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WELCOME FROM THE GENERAL C

DearColleagues,

It is my privilegeto welcomeyou to the campusof North Carolina
State Universityin Raleigh,NC,for the 7" Annual [IEEEWNorkshopon
Wide BandgapDevicesand Applications(WiPDA2019), sponsoredby
the IEEEPower ElectronicSociety (PELS)the IEEEElectron Devices
Society, and the IEEEPower Sources Manufacturers Association
(PSMA) In addition to being a world-classresearchinstitution, the
universityis the home of PowerAmericaa U.S Departmentof Energy
Manufacturing USA institute dedicated to accelerating the
commercializationof wide bandgappower electronics¢ makingit a
fitting placeto holdthis@ S | dedfeéence

SinceWIPDAbegansevenyearsago,the field of wide bandgappower technologieshasgrowndramatically
with numerousproductspresentlyin the marketplace An objective of WIPDAIs to educatethe existing
and incomingworkforce, including students, on the latest advancementsn the field of wide bandgap
power devicesand electronics Thisalignsperfectly with the work we carry out at PowerAmericaA core
belief of oursis that to acceleratethe commercializatiorof wide bandgaptechnology,we mustdevelopa
highly educatedworkforce Asan institute, we are excitedto chair an event that closelyalignswith our
goalsof educationand workforce development,aswell asother key componentsof our mission,suchas
building a vibrant wide bandgap ecosystem, providing networking opportunities, and translating
technologicalnnovationinto large-scalemanufacturing

WiPDAprovidesa venuefor those acrossthe wide bandgappower semiconductoffield - devicescientists,
circuitdesignersand applicationengineers- to sharetechnologyupdates,researchfindings,development
experience, and application knowledge The conferenceis unique in providing device and power

electronicsprofessionalswith the chanceto interactin an informal setting, whichis crucialin accelerating
large-scaleadoption of these energyefficient technologies Throughmy role asthe executivedirector of

PowerAmericaand with more than 20 yearsof experiencein the industry, | have been able to witness
firsthand the incredible,expansivegrowth of wide bandgappower technologiesand as you will hear at

this& S | cdfedencethat growth is slatedto continueunabatedin the comingyears

Theexpansivegrowth is the reasonthis & S | WilED#conferenceis extremelytimely. This@ S I agdddais
packedwith a variety of wide bandgaptopics, spanningthe whole range of SiCand GaNpower devices
and applications,and even includes an emergingtechnologiessession The conferencewill kick off
Tuesdaywith a seriesof five experttutorial presentations offered backto-backin a singlesessionso that
participantscan attend all of them. Meetingsof the ITRWand JEDECommittees(by invitation only) will
alsotake placeon Tuesdayprovidingthe opportunity for membersof theseleadingentitiesto coordinate
their efforts in advancingvide bandgappower technologies More information about these organizations
canbefoundin the program Eightkeynotepresentationsandtwelve SiCand GaNdeviceandapplication
technical sessionstake place on Wednesdayand Thursday,highlighting industry trends and technical
accomplishmentdrom key playersin industry and academia Additionally,panel sessionswill provide an
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WELCOME FROM THE GENERAL C

interactive setting for attendeesto learn about challengesand opportunities in the SiCand GaN
markets A comprehensiveposter sessionwill highlight more than 30 researchprojects Our numerous
sponsorsand exhibitors will showcasetheir state-of-the-art technologiesand products in a highly
interactivenetworkingenvironmentfor all to benefitfrom.

| am greatly indebted to the membersof the WiPDA2019 Organizingand SteeringCommittees,who
have volunteeredtheir precioustime and expertiseto makethis event a successWe look forward to
hostingall of youherein Raleighat WiPDA2019

Sincerely,

/4% |
Prof.Victor Veliadis

Executive Director and CTPowerAmerica
General Chair IEREPDA2019
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SCHEDULE AT A GLANCE: TUES
October 29, 2019

Tutorial Sessions Locatidrausion Ballroom

Start End Agenda Item

Tutoriabd 5 SAAIYAYy I F2N { 6A0OK
9:00 AM | 10:20 AM . NBF{SNI ! LILIX AOFGA2Y dza A
DOUGLAS HOPK]NS8rth Carolina State University

Cdzi 2 NA I € Y a{ A Y dzf Patagites)i thd Besidn
Ol \VRER RNV ¢t K 3S 2F t 26SNJ a2Rdzf Sa wSR
STIG MUNKNIELSEMalborg University, Denmark

12:00 PM| 1:00 PM Lunch(State View Hotel)

Cdzi2NAI €Y aDIFb YR {Al { ¢
1.00 PM = 2:20 PM I SYGSNBR |yR 9t SO0 NAC
DONG CAQJniversity of Dayton

Cdz2NA I EY . Sad t NI OGAOS
2:20 PM | 3:40 PM 5SUGSNYAYS 5SOA0S wSft Al O
RONALD BARRansphormnc.

Tutorial:at SNF2NX I yOS 9@ f dzl GA 2
of HV SIC 10kV MOSFETSs and SiC 15kV IGBTs for Soft
Hard Switching Mediumt: 2 £ G 3S / 2y @S NI

SUBHASHISH BHATTACHAYWY#, Carolina State Universit

A

3:40 PM | 5:00 PM

Optional Tour of FREEDM Center Power Electronics Lab

. . The Future Renewable Electric Energy Delivery and Management (FREEDM) is a
5:15 PM 6:15 PM NSF Engineering research facility at NCSU. Their goal is to develop a more secure,
sustainable, environmentally friendly electric grid.

Vendor Exhibits and Social Reception

6:30 PM | 8:30 PM
Synergy Ballroom




SCHEDULE AT A GLANCE: TUESL

October 29, 2019

Start End Agenda Item

1:.00 PM | 5:00 PM ITRWMeeting (Viewpoint Room)

JEDEC MeetingCG70 (Viewpoint Room)
(committee members and invited guests only)

IEEE POWER
ELECTRDNICS SOCIETY
Powermg a Sustainable Future

]TRW JEDEC.

International Technology
Roadmap on Wide

Bandgap Semiconductors
MISSION

The International TechnologyRoadmapfor Wide bandgappower semiconductorgITRW)
will provide reference, guidance and servicesto identify the future research and
technology development needs of wide bandgap power semiconductorsand their
application, and thereby provide a reliable and comprehensiveview on the Strategic
ResearctAgendaand Technologyroadmap

7:00 PM | 10:00 PM

JEDEG the global leader in developing open standards for the microelectronics industry,
with more than 3,000 volunteers representing nearly 300 member companies.

JEDEC brings manufacturers and suppliers together to participate in more than 50
committees and subcommittees, with the mission to create standards to meet the diverse
technical and developmental needs of the industry.

Having already establish@aportant test methods and datasheet parametric

standarddor Power MOSFETH:DEC is working towards establishing standarasie
bandgap power semiconductors.

JEDEC publications and standards are adopted worldwigBEC is accredited

by ANSkhnd maintains liaisons with numerous standards bodies throughout the world.
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SCHEDULE AT A GLANCE: WEDNE

October 30, 2019

Start End Agenda Item
, , Welcome Address
Keynote
OSiC Power Devices Beyondrobility ¢ a Wide Adoption in
8:15AM | 8:45 AM GKS LYRdAGNAIE [ YyR&O

PETER FRIEDRIGH®Beon Technologies
(Fusion Ballroom)

Keynote

8:45 AM | 915 AM aThe Power SiC and GaN Market in 2@19
' | KEVIN ANDERSMMNSMarkit
(Fusion Ballroom)

9:15 AM | 9:45 AM Break

Panel Session
oGaNPower Device Market Adoptiog What is the Status and
What are the Barriers and Accelerators to Market
t SYSGUNF GA2YKE
9:45 AM @ 10:45 AM ALAIN CHARLESineon Technologies
SANDEEP BAHExas Instruments
PETER DI MASGaN Systems
TIMMCDONALDNfineon Technologies
ROBERKAPLARSandia National Laboratories
(Fusion Ballroom)

Panel Session
G/ KFffSy3asSa | yR h LILJ]2 NI dzy
I LILX A Ol A2y acé
BRIJ SINGHBiohn Deere

10:45 AM 11:45 AM KAMIAR KARIMBoeing
PETER FRIEDRIQHI$eon Technologies
SATISH PRABHAKR&H ,Global Research
SUBHASHISH BHATTACHAWY#, CarolingState University
DAVID GRIDEWRIplfspeed
(Fusion Ballroom)

Lunch

11:45AM | 115 PM Sponsored bikymaTechnologies
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SCHEDULE AT A GLANCE: WEDNES

October 30, 2019

Start End Agenda Item
Keynote
aTo Use or Not to Use and How to Usf@ hese Are the
Questions:
ISR \Vide Bandgap Semiconductor Ecosystem in Power Supp

Desigrg
LASZLO BALOQHExas Instruments
(Fusion Ballroom)

Keynote
A Y @Treldds,Opportunities, and Challenges
1:45PM | 2:15 PM GKS t SNBRLISOGABS 2F | t
SANDEEP BALASB
(Fusion Ballroom)

Keynote
Gl 26 02 L Y-bhabes Povgh Wod{ilds into
2:15 PM | 2:45 PM GKS ''vD oHn !dzi2aY20AOS v

THOMAS HARDHRyropean Center for Power Electronics
(Fusion Ballroom)

2:45 PM = 3:15 PM Break

Sponsored by Focused Test, Inc.

Technical Session 1

3:15 PM | 4:55 PM 1B e

GaN Devices 1 SiC Devices 1
Fusion C Fusion D

530 PM | 7:00 PM Poster Session
(Synergy Ballroom)

Conference Banquet

Sponsored byVolfspeed A Cree Company
(Fusion Ballroom)

7:00 PM | 10:00 PM
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SCHEDULE AT A GLANCE: THURS

October 31, 2019

Start End Agenda Item
Keynote
3:00 AM 3:30 AM G{A/ 5S@PAOSaAY t26SNAYy3I G4KS bS

JOHN PALMOUR/olfspeed
(Fusion Ballroom)

Keynote
dPotential and Challenges of Medium Voltage Power Electronic Circ
8:30 AM | 9:00 AM pAGK 2. D 580A0Sa¢
IQBAL HUSAINorth Carolina State University
(Fusion Ballroom)

Keynote
9:00 AM 9:30 AM dVertical GaN: Nevy I\{Ie_diunVoItage _Powe_r Devices on the I—_Iorizé:_)n
YUHAO ZHANG@irginia Polytechnic Institute and State University
(Fusion Ballroom)

9:30 AM @ 10:00 AM Break

Technical Session 2

10:00 AM | 11:40 AM 2B 2C
GaN Applications SiC Devices 2

Fusion C Fusion D

11:40AM 1:00 PM Lunch

Technical Session 3

1:00PM 2:40 PM 3B 3C
GaN Devices 2 SiC Devices 3

Fusion C Fusion D

2:40 PM 3:00 PM Break




SCHEDULE AT A GLANCE: THURS

October 31, 2019

Technical Session 4

4C
3:00PM = 4:40 PM 4B Thermal and
GaN Applications 2 Emerging
Fusion C Technologies
Fusion D

4:40 PM . 5:00 PM Conference Wrapup

Victor Veliadis, PowerAmerica/North Carolina State University




TUTORIAL SESSIONS OVER

Tuesday, October 29, 2019, 9:QA0:20 AM
Dr. Douglas Hopkins
North Carolina State University

dDesigning for Switching Stresses in a Circuit
Breaker Application using SiC Semiconductérs

Speaker Biography

Dr. Hopkins is a professor in Electrical and Computer Engineering and is Director of the
Laboratory for Packaging Research in Electronic Energy Systems, part of the FREEDM Systems
Center, and is an affiliate faculty member in the Center for Additive Manufacturing and Logistics
CAMAL, at North Carolina State University. He has over 20 years of academic and industrial
experience focused on highequency, high density power electronic systems. He received his
Ph.D. in Electrical Engineering from Virginia Tech, and spent his early career at the R&D centers
of GE and Carrier AG@onditioning Companies in advanced power electronic systems for
military and commercial applications. He wasfeonder ofDensePowerLLC, an early launch
technology company,andéb2 dzy RSNJ I yR ISy SN} f OKIANI 27F
2y 05 t26SNJ 9f SOGNRYAO& LYGSINIXGAZ2Y YR al
and conference articles, a number recognized with awards and is an IMAPS Fellow.

R

K
y

Abstract

Ultra-fast solidstate circuit breakers, including hybrid breakers, are being developed for a

broad range of 1.2kV to >15kV DC distribution applications. However, thefastreesponse

within a fraction of an AC cycle allows designs to be applied also to AC. In either case the
ASYAO2YyRdzOG2NE Ydzad NBYFIAY O2yRdzOGAYy 3 RdzNA Y.
while startup transients or momentary fault conditions are cleared. If faults are not cleared,

then the semiconductors must respond when at ne@ximum junction temperature at

excessive current.

Typically, turroff is under zero voltage with a dit determined by the breaker topology. This

Tutorial provides a detailed analysis of breaker designs and selection of proper semiconductors.
The analysis includes thermal transient response showing heating typically limited to
semiconductor, attachment and copper layers within the power module. The analysis looks at
inherent turnon propagation limits on a SiC MOSFET die. A full design of -atatdidbreaker is

given, including snubber and transient absorption layers, with impact on semiconductor

selection. An actual SSCB SiC JFET design is given as a demonstration. This is intended for basi
and intermediate design engineers. Hardware will be passed around.
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TUTORIAL SESSIONS OVER

Tuesday, October 29, 2019, 10:201:40 AM

Dr. StigMunk-Nielsen

Aalborg University, Denmark

G{AYdzt F GA2Yy Ay Of dzRAYy 3 f
phase of Power Modules reduces the laboratory wor
f 21 R¢

Speaker Biography

Current interests include croshisciplinary cooperation between physics and electronics
researchers. On the technical side, interests are power electronics hardware design with focus on
including the physical circuit properties in simulations and working on new electric circuit
topologies utilizing the features of WBG devices. The applications of interest are including wind
turbine power converts, motor drives, induction andadectric heating using medium and low
voltage SiC and GaN device technology. Currently Professmf power electronics at Aalborg
University, Denmark. Managed several power electronics projects including the IEPE and the
MVBASIC projects.

Abstract

A few years ago, we managed to buy expensive 10kV SiC dies and the goal was to build half
bridge power modules. With zero packaging experiences, we needed luck and a way to obtain
design experience without damaging the 10kV SiC dies. A simple circuit simulation model is not
sufficient to evaluate the design quality, as the impact of the layout parasitic must be included
to obtain an accurate behavioral model. Standard 3D drawing, FEM and circuit simulation tools
enable the user to extract parasitic behavior in lumped models and then the user can do the
iterative design on the computer not needing laboratory mockups. Comparing power module
simulations and measurements showed excellent agreement. Today the digital design process
extended to the gatealrive and ddink implemented on four layers PCBs. A few design cases
comparing simulation and laboratory results are included: A) 10kV MOSFET power module
designed for low level of capacitive displacement currents. B) 2.5 MHz Class E converter using
SiC dies with integrated gatlrive on DBC. C) 20 kHz GaN inverter using 650V GaN devices on
DBC sandwiched to PCB. D) 500 kW 10 kV power stack including models of passive
components.




TUTORIAL SESSIONS OVER

Tuesday, October 29, 2019, 1:Q@:20 PM
Dr. Dong Cao
University of Dayton

oGaN and SiC Switched Tank Converter for Data
Center and Electric Vehicke

Speaker Biography
Dong Cao received the B.S. degree from Zhejiang University, Hangzhou China, in 2005, the M.S.
and Ph.D. degrees in electrical engineering from Michigan State University, East Lansing USA, in
2010 and 2012, respectively. He worked at Ford Motor Company as a core power electronics
engineer for hybrid electric vehicle electrified driveline hardware development from 2012 ~

2014. He was an assistant professor at North Dakota State University from Aug. 2014 to Aug.
2019. He will join University of Dayton at Associate Professor level as GE EPIS Center Professor
in Aerospace Electric Power Systems from Aug. 2019.

His research interests include emerging applications utilizing high power or high frequency

wide bandgap devices e.g. SiC or GaN; high density power conversion using innovative
topologies for data center and transportation electrification; health monitoring and lifetime
prediction of power converters. He is the associated editor for the IEEE Journal of Emerging and
Selected Topics in Power Electronics.

Abstract

In this presentation, the efficient power delivery challenges of dagater and the automotive
application will be discussed. The advantages and application challenges of GaN and SiC power
devices based power converters will be summarized. The limitation of magnetic materials for
future high frequency and high power applications will also be reviewed. The power converter
solution concept, switched tank converter that has the potential of fully leveraging the GaN

and SiC power devices advantage with minimal or zero usage of magnetic materials will be
presented. The development history or origin of the switched tank converters will be reviewed.
The GaN based switched tank converter example for the intermediate bus converter in the data
center application including the design optimization will be presented. The practical mass
production challenges and solutions for the proposed switched tank converter for data center
application in mass production application will be addressed. Several new application areas
utilizing the GaN switched tank converter concept with the partial power regulator for high
density automotive applications and solar farm application will also be discussed. Recent
advances of utilizing the Siased switchedank converter for high voltage, high power (~100

kW) automotive application will be finally presented.
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TUTORIAL SESSIONS OVER

Tuesday, October 29, 2019, 2:2(8:40 PM

Ronald Barr

TransPhorminc.

0Best Practices Using Voltage Acceleration to
Determine Device Reliability in High Voltage GaN

Speaker Biography ’

Ron leads the quality and reliability validation initiativesdfalJ y a LIJKgh taNagesaGaN

L1226 SN GNFyaraluz2NaR® | Aa GSIFY Aa NBaLlRyaaofsS
performing engineering analysis of product reliability test data. Previously, Ron held similar
guality and analytics roles at KiTAncor andNanosysHe has also held positions at ReRite
Corporation, Digital Equipment Corporatidgigneticeand Fairchild Semiconductor with
responsibilities in front end wafer fab engineering and operations.

Ron holds a BS in Chemistry from Syracuse University along with an MBA in Business from
Santa Clara University and has over 30 patents in design and process engineering. He is a
certified manager of Quality and Organizational Excellence (ASQ CMQ/OE) and a Certified Six
Sigma Black Belt (ASQ CSSBB).

Abstract

Virtually all suppliers of high voltage GaN devices are utilizing some form of voltage

acceleration to determine device reliability. The purpose of this tutorial is to discuss best

practices for the generation and analysis of voltage accelerated reliability data. The main topics

of the tutorial are:

1. Why is voltage accelerated testing useful/necessary for GaN devices. Compare and
contrast the GaN case with standard silicon MOSFETS

2. Because GaN devices do not avalanche like Silicon devices it is possible to test using
voltages in excess of their rating. However GaN devices experience increased leakage as
the voltage increases. How should leakage be taken into account?

3. There are many voltage models that can be used. How to select one? What are the
AYLIEAOIFGA2YyEa 2F dzaAy3d GKS agNRy3IéE Y2RST K

4. Proper and improper use of regression analysis in model building and evaluation. How to
use regression analysis to determine if voltage and temperature are dependent or
independent variables.

5. Differences between Early Life Failure and Lifetime Reliability testing, and how to use
Voltage/Temperature acceleration testing correctly.
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TUTORIAL SESSIONS OVER

Tuesday, October 29, 2018, 3:4%:00 PM

Dr. Subhashish Bhattacharya

North Carolina State University

dPerformance Evaluation and Design Considerations of HV Si
10kV and 15kV MOSFETs and SiC 15kV IGBTs feasubft
Hard-Switching MediumVoltage Converter Applicatiorss

Speaker Biography
Subhashish Bhattacharya received his B.E. (Hons), M.E. and PhD degrees in Electrical Engineering
from Indian Institute of Technologitoorkee (formerly University of Roorkee), India in 1986, Indian
Institute of Science (11Sc), Bangalore, India in 1988, and University of Wisktadigon in 2003. He
worked in the FACTS (Flexible AC Transmission Systems) and Power Quality group at Westinghouse
R&D Center in Pittsburgh which later became part of Siemens Power Transmission & Distribution,
from 1998 to 2005. He joined the Department of Electrical and Computer Engineering at North
Carolina State University (NCSU) in August 2005, where he is the Duke Energy Distinguished
Professor, founding faculty member and-ebof NSF ERC FREEDM Systems Center
(www.freedm.ncsu.ed)y Advanced Transportation Energy Center [ATE@JWatec.ncsu.edyand

DOE initiative on WBG based Manufacturing Innovation InstguiRewerAmerica
(www.poweramericainstitute.or)y He has authored over 450 pesviewed technical papers, 3

book chapters, and 5 issued (and 6 provisional/pending) patents to his credit. A part of his PhD
research on active power filters was commercialized by York Corp. for theoraditioner chiller
application. His research interests are S@idte Transformers, MV power converters, FACTS, Utility
applications of power electronics and power quality issues;-figijuency magnetics, active filters,

and application of new power semiconductor devices such as SiC for converter topologies.

Abstract

This tutorial is targeted to provide an understanding of HV SiC 10kV and 15kV MOSFETs and SiC 15k\
IGBTSs for Sofand HardSwitching MediurrWoltage Converter Applications. There has been a lot of
industry interests for performance evaluation of the HV SiC devices and to assess their performance
under both soft and hardswitching MV converter applications. Characterization of the HV SiC

devices for both softand hardswitching under different circuit operating conditions, and impact on

MV converter applications in terms of losses, diwtontrol, gate driver considerations and

protection will be enumerated. Saber modeling results of HV SiC 10kV MOSFETs and SiC 15kV IGBTs
devices will be discussed to evaluate the impact for device losses under different circuit conditions

and prediction of MV converter losses. Switching frequency limits of HV SiC 10kV and 15kV MOSFETs
and SiC 15kV IGBTs devices will be presented. Integration efdmardoftswitching MV converters

as building blocks of SST (Solid State Transformer), MV motor drives with high frequency

fundamental and MV DOC converters will be used to evaluate the performance of HV SiC devices

in MV converter applications.

The above topics will be discusseediepth and this tutorial is intended for intermediate to

advanced audience.
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Powering the future of clean energy
CoolMOS™ 7 - CoolSiC™ - CoolGaN™

Efficient power management lies at the heart of a world that is rapidly becoming smarter, more connected

and more power-hungry. Power semiconductors enable fast delivery and sustainable consumption of electrical
energy in this modern environment, facilitating the rise of new technologies that make life easier, safer and
greener. As a trusted partner and leading provider in the power semiconductor market, Infineon offers a robust
portfolio of Si, SiC and GaN devices that set new standards for energy efficiency, power density and ease of use.

Proud platinum sponsor of WiPDA 2019

o _.
www.infineon.com/coolmos I n fi n eon

www.infineon.com/coolsic
www.infineon.com/coolgan
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