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•

VCR analysis with normalized loads (0.1, 0.2, 0.4) indicated HW topology's high load-dependence, while FW topology demonstrated robust stability, enhancing component lifespan.

•

FW leads to faster initial condition recovery and shorter turn-off times, especially beneficial at higher output currents.

This analysis determines the ZVS boundaries.

• Permissible duty cycle variation for ZVS: ±12.6% (full-wave) and ±12.3% (half-wave).

• Corresponds to time windows of 31.51 ns (full-wave) and 30.79 ns (half-wave).

• This range ensures operational flexibility and ZVS capability under varying input voltages and loads.

QR-ZVS Converter

Introducing a 70W buck converter for 48V/24V conversion, incorporating a hardswitching benchmark and two QR-ZVS variants for half-wave (HW) and full-wave (FW) soft switching.

•

VCR concept, influenced by normalized switching frequency and normalized load, is essential in QRCs operation and components selection [START_REF] Tabisz | Zerovoltage-switched quasiresonant buck and flyback converters -Experimental results at 10 MHz[END_REF] [START_REF] Wuti | Analysis and Design of a Zero-Voltage-Switched (ZVS) Quasi Resonant Buck Converter Operating in Full-Wave Mode[END_REF].

• For ensuring ZVS across various loads, the condition 𝑟 ≤ 𝑀 must be satisfied [START_REF] Wuti | Analysis and Design of a Zero-Voltage-Switched (ZVS) Quasi Resonant Buck Converter Operating in Full-Wave Mode[END_REF].

• GaN-HEMTs offer superior performance with lower on-resistance and output capacitance, enabling efficient multi-MHz switching and reduced losses [3][4]. Soft-switching converters, utilizing ZVS, improve efficiency by reducing turn-on losses. Hard-switching (HS) efficiency is at 72.49%, while soft-switching FW operates at 80.30% and HW at 83.44%, with the FW's efficiency slightly reduced due to additional 𝐷 s conduction losses.
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•

Results indicated that hard-switching converter showed higher CM noise under 3.5 MHz, whereas soft-switching converters had more noise from 3.5 to 19 MHz due to transients and resonant components. Above 19 MHz, soft-switching significantly reduced EMI.

•

CDF analysis, soft-switching converters maintained noise levels under 40 dBµA, showing better EMI performance than hardswitching converters, which reached over 60 dBµA within the same frequency bandwidth. This study investigates the use of QR-ZVS and GaN-HEMTs in MHz-range SMPSs to improve efficiency and mitigate EMI. By employing soft-switching QRCs with ZVS topology, we address the challenges of increased stress and instability from HSF operation, optimizing voltage control and cost-effectiveness while reducing losses and EMI.

•

Potentially suitable for automotive applications, especially in heavy-duty vehicles and trucks.

Possible applications: Starting systems, lighting, ignition controls, auxiliary power for onboard electronics.

Potential Improvements: Enhanced EMI filtering can further align with the stringent demands of automotive applications.

Our study introduced QR-ZVS converter approach to minimize EMI noise and enhance efficiency at 4 MHz SF using GaN-HEMT. The soft-switching prototypes outperformed the hardswitching design in efficiency and EMI noise reduction, demonstrating less sensitivity to load variations, particularly in full-wave topology. However, HSF posed thermal challenges, indicating a need for careful thermal management in future designs. Additionally, EMI filter refinement is needed to meet specific EMC standards such as CISPR-25.

Figure 1 .

 1 Figure 1. Buck converter configurations.

Figure 6 .

 6 Figure 6. Frequency spectrum of the converters input CM noise.
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 5 Figure 5. Schematic of the conducted EMI measurements setup.
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 3 Figure 3. VCR analysis for different 𝑟 values in (a) HW, and (b) FW.
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 4 Figure 4. State locus curve of 𝑈 𝐶 R and 𝑍 R in HW and FW operation. (a) Measured, and (b) Simulated.
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 2 Figure 2. Measurement representing the switching signal 𝑈 SG and the resonant capacitor voltage 𝑈 𝐶 R . In (a) FW and (b) HW operation.