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Short Abstract

This paper proposes a seven-level grid-tied Photovoltaic (PV) inverter based on the switched-capacitor technique with input voltage boosting capability.
This topology includes an electrolytic capacitor, eight power switches, and two input dc sources. The output peak magnitude of the proposed inverter
is one-half times the input voltage sources. The components count of the proposed inverter is reduced in comparison to recent several-level inverters
which are used for grid-tied PV applications. This topology does not require an independent control method for balancing voltage of capacitor and has
a self-balancing mechanism for the capacitor voltage. Morover, the Model Predictive Control (MPC) is utilized as current injection technique to produce
proper output voltage levels. A capacitor optimal design for resistive load and inductive-resistive load has been analyzed to reduce of volume and size
of the proposed inverter. The theoretical loss calculation of the proposed inverter under different load conditions has been analyzed. The performance
of the proposed inverter is simulated by MATLAB/Simulink software and the results are presented under on-grid and off-grid conditions. Finally, a
200W laboratory prototype with 180V maximum output voltage is tested to validate the simulation and the theoretical analysis.
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Short Introduction

The output voltage of multilevel inverters is close to the sinusoidal waveform using the small filter for various industry applications. Meanwhile, the
main challenges of switched-capacitor-based multilevel inverters are full reactive power transfer feature, self-balancing of capacitors, components
count, boosting capability, and high efficiency. Recently, many topologies are presented in this category to achieve mentioned aims. The main drawback
of these structures is that they need many components which causes large losses. So, researching the deficiencies of presented structures has become
the essential challenge to propose novel topologies.

Proposed Work and Methodology

This paper proposes a new step-up seven-level inverter switched-capacitor based. The operational modes, simple modulation method (fundamental
modulation technique), self-balancing of the capacitor, and loss calculation are discussed. The MPC scheme is used to closed-loop control of the
injection current in to the grid. Moreover, a comparison section is explained to demonstrate the merits of the proposed inverter such as the reduced
number of components compared with recent similar seven-level inverters. The operational and theoretical analyses of the proposed seven-level inverter
are verified by main simulation and experimental waveforms.

Conclusion

In this paper, a novel seven-level single-stage inverter with boost capability based on the switched-capacitor has been proposed. It has been shown that
the output voltage of the proposed inverter is 1.5 times the input voltage sources. The capacitor voltage has been automatically balanced with symmetric
switching in the different operation modes without any extra control method or extra circuit. The performance of the proposed grid-tied inverter was
demonstrated through the MPC method in case of lagging and leading power factors. The magnitude of leakage current was restricted around the
standard value by adding the additional term to the MPC strategy. Moreover, the components count reduction in the proposed inverter with compared
to similar recent topologies has been shown. The loss, volume, and size reduction of the proposed inverter with efficiency increase are based on the
optimal design of a capacitor. A small-scale prototype with input voltgae source of 60V is constructed. The active and reactive power transferring of
the proposed inverter is verified according to the theoretical, experimental, and simulation results. These results showed the on-grid and off-grid
application of the proposed inverter.
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