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Abstract— This topology represents the grid connected solar microinverter based on single stage boost conversion. This circuit can 
extract maximum solar power from solar panel .The output voltage of the circuit is stabilized by the use of closed loop control. Transformer 
gives isolation between converter circuit and inverter circuit. And also this topology reduced the number of switches needed 

Index Terms— Grid connected solar microinverter.Isolated boost converter, Inverse buck converter, Maximum solar power, PV panel, 
Single stage boost conversion, Voltage doubler circuit.  

——————————      —————————— 

1 INTRODUCTION                                                                     
HE increasing number of renewable energy sources and 
distributed generators requires new strategies for the op-
eration and management of the electricity grid in order to 

maintain or even to improve the power-supply reliability and 
quality. In addition, liberalization of the grids leads to new 
management structures, in which trading of energy and power 
is becoming increasingly important. The power-electronic 
technology plays an important role in distributed generation 
and in integration of renewable energy sources into the elec-
trical grid, and it is widely used and rapidly expanding as 
these applications become more integrated with the grid-
based systems. 

During the last few years, power electronics has un-
dergone a fast evolution, which is mainly due to two factors. 
The first one is the development of fast semiconductor switch-
es that are capable of switching quickly and handling high 
powers. The second factor is the introduction of real-time 
computer controllers that can implement advanced and com-
plex control algorithms. These factors together have led to the 
development of cost-effective and grid-friendly converters.    
While fossil fuel exhaustion and greenhouse effects are widely 
concerned around the world, one of the most important issues 
toward these problems is to find alternative energy for long-
term solutions. Green energy offering the promise of clean and 
abundant energy gathered from self renewing sources such as 
solar energy, geothermal energy, and wind source is broadly 
developed. Solar cells are unique in that they directly convert 
the incident solar irradiation into electricity. Photovoltaic (PV) 
power management concepts are essential to extract as much  
power as possible from the solar energy. PV energy systems 
are being extensively studied because of their benefits of envi-
ronmental friendly and renewable characteristics. Typically, 
several PV panels are connected in series to provide a high-
voltage output. 
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Photovoltaic power is an established technology and 
has recently experienced rapid growth over the last ten years. 
Photovoltaic cells are the key component in most photovoltaic 
power systems, but their performance is still subpar, so future 
work is needed to improve their performance and optimize 
the interactions between the cells and other components. The 
purpose of this paper is to investigate how to improve the con-
trol of the power interface and optimize the operation of the 
overall system. 
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2 SYSTEM DESCRIPTION 
Fig. 1 shows the circuit topology of studied solar microinverter. 

The grid connected solar microinverter consists of isolated boost con-
verter with a secondary voltage doublers and inverter circuit. Fig. 2 
shows the modes of operation of grid connected solar microinverter 
with single stage boost conversion. According to the ac grid voltage 
the above circuit operates two modes they are explained below. 
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Fig.1. Circuit diagram 

Mode 1: When the grid voltage is higher than a boundary voltage Vb 
expressed as equation (1), solar microinverter is operated under this 
mode 
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Fig.2. Modes of operation  

 Where n is the turns ratio of transformer TR1R,δRboostminR is the mini-
mum duty cycle of boost switch Q and VRpvR denotes the PV panel 
voltage . PV panel voltage VRpvR is directly fed to the boost converter. 
Under this operation mode, the buck switch QRbR is always on the duty 
cycle δRboost. RQ is modulated as equation (2) to provide a rectified si-
nusoidal waveform ׀Vg׀R. RCR1R and CR2R are connected with the AC grid 
system via inverter and LC output filter. Because the inverter is oper-
ated at the Zero crossing of the AC grid voltage, the switching losses 
are neglected. Assuming that the conduction loss on power devices of 
the inverse buck and inverter can be ignored, the only loss of studied 
solar micro inverter is due to the single stage power conversion of the 
isolated boost converter circuit. High conversion efficiency can thus 
be achieved, i.e., 

  

                                        (2) 
 

Mode 2: When the ac grid voltage is lower than the boundary voltage 
VRbR, the solar micro inverter is operated under this mode. The duty 
cycle δRboostR of Q is fixed at the minimum value δRboost,minR to provide a 
constant voltage gain KRbR as follows: 

 
                                   (3) 
The duty cycle δRbuck Rof buck switch QRbR is modulated as equation (4) 
to provide a rectified sinusoidal waveform ׀VRgR׀ on capacitors CR1R and 
CR2R that is connected with the ac grid system via inverter and LC 
filter., i.e., 
 

                (4) 
 Fig. 3 and Fig. 4 respectively shows the equivalent circuits 
of studied solar microinverter under mode 1 and mode 2.  
State 1(tR0R-tR1R): During this time interval, power MOSFET Q ON, and 
diodes DR1R and DR2R are off. The solar energy is stored into input induc-
tor L. The load energy is provided by voltage doubler capacitors 
CR1Rand CR2R.  
State 2(tR1R-tR2R): During the interval, power MOSFET Q is turned off. 
The solar energy stored in inductor L is released via transformer TR1R 
and diodes DR1R, DR2R. 
 Mode 2: This mode for isolated solar microinverter can be divided 
into two switching states. 
State 1(tR0R-tR1R): During the time interval, power MOSFET QRbR is on and 
diode DRbR is off. The solar energy is stored into buck inductor LRbR. The 
voltage across LRbR can be expressed as follows: 
 
 
                                                                       (5) 
State 2(tR1R-tR2R): At tR1R, power MOSFET QRb Ris turned off. The solar en-
ergy stored in buck inductor LRbR is released via diode DRb. RThe voltage 
across  LRbR can be expressed as follows: 
 
 
                                                                            (6) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

(a)Mode 1 state 1 
 
 

 
 
 
 
 
 
 
 
 
 
 
 

(b)Mode 1 state 2 
Fig. 3. Mode 1 operating states 
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(a)Mode 2 State 1 
 
 
 
 
 
 
 
 
 
 

(b)Mode 2 State 2 
Fig.4. Mode 2 operating states 

 3 DESIGN CONSIDERATION 

Isolated boost converter circuit 
According to the waveforms shown in Fig .9 , the voltage stresses 

on power MOSFET Q can be represents as follows: 

 

                                                                        (7) 
Where Vg,pk denotes the peak value of the ac grid voltage. The trans-
former turns ratio is usually set higher than unity; therefore low volt-
age stresses on Q can be achieved. With low voltage stress on Q can 
be achieved. With low-voltage-rating devices for Q, low ON-state 
resistance Rds(on) can significantly reduce the conduction losses. 
The voltage stresses for diodes D1 and D2 and capacitors C1 and C2 
can be determined by 
 
 
                   (8) 
Considering the current ripple amount ΔIL, the inductance  L can be 
calculated by 
 
  

        (9) 
Where Ts is the switching period of power MOSFET  
 
B. Inverse-Buck Circuit 
  The voltage stresses on power MOSFET Qb and diode Db 
can be represented as follows: 
 
                              (10) 
With low-voltage-rating devices for Qb and Db, high conversion 
efficiency can be achieved due to low conduction losses. 
Considering the current ripple amount ΔILb, the inductance of 
Lb can be calculated by 

 
 
                                                         (11) 
where Ts is the switching period of power MOSFET Qb. 

4 SIMULATION RESULTS 
The simulations were realized with a PV panel voltage of 25 V, a 

grid voltage of at 50 Hz and a switching Frequency of 20 KHZ. The 
bus capacitors were formed by two 3 mF capacitors connected in 
series. The output filter was formed by two inductors and a capacitor. 
The value of output capacitor is 2.2 mF. The output inductors values 
are 2.5mH. The inverter stage is formed by four (S1 to S4) switches. 
They are able to generate 230V, 50 HZ ac supply. 

  The simulation output of the PV panel. The PV panel de-
sign is simulated for 25V 

 
Fig.5 switching pulse for boost switch 

 Fig.5 shows the switching pulse of boost switch. X axis denotes 
the time period, Y axis denotes duty ratio. 

 
Fig.6 switching pulse for buck switch 

Fig.6 shows the switching pulse of buck switch. X axis denotes the 
time period, Y axis denotes duty ratio. 

 
Fig.7 voltage doubler output 

 Fig.7 shows the simulation output of the voltage doubler 
output voltage. X axis denotes time period, Y axis denotes Vvd  volt-
age doubler output voltage. 
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Fig.8 Inverter output 

Fig.8 shows the output voltage of inverter. The inverter circuit 
consists of 4 switches S1-S4. Its output voltage depends on the volt-
age doubler output. In Y axis denote Vinv inverter output voltage. 

. 

Fig .9 Grid voltage 

 Fig .9 shows the grid voltage of the grid connected circuit. 
Generally PV inverters are connected with distributed generation such 
as lighting loads for commercial and domestic purpose. In Y axis 
denotes Vg grid voltage. 

 
(a)Boost switch 

 Fig.10a shows the switching pulse of the boost switch Q . In Y 
axis denotes Vds boost drain to source voltage and fig.10b shows the 
switching pulse of the buck switch. In Y axis denotes Vds boost drain to 
source voltage and the duty cycle of the Q and Qb depends on the 
modes of operation and output voltage of the inverter. 

 
(b) Buck switch 

Fig.10 voltage across the boost and buck switches 

TABLE I 

LIST OF SYMBOLS 

SYMBOL DESCRIPTION 
Vpv Pv panel voltage 
Cin Input capacitor or Input capacitance 
Qb Buck switch 
Lb Buck Inductance 
L Boost inductor 
Q Boost switch 
T1 Transformer 

D1,D2 Voltage doubler diode 
C1,C2 Voltage doubler capacitor 
S1-S4 Inverter switches 

L01,L02 Output L filter 
Co Output C filter 
Lg Grid inductance 
δboost Duty cycle of boost switch 
δbuck Duty cycle of buck switch 

n Transformation ratio of transformer 
Vb Boundary voltage 
Vg Grid voltage 
Kb Voltage gain 
ΔIL Ripple current of inductor L 
ΔILb Ripple current of inductor Lb 

 

5 CONCLUSION 
This topology dealt with a transformer isolated single phase grid 

connected microinverter for photo voltaic system. The grid connected 
solar microinverter based on single stage conversion circuit gives the 
230V ac for 25V PV panel input voltage. This circuit stabilizes the 
output voltage by the feedback switching circuit. The topology reduc-
es the number of switches required. Here the voltage doubler circuit 
increases the output voltage of the converter circuit. LCL filter gives 
the pure form of output voltage without disturbances. Thus the grid 
connected solar microinverter based on single stage boost conversion 
is simulated. Future work is focused on switching pulse generated by 
SPWM. 
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