an "error" value as the difference 

between a measured PV system current, IPV and a desired maximum current of PV system from MPPT 

method, IMP
∗  . Further that, trigger signal, Vtrg which has switching frequency, fs  is used to enable the turn on 

process of  SPV. If the primary current reach to it is peak value, Ipk the main switch, SPV is turn off. On other 

hand, the sub switch, SDC  become turn off when the decoupling capacitor current, IDC reach to peak value that 

compared with secondary transformer current reference, is1
∗  which is sinewave rectifier waveform.  
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is1 

Ip Ipv 
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       The two switches side the grid, SAC1 and  SAC2 are turns on depending on the grid period (20ms), SAC1 

turns on during the positive half cycle, while the other SAC2 turns on during the negative half cycle, every 

switch conduct for 10ms. 

 

 
 

Figure 7. The proposed control block diagram 

 

 

6. ANALYSIS OF SIMULATION RESULTS 
 

To verify the validity of the proposed micro-inverter, a simulation study was carried out by  

PSIM software as shown in Figure 8, based on the system parameters as presented in Table 1. Figures 9-15 

include the main waveforms of the proposed micro-inverter under different solar insulation( G) and cell 

temperature (T).  Figure 9 shows the output power from the PV module with a little ripple about ∆ripple= 4%, 

due to good performance of the PD circuit for solar iradiation, G = 700 W/m² and ambinet temperature,T =
20°C.  

Figure 10 shows the drain-source voltage (Vds) for the main MOSFET, SPV, in conventional flyback 

inverter, this voltage may be cause damage the main MOSFET due to it has a spike voltage of Vspike = 170V. 

The spike voltage on the main MOSFET, decreases by the proposed micro-inverter as presented in Figure 11, 

the spike voltage decreased to Vspike = 40V. Figure 12 and 13 depict the instantaneous input power and 

instantaneous output power which has double grid frequency ripple in conventional flyback inverter and the 

proposed micro-inverter, respectively, for solar iradiation, G = 700 W/m² and ambinet temperature,T = 20°C. 

Figure 14 shows the operating currents in proposed micro-inverter, include the primary current which has a 

shape like a rectified sin due to the sinusoidal modulation, it has the peak value Îp = 32A, and output ac current 

injected to the grid before filtering which combined of the two current of secondary winding transformer,is1 

and is2. Figure15 a pure sinusoidal output current feeding to the grid, with low total harmonic distortion (THD) 

and unity power factor (P.F), is achieved which it almost in-phase with the utility grid voltage. Figure15-a 

shows the output current feeding to the grid for solar iradiation G = 700 W/m² and ambinet temperature T =
20°C. Figure15-b shows the output current feeding to the grid for G = 600 W/m² and ambinet temperature 

T = 30°C.  Figure15-c shows the output current feeding to the grid solar iradiation G = 400 W/m² and ambinet 

temperature T = 40°C. The output current feeding to the grid, iout,rms is approximately proportional to the 

solar irradiance, a high output current obtained in high irradiance, then good values of THD and P. F are 
achieved. With use small capacitances in dc input side, the efficiency is less effected by increasing the 

temperature, and minimum turn off losses on the main MOSFET increasing in the efficiency. Different 

simulation results with different solar irradiance and cell temperature are carried out to show the performance 

of the proposed inverter. 
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Table 1. Simulation parameters for proposed micro inverter 
          Parameter Value     Unit 

PV module voltage (VPV) 33-38 V 

Maximum output power (Po) 150 W 

Input capacitor (Cin) in conventional inverter 7720 µF 

Decoupling capacitor (CPD) 60 µF 

Input capacitor (Cin) in proposed inverter 30 µF 

Switching frequency (fs ) 20 kHz 

Transformer turn ratio ( N) 5 - 

Magnetizing inductance (Lm) 38 µH 

Maximum duty cycle ( D) 0.65 - 

AC output inductor filter (Lf)  3 mH 

AC output capacitor filter (Cf) 2 µF 

 

 

 
 

Figure 8. The proposed flyback micro-inverter with PD circuit by using PSIM 
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Figure 9. Output power form PV module, PPV=160W 

 

 

 
 

Figure 10. The Drain-Source voltage (Vds) of main MOSFET SPV for conventional flyback inverter 

 

 

 
 

Figure 11. The Drain-Source voltage (Vds) of main MOSFET SPV for proposed micro-inverter 

 
 

 
 

Figure 12. The overall power by the decoupling circuit in conventional flyback inverter 
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Figure 13. The overall power by the decoupling circuit in proposed micro-inverter.\ 

 

 

 
 

Figure 14. Operating currents in proposed micro-inverter. (a) The primary current, IP  (b) The first secondary 

current, Is1. (c) The second secondary current Is2, (d) The total secondary current, Is 

 

 

Table 2. Different simulation results with different solar irradiance and temperature for proposed micro-

inverter 
𝐆  

(𝐖/𝐦²)                                               

𝐓  
(°𝐂) 

 𝐏𝐩𝐯 

 (𝐖)                                     

𝐏𝐨 

 (𝐖) 

𝐢𝐨𝐮𝐭,𝐫𝐦𝐬 

 (𝐀) 

𝐓𝐇𝐃 

(%) 

𝐏. 𝐅 𝛈 

(%) 

750 30 165 156 0.87  2.7 0.99 94.4 

650 25 151 139 0.6  3.3 0.98 92 

550 35 114 103 0.47  3.6 0.97 90.3 

500 34 95 85 0.4  3.7 0.966 90 

490 44 94 84 0.37  3.8 0.96 89.8 

400 32 62 55 0.25  3.9 0.957 89 

320 18 37 33 0.17  4 0.953 88.8 

260 43 27.5 24 0.11  4.2 0.94 88.6 

200 33 7 5.8 0.07  4.25 0.92 87.5 
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Figure 15. The output current feeding to the grid with grid voltage divided by 200. (a) iout,rms = 0.77A (b) 

iout,rms = 0.54A (c) iout,rms = 0.25A 

 

 

7. CONCLUSION 

Flyback with PD circuit micro-inverter for PV system is proposed. In this paper, a high-power 

decoupling with small ripple is achieved using PD circuit with small capacitance for dc input side. The stress 

of spike voltage on the main MOSFET is limited by recycle the leakage energy of the transformer and absorbed 

it during PD circuit without needing for additional a snubber circuit across the main MOSFET. For this  

reason, the large volume of micro-inverter is minimized with long lifetime, which lead to minimize the total 

cost of proposed micro-inverter. Utilization of the proposed micro-inverter realizes ac output current feeds to 

the grid with low THD (2.7%) and unity P.F(0.99). Finally, this paper presents a new control scheme for a 

high-power decoupling technique, which can reduce the turn off losses and increase the efficiency as shown in 

simulation results.  
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