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Welcome To The Research Showcase
Recent Advances on Reliability and Gate
Driving of WBG Power Electronics
Addressing the Key Challenges of WBG Device Adoption
This Research Showcase presents the latest advances in gate interface reliability, packaging and
interconnection, sensing, monitoring and switching of SiC and GaN devices. The need for
increased power density (in W/kg and W/m3) in power electronic converters and systems is
placing critical demands on the reliability of devices, the drivers and the interconnections,
which are being addressed in the CPE Project on “Reliability and Health Monitoring”.
This Research Showcase addresses several of the key issues critical to the increased adoption
of Wide Bandgap (WBG) Semiconductors within the growing power electronics industry,
including:
•
•
•
•
•
•

Gate Interface Reliability in SiC/GaN power devices
Latest Advances in Packaging/Interconnects
High Speed Sensing and Monitoring around GaN devices
Optimisation of switching transients for SIC MOSFETs
High Current SiC Applications
Testing of SiC MOSFETs under normal and abnormal operations

The presenters have a long-established track record of research into SiC characterisation and
reliability (Warwick, Edinburgh and Aalborg), power module reliability characterisation
(Nottingham), converter-level condition monitoring for power electronics (Newcastle) and GaN
based power electronics (Bristol).
We hope you enjoy this Online Research Showcase.

Professor Layi Alatise
University of Warwick
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Inseto - Research Showcase Sponsor
Inseto is a leading provider of wafer fabrication, assembly equipment and materials to the
power electronic and related microelectronic technology sectors.
Our products include:
Semiconductor wafers & substrates
Lithography equipment
Slot die coating and inkjet printing equipment
Wafer oxidation and annealing furnaces
Wafer bonders
Plasma etching and cleaning systems
Wafer Probing Systems for HF, HV & high current applications.
Dicing and scribing equipment
Die bonders
Vacuum solder reflow equipment
Wire bonders
Bond & micro-materials testers
Assembly materials: adhesives, preforms, packages, bond wire etc.
We are pleased to support the research and development activities carried out at various
institutes and companies throughout the UK. Recent equipment delivered to the University
of Warwick for example, includes a fully automatic large wire bonder and high-power,
semiautomatic wafer probe system.
Our accredited application and technical support team provides pre and post sales expertise,
assisting in material selection, equipment setup, maintenance, calibration and user training.

Please visit our website: www.inseto.co.uk or contact us for further information.

Matt Brown
Managing Director
Inseto (UK) Limited
Unit 25,
Focus 303 Business Centre,
Focus Way,
Andover,
Hampshire
SP10 5NY
United Kingdom
Office: +44 (0)1264 334505
Fax: +44 (0)1264 334449
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Research Showcase Online – Agenda
Recent Advances on Reliability and Gate Driving of WBG
Power Electronics
Monday 11 January 2021
10:00 Welcome, Introductions to IMAPS-UK and Reliability and Health Monitoring Project
10:15 Gate Interface Reliability in SiC/GaN Power Devices
Dr Jose Ortiz Gonzalez and Prof Layi Alatise, Warwick University
11:00 Latest Advances in Packaging/Interconnects
Dr Pearl Agyakwa and Prof Mark Johnson, Nottingham University
11:45 High Speed Sensing and Monitoring around GaN devices
Dr Mohammad Hedayati and Prof Bernard Stark, Bristol University
12:30 Close
Tuesday 12 January 2021
10:00 Optimisation of switching transients for SIC MOSFETs
Mr Xiang Wang and Prof Volker Pickert, Newcastle University
10:45 Exploiting SiC in High Current applications
Dr P Judge and Prof. S Finney, University of Edinburgh
11:30 Testing Silicon Carbide Power MOSFETs under Normal and Abnormal Operations
Dr Amir Sajjad Bahman and Prof Francesco Iannuzzo, Aalborg University
12:15 Close
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Presentation 1:
Gate Interface Reliability in SiC/GaN Power Devices
Dr Jose Ortiz Gonzalez and Prof Layi Alatise, Warwick University
The talk will outline the power elements and focus on why standardisation as we move to very high
volume is critical for BEV acceptance. In this talk, we shall be presenting the latest characterisation
techniques for evaluating gate dielectric reliability in SiC and GaN power devices. WBG devices are
gaining popularity in power electronics, hence, their reliability performance and condition
monitoring is important. One key aspect of reliability and condition monitoring is threshold voltage
drift which depends on the reliability of the gate dielectric of the device. SiC MOSFETs have gate
oxides thermally grown by thermal oxidation of SiC while enhancement mode GaN devices can be
Ohmic or Schottky gated depending on the manufacturer. SiC MOSFETs have been known to have
shorter Time-to-Dielectric-Breakdown (TDDB) performance as well as higher threshold voltage drift
due to charge trapping/de-trapping under gate voltage stress. GaN e-HEMTs are also reported to
exhibit threshold voltage drift due to charge trapping at the gate AlGaN/p-GaN/GaN heterointerfaces. At Warwick University, we have developed new techniques for characterizing threshold
shift and recovery.
Dr Jose Ortiz Gonzalez: Dr Gonzalez is a lecturer in Power
Electronics at the University of Warwick where he has been for
7 years. His research interests are in the performance and
reliability of power devices. Dr Gonzalez has worked on
numerous projects and is currently consulting with industry
through an Innovate UK funded project in Power Electronics.
Before joining Warwick, he was at Vigo University as a Research
technician.

Prof Layi Alatise: Prof Alatise is a Professor of Electrical
Engineering and Royal Society Industry Fellow in Power
Electronics seconded to Bourns Inc. His research interests are in
power devices, power electronics and the integration of
renewable energy into the power system. He has been at the
University of Warwick for 10 years and worked at NXP
Semiconductors as a Semiconductor Device Engineer for 3 years
before joining Warwick.
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Presentation 2
Latest Advances in Packaging/Interconnects
Dr Pearl Agyakwa and Prof Mark Johnson, Nottingham University
In the first part of this talk, a brief overview will be given of the reliability issues in power electronics
modules. This will be followed by a short review of emerging interconnection technologies suitable
for wide bandgap applications, and the status of understanding of their relevant degradation
mechanisms. A multi-scale, multimodal correlative protocol for failure characterisation will be
described and illustrated through a case study focusing on the wear-out characteristics of sintered
nanosilver die attachments under power cycling. Finally, the new perspectives afforded by this
approach and their importance for ongoing lifetime model development will be discussed.

Dr Pearl Agyakwa is a materials scientist & senior research fellow
within the Power Electronics, Machines and Control (PEMC) research
group at the University of Nottingham. Her previous posts include
commercial exploitation of robotic shaped metal deposition
(Nottingham/Rolls-Royce 2004-2005), and research management of
machining and metrology strategies for complex component
geometries for aerospace applications (AMRC, Sheffield, 2005-2007).
She has developed expertise in theoretical & experimental strategies
for characterising & modelling wear-out in power electronics packaging
(2007-present).
Prof C Mark Johnson is Director of the EPSRC Centre for Power
Electronics and holds a personal Chair at the University of Nottingham,
where he leads research in power devices, power electronics
packaging, thermal management, reliability and integration. He was
instrumental in establishing a nationwide collaborative programme in
Silicon Carbide (SiC) electronics and has held a platform grant in SiC
electronics and sensors.
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Presentation 3
High Speed Sensing and Monitoring around GaN devices
Dr Mohammad Hedayati and Prof Bernard Stark, University of Bristol
GaN power semiconductor devices are small with reduced parasitics compared to their SiC and silicon
counterparts with similar ratings. This enables the device to switch much faster, in MHz range, however it
also increases the circuit performance's sensitivity to the printed circuit board layout parasitics. Voltage,
current, and temperature measurement on these devices is quite challenging as small alteration in the PCB
power loop changes the switching behaviour of the GaN devices.
This talk will demonstrate means of measuring current and temperature in GaN power circuits with minimal
interference with the performance. We will show how di/dt and dV/dt sensors can be used to infer
temperature and show how to create alerts at given thresholds. We will also leave time for audience
questions around GaN power electronics.

Dr Mohammad Hedayati: Dr Hedayati is a Senior Research Associate at
University of Bristol. He is currently working on GaN power devices reliability
and health monitoring. Before joining Bristol, he was with University of
Aberdeen as research associate. He has a wide range of experience from high
voltage high power to low voltage low power applications. His research
interests are in power devices, power electronics, electric vehicle, and
renewable energy.

Prof Bernard Stark is a Professor of Electrical and Electronic Engineering at
the University of Bristol, and a member of the Electrical Energy Management
Research Group.
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Presentation 4
Optimisation of switching transients for SIC MOSFETs
Mr Xiang Wang and Prof Volker Pickert, Newcastle University
Silicon Carbide (SiC) devices present superior performances in high power density and high
temperature applications due to their high switching speed capabilities. However, high oscillation
introduced by high switching speeds remains a major concern for consumers as SiC devices cannot
fulfil their full potential. The traditional method reduces switching oscillations by increasing the gate
resistor, which introduces higher switching losses and longer switching times. This talk provides an
investigation into switching oscillations and the impact it has on current overshoot, voltage overshoot
and switching ringing. The talk will introduce a method that reduces the impact of oscillations
without jeopardising switching losses. To validate the proposed method a new programmable
current-controlled gate driver circuit has been designed, built and tested. Results show significant
reduction in oscillations at fast transient speeds making the new gate driver attractive for future use
in SiC power converters.
Mr Xiang Wang: Mr Wang is a PhD student within the Electrical
Power Group at Newcastle University. His research interests are
gate driver circuits and health monitoring for wide band gap
devices. Mr Wang has been at Newcastle University for 3 years
and studied previously at Zhejiang University as a Master student
for 3 years.

Prof Volker Pickert: Prof. Pickert is the Director of Discipline for
Electrical and Electronic Engineering at Newcastle University. He
has 25 years of industrial and academic work experience within
the power electronics and electric drives sector. He is the Editorin-Chief of the IET Power Electronics journal and he is the
Director of the EPSRC CDT in Sustainable Electric Propulsion. He
is a regular invited keynote speaker and advises various
governments on energy and transport related topics. His current
research interests include power electronics for automotive
applications, thermal management, health monitoring
techniques, and advanced nonlinear control.
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Presentation 5
Exploiting SiC in High Current applications
Dr P Judge and Prof. S Finney, University of Edinburgh
This session will cover work from the High-Power Silicon Carbide work-package of the EPSRC Quietening
Waveforms project.
Silicon Carbide MOSFETs are replacing silicon IGBTs in medium power applications such as aerospace,
solar PV grid interface converters and automotive traction. The fast-switching speeds achieved by SiC
MOSFETs results in substantial reductions in switching loss and system level benefits of reduced weight
and volume. However, despite these advantages, there has been little uptake of SiC-MOSFETS for higher
power applications. Factors include a lack of appropriately rated modules and the challenge of achieving
high switching speeds at the required current and voltage levels. There have also been indications that
the reduction in switching loss of SiC-MOSFET relative to IGBT decreases with increasing module ratings,
eroding the benefits of moving to a new technology at these levels.
A core limiting factor is the highly oscillatory switching transient excited by the fast SiC-MOSFET transition
times, raising concerns about both regulatory and self EMI compliance in power converters. Quietening
waveforms has investigated the potential of advanced gate driving techniques to manage SiC switching
transients whilst minimising additional switching loss. The prestation will include a comparison of SiCMOSFET and Si-IGBT switching together with preliminary results for gate level damping.
Stephen Finney has held the position of chair of power electronics at the
University of Edinburgh since 2017, covering the fields of power
semiconductor device applications, converter topologies and the
application of power semiconductors to energy systems. He obtained his
MEng degree in Electrical and Electronic Engineering from Loughborough
University of Technology in 1988 and subsequently worked at the
Electricity Council R&D centre at Capenhurst, Cheshire. In 1990 he
embarked on an academic career, joining the power electronics research
group at Heriot-Watt University where he received his PhD in 1994 and
remained as a member of academic staff until 2005. In 2005 he moved to
the University of Strathclyde where developed research into utility scale
power electronics, taking over as of head of Power Electronics research in
2010.
Paul D. Judge received the B.Eng. (Hons.) degree in electrical engineering
from University College Dublin, Dublin, Ireland, in 2012, and the Ph.D.
degree from Imperial College London, London, U.K., in 2016.,He is
currently Lecturer with the University of Edinburgh, Edinburgh, U.K. His
main research interests include power converter design and control, as
well as power system integration aspects of HVdc technology. Dr. Judge
was the recipient of the Best Paper Award for his submission to the IEEE
Transactions on Power Delivery Special Issue on “Frontiers of DC
Technology” in 2018. He has received the Eryl Cadwaladr Davies Prize for
best doctoral thesis.
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Presentation 6
Testing Silicon Carbide Power MOSFETs under Normal and Abnormal Operations
Dr Amir Sajjad Bahman and Prof Francesco Iannuzzo, Aalborg University
Silicon Carbide (SiC) power electronic devices are now considered as the key components for future
applications due to their superior physical properties compared with silicon devices (i.e. increased electric field
strength, thermal conductivity, and electron velocity). However, the reliability of SiC devices needs to be
further evaluated since silicon-based devices have proven to be more reliable, under normal and abnormal
operating conditions. This talk will outline modern reliability testing methods for SiC Power MOSFETs. In the
first part of the talk, accelerated testing methods for reliability will be presented, including power-cycling
strategies and results. The second part presents an original approach for mission-profile-based life prediction
for wind-turbine applications. The approach is based on a combination of statistics and finite-element
simulations in electro-thermo-mechanical domains. In the third part of the talk, testing methods for abnormal
conditions will be outlined, including some conclusions about the source of the instabilities taking place under
such critical conditions.
Amir Sajjad Bahman is currently an Associate Professor at the Center of Reliable
Power Electronics (CORPE), Aalborg University, Denmark. His research interests
include electro-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. He was with Danfoss
Silicon Power, Germany in 2014 as the Thermal Design Engineer. Dr. Bahman is a
senior member of the IEEE an serves as an Associate Editor for the IEEE Transactions
on Transportation Electrification, and Elsevier Microelectronics Reliability.
Francesco Iannuzzo received the M.Sc. degree in Electronic Engineering and the
Ph.D. degree in Electronic and Information Engineering from the University of
Naples, Italy, in 1997 and 2002, respectively. He is primarily specialized in power
device modelling.
He is currently a professor of reliable power electronics at the Aalborg University,
Denmark, where he is also part of CORPE, the Center of Reliable Power Electronics.
His research interests are in the field of reliability of power devices, including
mission-profile-based life estimation, condition monitoring, failure modelling and
testing up to MW-scale modules under extreme conditions. He is author or coauthor of more than 240 publications on journals and international conferences,
three book chapters and four patents. Besides the publication activity, over the past
years he has been contributing 19 technical seminars about reliability at first
conferences as ISPSD, IRPS, EPE, ECCE, PCIM and APEC. Prof. Iannuzzo is a senior
member of the IEEE (Industry Application Society, Reliability Society, Power
Electronic Society, and Industrial Electronic Society). He serves as an Associate
Editor for several IEEE Open Journals on Power Electronics, the EPE Journal, and
Elsevier Microelectronics Reliability. He is vice-chair of the IEEE IAS Power Electronic
Devices and Components Committee. In 2018 he was the general chair of the 29th
ESREF, the first European conference on the reliability of electronics, and has
recently been appointed general chair for the EPE 2023 conference in Aalborg.
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About IMAPS

The International Microelectronics, Assembly and Packaging Society (IMAPS) is the largest
society dedicated to the advancement and growth of microelectronics and advanced
electronics packaging. Our Society offers chapters around the globe, creating a global
network with more than 6,000 worldwide members. The United Kingdom Chapter of IMAPS
was the first international Chapter and continues to maintain strong links with other
European countries, the USA and Asia.
IMAPS-UK is a registered Charity and plays a leading role in the UK’s advanced electronics
industry. We work closely with other governing bodies, societies, industrial and academic
institutions, to ensure that members are kept up to date with the latest developments and
innovations. We continue to provide a leading forum for the industry to meet and shape its
future.
The Society's objectives are achieved through regional seminars, workshops, major
international conferences and exhibitions, the publication of newsletters and technical
papers as well as other activities relevant to promoting knowledge within the industry.

Further Information
If you have any other enquiries please visit:
www.imaps.org.uk/
or contact us at:
office@imaps.org.uk
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IMAPS-UK Membership

Annual membership of IMAPS-UK ensures you or your Company become part of
the worldwide IMAPS organisation, providing reduced entry into many IMAPSUK & partner events, technical information and publications, as well as access to
a major global network of microelectronics research institutions, businesses &
individuals.
In addition, IMAPS-UK members automatically become annual “Affiliate
Members” of IMAPS-North America (IMAPS-NA). This provides enhanced
benefits, including access to the society magazine, Advancing Microelectronics
and The Journal of Microelectronics and Electronics Packaging (both as online
versions), IMAPS-NA News Bulletins and the IMAPS-NA Industry Guide,
discounted entry to IMAPS-NA events and the opportunity to search the
“iMAPSource” Technical Database and download discounted papers.
IMAPS-UK offers four forms of annual (Jan-Dec) membership:
• Student Membership (*Free)
• Individual Membership (£60 plus VAT)
• Academic Membership (£95 Plus VAT + £35 per additional Member)
• Corporate Membership (£395 Plus VAT + £45 per additional Member)

* Bona Fide Students in Academic Institutions are eligible for Free membership of
IMAPS-UK on an annual basis
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IMAPS-UK Future Events
Basic Packaging Workshop
Thursday 11 February 2021
Online Workshop
Electronic packaging of semiconductors is often taken for granted with the vast majority of
components assembled in the Far East. Electronics packaging and interconnection technologies
determine the performance and efficiency of semiconductor devices and can account for up to 80% of
the manufacturing costs. Knowledge of the materials and processing technologies involved in the
assembly of electronic devices is key to optimising the performance, reliability and cost-effectiveness
of electronics systems. This workshop provides a guide to help designers and engineers to navigate
through the multitude of electronic packaging materials and processes.
The Workshop will cover the following topics:
• Die Preparation, Attach and Interconnection
• Package, Encapsulation and Substrate Options
• Modelling and Simulation
• Test, Inspection and Reliability
The event provides training for staff who need to be aware of the benefits of employing standard
packaging technologies for the design and manufacture of electronic products used across multiple
sectors including aerospace, automotive, medical , consumer, telecoms and industrial. It will also serve
as a refresher for those who wish to expand the breadth of their knowledge and build their network of
contacts in the field of electronic packaging.
Join us online at the prestigious one day workshop event to learn, network and source in the field of
basic electronics packaging and participate in a packaging surgery

Programme may be subject to change depending on Covid-19 Situation

Further details at: www.imaps.org.uk/imaps-events

6 June 2019
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IMAPS-UK Future Events
MicroTech 2021 Conference
Packaging Future Microelectronic Systems
Delivering Heterogeneous Integration
Thursday 25 March 2021
Online Conference
This event will present an insight into the world of Heterogeneous Integration (HI) for the Microelectronics community. The IEEE have recently published the roadmap for HI as a series of 23 chapters
covering applications, materials, processes and other related topics. As HI covers such a wide range of
technologies, MicroTech 2021 will provide an overview of the key issues and developments that will
affect microelectronic packaging research and development in both industry and academia in the
forthcoming near future.
The Conference Sessions will cover:
• Markets and Developments
• Materials
• Processes
• Academic Research and Development
• The Future

A Call for Abstracts will be issued requesting state of the art presentations on Packaging Future
Microelectronic Systems.

Programme may be subject to change depending on Covid-19 Situation

Further details at: www.imaps.org.uk/imaps-events

6 June 2019
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Input
IMAPS-UK welcomes your input about
future events.
Please take a moment to tell us a few things
about what would you like IMAPS-UK to be
considering for future events ….
This can be done via the Google
Questionnaire provided after the Online
Webinar.
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125 High Street Chesterton
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Tel: +44 (0)131 202 9004
Registered Charity: 801142
www.imaps.org.uk

IMAPS leads the Microelectronics Packaging, Interconnect and Assembly Community,
by providing the means of communicating, educating and interacting at all levels.

