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Abstract:

This paper proposes a novel quasi-Z-source inverter (qZSl), referred to as EcSL-qZSI, with enhanced
voltage-boost capability. The proposed topology employs two independent switched-inductor cells in the
impedance network, enabling higher voltage gain without an additional DC-DC conversion stage. It also
preserves the continuous input current and common ground between the DC source and inverter bridge.
Analytical and comparative studies are performed to evaluate the voltage gain and voltage stresses of the
proposed topology. For a shoot-through duty ratio of D = 0.243and modulation index of M = 0.757, the
proposed inverter achieves a boost factor of B = 6.54and a voltage gain of G = 4.95. The capacitor voltage
stress is also lower than that of several high-gain impedance-source topologies. Simulation and
experimental results verify the theoretical analysis and confirm the effectiveness of the proposed topology.
Keywords: Quasi-Z-source inverter, switched-inductor, voltage gain, boost factor, high-gain inverter,
voltage stress.

1. Introduction

Impedance-source inverters have attracted significant attention in power-electronic and renewable-energy
applications because they can provide buck—boost operation in a single power-conversion stage. Quasi-Z-
source inverters (qZSls) additionally provide desirable features such as continuous input current and a
common ground between the DC source and inverter bridge. However, conventional gZSI structures have
limited voltage-boost capability, restricting their application in systems requiring a high voltage step-up
ratio.

Several high-gain impedance-source topologies have been proposed to overcome this limitation. However,
increased voltage gain is often achieved at the expense of higher component count, circuit complexity,
semiconductor voltage stress, or reduced practical reliability. Therefore, an appropriate trade-off between
voltage gain, component count, voltage stress, and circuit simplicity is required.

To address this issue, the EcSL-gZSI topology is proposed in this paper. Its main innovation is the
integration of two independent switched-inductor cells into the gZSI impedance network. This
configuration enhances the voltage-boost capability while retaining the continuous input current and
common-ground characteristics of the qZSI.

2. Proposed EcSL-qZSI Topology

The proposed EcSL-gZSI consists of four inductors L, — L,, four capacitors C; — C,, five diodes, and a
three-phase inverter bridge. The impedance network includes two functional switched-inductor sections.
The first section comprises L4, L3, D1, D5, and D3, while the second section includes L,, Ly, C3, C4, and
D,. The input diode D;,,connects the DC source to the inverter bridge.

The inverter operates in two main states: shoot-through and non-shoot-through. During the shoot-through
state, energy is stored in the impedance network, increasing the voltage available at the inverter bridge.
During the non-shoot-through state, the stored energy is transferred to the inverter bridge and load. The use
of two independent switched-inductor cells provides enhanced voltage boosting while maintaining the
principal characteristics of the qZSlI.

3. Performance Analysis
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The proposed topology is evaluated in terms of voltage gain, modulation capability, and voltage stresses.
At D = 0.243and M = 0.757, the proposed topology achieves B = 6.54and G = 4.95. Comparative
analysis shows that the proposed inverter provides favorable voltage-boost capability relative to the
considered high-gain impedance-source topologies. In addition, its total capacitor voltage stress is lower
than that of several high-gain structures, including EB-ZSI, EB-qZSI, and EEB-ZSI.

A sensitivity analysis is performed for V;,, = 48, 60, and 72 V at a constant shoot-through duty ratio of
D = 0.243. The capacitor and diode voltage stresses increase approximately linearly with the input voltage,
consistent with the theoretical relationships. C;experiences the highest capacitor voltage stress, followed
by C,, whereas C;and C,have equal voltage stresses. Among the diodes, D;,and D experience the highest
reverse-voltage stresses and are therefore critical for device voltage-rating selection.

4. Simulation Results

The proposed inverter is simulated with V;,, = 60V, D = 0.243, M = 0.757, f; = 10.5kHz, and f, =
50Hz. The impedance-network inductors are L, = L, = L3 = L, = 1mH, and the capacitors are C; =
C, = C3 = C4, = 470uF. A three-phase resistive-inductive star-connected load with R;, = 60Q and L; =
1mH is used.

The simulation results give B = 6.54and G = 4.95. The capacitor voltages are approximately V; = 175V,
Vo = 157V, Vi3 = 78.6V, and Vi, = 78.6V. The peak DC-link voltage reaches approximately 340 V.
The average inductor currents are approximately i;; = i;3 = 7.9A and i;, = i;4 = 9.7A. These results
confirm the proper operation of the proposed impedance network and its ability to provide the required
voltage boost.

5. Experimental Verification

An experimental prototype was constructed to validate the analytical and simulation results. The prototype
was tested at V;,, = 60V, D = 0.243, and M = 0.757using the same three-phase resistive-inductive load.
The measured peak DC-link voltage is approximately 335 V, compared with the theoretical value of 392.4
V. The measured capacitor voltages are Vo = 168V, Vg, = 150V, V-3 = 75.5V, and V., = 75V. The
inductor currents are approximately i;; = 7.9A, i;, = 9.65A, i;3 = 7.8A, and i;, = 9.6A.

The difference between the theoretical and experimental results is mainly attributed to voltage drops,
conduction losses, and other nonideal characteristics of the practical components. The experimental voltage
and current waveforms show good agreement with the simulation results, confirming the validity of the
proposed topology.

6. Conclusion

A novel enhanced-cell switched-inductor quasi-Z-source inverter has been proposed to increase voltage
gain while preserving the main advantages of qZSI structures. The integration of two independent switched-
inductor cells provides enhanced voltage boosting without an additional DC-DC conversion stage, while
continuous input current and a common ground between the DC source and inverter bridge are retained.
At D = 0.243and M = 0.757, the proposed topology achieves a boost factor of 6.54 and a voltage gain of
4.95. Comparative and sensitivity analyses demonstrate favorable voltage-gain performance and reduced
capacitor voltage stress in comparison with several existing high-gain topologies. The simulation and
experimental results are in good agreement and validate the theoretical analysis. Although the proposed
structure requires additional components compared with conventional qZSI configurations, it provides an
effective trade-off between voltage gain and component voltage stress. Future work will focus on advanced
control strategies, higher-power operation, and efficiency and reliability evaluation.
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