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Abstract

Silicon-carbide (SiC) MOSFETs are poised to become the power semiconductor devices of

choice in the medium voltage automotive and renewable power electronics industry due to

their high voltage blocking capability, low switching losses, and the ability to operate at

high junction temperatures. To be able to operate at high switching speeds with optimal

switching performance, the power-loop design needs to be compact. Consequently, sensing

device current in such layouts with minimal intrusion in power-loop remains challenging.

Current sensing through these devices is pivotal to implement new and effective protection

and control techniques for these devices.

Rogowski coil-based current sensors are effective for sensing switching current through

SiC MOSFETs owing to their high bandwidth and ease of integration in compact power-

loop layouts. Through a Printed Circuit Board (PCB) Rogowski coil design on a two-

layer PCB for a TO-247 SiC MOSFET, the thesis first demonstrates the design of PCB

coils with the aid of electromagnetic field computation. The design utilizes finite element

method (FEM) simulations to determine a suitable position for the PCB coil on the power

converter board and simultaneously computes the increase in the power-loop inductance

due to any changes in the layout. Therefore, an optimal position and size of the coil can

be reached with minimal intrusion inside the power-loop. The design approach delineates

the methodology of placing the coil inside compact power-loop layouts, characterizing the

electrical model of the coil, and further building the integrated model of the sensor for

complete characterization of its bandwidth.

Furthermore, based on the insights gained through the developed design methodology, a

single interconnect-based PCB coil design is presented in this thesis for a TO-247-4L SiC

MOSFET on a four-layered PCB. The PCB coil is fabricated near a single interconnect

trace between the power device and the DC busbar. To ensure minimal intrusion inside

the power-loop, the methodology of selecting the minimum trace length for a desired

mutual inductance between the coil and the interconnect trace is presented through finite-

element analysis. The design links the coil size to the interconnect trace length, therefore,

significantly simplifying the coil design process. The PCB coil is further interfaced with an

integrator to reproduce the device’s current signal and, thereafter, used for implementing

an ultrafast short-circuit protection scheme for SiC MOSFETs. Silicon Carbide (SiC)

MOSFETs offer significant advantages in terms of improved efficiency and reduced size

of power electronic converters. However, they possess lesser short-circuit withstand time



iv

(SCWT) than silicon devices. Experimental results for a SiC MOSFET subjected to a

hard switched fault (HSF) and a fault under load (FUL) are presented, and the protection

circuit response time under 25 nanoseconds is reported.

Lastly, to demonstrate other applications of the PCB coil-based current sensors for facil-

itating next-generation power converters, a condition monitoring technique for junction

temperature estimation of SiC MOSFETs is presented. The technique measures the turn-

on delay time with the aid of the current sensor and uses the temperature depending

on the delay on the junction temperature to estimate the junction temperature of the

device. Finally, utilizing the designed current sensor, the peak current-mode controller

design for a buck converter is presented. Therefore, the PCB coil is demonstrated to be an

effective alternative for the Hall effect and magnetic core-based sensors in current control

applications with DC/DC converters.
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