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This paper introduces a versatile single-phase seven-level inverter for
integrating lower voltage renewable energy sources to the higher
voltage amplitude power grids. The input voltage was increased by
combining the voltage of the capacitors in the predetermined current
paths. The output staircase waveform was formed by using a DC
voltage source, two capacitors, and the aid of the phase disposition
pulse width modulation (PD-PWM) strategy. The self-voltage
balancing ability of the capacitors without the need for any external
controllers nor sensors, high efficiency, and ease of operation were the
most important features of the proposed converter. Requiring fewer
semiconductor devices compared to other inverters mentioned in
recently published papers ensures the superiority of the proposed
boosting multilevel inverter. The ability to increase the input voltage
by three times at the output in addition to the ability to self-balance
the voltage of the capacitors without the use of a side control circuitor
sensor were other advantages of the proposed structure.
Furthermore, by calculating the power losses and circuit capacitances,
95.8% efficiency was obtained. Finally, the performance of the
proposed seven-level inverter under different load conditions was
simulated in MATLAB SIMULINK environment and the results were
confirmed by the results obtained from the laboratory prototype.
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EXTENDED ABSTRACT

Introduction

With progress in harvesting power from renewable energy resources, the contribution
of renewable energies in power systems is increasing. Considering the DC form of the power
generated by most of these sources, the role of inverters has become more noticeable.
Accordingly, various types of inverters have been introduced to improve performance
indices such as simplicity, cost, efficiency, and power quality. In this regard, multilevel
converters are widely used in home and industrial applications. Considering these
indicators and the need for ease of control has led to the use of switched-capacitor
structures. One of the essential features of these converters is the ability to boost the voltage.
This feature is achieved using only a few capacitors, eliminating the need for large
transformers or inductors. As a result, many new multilevel inverters have been introduced,
benefiting from these advantages. However, they require many switches and diodes in their
structures. In addition, the need to design and select the appropriate capacitors to increase
the boosting coefficient of the circuit as well as the output voltage are the main
considerations in these converters. Therefore, the approach of many researchers has been
to reduce the number of components such as semiconductors, DC sources, and capacitors
to reduce design costs, size and reliability.

In order to address the mentioned challenges, this paper aims to introduce a multilevel
converter structure based on the switched-capacitor concept that uses a single power
supply to generate a higher-amplitude AC voltage in the output with the intended voltage
stress on each of the circuit components. In addition, the introduced converter should
require fewer semiconductor devices than other similar structures to produce the same
voltage levels, reducing costs. Thus, another goal of this research is a single-phase inverter
that can generate a negative voltage level without the need for any auxiliary circuit using a
simple control method.

Methodology

To address the abovementioned issues, this study introduces a novel switched-capacitor
based single-source multilevel inverter as depicted in Figure 1. This topology required only
two circuit capacitors to form the output voltage waveform with the help of only one DC
power supply. Each of the two capacitors was charged directly by the input source up to Vin
to form the intended output waveform. Then, every voltage level was synthesized by a
predetermined combination of the input source and the two capacitors where the switching
devices provided the current paths. Since the capacitors were charged in a parallel
connection with the source, it was ensured that their voltages reach Vin. It is worth noting
that the switching sequence was chosen so that the capacitors' voltage did not drop below
a certain amount, and its inherent balance was guaranteed.
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Figure 1. The overview of the proposed topology

Moreover, to generate the corresponding switching pulses for the proper operation of
the circuit switches, the PD-PWM method was applied in such a way that six level-shifted
triangular carrier-signals were compared to the sinusoidal reference signal, and the precise
time interval of each level was determined. Then, the gate signals were applied to the
corresponding switches on every level. The visualized presentation of this modulation
technique for the proposed converter is illustrated in Figure 2.
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Figure 2. The overview of the PD-PWM strategy for the proposed topology

Results and discussion

To evaluate the designs and confirm the accuracy of the calculations, the proposed
seven-level converter was simulated in MATLAB software under various operating
conditions. Then, the results were compared with those obtained from implementing a
laboratory prototype. The performance of the proposed inverter, a pure resistive load (unity
power factor), was evaluated and is presented in Figure 3. Under these conditions, the
generated current waveform was precisely in-phase with the output voltage. Furthermore,
the waveforms of the circuit capacitors indicated the satisfactory performance of the
switching process in inherently maintaining their voltage balance without the help of any
sensors or an external auxiliary circuit. Under this condition, the efficiency of the circuit
reached 95.80%.
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Figure 3. Waveforms of the proposed topology supplying a pure resistive load

To study the performance of the proposed inverter under load conditions with a non-
unity power factor, two different loads with a power factor of 0.82 and a pure inductive load
were investigated. Finally, the proposed inverter was exposed to a sudden load change in its
output terminal where the load current suddenly increased to almost 100 percent. Under
these conditions, the proposed converter could maintain its capacitors' voltage balance
without changing the switching process or modulation index. The performance of the circuit
structure under such operating points is included in Figure 4.
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Figure 4. Output waveforms of the proposed topology supplying non-unity power factors and .
transient load

Conclusion

This article proposed a novel multilevel switch-capacitor structure with fewer circuit
components than similar structures. Generating seven voltage levels at the output using
only nine power switches and two capacitors supplied by an isolated power supply was one
of the highlights of the proposed structure. Controlling the operation of the proposed
converter using the PD-PWM modulation technique in addition to reducing stress and
voltage distortion and increasing the quality of the output voltage also helped to facilitate
the operation of the circuit. The ability to increase the input voltage by three times the
output in addition to the capability of self-balance of the capacitors’ voltage without using
an auxiliary control circuit or sensor is another advantage of the proposed circuit
configuration. The results of simulating a seven-level converter in MATLAB software
environment verified by the experimental ones ensured the accuracy of the converter
operation. The advantages of the proposed multilevel inverter demonstrate its wide
application in both wind and solar renewable applications to connect the generated low DC
voltage to a higher amplitude AC power grid.
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