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This paper proposes a 17-level switched-capacitor inverter with an eightfold
voltage boosting capability and a soft-charging mechanism. A key challenge in
existing 17-level structures is achieving high voltage gain, low device count, low
voltage stress, and inrush current limitation at the same time. The proposed
topology employs 10 switches, 5 diodes, and 5 capacitors, reducing the number of
gate drivers and control complexity while minimising required heat sinks. Only
five independent control signals are needed to drive five switch pairs. The main
novelty is a single-source 17-level inverter with eightfold voltage gain and soft
charging using only one small shared inductor. By using an appropriate charging
sequence and a small inductor in the common capacitor-charging path, the inrush
current is effectively limited, and the capacitor-charging process becomes soft
without requiring an inductor bypass diode, multiple inductors, or auxiliary
external units. These features reduce voltage and current stresses on components,
improve reliability, and decrease overall system cost. The proposed inverter does
not require pre-charged capacitors, and capacitor voltage balancing is achieved
automatically and rapidly. The topology is designed so that the total standing
voltage (TSV) is limited to 5.8V, indicating reduced device voltage ratings;
moreover, only two components withstand the maximum output voltage.
Operating principles, capacitor sizing, soft-charging analysis, and loss calculations
are presented, along with a comprehensive comparison with similar structures for
voltage gain, component count, voltage stress, and inrush current. Simulation
(MATLAB/Simulink) at 530 W, and both steady-state and dynamic experimental
tests, validate the effectiveness of the proposed inverter under different load

conditions and modulation indices.
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Introduction

Multilevel inverters have attracted significant attention in recent years due to their ability to generate
high-quality output waveforms with reduced harmonic distortion, lower electromagnetic interference,
and improved efficiency. Among various multilevel inverter topologies, switched-capacitor (SC)-
based structures have emerged as a promising solution due to their inherent voltage-boosting
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capability without the need for bulky transformers or multiple isolated DC sources. However,
conventional SC multilevel inverters often face several challenges, including a large number of power
switches and capacitors, high total standing voltage (TSV), severe inrush currents during capacitor
charging, complex control strategies, and the need for pre-charging circuits or auxiliary components.
In particular, inrush current during capacitor charging can impose excessive current stress on switches
and diodes, reduce system reliability, and shorten component lifetime. Additionally, many reported
high-voltage gain topologies achieve voltage boosting at the expense of increased component count
and control complexity. Thus, there is still a need for a compact single-source topology that can
address these issues simultaneously. Therefore, developing a multilevel inverter structure that
simultaneously offers high voltage gain, reduced component count, low TSV, soft capacitor charging,
and simple control remains a critical research objective. This paper addresses these challenges by
proposing a novel 17-level switched-capacitor inverter topology that achieves an eightfold voltage
gain with fewer switches and a soft-charging mechanism. The proposed structure fills this gap by
combining high gain, fewer devices, and limited charging current.

Materials and Methods

The proposed inverter topology consists of 10 power switches, 5 diodes, and 5 capacitors, arranged to
generate 17 output voltage levels with a voltage gain of 8 times the input DC source voltage. A key
feature of the proposed structure is that only five independent control signals are required to drive five
pairs of switches, significantly simplifying the control strategy and reducing the number of gate
drivers. To mitigate the inrush current problem, a small inductor is placed in the common charging
path of the capacitors. Combined with an appropriate switching sequence, this inductor enables soft
charging of all capacitors without the need for bypass diodes, multiple inductors, pre-charged
capacitors, or auxiliary charging circuits. The topology's inherent operation automatically balances the
capacitor voltages. Analytical investigations are carried out to explain the operating modes, capacitor
voltage levels, and charging paths. Capacitor sizing criteria are derived to ensure voltage stability and
acceptable ripple under different load conditions. Furthermore, power-loss analysis, including
conduction and switching losses, is performed to evaluate the proposed inverter's efficiency. The total
standing voltage (TSV) is calculated to assess device voltage stress. In this study, MATLAB/Simulink
was used to develop the simulation model of the proposed 17-level switched-capacitor inverter and to
verify its operating principles, capacitor voltage balancing, soft-charging mechanism, and output
voltage performance under different load conditions and modulation indices.

Results

The analytical results demonstrate that the proposed inverter achieves a voltage gain of 8 while
maintaining a lower component count than conventional 17-level switched-capacitor inverters. The
calculated TSV of the structure is only 5.8V, Which is considerably lower than that of many
comparable topologies reported in the literature. Moreover, only two components are required to
withstand the maximum output voltage, reducing voltage stress and lowering the cost of power
devices. These results confirm the compactness and low-stress nature of the proposed design.
Simulation studies are conducted in MATLAB/Simulink to validate the theoretical analysis. The
inverter is simulated at a nominal power of 530 W under various load conditions and modulation
indices. The simulation results confirm the correct generation of 17 output voltage levels with low
distortion and stable capacitor voltages. The proposed soft-charging mechanism effectively limits
inrush current during startup and dynamic operation, resulting in smoother transient responses and
reduced current peaks. This verifies the effectiveness of the proposed charging path in reducing
current stress. Experimental validation is performed through steady-state and dynamic tests on a
laboratory prototype. The experimental waveforms closely match the simulation results, confirming
the effectiveness of the proposed topology and control strategy. The results show improved efficiency,
reduced switching stress, and reliable operation under load variations and modulation index changes.
A comprehensive comparison with recently reported multilevel inverter topologies highlights the
superiority of the proposed structure in terms of voltage gain, number of components, TSV, inrush

current mitigation, and control simplicity.
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Discussion and Conclusion

The results clearly indicate that the proposed 17-level switched-capacitor inverter successfully
addresses several key limitations of conventional SC-based multilevel inverters. The combination of
high voltage gain, reduced number of switches, low TSV, and soft-charging capability leads to
improved efficiency, enhanced reliability, and lower system cost. Therefore, the proposed topology
provides a balanced solution between performance and circuit simplicity. Unlike many existing
topologies, the proposed inverter does not require pre-charging circuits or auxiliary components,
thereby further simplifying implementation and increasing robustness. The fast, automatic capacitor
voltage balancing, together with the use of only five control signals, makes the proposed topology
particularly suitable for practical applications. Reduced voltage stress on switches and diodes extends
component lifetime and enables the use of devices with lower voltage ratings. Overall, the proposed
inverter is a strong candidate for applications such as renewable energy systems, distributed
generation, and electric vehicle power conversion, where high voltage gain, compact structure, and
reliable operation are essential. Future work may focus on extending the topology to higher voltage
levels and on investigating advanced modulation techniques to enhance performance further.
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