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SCOPE AND BENEFITS
The increased appeal of electrification for a more decarbonised society in applications
like electric vehicles (EV) powertrains, and renewable energy systems has driven the
research in power electronics in the recent years, with wide bandgap (WBG) power
devices, namely Silicon Carbide (SiC) and Gallium Nitride (GaN), poised to replace Si
devices due to their superior material properties.

Key to the adoption of WBG power semiconductors as the device of choice for these
applications would be not only the superior electrical properties but a demonstrated high
reliability. The applications targeted, such as the aforementioned EV powertrains, require
a high reliability which has been a major concern and an impending factor for the
adoption of WBG technologies. SiC MOSFET is an attractive technology now and the
implementation of condition monitoring could lead to converters with better performance
and improved reliability.

This tutorial gives the audience a deep insight in the recent developments in the areas of
condition monitoring and reliability of SiC power devices. The tutorial will be
educational and will cover both fundamental aspects and requirements for condition
monitoring and state-of-the-art condition monitoring techniques.

The main objective is to give an overview of the prospects of condition monitoring for
SiC power devices and how it can be effectively implemented. The tutorial will cover the
electro-thermal characterisation of SiC power devices which is fundamental for junction
temperature-based condition monitoring using Temperature Sensitive Electrical
Parameters (TSEPS), reliability and robustness. The practical aspects of condition
monitoring implementation, as well as the evaluation of Finite Element Analysis (FEA)
as a tool for prognostics and lifetime modelling will be part of the tutorial.

The differences between SiC and Si power devices from the point of view of condition
monitoring will be presented and recent developments in condition monitoring will be
analysed. The issue of Bias Temperature Instability in SiC MOSFETs will be discussed
and its implications will be evaluated together with FEA approaches for evaluating the
stresses in the packaging elements of a power module, namely solder and wire-bonds.
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CONTENTS

Silicon Carbide Device Technology

1. Properties of SiC MOSFETs
a. Critical field and breakdown voltage
b. Effective mobility
c. Comparison of conduction and switching losses with super junction MOSFETs and

IGBTs
d. Thermal properties (Junction to case impedances)

2. Robustness of SiC MOSFETs
a. Single-shot avalanche performance
b. Short circuit performance of SiC MOSFETs
c. Paralleling of SiC (Electrothermal stability under current imbalance)
d. Miller induced capacitive feedback effects in SiC (cross-talk)
e. Current commutation through the body diode under hard switching

3. Thermo-mechanical modelling of SiC
a. Thermal properties and networks for modelling SiC
b. Mechanical properties
c. Finite element simulations and stress mapping in SiC
d. Simulation of mission profiles

Condition Monitoring in SiC MOSFETs

4. Condition monitoring of SiC
a. Benefits of condition monitoring and requirements
b. Predictive maintenance
c. Online and offline condition monitoring
d. Industrial applications and commercially available solutions

5. Temperature Sensitive Electrical Parameters (TSEPs) in SiC MOSFETs
a. Review of temperature dependency of ON-state voltage
b. Review of temperature dependency of Threshold voltage, dV/dt and dI/dt
c. Temperature dependency of the body diode forward voltage
d. Bias Temperature Instability and use of TSEPs
e. On-chip temperature sensors

6. Circuits for Condition Monitoring
a. Measuring ON-state voltages on-line
b. Measuring dI/dt and Vth on-line
c. Methodologies for power cycling in SiC MOSFETs and IGBTs (negative gate bias,

using 3rd quadrant characteristics, forward conduction)
d. Advanced gate drivers

7. Reliability testing of SiC MOSFETs
a. Performance of SiC MOSFETs under power cycling
b. Mission profiles and test methodologies
c. Performance under reverse bias (leakage currents, series connection of power

devices)

8. Roundtable with the audience
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Schedule is as follows

Monday, 2 September 2019 - Tutorial day
08:30 - 09:30 Registration for full day and morning tutorials
09:30 - 11:00 Tutorials Part 1
11:00 - 11:30 Coffee break
11.30 - 13:00 Tutorials Part 2
13:00 - 14:00 Lunch break
14:00 - 15:30 Tutorials Part 3
15:30 - 16:00 Coffee break
16:00 - 17:30 Tutorials Part 4

WHO SHOULD ATTEND
Given the increasing interest of condition monitoring for SiC power devices, the audience
for this tutorial can range from PhD students to senior engineers. The topic of the tutorial
is very attractive on its own and it can be of interest for academics willing to expand their
research areas, application engineers interested in using SiC in their new designs,
intelligent gate driver manufacturers willing to implement the latest functionalities in
their products. Researchers using simulations on their power module reliability studies
will also benefit from the contents of the tutorial, as they are an important part of the
contents.

The tutorial will conclude with a roundtable/discussion with the audience, where the
attendees will be able to share their views on condition monitoring for SiC power devices
and their implementation in industrial applications.

Technical Level: Intermediate – Basic knowledge on power semiconductor devices and
power electronics systems is recommended.
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ABOUT THE INSTRUCTORS

Layi Alatise graduated with a 1st class honors BEng in Electrical/Electronic Engineering
and a PhD in Microelectronics and Semiconductors from Newcastle University. In 2004
and 2005, he briefly joined ATMEL North Tyneside where he worked on the process
integration of the 130 nm CMOS technology node. In June 2008, Prof Alatise joined the
Innovation R&D department of NXP semiconductors as a development Engineer where
he designed, processed and qualified discrete power trench MOSFETs for automotive

applications and switched mode power supplies. In November 2010, Prof. Alatise joined the University of
Warwick as a Science City Research Fellow to investigate advanced power semiconductor materials and
devices for improved energy conversion efficiency. Since February 2019 he is a Professor in Electrical
Engineering. His research interests include investigating advanced power semiconductor materials and
devices for improved energy conversion efficiency. He is author or co-author of more than 90 publications
in journals and international conferences. He serves as reviewer for journals like IET Power Electronics
and IEEE Transactions on Power Electronics and IEEE Transaction on Industrial Electronics. Both Prof.
Alatise and Dr Ortiz Gonzalez organised the UK Centre for Power Electronics Reliability, Condition
Monitoring and Health Management Technologies for WBG Power Modules workshop. Prof. Alatise is an
associate editor of IEEE Journal of Emerging and Selected Topics in Power Electronics.

Amir Sajjad Bahman is currently an Assistant Professor at the Center of Reliable
Power Electronics (CORPE), Aalborg University, Denmark. His research interests
include electro-thermal and thermo-mechanical modelling, packaging and reliability of
power electronic systems and components. Dr. Bahman received the B.Sc. from Iran
University of Science and Technology, in 2008, the M.Sc. from Chalmers University of
Technology, Sweden in 2011 and the Ph.D. from Aalborg University, Denmark, in 2015
all in electrical engineering. He was a Visiting Scholar in the Department of Electrical

Engineering, University of Arkansas, USA, in 2014. Moreover, he was with Danfoss Silicon Power,
Germany in 2014 as the Thermal Design Engineer. He is author or co-author of more than 30 publications
in journals and international conferences. He serves as peer reviewer for several conferences and journals
like: APEC, ECCE, EPE, ESREF, IECON, ISIE, Elsevier Microelectronics Reliability, Journal of Thermal
Engineering, IEEE Transactions on Industrial Electronics, Power Electronics and Electron Devices. He has
given several technical seminars about thermal and reliability modelling in first conferences such as APEC
and EPE.

Francesco Iannuzzo is a professor of Reliable Power Electronics at the Aalborg
University, Denmark, where he is also part of CORPE (Center of Reliable Power
Electronics). His research interests are in the field of reliability of power devices,
including cosmic rays, power device failure modelling and testing of power modules up
to MW-scale under extreme conditions, like overvoltage, overcurrent, overtemperature
and short circuit. He is author or co-author of more than 180 publications on journals
and international conferences and three patents. Besides publication activity, over the
past years he has been invited for several technical seminars about reliability in first

conferences as EPE, ECCE and APEC. Prof. Iannuzzo was the general chair of ESREF 2018, the 29th
European Symposium on Reliability of Electron devices, Failure physics and analysis, in Aalborg. He is
associate editor for Elsevier Microelectronics Reliability and IEEE Transactions on Industry Applications.

Jose Ortiz Gonzalez received a B. Eng. degree in electrical engineering in 2009 from the
University of Vigo, Vigo, Spain and the Ph.D. in power electronics from the University
of Warwick, Coventry, U.K. in 2017. Since 2013, he has been with the School of
Engineering, University of Warwick, Coventry, U.K., as researcher. Dr Ortiz Gonzalez
was appointed as Senior Research Fellow in Power Electronics in January 2018. His
current research interests include electrothermal characterization of power devices,
reliability and condition monitoring He is author or co-author of 40 publications in

journals and international conferences. He serves as reviewer for journals like IET Power Electronics, IEEE
Transactions on Power Electronics, IEEE Journal of Emerging and Selected Topics in Power Electronics
and IEEE Transaction on Industry Applications.


