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Abstract of Thesis

Wide-bandgap semiconductor devices, such as silicon carbide (SiC) MOSFET, are increasingly preferred in
high-voltage power converter applications due to their lower on—state resistance and higher switching frequency
compared to silicon—based power devices. However, their operation at high dv/dt and di/dt, coupled with high
parasitic oscillation frequency due to low device parasitic capacitances, can increase electromagnetic
interference (EMI) noise in the high—frequency region. For both commercial and industrial applications,
switching power converters must comply with emission limits set by regulatory bodies such as CISPR and FCC,
making EMI analysis during the design phase critical. EMI modeling serves as an essential tool, with approaches
typically based on equivalent circuits with noise sources characterized through behavioral or analytical
methods. These require experimental measurements of voltage and current waveforms on prototypes and exhibit
reduced accuracy at higher frequencies. Circuit simulation tools offer an alternative for emission prediction,

though their reliability depends on the accuracy of manufacturer provided power device SPICE models

This study aims to develop an analytical time—domain model for circuit voltage and current waveforms to predict
the conducted emissions spectrum over the 150 kHz-30 MHz frequency range for a single—phase inverter implemented
with an SiC MOSFET based full-bridge power module (FBPM). The circuit behavior is primarily determined by
power module parasitics and device characteristics. First, empirical models of SiC MOSFET capacitances and
output characteristics are presented. Next, a lumped—element FBPM circuit model incorporating wiring
inductances and parasitic capacitances is introduced. Although several methods based on S-parameter
measurements have been proposed to characterize the parasitics of half-bridge power modules, no equivalent
method exists for FBPM due to the complexity of circuit analysis. An S—parameter based method for FBPM parasitic
inductance characterization and an experimental approach for parasitic capacitance estimation are proposed
in this study. A non—linear analytical model is then developed to predict switching transients and overall
circuit response. The predicted circuit voltage and current waveforms, as well as the conducted emissions

spectrum obtained using the proposed model, are validated against experimental measurements.

Chapter 1 discusses EMI noise in switching power converters, focusing on regulatory limits and measurement
techniques for conducted emissions

Chapter 2 introduces a simplified lumped-element circuit model of the FBPM, including empirical modeling of
power device characteristics and parasitic capacitances. The chapter also discusses FBPM operation as a
single—-phase inverter using phase—shift modulation.

Chapter 3 develops a time—domain analytical model and presents a common—mode equivalent circuit for the
single-phase full-bridge inverter.

Chapter 4 proposes a method for characterizing FBPM wiring parasitic inductances using S-parameter
measurements.

Chapter 5 describes a non-destructive approach for characterizing FBPM parasitic capacitances through
time—domain measurements on the inverter circuit

Chapter 6 simulates the voltage and current waveforms of the full-bridge circuit using the presented analytical

model and subsequently analyzes the conducted emissions spectrum.

Chapter 7 concludes the thesis by summarizing key contributions
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