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Abstract— Solar photovoltaic energy is most common among 

the renewable power generation systems. Hence, grid 

integration of this technology is crucial for effective 

utilization of this technique. This can be facilitated by means 

of a DC-DC-AC converter. The proposed system consists of 

a step-up dc– dc converter and a high-efficiency inverter. 

Zero voltage switching (ZVS) method should be introduced 

in the proposed topology to reduce the voltage stresses on 

converters. Step up dc-dc converter combines an active clamp 

circuit and series resonant voltage doubler to limit switching 

losses. In the family of the inverters only a single power stage 

works at high frequency at a time. This reduces the switching 

losses and hence improves efficiency. A major contribution 

is the inclusion of closed loop simulation of proposed system 

with PV array and MPPT. A prototype with power rating of 

400W is designed. The inverter is expected to show a 

maximum efficiency of 96.2%. 
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I. INTRODUCTION 

PV energy is known as one of the great alternative sources, 

the PV system costs too much to use widely. Therefore, the 

cost and energy efficiency of the PV system and the extracted 

power from the PV panel should be improved. Thus, it is 

essential for a PV system to have the high-efficiency inverter 

and the maximum power point tracking (MPPT) control 

technique. Nowadays, based on the connection method of PV 

modules, the PV system is classified into the centralized sys-

tem, the string system, and the microinverter [1]. 

Centralized type inverter have a number of PV 

panels were connected with each other in parallel, through 

diodes and assembled a PV module in series. The multi-string 

inverter in which DC-DC modules are independently 

operated and one central DC-AC converter is used to 

interface the common dc-link to the AC grid. AC module 

technology in PV application is such a system where a PV 

panel is communicated to a dc-ac inverter directly and the 

power range is commonly between 150W and 300W. Each 

PV panel has a single inverter attached at the back. The output 

of micro-inverters are connected together to convert raw DC 

power from PV panel to AC power and provide power into 

the grid, thus no high voltage DC cable is required as 

centralized type inverters. The microinverter offers high 

efficiency of MPPT according to the individual module 

control and greatly optimizes the energy conversion. 

However, it is still expensive to be used widely. Therefore, in 

order to reduce cost and improve efficiency of the 

microinverter, various studies are being carried out [2]–

[4].PV inverter topologies can be classified into two 

categories according to galvanic isolation. Since the output 

voltage of a single PV panel is often supplied by a low-level 

dc voltage, a high-voltage gain inverter is required to connect 

to the single-phase grid. Although the transformerless PV 

inverter topology has higher efficiency, lower cost, and 

smaller size compared to the PV inverter topology that has 

galvanic isolation, it generally does not have enough voltage 

gain to boost the input voltage of the PV panel, and it is 

difficult to apply the thin-film PV system due to the large 

leakage current. Thus, the PV inverter topology with galvanic 

isolation is preferred for the microinverter. The Flyback 

topology of the conventional microinverter is typically one of 

the common topologies considered for a single PV panel. It 

provides relative simplicity of the circuit structure, ease of 

control, and minimal number of switching devices compared 

to other topologies. However, there are drawbacks such as 

switching losses of the switch and reverse-recovery losses of 

the diodes. Furthermore, the high turn ratio of the transformer 

increases the leakage inductance of the transformer, and its 

large inductance deteriorates the system efficiency. Thus, the 

major challenge for this microinverter is how to lower the 

cost per watt and improve its efficiency. With the recent 

advancement of the PV cell technology, the power capacity 

of the microinverter is also needed to be increased. The 

flyback topology is limited below 200 W, due to the lower 

utilization of the transformer. Thus, the increased power 

rating of the microinverter is required to cope with large 

power rating of the PV panel and to lower the cost per watt of 

the microinverter. 

II. SYSTEM DESCRIPTION 

This paper presents a novel highly efficient microinverter 

with soft-switching step-up converter and single-switch-

modulation inverter, as shown in Fig. 1. The dc– dc converter 

using an active-clamp circuit with a series-resonant voltage 

doubler improves the transformer utilization and efficiency. 

The active-clamp circuit reduces switching losses of the 

switches and clamps the voltage across the switches. The 

series-resonant voltage doubler removes the reverse-recovery 

problem of the secondary rectifier diodes of the transformer 

and reduces the turn ratio of the transformer for reduction of 

the leakage inductance. Furthermore, in the proposed 

inverter, only a single switch is modulated at the switching 

frequency without a shoot-through problem. 

The dc–dc stage consists of an active-clamp circuit 

in the primary side and the series-resonant voltage doubler in 

the secondary side of the transformer T1. The active-clamp 

circuit is composed of a switch S1, a switch S2, and a clamp 

capacitor Cc. This circuit limits the voltage across the switch 

S1 and regenerates the energy stored in the leakage 

inductance Llk. Then, the switches S1 and S2 are operated 

complementarily with the zero-voltage switching (ZVS) turn-

on. In the secondary side of the transformer T1, rectifier 

diodes Dr1 and Dr2 and a resonant capacitor Cr represent the 

series-resonant voltage doubler. This circuit provides the 

resonant current paths of the power transfer, regardless of the 

main switch state. In particular, the resonant current formed 

by leakage inductance of the transformer and the resonant 

capacitor removes the reverse-recovery problem of the 

secondary rectifier diodes Dr1, Dr2. 
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Fig. 1: Proposed photovoltaic microinverter. 

 
Fig. 2.Equivalent circuit of the proposed dc–dc stage. 

The equivalent circuit of the dc–dc stage as shown 

in fig 2. Its operation states and theoretical waveforms and for 

each interval in the steady state are depicted in Figs. 3 and 4. 

The active-clamp circuit and the series-resonant voltage 

doubler can be analyzed in the six operation modes, 

according to the conduction states of the switches and diodes 

during one switching period Ts,dc. 

 Mode 1 [t0, t1]: Before t0, the switch S2 and the secondary 

side diodes Dr1 and Dr2 of the transformer are in the off-

state. After the time t0, the output capacitor Cs1 of the 

switch S1 and the output capacitor Cs2 of the switch S2 

are discharged and charged, respectively. 

 Mode 2 [t1, t2]: The voltage Vs1 across the switch S1 

becomes zero, and the primary current iP of the 

transformer flows through the antiparallel diode of the 

switch S1 before the switch S1 is turned on. Thus, the 

ZVS operation of the switch S1 is achieved. 

 

 

 
Fig. 3: Operation states of the proposed dc–dc stage. 

Then the input voltage VPV equals the voltage across 

magnetizing inductance Lm, and the magnetizing current iLm 

increases linearly. 

In addition, the series resonance occurs between the 

capacitor Cr and the leakage inductance L1k of the 

transformer. The voltage across the leakage inductance L1k is 

the difference between the secondary voltage nVPV and the 

resonant capacitor voltage Vcr. Thus, the secondary current 

is of the transformer flows through the rectifier diode Dr1 

with the resonance of the positive current as follows: 

 
Fig. 4: Theoretical waveforms of the proposed dc–dc stage. 

 Mode 3 [t2, t3]: At the time t2, the secondary current is 

becomes zero. The primary current ip is equal to the 

magnetizing current iLm. Therefore, the primary current 

ip increases linearly. 

 Mode 4 [t3, t4]: The rectifier diode Dr1 and the switch S1 

are turned off. Since the secondary current iDr1 is 

already zero in Mode 3, the reverse-recovery loss of the 

rectifier diode Dr1 is removed. At the same time, the 

output capacitor Cs1of the switch S1 is charged, and the 

output capacitor Cs2 of the switch S2 is discharged. 

 Mode 5 [t4, t5]: At the end of Mode 4, the voltage Vs2 

across the switch S2 is zero, and the primary current ip 

flows through the antiparallel diode of the switch S2. 
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Thus, the ZVS turn-on of the switch S2 is achieved. 

Then, the voltage across magnetizing inductance Lm 

equals Vpv-Vc, and the magnetizing current iLm 

decreases linearly as follows: 

 Mode 6 [t5, t6]: Since the secondary current iDR2 is already 

zero in Mode 5, the reverse-recovery loss of the rectifier 

diode Dr2 is removed. Similar to Mode 4, the rectifier 

diode Dr2 achieves the zero-current switching (ZCS) 

turn-off. As the secondary current is becomes zero, the 

primary current iP and the magnetizing current iLm are 

linearly decreased 

The proposed inverter is based on two step-down 

converters. In contrast with the conventional full-bridge 

structure, the inverter uses two switches instead of four 

switches. The two thyristors Qp and Qn are operated 

complementarily at a grid frequency that depends on the grid 

voltage polarity. In the operation of the inverter, the input 

voltage Vd of the inverter stage is constantly controlled by the 

dc–dc stage at higher value than the peak grid voltage. The 

switching states for the positive current and the negative 

current are described in Fig. 5. For the positive grid voltage, 

the positive path selector Qp of the grid current is turned on, 

and the switch Sp is modulated by the control of the grid 

current. When the switch Sp is turned off, the freewheeling 

path occurs through the diode Dfp. As shown in Fig. 5, the 

operation of the negative grid voltage is similar to that of the 

positive grid voltage. Thus, a single switch Sp or Sn is 

modulated every half-period of the grid voltage. Thus, the 

inverter is operated without a shoot-through problem. 

 
Fig. 5: Operation states of the proposed inverter. (a) In the 

positive grid voltage. (b) In the negative grid voltage. 

III. SIMULATION RESULTS 

 
Fig. 6: Experimental waveforms of the output voltage and 

current 

Figure shows the waveforms of the grid voltage and current 

at full load. In this case, the total harmonic distortion of ig is 

measured as 3.8% at the grid frequency of 50 Hz. 

IV. CONCLUSION 

This paper illustrates a novel highly efficient microinverter 

with soft-switching step-up converter and single-switch-

modulation inverter. The active-clamp circuit offers the soft 

switching of the primary-side switches and reduces the 

voltage stress by clamping the voltage spike across the 

switches. Its series-resonant voltage doubler provides the 

ZCS turn-off of the rectifier diodes. Furthermore, since only 

a single switch is modulated at the switching frequency 

avoiding a shoot-through problem, the proposed inverter 

shows much higher level of efficiency and reliability 

compared to the conventional full-bridge inverter. A 400-W 

prototype of the proposed microinverter has implemented to 

confirm the validity. The experimental results show that the 

proposed microinverter gives high efficiency. 
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