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Abstract:

The Switched Z-Source Inverter (S-ZSI) utilizes passive and active elements in the Z-source network,
providing flexible voltage boosting capability and various switching possibilities. Although extensive
research has been conducted on Z-source inverters, a comprehensive comparative analysis of the
effects of different control and switching methods on the performance of a single S-ZSI structure has
not been sufficiently addressed in the literature. This paper aims to fill this gap by presenting a
detailed comparative study of three distinct switching strategies applied to the same S-ZSI topology.
In this paper, three switching methods — conventional PWM, modified sinusoidal PWM, and high-
frequency switching — are designed, theoretically analyzed, and compared. The conventional PWM
method utilizes multiple shoot-through states per switching cycle, resulting in higher switching losses
but simpler implementation. The modified sinusoidal PWM technique reduces the number of shoot-
through intervals and employs sinusoidal modulation references, leading to superior harmonic
performance. The high-frequency switching method is specifically developed for applications
requiring elevated output frequencies, such as electrochemical systems, while accepting higher
switching stresses.

A thorough performance evaluation is carried out focusing on key parameters including voltage boost
capability, inductor current ripple, capacitor voltage ripple, voltage and current stresses on the
switches, switching losses, Total Harmonic Distortion (THD) of the output voltage, and dynamic
behavior under different operating conditions. Steady-state analysis is performed using voltage-
second and current-second balance principles to derive closed-form expressions for the DC-link
voltage and boost factor. Harmonic characteristics of each method are also examined in detail.
Simulation studies are conducted in the PSCAD/EMTDC environment to validate the theoretical
findings. Waveforms of inductor current, capacitor voltage, output voltage before and after the LC
filter, as well as FFT analysis of the output voltage, are presented and compared for all three methods.
The results clearly demonstrate distinct performance characteristics for each switching strategy. The
modified sinusoidal PWM method exhibits the best overall performance with the lowest THD,
balanced switching losses, and high-quality output voltage, making it the most suitable choice for
grid-connected applications. The conventional method offers implementation simplicity at the
expense of higher THD and losses. The high-frequency method performs well in high-frequency
applications but requires careful consideration of thermal management and efficiency.

This study provides valuable insights into the strengths, limitations, and application-specific
suitability of each switching technique within the S-ZSI structure. The comprehensive theoretical
analysis supported by extensive simulations offers practical guidelines to select the optimal switching
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method based on specific requirements such as output frequency, harmonic constraints, and efficiency
targets.

Conclusion

In this paper, the impact of different switching methods on the performance of a single Switched Z-
Source Inverter (S-ZSI) structure was comprehensively investigated. Theoretical analysis and
extensive simulations demonstrated that changing the switching pattern significantly affects the
converter behavior in various aspects, including voltage boost factor, inductor current ripple, voltage
stress on the switches, switching losses, Total Harmonic Distortion (THD) of the output voltage, and
dynamic response.

The results reveal that the second method (modified sinusoidal PWM) provides the best overall
performance. This method achieves the lowest THD (approximately 2%) and exhibits minimal
overshoot and undershoot during transients, making it the superior choice for general-purpose
applications, particularly grid-connected systems. The third method (high-frequency switching)
produces a clean waveform with stable THD in steady-state operation; however, due to the high
switching frequency, it shows higher overshoot and undershoot during transient conditions. The first
method (conventional PWM), while offering the simplest implementation, suffers from higher THD,
increased switching losses, and greater sensitivity to parameter variations.
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