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Abstract: This paper emphasizes on PV cell fed 3- Level Full MOSFET which works using P&O MPPTtechnique and comprises super junction 

MOSFETs. This proposed Multilevel Inverteris used to feed singlephase Induction motor drive which serves for rural pumping applications. 

Generally in a standalone system, the PV unit will charge the battery and the battery set up in turn will serve as a source for the inverter. A new 

single stage battery-less power conversion is employed by designing a maximum power point tracker (MPPT). Reduction in switching losses is 

achieved by using an improved 3- level full MOSFET inverter topology.   
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I  INTRODUCTION 

 

Photovoltaic cell is an electrical device that converts the energy of light directly into electricity. But the problem is sun radiation is not consistence 

throughout the day because of clouds cover and sun angle with respect to the solar panel. Due to this kind of conditions photovoltaic cell exhibits 

a nonlinear voltage and currentrelationship.Therefore, a photo voltaic system with a controller named MPPT is used to find automatically the 

maximum power operating point (MPP) at all environmental conditions and then force the PV system to operate at this MPP, to ensure the optimal 

use of the available solar energy. MPPT Controllers can follow several strategies[1-2] to optimize the power output of an array such as Perturb and 

observe, Incremental conductance,Current sweep and Constantvoltage. Condition for MPPT is dp/dv=0. If the condition satisfies maximum power 

will be achieved.  If we get any value we need to consider that as error value. In order to compensate the error value a PI controller is implemented, 

controller generates reference signal which is compared with sawtoothcarrier signal to generate pulse. These generated pulses areapplied to theboost 

converter to get maximum power. Boost converter step-up process is controlled by varying duty ratio. 

Switches can be implemented either by MOSFETS or by IGBTS. MOSFET is better than IGBT due to its high switching speed and efficient at 

low voltages. The IGBT has the disadvantages of a comparatively large current tail.The inverter is benefits from super junction MOSFET [4]. The 

device concept is based on charge compensation in the drift region of the transistor, we increase the doping of the vertical driftregion roughly by 

one order of magnitude and counterbalance this additional charge by the implementation of fine structured columns of the opposite doping type. 

The blocking voltage of the transistor remains thus unaltered. The charge compensating columns do not contribute to the current conduction during 

the turn-on state. Nevertheless the drastically increased doping of the drift region allows reduction of the on-resistance. Silicon super junction 

MOSFET provide excellent static and dynamic performances.But body diode demonstrates poor switching behavior such as reverse recovery 

charge and slow commutation speed [5].By increasing doping concentration and base thickness MOSFET performance can be improve but diode 

performance degrades [4, 6]. Because of body diode poor switching behavior IGBTs are preferred to MOSFETS in many AC application. If the 

demerits caused by the body diode are eliminated then the MOSFET works efficiently.The problem associated with the body diode is resolved by 

forcing currents through external diodes or inductors. Switching losses, stress across the switch, electromagnetic interference problems are 

alleviated by making diodes inactive. 

In this paper, section II contains photovoltaic system,section III contains P&O MPPT based super junction MOSFET multilevel inverter, section 

IV contains MATLAB/Simulation results and section V contains conclusion. 

 

II PHOTOVOLTAIC SYSTEM 

 

A Photovoltaic (PV) system directly converts solar energy into electrical energy. The basic device of a PV system is the PV cell. Cells may be 

grouped to form arrays. The voltage and current available at the terminals of a PV device may directly feed small loads such as lighting systems 

and DC motors or connect to a grid by using proper energy conversion devices. This photovoltaic system consists of three main parts which are 

PV module, balance of system and load. The major balance of system components in this systems are charger, battery and inverter. 
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Fig 1 Practical PV device 

 

A photovoltaic cell is basically a semiconductor diode whose p–n junction is exposed to light. Photovoltaic cells are made of several types of 

semiconductors using different manufacturing processes. The incidence of light on the cell generates charge carriers that originate an electric 

current if the cell is short circuited. 

 

 
Fig 2 Characteristics I-V curve of the PV cell 

 

The equivalent circuit of PV cell is as shown in the Fig. 1 [7-8].An ideal solar cell may be modelled by a current source in parallel with a diode; in 

practice no solar cell is ideal, so a shunt resistance and a series resistance component are added to the model.The output current and voltage form 

PV cell are represented by I and V. TheV-I Characteristics of PV cell are shown in Fig.2. The net cell current I is composed of the light generated 

current IPV and the diode current ID 

 

III P&O MPPT BASED SUPER JUNCTION MOSFET MULTILEVEL INVERTER 

The Inverter is an electrical device which converts direct current (DC) to alternate current (AC). The inverter is used for emergency backup power 

in a home. The need of multilevel converter is to give ahigh output power from medium voltage source. The multilevel inverter consists of several 

switches. Multilevel inverters are three types [10-13],Diode clamped multilevel inverter,flying capacitors multilevel inverter and cascaded H- 

bridge multilevel inverter. An improved topology allowing the full use of super junction MOSFETs in a highly-efficient multilevel single-phase 

inverter is presented. The topology makes use of soft-switching snubber to tackle the switching losses. High switching frequencies were used in 

proposed model. Switching frequency is an operating parameter which effects performance characteristic of supply as well as the cost. The benefits 

of high switching frequency are small converter size, cost of converter reduce and transient response can be improved. But the problem is high 

switching frequency causes switching losses. Switching losses are directly proportional to switching frequency.A very common term in electrical 

field is switching loss. In normal inverter circuits when the switches swap their positions they consume some powers, as they conduct their activities 

when both current and voltage are nonzero. As a result of imperfect switching power loss will occur. As expected smaller size filter components 

needed at higher frequencies. So the invented solution for avoiding the power loss by using a new type of inverter which is one of the resonant 

inverter. The most significant part of resonant inverter is, here switching takes place when voltage and current are zero which is known as soft 

switching [14]. Since switching takes place in zero voltage and current stage there is no possibility of power loss in resonant inverter. 

To keep the switching losses low, fast and quick switching devices is desirable. The increase of switching frequency minimizes the lower order 

harmonics in PWM type application which in turn reduce the size of reactive component and filter circuits. The increase of switch stress and EMI 

has new design challenge. One way of dealing with stress on switch is to use snubber circuits. Snubbers are included in circuit so that during turn 

ON/OFF the stress is bypassed through the snubber. As a result stress on switch reduces but not the loss during switching. A new solution that 

can reduce switching losses is the idea of resonant converters[16]where the concept of LC resonance is utilized during switching instances. The 

current and/or voltage of an LC resonant circuit undergo zero level periodically. If the switching of the converters turn on/off is synchronized 

with zero voltage /current level, the switching losses, stress on devices, EMI generated reduced.  

The inductor Lsn controls the dynamics of current and significantly reduces turn on losses (ZCS). The capacitors Csn1 and Csn2 are used to perform 

ZVS. Inductor and capacitor forms a series resonant circuit. The oscillation of L and c initiated by turning ON and OFF the switch. We need to 

select inductor and capacitor values in such a way that resonance happens in the circuit and zero impedance is achieved.  Selection of inductor 

and capacitor value is done by using the following formula. 

𝑓𝑟 =
1

2𝜋√𝐿𝐶
 𝐻𝑧 
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Fig 3Block diagram representation of proposedmodel 

 

 
Fig 4 soft switching3-level flying capacitor (single-leg) 

 

A. Turn-on transitions of M1/ Turn-off transitions of M2  

Stage 1: Linear charge/discharge of the snubber capacitors CSN1&Csn2 

M1 and M2 both the switches are in turn OFF condition. The current is flowing through Csn1 and Csn2is turned off.  

Stage 2: Resonant Mode 

Resonance occurs between the snubber elements LSNand CSN1&CSN2. This stage continues until the diode DSN1gets conductive. 

 

Stage 3: Final demagnetization of LSN via the flying capacitor: 

 

DSN1 and DSN2 are conductive. The snubber inductor finishes discharging linearly through flying capacitor 

 

Stage 4: Parasitic resonance involving COSS and LSN: 

 

The parasitic capacitance COSS of M2 resonates with LSN. Demagnetization of LSN achieved 
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Fig 3Turn-on transitions of M1/ Turn-off transitionsof M2 

 

Turn-off transitions of M1/ Turn-on transitions of M2 

Stage 1: Linear magnetization of the snubber inductor LSN: 

M2 is turned on. The voltage across M2drops to zero and the currents in LSN and in the conductive channel of M2 raises linearly.  

 

Stage 2: Resonant Mode 

Resonance occur between snubber elements LSN and CSN1&CSN2 in order to discharge CSN2 and charge CSN1.This stage continues until the complete 

charge of CSN1. 

 

Stage 3: Final demagnetization of LSN via the flying capacitor: 

DSN1and DSN2 are conductive. The voltage VFC is applied across the snubber inductor which is linearly demagnetizes down to the load current I.  

 

d) Stage 4: Parasitic resonance involving COSS and LSN: 

When the demagnetization of LSN is complete, 

DSN2 gets blocked. 
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Fig 4Turn-off transitions of M1/ Turn-on transitions of M2 

 

       

 

IV MATLAB/SIMULATION RESULTS 

 

 

 

 
 

Fig 7 Simulation model for soft switching 3 level flying capacitor topology when transitions turn off mode 

 

 
 

Fig 8 Simulation waveform for during the turn off transmissions M1 with MOSFET 
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Fig 9 Simulation model for soft switching 3 level flying capacitor topology when transitions turn on mode 

 

 
 

Fig 10 Simulation waveform for during the turn on transmissions M1 with MOSFET 

 

 
Fig 11 Simulation model for PV based 3 level inverter fed IM 

 
Fig 12 Simulation model for Voltage extracted from PV system 
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Fig 13 Simulation model for transmissions MOSFET operated 

 

 
Fig 14 Simulation waveform of voltage capacitor, rotor speed and torque of the IM 

 

V CONCLUSION 
 

This paper presents a PV cell fed 3-level flying capacitor full-MOSFET inverter where body-diode switching limitations are alleviated with a 

lossless snubber. As we are using high switching frequency efficiency of the system is increased and it reduces the heat sink volume since overall 

cost of the system. But high switching frequency results high switching losses. Switching losses are reduced by implementing soft-switching 

technique. When the concept of LC resonance is used switching losses, stress on the device, EMI generated is reduced. The presented topology 

clearly outperforms standard hard switching implementation in terms of efficiency.  
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