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Context

Power converters are increasingly built around wide-bandgap devices, SiC and GaN, which switch far faster
than their silicon counterparts [Millan 2014]. The aim is to raise the switching frequency: for a given ripple
the passives and filters shrink, so power density increases [Yuan 2021].

This speed comes at a cost. The dv/dt reaches several tens of V/ns, so the spectral content extends to a few
hundred MHz, well beyond the switching frequency. In this range the PCB parasitics - power and gate loop
inductances and their mutual - set the overvoltage, the ringing and the EMI [Reusch 2014]; minimizing them
has become a first-order layout constraint [Wang 2017]. Electromagnetic (EM) simulation quantifies them
accurately but is computationally costly. Equivalent circuits of PCBs - using lumped elements- identified from
the S/Z matrices are a practical alternative, whose experimental validation remains far less documented than
the extraction itself.

This internship is part of a GDR SEEDS project, an L2EP - GREMAN collaboration on a GaN converter,
whose full chain is: PCB design — EM extraction — equivalent circuit (fitting) — SPICE simulation —
manufacturing — measurements. This internship is restricted to the PCB stage: layout, EM simulation
providing the S/Z matrices used for the fitting, and experimental validation by VNA.

Objective

Design the PCB of a GaN buck converter with minimized parasitics, extract its S/Z matrices by EM
simulation for the identification of an equivalent circuit, and validate this extraction by VNA measurement.

Work plan. (1) Design of the buck PCB (GaN half-bridge, gate driver, decoupling) with minimized power
and gate loops. (2) Multiport EM simulation, ports at the component footprints: S/Z matrices transmitted to
the partner (GREMAN) for the fitting. (3) Two-port EM simulation with short-circuited footprints, targeting
the power and gate loop inductances and their mutual. (4) VNA validation: 0 Q bridges reproducing the
previous configuration, SMA connectors, measurement, de-embedding, comparison with simulation; the
residual inductance of the bridges and connectors is to be quantified.

Expected results: a PCB with reduced parasitics; the multiport S/Z matrices transmitted to GREMAN; the
experimental validation of the EM extraction with a quantified simulation/measurement deviation.
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