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Abstract

This paper proposes a new nine-level switched-capacitor inverter topology capable of achieving a voltage gain of two while using
a minimal number of components. The structure employs eleven switches and two capacitors to generate boosted output voltage
levels with low ripple and reduced semiconductor voltage stress. In the proposed design, the maximum blocking voltage of each
switch is limited to 0.5Vmax, and the total standing voltage of the converter is constrained to 4.5Vmax , improving reliability and
efficiency. Independent capacitor charging paths and the elimination of auxiliary diodes contribute to soft-charging operation and
significantly reduce inrush current, without the need to increase parasitic resistance in the charging loops. Additionally, the capacitors
experience high charge levels with short and infrequent continuous discharge intervals. A level-shifted modulation scheme is
utilized, in which switching transitions occur only during changes in voltage levels. This approach results in short and non-repetitive
longest discharge periods, enabling natural capacitor voltage self-balancing and reduced voltage ripple. The topology also
demonstrates good scalability, allowing the voltage gain or number of output levels to be increased through the addition of modular
units while maintaining acceptable voltage stress limits. Comparative analysis with conventional inverter structures indicates that
the proposed topology offers fewer components, lower voltage stress, reduced cost and size, and robust performance under various
loading conditions. The effectiveness of the inverter is validated through simulation and experimental results.
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1. Short Introduction

The key research gaps observed in existing seven- and nine-level SCMLI topologies include the absence of fully independent
charging paths with proper inrush current control, high total standing voltage in single-source configurations, limited ability to
constrain the maximum blocking voltage without adding extra switches, and poor scalability for high-voltage applications. These
limitations highlight the necessity of a single-source inverter topology that utilizes a reduced number of components while providing
independent charging loops, low MBV and TSV, effective soft-charging characteristics, adequate scalability, and reliable
performance under different loading conditions. To address these challenges, this paper introduces a nine-level switched-capacitor
inverter capable of providing a voltage gain of two using only eleven switches and two capacitors. In the proposed topology, the
capacitor charging loops are completely independent, and the longest discharge period is restricted to just two successive voltage
levels without repetition within one fundamental cycle. This operating feature leads to a noticeable reduction in capacitor voltage
ripple and enhances overall stability.

2. Proposed Work

This study presents a nine-level switched-capacitor inverter topology that provides a voltage gain of two while employing only
eleven power switches and two capacitors. The proposed configuration features completely independent capacitor charging paths,
and the longest discharge period is confined to two adjacent voltage levels with no repetition over one fundamental cycle, which
considerably lowers capacitor voltage ripple. Moreover, the topology enables effective inrush current mitigation, enhances inherent
capacitor voltage self-balancing, and decreases the voltage stress imposed on the semiconductor switches. Owing to these
advantages, the proposed inverter is well suited for low- and medium-power applications, including renewable energy source (RES)
interfaced systems and uninterruptible power supply (UPS) converters.

The circuit of the proposed nine-level switched-capacitor inverter is illustrated in Fig. 1. As shown, the proposed structure consists
of eleven power switches and two capacitors and provides a voltage boosting capability of two (Vmax = 2E). The MBV of all power
devices in the proposed topology is limited to 0.5Vmax, while the TSV of the structure is equal to 4.5Vmax.
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Fig. 1. Circuit configuration of the proposed nine-level topology
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3. Conclusion

This work presents and evaluates a nine-level switched-capacitor inverter capable of boosting the output voltage by a factor of
two. The proposed configuration employs only eleven switches and two capacitors, resulting in a compact, cost-effective, and
efficient structure. Through appropriate arrangement of the charging and discharging paths, inherent capacitor voltage self-balancing
is achieved, keeping the voltage ripple within 1-3%. The design restricts the maximum voltage stress across each switch to 0.5Vmax
and limits the total standing voltage to 4.5Vmax, representing a notable enhancement in stress reduction compared to conventional
solutions. Furthermore, the built-in soft-charging characteristic effectively suppresses inrush currents and confines the capacitor
charging current to a maximum of 2Imax. Experimental validations demonstrate accurate nine-level output voltage synthesis and
reliable performance under resistive and resistive—inductive loads, as well as during transient operating conditions and modulation
index variations.
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