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Abstract:

This paper presents a high step-up interleaved DC-DC converter integrated with a compact auxiliary circuit featuring a
low component count. The proposed auxiliary circuit enables Zero Voltage Switching (ZVS) for all main power
switches, significantly reducing switching losses, while the auxiliary switch operates under Zero Current Switching
(ZCS), minimizing transition losses and electrical stress. The auxiliary inductors are magnetically coupled with the
main inductors, facilitating efficient energy transfer from the auxiliary stage to the output and improving the overall
conversion efficiency. In addition, the interleaved configuration lowers input current ripple, enhances dynamic
response, and reduces electromagnetic interference (EMI), which is especially beneficial in applications where input
sources are sensitive to current fluctuations, such as photovoltaic (PV) panels or fuel cells. The modular structure of the
auxiliary circuit allows easy expansion by adding more branches with minimal redesign, making the converter suitable
for scalable power systems. Due to the converter's high voltage gain, the voltage stress on the main switches is
considerably reduced, enabling the use of low-voltage-rated switches with lower conduction losses, thus contributing to
higher efficiency and more compact heat management. The auxiliary switch also exhibits a short conduction duration,
leading to a reduced circulating current in the auxiliary path and further lowering associated power losses. The proposed
converter avoids switching losses, capacitive turn-on losses, and reverse recovery issues in the diodes. Together with
reduced conduction and switching losses due to minimized voltage stress, the converter achieves high efficiency, with
experimental results showing a 4% improvement under full-load conditions compared to the converter without auxiliary
circuit and with passive clamp. A comprehensive theoretical analysis is presented, including steady-state operation,
waveform characterization, voltage gain derivation, and component stress evaluation. A 240W prototype was built and
tested to verify the analytical results, with experimental outcomes closely matching theoretical predictions. The key
features of the proposed topology include low input current ripple, reduced voltage stress on all power devices,
elimination of voltage spikes across the switches, and high efficiency, making it particularly suitable for solar energy
systems, electric vehicles, and distributed generation applications. However, a notable drawback of the design is the
asymmetry between the two converter phases, resulting in uneven current sharing, which can cause unbalanced thermal
stress and reduce system reliability. To address this, it is recommended that advanced control techniques be developed
and employed to equalize current distribution, optimize thermal balance, and ensure enhanced performance and long-
term stability in practical implementations.
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