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Abstract:

This paper presents a novel switched-capacitor multilevel inverter with a voltage gain of 4. The proposed design
achieves 17 output voltage levels using a single DC source, 11 switches, and a diode. It features three capacitors
capable of self-balancing their voltages through a series/parallel connection with the input source. Switching pulses are
managed using the Pulse Width Modulation Level Shift (PWM-LS) technique. A detailed comparison is conducted
between the proposed design and recent similar structures, considering factors such as voltage gain, the number of DC
sources and semiconductor devices, Maximum Blocking Voltage (MBV), and Total Standing Voltage (TSV). Key
advantages of the proposed design include its reduced number of semiconductor components, cost efficiency, and
appropriate voltage gain. To further enhance performance, a soft charging technique is implemented to control the
inrush current of capacitors. The analysis of power losses indicates the structure’s efficient energy use. Finally, an
experimental prototype was developed and tested under diverse conditions, with results confirming its reliable
performance.
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1. Motivation of the work

Multilevel inverters (MLIs) have gained popularity due
to their various advantages, such as improved harmonic
performance, higher efficiency, and reduced voltage
stress on switches. These inverters are widely used in
applications like power transfer from distributed
generation sources, including wind turbines and
photovoltaic systems, as well as in other fields such as
electric transportation, variable-speed motor drives, and
reactive power compensation [1]-[2]. However,
conventional multilevel inverters face limitations for
high-voltage applications, leading to increased costs and
complexity. Switched-capacitor multilevel inverters (SC-
MLIs) provide a promising alternative among advanced
multilevel inverter technologies, designed to overcome
the constraints of traditional systems [3]. Key advantages
of SC-MLIs include the ability to generate the maximum
number of output voltage levels, achieve high voltage
gain without the need for large transformers or inductors,
reduce the number of semiconductor devices, and
minimize the maximum voltage stress on switches.

2. Contributions

In this paper, a novel 17-level switched-capacitor inverter
with a voltage gain of 4 is proposed. The design utilizes a
single DC source, 11 power switches, 1 diode, and 3
capacitors that are capable of automatically balancing
their voltages. This automatic voltage balancing is
achieved through a self-regulating mechanism that allows
the capacitors to work efficiently without the need for
external control. One of the key benefits of the proposed
structure is its ability to generate a large number of
output voltage levels, enhancing the overall performance
of the inverter. Additionally, the proposed structure
significantly reduces inrush current to the capacitors,
which is a common issue in capacitor-based circuits,
thereby improving the reliability and efficiency of the
system. The design also optimizes Total Standing
Voltage (TSV) and Maximum Blocking Voltage (MBV),
ensuring that the voltage stress on switches remains
within safe limits, which helps to extend the lifespan of
the components. Another significant feature of the
proposed inverter is its capability to generate negative
voltage levels without the need for a traditional H-bridge
circuit. This eliminates the complexity and additional
components typically required in multilevel inverter
designs, making the proposed structure more cost-
effective and simpler to implement while maintaining
high efficiency.

3. Procedures

The proposed structure is composed of 11 power
switches (Si-Si1), a diode (D), three capacitors (Ci, C,,
and C3), and a single DC source with a voltage of (Vin),
which is shown in Fig. 1. In this design, the capacitors
automatically balance their voltages without the need for
complex control techniques or additional circuits, by

using a series/parallel connection method. The voltages
across capacitors C;, C,, and Cs; are automatically
adjusted to Vin, 2Vin, and 0.5Viy, respectively. During the
design phase, since the maximum discharge of the
capacitors occurs under a pure resistive load, the
capacitor values are calculated assuming a resistive load
condition. The Pulse Width Modulation Level Shift
(PWM-LYS) strategy is employed to control the switches
in the proposed structure. Power loss analysis is
conducted to evaluate the performance of the proposed
17-level inverter. To assess the strengths and weaknesses
of the proposed inverter, various switched-capacitor
multilevel inverter structures are compared based on
parameters such as voltage gain, the number of DC
sources, and number of semiconductor devices,
Maximum Blocking Voltage (MBV), and Total Standing
Voltage (TSV). Lastly, the cost function CF [4] is used to

further evaluate the multilevel inverters.
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Fig (1): The structure of the proposed multilevel inverter

4. Findings

Based on the results from the implementation, it can be
concluded that the proposed inverter structure operates
effectively under different power factor conditions.
Figure 2 shows the voltage and output current waveform
under dynamic load change conditions. The suitable
performance of the proposed MLI when the load varies
from a pure resistive load to R-L load can be
demonstrated from Fig. 2. The inverter demonstrates
stable and accurate performance as the modulation index
is adjusted, showing that the system is robust and capable
of maintaining its functionality under varying operating
conditions. It is evident that the voltages across the
capacitors are automatically balanced to their respective
values (Vin, 2Vin, and 0.5Viy), and the ripple in the
capacitor voltages remains within the permissible limits,
ensuring the reliability of the system. Moreover, the
method of soft charging has been confirmed to
effectively limit the inrush current during capacitor
charging, which is a common challenge in capacitor-
based inverter designs. This not only improves the
overall system efficiency but also contributes to the
longevity of the components by preventing excessive
stress on the capacitors. Overall, the results validate the
performance of the proposed inverter, showcasing its
efficiency and reliability across a range of operating
conditions.
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Fig (2): Voltage and output current waveform under dynamic
load change conditions

5. Conclusion

In this paper, a switched-capacitor multilevel inverter is
introduced, which generates a 17-level output with a
voltage gain of 4. The proposed structure consists of a
DC source, 11 power switches, 1 diode, and 3 capacitors.
These three capacitors in the proposed structure
automatically balance their voltage without the need for
complex control techniques or additional circuits. A
comparative analysis of the proposed topology with
several recent 17-level inverter structures is presented,
considering various parameters. Compared to the other
17-level configurations, the proposed design features
fewer semiconductor devices, a suitable voltage gain, and
a simpler, more cost-effective structure, as demonstrated
by the cost function. The comparisons show that the cost
function of the proposed structure has improved by at
least nine percent with both weighting factors when
compared to recent structures. Furthermore, the power
loss analysis of the proposed structure is discussed,
confirming its competitive efficiency relative to similar
designs. To validate the performance of the proposed
inverter, a laboratory prototype was developed, and the
experimental results under various conditions confirm the
proper functioning of the structure. The laboratory tests
indicate that the capacitors maintain automatic voltage
balancing even with changes in the load and modulation
index.
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