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Abstract-This paper presents a microinverter topology to 
mitigate the problem of high-voltage transients occurs at 
switch turn off in single switch flyback microinverters. Voltage 
transients are caused by the resonance between the transformer 
leakage inductance and the transistor output capacitance, which 
results in a high-voltage stress leading to high conduction and 
switching losses. The proposed topology is configured with 
interleaved two switch flyback microinverter link to a single 

phase utility grid. The maximum voltage stress of the switches is 
limited to the DC input voltage, reducing the switching and 
conduction losses. For improving efficiency in all power ranges, 

hybrid control method which controls each phase of 
microinverter according to output power of microinverter is also 
applied. The simulation results validate the performance of the 
presented technique and show excellent promise for utilizing in 
industrial scale. 

Keywords-ac-module; two switch jZyback; microinverter; 
voltage transient; 

I. INTRODUCTION 
Nowadays, an interest in photovoltaic (PV) energy has 

grown due to growing environmental concerns and non
renewable nature of fossil fuels such as oil, coal, etc. 
Conventional PV systems make use of a PV array in which 
many PV modules are connected in series or parallel to obtain 
sufficient energy for generating power to the grid. However, 
the conventional PV systems have power loss due to panel 
mismatching and partial shading. To solve this problem, PV ac 
module systems which are composed of a grid connected 
inverter attached to a PV module have been introduced [1]-[3]. 
In PV ac module systems, a flyback inverter is considered as an 
appropriate topology due to the advantages of fewer 
components, simplicity, and isolation between the PV modules 
and the grid line. Also, interleaving technique in the tlyback 
inverter can reduce the conduction loss of each switch by 
decreasing the current stress of the switches [4]-[8]. 

The main drawback of the conventional tlyback inverter (or 
the single-switch tlyback inverter) is high voltage and current 
stresses which suffers the switches. At switch tum-off, the 
resonance between the transformer leakage inductance and the 
transistor output capacitance makes high voltage transient 
which results in a high-voltage stress leading to high switching 
losses. Moreover, in order to withstand the turn-off transient 
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voltage a switch with higher voltage rating is required which it 
necessitate using a switch with higher on-resistance rDS, 
resulting in increased conduction losses. In addition, using high 
switching frequency to reduce volume and weight of the 
tlyback transfonner increases switching losses [9]. 

Several techniques to mitigate the problems of parasitic 
ringing in the conventional tlyback inverter have been 
introduced. The earliest and the most commonly used 
technique to reduce the magnitude of ringing is the passive 
resistor capacitor-diode (RCD) snubber [10], [11]. The main 
drawback of this method is dissipation of leakage inductance 
energy in the snubber resistor R, which reduces the converter 
efficiency. Active clamp circuit and zero-current-transition 
(ZCT) or zero-current switching (ZCS) single-switch flyback 
converters are other techniques to address the problem of 
ringing in single-switch tlyback converters [12]-[14]. In all of 
these converters, an auxiliary circuit consisting of a switch and 
a capacitor is used to achieve zero current (ZC) switching 
condition which increases the control complexity of the circuit. 
A simpler alternative to these solutions used to remove ringing 
in the conventional tlyback converter is the two-switch tlyback 
converter. This converter is an extended version of the single
switch flyback converter. An additional switch and two 
clamping diodes form a simple and effective way to limit the 
switch voltage transients. The clamping diodes clamp the 
voltages across both the switches at turn-off and also return the 
leakage inductance energy to the input source. The maximum 
voltage stress in this converter is limited only to the DC input 
voltage Vdc, reducing the switching and conduction losses. The 
additional switch is driven in phase with the main switch, thus 
the control logic is easier than that of the active clamp and 
other soft switching techniques [15]. 

Operation of two switch flyback converter in photo voltaic 
ac module systems hasn't been much analyzed. In [16] a two 
stage flyback micro inverter has been proposed which hasn't 
high efficiency due to one additional high frequency power 
conversion stage, which has a negative effect on the overall 
conversion efficiency. In [17] a flyback micro inverter linked to 
a three phase utility grid has been introduced which is not 
much applicable in ac module systems because almost all of 
these systems are connected to a single phase utility grid. 

 

 

 



The purpose of this paper is to analyze and propose a 
micro inverter topology for ac module applications. It is 
configured with interleaved two switch flyback microinverter 
link to a single phase utility grid which solves the problem of 
high-voltage transients at switch tum off in photovoltaic (PV) 
ac module-type tlyback microinverters. Finally simulation 
results verify the operation of the proposed topology. 

This paper is organized as follows. Section II presents the 
analysis of the proposed topology. Design considerations are 
discussed in section III. Simulation results are then presented in 
section IV which validates the performance of the proposed 
micro inverter topology. Finally in section V, conclusions of 
this paper are given. 

[I. SYSTEM STRUCTURE AND ANAL YS[S 

A. Proposed Structure 

Fig. 1 shows the proposed microinverter topology for a PV 
ac module system. The proposed micro inverter consists of 
four main parts: first-phase converter, second-phase converter, 
unfolding bridge, and C-L filter. Sp],SP2 and S'PI, S'P2 are the 
main power switches; D3 and D'3 are the rectifier diodes; 
Llkl and Llk2 are the Leakage inductances, and Lml and Lm2 
are the magnetizing inductances. Sacl-Sac4 form the CS[ to 
unfold the rectified sinusoidal waveform into the grid. Db 
Dz and D\, D'z are clamping diodes. 

B. Operational Analysis of the Proposed Structure 

Based on the steady-state operation, there are four 
operational stages in a switching period. In the following 
analysis, only discontinuous conduction mode (DCM) is 
considered due to its simplicity of control. The principle of 
operation of each stage is explained with the aid of equivalent 
circuits shown in Fig. 2 and the voltage and current waveforms 
of the converter shown in Fig. 3. 

rt phase converter 
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2'ul phase converter 

Fig. 1: Proposed micro inverter topology 
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Mode I (to < t < t1): At t=to, both the switches SPI and SP2 
are turned on. An equivalent circuit for this stage is shown in 
Fig. 2(a). The magnetizing and leakage inductances start 
storing energy from the PV panel. Since the clamping diode 
voltages V1JJ = V1J2=- Vdc. the diodes D) and Dz are reversed 
biased and hence their currents iDl, im are zero. The current 
through the switches, leakage inductance, and the magnetizing 
inductance is: 

([) 

Where iLm (to) 
inductance is: 

O. The peak current of the magnetizing 

. ( )  
Vdc dT, 

/ t - . rm I -
L L m + lk 

(2) 

Where, d is the duty cycle for a particular switching cycle and 

dT, is the duration for which the switches SPI and SP2 are ON. 
The peak current of the magnetizing inductance should be 
sinusoidal one, so the duty cycle d is represented as: 

d(t) = dmax sine wt) (3) 

Where dmax is maximum duty cycle. This mode comes to an 
end when both the switches are turned off by the gate driver. 

Mode II (tl < t <::; t2 ) : During this stage, the switches SPb 

Spz are OFF, the diodes DJ, D2 and D3 are ON and the primary 
winding is clamped to the retlected output voltage of -nVg 

(0 <;:: Vg <;::220..fi ). An equivalent circuit for this stage is 
depicted in Fig. 2(b). The voltage across each switch is 
clamped to Vdc• The current through the magnetizing and 
leakage inductances charges the input capacitance Cin via 
clamping diodes DI and D2 given by 

. .  Vdc ( ) . ( ) [ =[ =- t-tl -/r.nl tl T.m Uk 
L L  m + lk 

(4) 

Where i1m(tl) is the initial current of the magnetlZlng 
inductance at time tl. This mode is referred to as regenerative 
clamping mode. This mode comes to an end when the leakage 
inductance current iUk drops to zero and the rectifier diode 
current im equals the reflected magnetizing inductance current 
niLm thereby turning off the clamping diodes D) and D2. 

Mode III (t2<t <::; h): During this stage, the switches Sb 

Sz, the clamping diodes Db Dz are OFF, and the rectifier diode 
D3 is ON. An equivalent circuit for this stage is depicted in 
Fig. 2( c). The voltage across the magnetizing inductance is 
-n VI(" The current through the magnetizing inductance is 

(5) 

 

 

 



(a) Mode I 

(b) Mode II 

1m 

(c) Mode III 

(d) Mode IV 

Fig.2 Equivalent circuits of the proposed microinverter in steady-state 
operation 

Where hm (t2) is the initial current of the magnetizing 
inductance at t = tz. 

Assuming that the switches Sp), SP2 are identical, the 
voltages across the switches are 

(6) 

This mode comes to an end when the rectifier diode current im, 
reaches zero. 

Mode IV(t3<t::; t4): During this stage, the switches Sp], 

SP2 are OFF and all the diodes D], D2, D3 are OFF. The 
capacitor Cf and inductor Lf pumping energy to the grid. The 
switch voltages are: 
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V V Vdc SF1 = SF2 = 2 

III. DESIGN PROCEDURE 

A. Parameters Design 

(7) 

In order to prevent the conduction of D), Dz and 
transferring the energy stored in Lm to the source when 
switches SPl and Spz are OFF, we should consider the 
following limitation in selection of turn ratio: 

(8) 

Where Vm is the maximum output voltage. A usual value for 
the reflected voltage n Vm is two-thirds of Vdc [18]. 

Also the following equation should be considered in 
accordance with this limitation: 

d max<O.5 

Maximum duty cycle dmax is determined as follows [19]: 

(9) 

(10) 
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Fig. 3 Voltage and current waveforms of the proposed microinverter 

 

 

 



For Vm= 220-fi V and Vdc=50 V, turn ratio should be 
n < 0.16. We select n=O.1 considering the above limitations. 

In [19], the average primary current value is described as 
follows: 

1 = 
Vde T, dmax

2 

P,avg 
4 L m 

The input power of interleaved flyback inverter is: 

2 d 2 P 2 V 1 
Vde T, max 

1''' = de p,avg = 2 L m 

(I I) 

(12) 

For Pl'v=200 W, Vdc=50 V and dmax=0.38, the maximum 
transformer magnetizing inductance is equal to Lm,ma,=9 fiR. 

B. Hybrid Control Strategy 

The advantage of two phase operation in interleaved 
technique is current sharing between two phases which 
reduces conduction and switching losses. Reducing the driving 
loss of the power MOSFETS and the transformer core loss are 
the best features of one phase operation. If we combine the 
advantages of two and one phase operation during a half line 
period in the proposed micro inverter, we can optimize the 
efficiency in wide load range [19]. [t is noticed that the output 
power Poult) is a pulsating power following a squared sine 
wave. 

(13) 

Where Po is the average output power. FigA shows the 
operating region of one phase and two phase operation during 
a half line period. As it is shown two phase operation is 
employed when output power is high and one phase operation 
is employed when Po is under a certain level (Pn). Moreover as 
Po increases the two phase operation is increases 
simultaneously. It should be noted that two and one phase 
operation is done simultaneously during a half line period 
since the applied control is based on the instantaneous power 
delivered to the grid. Fig. 5 shows the control block diagram 
of simulation platform. Phase locked loop (PLL) is used to 
detect the phase angle, amplitude and frequency of grid 
voltage accurately and quickly. The output of the MPPT 
control is louh which is used to adjust the reference current ire!, 
The reference signals ire!] and irej2 used for current shaping in 
hybrid control method are obtained as follows [19]: 

ire!1 = (14) 
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FigA The output power curve with one phase and two phase operation 
for proposed microinverter 

ir�!2 = sine at) (15) 

Optimal boundary condition of one phase and two phase 
operation is considered Ptr=IOO W. As a result, tel and te2 can 
be obtained as 

1 . -I �O 
tel =-sm ( - ) 

OJ �) 
1 . _[ � 

te2 = 
OJ 

(ff-sm (V-p;) 

IV. SIMULATION RESULTS 

(16) 

[n order to verify the theoretical analysis of the proposed 
microinverter topology, a simulation platform based on PS[M 
software is established. The parameters' value on the 
simulation platform has been shown in Table I. Fig. 6 shows 
simulation waveforms of the proposed microinverter in full 
load condition during the grid period. Fig. 6(a) shows current 
waveforms iSp1 and isp2which follows reference currents ire!1 
and ire!? in (14) and (15) respectively. Voltage waveforms VSpl 
and VSp2 are shown in Fig. 6(b). As it is shown the switch 
voltage is limited to input voltage V de' Output current iou! is 
displayed in Fig. 6( c) which is generated by the output current 
of the first and second phase converters. Fig. 7 shows 
proposed microinverter waveforms in full load condition 
during switching period. 

Vg Unfolding 
bridge driver 1--__ �>--,S"=C2_&_S= "d,-> 

�::� MPPT �Im,t L-___ � 

Fig, 5 Control block diagram of the proposed microinverter 

 

 

 



Gate signals GSP1 and GS'P1 are applied to the switches SP1, 
SP2 and s'p], S'P2 respectively with a phase shift of 1800 to 
achieve ripple cancellation [19] which has been illustrated in 
Fig. 7(a). Current waveforms isp), is'Pl and output rectifier 
diode currents iD3, iD'3 are shown in Fig. 7(b) and 7( c) 
respectively. Clamping diode currents iDl and iD\are displayed 
in Fig. 7(d). Fig. 7(e) and 7(t) illustrate voltage waveforms 
VSP1 and VS'PI respectively. As shown in simulated 
waveforms, the predicted theoretical waveforms of Fig. 3 were 
in excellent agreement with the simulation waveforms. 
Operation of the proposed micro inverter in quarter load 
condition has been illustrated in Fig. 8 and 9. As the output 
power is lower than P tr only one phase of the micro inverter is 
operated. It should be mentioned that previous simulations 
have been done with DC voltage source and MPPT control is 
performed with open loop scheme. Fig. 10 illustrates the 
simulation result of MPPT control. Fig. 10(a) shows the value 
of perturbation current (Iou/)' Initial operating point is selected 
1.1 A with the step size of 2 % and perturbation frequency of 
17 Hz. With these specifications steady state is started from 
0.54 s as shown by the red dash line. Fig. lO(b) and (c) show 
the output voltage Vdc and current iin of PV panel respectively, 
and Fig. 1 O( d) show the average output power of PV panel. 
From Fig. 10, the conventional "Perturb and observe" 
algorithm using fixed step-length is realized by adjusting the 
output current of the microinverter lou/. 

TABLE 1. SIMULATION PARAMETERS OF THE PROPOSED 
MICROINVERTER 

Parameter Value lJnit 

Switching frequency/,,,. 100 kHz 

Grid frequency fWid 50 Hz 

Transformers turn ratio (Np/Ns) 0.1 

Nominal power 200 W 

PV module output voltage at MPPT (V do) 50 V 

PV module output current at MPPT 4 A 

Magnetizing inductance Lmh L",2 6 J.lH 

Leakage inductance Llkl, Llk2 0.12 J.lH 

Input capacitance Cin 6.37 mF 

Filter inductance L/ 6 mH 

Filter capacitance Cr 0.33 J.lF 
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Fig.6. Simulation waveforms of the proposed microinverter under fun load 
condition during grid period 
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Fig.7. Simulation waveforms of the proposed microinverter under fun load 

condition during switching period 

(a) 1 

10 lime(ms) 12 14 16 18 20 

Fig.8. Simulation waveforms of the proposed microinverter under quarter load 
condition during grid period 
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Fig.9. Simulation waveforms of the proposed microinverter under quarter 

load condition during switching period 
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Figure 10. Simulation results of MPPT control 

Y. CONCLUSION 

In this paper interleaved two switch flyback microinverter 
is presented as an effective solution to mitigate the problem of 
high-voltage transients occurs in photovoltaic (PY) 
conventional flyback microinverters. Hence the switching and 
conduction losses are reduced and the efficiency of the 
conventional tlyback microinverter can be improved. In order 
to improve the efficiency in wide load ranges, hybrid control 
strategy which controls each phase of the microinverter 
according to the output power of microinverter in a half line 
period is executed. The principle of the operation of the 
micro inverter has been analyzed. The effectiveness of the 
proposed micro inverter in decreasing the switch voltage stress 
is verified by simulation results. Moreover, the realization of 
the MPPT is investigated. 
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