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Research Interests

O Advanced power semiconductor materials and
devices for improved energy conversion

0 Power electronic converters and systems

0 Energy conversion in electrical and power systems

Four Lectures will be presented by Professor Layi
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Brief introduction for the lecture series:

Physics, operation and reliability of wide bandgap
semiconductor devices

B WBG devices like SiC MOSFETs and GaN eHEMTs are gaining popularity due to
their improved performance

B The physics of these devices differ from silicon devices due to advanced
material properties like high critical electric field.

B |t is important to understand these WBG device characteristics to better exploit
their performance.

B Device reliability also needs to be understood and well characterised. For
example, device performance under surge events like short circuits and
unclamped inductive switching should be characterised.

B Device packaging is also a very important component as it determines thermo-
mechanical reliability under power cycling, temperature cycling and thermal shock,




Physics, operation and reliability of wide bandgap semiconductor devices: Part I

v Fundamentals of Power Semiconductor Physics
B IE)t = W ERKIZKIES28= 128128 19:00F21:40
Lecture 1: Introduction to Band-structures and Bandgaps
:@EEW"*" Lecture 2: Introduction to Carrier Transport Mechanisms
= Lecture 3: Wafer Production Process
Lecture 4: Introduction to PN Junctions
In this lecture, we shall cover the fundamental device physics behind Power
Semiconductor devices. The topics will include concepts like carrier transport
mechanisms, drift-diffusion equations, continuity equations, carrier generation and
recombination. We shall also look at the PN junction and how the doping impacts the
built in potential, the drift and diffusion currents balance out under thermal equilibrium
ARSI and how the Fermi level varies across the junction under thermal equilibrium and non-

equilibrium. Semiconductor band diagrams are critical to understanding the physics of
power devices, so we shall look into these as well. These topics are important towards
understanding the operation of power semiconductor devices like MOSFETs, IGBTs,
Thyristors etc. They are also important towards understanding what it means to be a
wide bandgap semiconductor.




Physics, operation and reliability of wide bandgap semiconductor devices: Part 11

FRel Power MOSFETs and IGBTs
Ayaith = NERKIERIES220Z 12813H 19:00%21:40

Lecture 1: Introduction to Power MOSFETs

SR ES
AERPIE Lecture 2: Introduction to IGBTs
This lecture introduces fundamentals of the power MOSFET and the IGBT.
These are the 2 most important devices in power electronics as majority of the
power converters are implemented using these technologies. We shall start by
looking at the physics of the MOS interface and exploring concepts like
AEEN accumulation, depletion and inversion. We shall also look into the process flow,
the equipment used in the process flow (diffusion, implantation, etching,
lithography, sputtering), the principles of operation and the characteristics of
these devices. We shall conclude by looking at the applications of these
devices and how the physics of operation determines the relevant applications

for each technology.




Physics, operation and reliability of wide bandgap semiconductor devices: Part I1I

FRel SiC and GaN Power Devices
Ayaith = NERKIERES221Z 12814H 19:00%21:40

Lecture 1: SiC Power MOSFETs

s e o
RN Lecture 2: GaN Power Devices

This lecture introduces the two major wide bandgap devices currently
on the market. These are the SiIiC MOSFET and Schottky diodes and the
GaN enhancement mode high electron mobility transistor. These devices
RAZEIr are currently revolutionizing power electronics by improving power
density through high speed operation at reduced losses. In this lecture
we shall explore how high critical electric fields are exploited to enable
reduced conduction and switching losses of the power devices.




Physics, operation and reliability of wide bandgap semiconductor devices: Part IV

FRel Packaging and Reliability
B IEit = NERKEXIES28= 128150 19:00%21:40
s e g e Lecture 1: WBG Device Electrothermal Characteristics and Reliability
RPN

Lecture 2: Packaging and Thermo-mechanical Reliability

In this lecture, we shall explore the electrothermal and thermo-mechanical
reliability of WBG power devices. These include operation under surge
conditions like short circuits and unclamped inductive switching. We shall also
explore the reliability and qualification process of power devices including

RZEEJT JEDEC standards that contain test metrics, procedures and analysis. We shall
look at high temperature gate bias, high temperature reverse bias, power
cycling temperature cycling and thermal shock. Other topics covered in this
lecture will include the different packaging types including discrete packaging,
integrated module packaging and pressure packaging.
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